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Chapterl 
Heat Transfer and Load Calculation 
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Instructions 

Read the material in Chapter 1. At the end of the chapter, complete the skill development 

exercises without consulting the text. Re-read parts of the text as needed to complete the 

exercises. 

Study Objectives of Chapter 1 

Chapter 1 is an introductory chapter reviewing the fundamentals of heat transfer as it ap
plies to buildings. There are three basic processes through which thermal energy is trans
ferred within buildings: conduction, convection and radiation (see Figure 1-1). In this chap

ter, we will review these processes, and discuss where they must be considered in the calcu
lation of the building thermal loads. The basic equations used to calculate each of these 
terms will be presented. We will also briefly discuss thermal capacitance and the difference 

between sensible and latent energy. After studying Chapter 1, you should be able to: 

• Give an example of each type of heat transfer. 
• Given a thickness and conductivity value, determine the coefficient ofheat transfer 
from U= k/L. 

• Convert a given R-value to aU factor using U = 1/R. 
• Explain the difference between heat capacitance and heat transmission. 
• Explain the difference between sensible and latent energy. 

1: 1 
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1.1 Conduction 

Conductive heat transfer is associated with heat transfer through solid materials. If one end 
of a material is in contact with a hot surface, the vibrating molecules (represented by a high 
temperature) will transfer their energy through the material to the cooler end. A classic 
example of conduction is when you burn your lips on a hot coffee cup. The high tempera
ture of the coffee is quickly transported through the cup material to your mouth. 

In buildings, conduction occurs easily through building materials such as metal, glass and 
concrete. Poor conducting materials are usually used as insulating materials. Examples in
clude fiberglass, insulating foams and mineral wool. Some materials such as wood fall 
between these two extremes. The ability of a material to conduct heat is measured by a 
property called thermal conductivity, k, which has units of (Btu·inlh·ft2·°F). Dividing this 
value by the thickness of material, L, measured in inches, yields another very important 
term called the coefficient of heat transfer, or U-factor: U = k I L, in units of (Btulh·ft2·°F). 

The reciprocal of this value is called the thermal resistance, R = 1 I U, in units of (h·ft2·°FI 
Btu). This term is frequently encountered in the industry as a rating value for insulating 
materials. Two important characteristics ofR-values are that the R-value increases directly 
proportionally with the thickness, L, of the material, and that R-values for different materi
als in a structural cross-section can be added directly. 

Short Wavelength 

Radiation 

~orced Convection 

Conduction 

Figure 1-1. Heat Transfer Processes 
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The normal sequence to solving a conduction problem would be to look up the R-values for 
the materials in a building cross-section, add those values, and then take the reciprocal of 
that answer to get the U-factor. Now you are ready to calculate the rate of conductive heat 

transfer. 

The basic equation for calculating conductive heat transfer is given by: 

Q = UA(7;.- I::) (1-1) 

where, 

Q = rate of conductive heat transfer, Btulh 

U =coefficient of heat transfer (material property), Btulh·ft2·°F 

A =area of heat transfer perpendicular to the direction of heat flow, ft2 

Th = temperature at the hot side of the material, op 

Tc = temperature at the cold side of the material, op 

Note that the temperature difference (Th -Tc) is often written in equations as (ll.T). Both 
terms will be used interchangeably throughout this course because both indicate the same 
meaning. Standard convention also dictates that thermal energy always flows from high 
temperature to low temperature. Thus, when a hot cup of coffee cools on the counter, it is 
experiencing a negative heat gain. This is also referred to as a heat loss. Buildings normally 

experience a heat gain in summer when it is warmer outside, and a heat loss in winter when 

it is warmer inside. 

EXAMPLE 1-1 

Problem: A material rated at R-11 is added to a wall rated at R-3. The wall dimensions are 
8 ft high by 20ft wide. The inside and outside surface temperatures are 70°F and 5°F, 

respectively. Find the rate of heat transfer through the wall. 

Solution: First determine the total R-value by adding the two given values: Rtotat = 11 +3 = 
14. Next find the U-factorby taking the reciprocal: U= l!R = 1114 = 0.071. Finally, substi

tute the values into the conduction heat transfer equation: 

Q = UA(7;.- I::) 
= (0.071 Btu/h·ft2 ·°F)(8 x 20 ft2 X[70-5]°F) 

=738 Btu/h 

1: 3 
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1.2 Convection 

Convective heat transfer occurs when fluids at different temperatures move around within 
the space. A baseboard convection heater is a good example of convective heat transfer. 
The air is heated by direct contact with the hot surface within the heater. The buoyancy of 
the air then lifts the heated air upwards, creating enough negative pressure to draw cooler 
air into the bottom of the heater. 

There are two types of convective heat transfer processes: free and forced. Free or natural 
convection uses only the natural buoyancy of the fluid to drive the convective flow (hot air 
rises). In the wintertime, cold air cascades down windows, creating unpleasant drafts. In a 
good design, these drafts are countered by rising currents of heated air from a register or 
radiator located below the window. 

Forced convection depends on a pump or fan to force the flow ofheated fluid. A ceiling fan 
in winter is one example of forced ventilation; the natural thermal stratification of hot air 
rising to the ceiling is counteracted by the fan pushing the warmer air back down to the 
living zone. Wind is another example of forced convection. While it is a natural phenom
enon, the thermal energy flows that wind creates as it passes over a structure are far greater 
than those caused by free convection into still air. This difference is what makes wind 
breaks and screens so valuable. 

Calculating convective heat transfer is more complicated than for conduction, so usually 
the problems are restructured to look like a conduction problem. The key to this transforma

tion is a term called the convective heat transfer coefficient, he' which replaces the U term in 
the conduction equation: 

(1-2) 

In most cases, the value of he will be presented in a table, although it can be calculated. The 
convective heat transfer coefficient is determined from the Nusselt number (Nu =he ·xI k) 
which can also be expressed as a function of both the Prandtl number (Pr = p·cP I k) and 
either the Reynolds number (Re = VDp I p) for forced convection or the Grashof number 

(Gr = £3·p2·B·g·ll.T I J.12) for free convection. 

If you have taken a heat transfer course, these relationships should look familiar to you. If 
you would like more information on how to calculate convective heat transfer coefficients, 
refer to Chapter 3 of the ASHRAE Handbook-Fundamentals for more details.1 If these equa
tions look foreign to you, do not worry. For the purposes of this course, any needed convec
tive heat transfer coefficients will be given in the text or in a table. 
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1.3 Radiation 

Radiant heat transfer occurs through electromagnetic waves. This spectrum ranges continu
ously from very short wavelengths for x-rays and ultraviolet rays, through the visible and 
infrared portion to the very long wavelengths used for radio and television communica
tions. Only the visible portion and the near-infrared wavelengths are of primary interest in 
HV AC work. The visible portion is represented by the sunlight streaming through the win
dow, and near-infrared radiation is exchanged among all objects around us. 

All objects give off electromagnetic waves based on their temperature. The hotter the ob
ject, the shorter the wavelength, and the greater the intensity of radiation, as shown in Fig
ure 1-2. For example, the sun is at 10,000°R and radiates visible light at wavelengths from 
about 0.4 to about 0.7 J.1ID (microns). When you open the door on a hot oven (about 400°F 
or 860°R), the typical wavelength is about 6 microns. The wavelengths from objects near 
room temperature are between 9 and 10 microns. 

10·10 

Wavelength in Microns (J.Lm) 

I 
10-6 10-4 

I ..... + r + v 
0 ooan 0o 
-or--. N • I 0 
·s cr ~ "7 
~ ~ o an .= . N 

"3 O"'S "0 

~ -~ j 
·s :S s 

~ .1-4 

(1)4"! 
= 

.... 

Figure 1-2. Electromagnetic Spectrum 

The characteristic wavelength is determined by Wein's Displacement Law, which is given 
by: 

A.= 5216 IT (1-3) 

where Tis the absolute temperature measured in degrees Rankine eR = op + 460°). 
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The intensity of radiation is determined by using Planck's Law: 

(1-4) 

where, 

I= intensity, Btulh·ft2 

u= Stefan-Boltzmann Constant= 0.1714x10-8, Btulh·ft2•0 R4 

T = surface temperature, 0 R 

Note that this equation is for a black body, which is defined as an ideal emitter/absorber. 
When real surfaces are assumed, the equations become more complex, because they must 
include the surface properties as a function of the wavelength and also the view angle be
tween the two surfaces. 

How materials react to different wavelengths is given by the absorptivity, a. This quantity 
is equal to the emissivity, E, of the material at the same temperature. Both of these values 
range between zero and one. Some references provide this data in table form, while others 
present it graphically. In either case, the two regions of greatest interest are the visible 
portion (wavelengths of around 0.5 J.UD) and the infrared portion (usually around 10 J.llD for 
surfaces under 1 00°F). 

The first value determines how the surface will react to sunlight. Dark surfaces (a near 0.9) 
will absorb most solar radiation, while lighter or shinier surfaces (a near 0.1) tend to reflect 
the sun's rays. The color of the roof surface and the other outside surfaces of a structure can 
have a significant impact on how much solar energy is absorbed. Accounting for this gain 
and modeling the intensity and timing of its effect on the building cooling load are very 
complicated. 

In the infrared range, surfaces with high absorptivity will permit more radiant heat transfer 
than surfaces with low absorptivity. Remember that the value of absorptivity at any given 
wavelength is equal to its emissivity at that same wavelength. This property can be used to 
our advantage in low-e glass. By not allowing thermal radiation to emit from the glass, the 
rate of heat transfer through the glass due to radiation is decreased. 

The effect of view angle between the energy source and receiver is shown in Figure 1-3. As 
the angle between the hot surface and cold surface decreases, more of the available energy 
is transferred between the two plates. The maximum radiant heat transfer occurs when the 
two plates are parallel. This geometry frequently occurs in buildings (double-pane glazings, 
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hollow core walls, suspended ceilings and roofs, etc.). Neglecting edge effects, the view 
factor, F 1_2, is given by: 

where, 

F 1_2 = view factor between surfaces 1 and 2 

E1 = emissivity of surface 1 at temperature 1 

E2 = emissivity of surface 2 at temperature 2 

I 
e, atT, e, at T, e, atT, 

No Radiant Transfer 
(Surfaces are in same plane) 

Some Radiant Transfer 
(Surfaces intersect) 

(1-5) 

Maximum Radiant Transfer 
(Surfaces are parallel) 

Figure 1-3. View Angle Effects on Radiant Heat Transfer 
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1.4 Thermal Capacitance, Sensible and Latent Heat Transfer 

Three terms that will be used throughout this course are thermal capacitance, sensible en
ergy transfer and latent energy transfer. This section will provide you with some back
ground on each one. 

So far, the heat transfer equations have been written assuming steady-state conditions (when 
both temperatures are constant). Steady-state conditions are usually used for determining 
the R-value of insulation, the U-factors for doors and windows, and the peak design loads 
for equipment sizing. However, it is occasionally necessary to consider variable tempera
ture conditions. For example, when a night setback thermostat is used, it is necessary each 
morning to raise the space temperature back up to the daytime setting. How fast this tem
perature comes up depends on a concept called thermal capacitance. 

Thermal capacitance is the ability of objects to store thermal energy. For example, if a 
candle is placed under a beaker full of water, it will take a long time (and a lot of energy 
from the candle) to raise the temperature of the beaker and the water in it. If the beaker is 
empty (full of air), it would not take nearly as long to see an increase in temperature of the 
beaker. In fact, most of the energy would be absorbed by the beaker material itself. This is 
because solids have a higher heat capacitance than gases. 

Heat capacitance is the product of two material properties: density (p, measured in lbm/ft3) 

and specific heat (CP, measured in Btu/lbm·°F). Water has a specific heat of 1.0 Btu/lbm·°F, 
and air has a specific heat of about 0.241 Btullb m • °F. Most common building materials have 
a specific heat in the range of0.2-0.3 Btullbm·°F. The value that varies significantly is den
sity. Insulating materials can be as light as 0.5 lb m /ft3, while brick and concrete products can 
exceed 150 lbm/ft3• Materials for wood frame buildings are typically around 25 to 50 lbm/ft3• 

Specific values for materials will be presented in Chapter 4. 

The basic equation used to calculate thermal capacitance is: 

(1-6) 

where, 

Q =heat transfer, Btu 

m =mass of the material, Ibm 

C = specific heat, Btu/lb · op 
p m 

AT= temperature change in the material as a result of the heat transfer, °F 
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EXAMPLE 1-2 

Problem: Calculate the energy required to raise a 3-in.-thick concrete floor slab from 60°F 
to 70°F in a 15x20 ft room. Density is 120 lbm/ft3 and specific heat is 0.2 Btu/lbm·°F. 

Solution: To get the mass of concrete, first calculate the volume, then multiply by the den
sity: 

Q=m·CP·AT 

=(V·p)·CP·AT 

= (3/12 rtX15 ·20 ft2 )·(120 Ibm /ft3 xo.2 Btu/lbm ·°FX70-60°F) 

=18,000Btu 

The key concept to understand at this point is that two structures of identical size but differ
ent materials (such as wood frame and concrete block) can react quite differently to tem
perature variations. The lighter frame building will warm up much faster than the heavy 
block building and will require the addition of less energy input in the process. However, 
the massive structure will remain warmer longer after the furnace shuts off. The same ef
fects are true during the cooling season. In fact, we will find out that this storage effect is 
even more evident in the calculation of the cooling loads. 

Sensible heat refers to energy stored in the form of a temperature change of the material. 
Two very useful equations for sensible-only energy changes in water and air flows are: 

Q = 500 · gpm ·AT for water flow rates measured in gpm 

Q = 1.10 · cfm ·AT for air flow rates measured in cfm (heating only) 

In both equations, the coefficient includes all the required unit conversions and physical 
properties to convert from the volumetric flow rate to the heat transfer rate in (Btu/h). For 
example, the value 500 is equal to the average water density (8.3 lb/gal) times the specific 
heat of water (1.0 Btu/lb·°F) times 60 minutes per hour. The value 1.10 for air is equal to the 
average air density (0.075lb/ft3) times the average specific heat (0.242 Btullb·°F) times 60 
(minutes per hour). Note that these equations are most accurate only near room temperature 
and should be used with caution at all other conditions. 

Latent heat is energy stored in the form of a change of phase of matter. Most latent energy 
changes encountered in HV AC load calculations are related to changes in the moisture level 
of the air. The latent heat of vaporization is a function of temperature as shown in Table 6.3 
of the 1997 ASHRAE Handbook-Fundamentals.2 But a reasonable value to remember is 
that it takes approximately 1,050 Btu to boil1 pound ofwater at 74°F. 
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The Next Step 

The next chapter will present the basic steps required to calculate the rate of heat loss from 
a simple structure. The succeeding chapters will then examine each step of the basic process 
in more detail. We will start with the heating load calculation because it has fewer variables 
to consider than cooling load calculations. But once you have mastered the heating load 
calculation method, you will be ready to learn how to make cooling load calculations. 

Summary 

This chapter has introduced the basic concepts of heat transfer, the three methods of heat 
transfer (conduction, convection and radiation) and some fundamental equations. In addi
tion, the concept of thermal capacitance and its relationship to heat transfer have been ex
plained. Finally, the concepts of sensible and latent heat transfer have been introduced. 

After studying Chapter 1, you should be able to: 

• Give an example of each of the three types of heat transfer. 

• Given a thickness and conductivity value, determine the coefficient ofheat transfer 
from (U= k/ L). 

• Convert a given R-value to aU-factor (U = 1 I R). 

• Explain the difference between heat capacitance and heat transmission. 

• Explain the difference between sensible and latent energy. 

Bibliography 

1. ASHRAE. 1997. "Heat transfer." ASHRAE Handbook-Fundamentals. Atlanta, GA: 
ASHRAE. Chapter 3. 

2. ASHRAE. 1997. "Psychrometries." ASHRAE Handbook-Fundamentals. Atlanta, GA: 

ASHRAE. Chapter 6. 
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Skill Development Exercises for Chapter 1 

Complete these questions by writing your answers on the worksheets at the back of this 
book. 

1-01. Explain the type of heat transfer in each of the following situations: a gas water 
heater; the wall of an oven; a whistling teakettle; a light bulb; a hair dryer; a sealed 
thermos bottle; and an electric baseboard heater. 

1-02. If fiberglass insulation has a thermal conductivity of0.33 (Btu·inlh·ft2·°F), find the 
R-value of a 5.5-in.-thick batt. 

1-03. A building has a roof with continuous rigid insulation rated at R-26. Neglecting air 
films and the roof structure, what is the approximate U-factor of this roof? 

1-04. A water heater measures 24 in. in diameter and 48 in. high. The outside wall is 
covered with fiberglass insulation rated at R-3. The shell of the water heater is 130°F 
and the outside is 75°F. Find the rate of heat loss through the wall of the unit. 

1-05. Some people argue that night setback thermostats are worthless, because the fur
nace has to run so long in the morning to make up the difference in temperature for 
the space. With your knowledge of heat capacitance and heat conduction as a func
tion of temperature, how would you answer that argument? 
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Simple Heat Loss Calculation Procedure 

Contents of Chapter 2 

• Instructions 
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• 2.1 The Basic Process 

• 2.2 Example Building 

• 2.3 Useful Comments 

• The Next Step 

• Summary 

• Bibliography 

• Skill Development Exercises for Chapter 2 

Instructions 

Read the material in Chapter 2. At the end of the chapter, complete the skill development 
exercises without consulting the text. Re-read parts of the text as needed to complete the 
exercises. 

Study Objectives of Chapter 2 

To clearly understand all of the variables that affect the flows of energy in a large, complex 
building, it is important to first understand the basic processes that are involved. In this 
chapter, we will discuss the heat loss from a simple two-room frame building. All of the 
design parameters will be given. 

In the subsequent chapters, you will learn how to determine these values for different de
signs and for more complex structures. The main objective for now is to learn what to do 
with those values once they are determined. We will start with a heating system, because it 
is the simplest model. Heat gains from the sun and from internal sources within the building 
are neglected when doing heating load calculations, because as designers we cannot depend 
on those sources being available on the cold winter nights when we need them most. Be-
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cause people, water heaters and appliances such as refrigerators will typically be adding 
heat on these cold nights, keep in mind that our calculated heating loads will be conserva
tive and will slightly overestimate the actual heating loss. 

After studying Chapter 2, you should be able to: 

• Name the various building surfaces and heat sources that must be considered in 
building cooling load calculation. 

• Define each term in the basic conduction heat transfer equation, tell where to get 
each value, and the standard units used for that value. 

• Discuss basic rules-of-thumb that can be used in thermal load calculations. 

• Calculate the rate ofheat.loss from a simple frame structure. 

• List several useful comments that apply to the development of good technique in 
calculating loads for larger structures. 

• Determine the time required for morning warm-up of a building with night set

back. 
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2.1 The Basic Process 

Your job will be to calculate the rate of heat loss from this building under given conditions. 

We will calculate the heat loss from the front room as the example of the process. You will 

have an opportunity to repeat the process on the back room as a Skill Development Exercise 
at the end of this chapter. 

Actually, this division oflabor represents the first step of the calculation process. It is nec
essary to zone the building into smaller sections that will be separately heated. This action 
is needed to ensure that thermal energy is supplied at a rate that matches the rate of thermal 

loss. Otherwise, some areas become too warm and other areas become too cold. Individual 
rooms are frequently modeled as separate zones, which is the division that will be assumed 

here. 

In each zone, each uniform surface is considered in turn to determine its rate of heat loss. 

Because rooms normally have four walls, a floor and a ceiling, these become our basic 
building blocks for calculating the heat loss. Windows and doors lose heat at much different 
rates than insulated walls, so these components will also be examined separately in our 

analysis. Finally, the leakage of cold outside air into the building must be considered be

cause it usually represents a significant fraction of the overall heat loss rate. 

The most convenient method to present all of these numbers is in a table, as shown in Table 

2.1. The first column lists each of the separate surfaces of the structure through which heat 
transfer occurs. Note that each time the materials of construction change, another line is 

required in this calculation process. The second column presents the dimensional data for 
each surface. Notice that the area of doors and windows is subtracted from the appropriate 
wall areas. The third column is the net surface area, or gross wall area minus any doors or 
windows. In the last line, the building volume is given in the third column. The volume of 

the building is used to calculate the rate of infiltration, as we shall discuss later. The U 

column is the heat transfer coefficient (U = 1 I Rtotai ), which is based on the materials of 
construction. Finally, the difference between the inside and outside temperatures is shown 

in column five. 

Columns three, four and five are multiplied together to determine the rate of heat transfer 

from each section: Q urt1 = U·A ·AT. The total heat transfer from the zone is found by simply 
s ace 

adding up the values in this last column: Qtotal = I: Qsurface = Qnorth + Qeast + Qwest + ... 
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Table 2-1. Front Room Heat Loss 

Section 
Area or 

Net Area U=1/R TID- Tout 
Q=UA 

Volume (f"'. T...) 

North 20x8-2x4 152 0.06 57 520 

East 15x8-2x4 112 0.06 57 383 

West 15x8 120 0 0 0 

South 
20x8-

144 0.06 57 492 
(28x80/144) 

Ceiling 15x20 300 0.04 57 684 

Wmdow 2x4+2x4 16 0.5 57 456 

Door 76x30/144 16 0.5 57 456 

Fk>or 15x20 300 0.1 20 600 

Infiltration 
15x20 

1200 O.ol8 57 .l2ll x8x0.5 

Total Heat Loss 4823 Btulh 

2.2 Example Building 

The small15 ft x 30ft cabin shown in Figure 2-1 has two rooms, a 15 ft x 20ft front room, and 
a 15 ft x 10 ft back sleeping room. There is one front door on the south wall; it measures 76 in. x 
30 in., and is made from 2-in.-thick solid wood. There are five small (24 x 4g in.) double-pane 
windows, one on each wall of each room, except on the south wall where the door is located. The 
walls and g_ ft-high ceiling are insulated to R-19 and R -30, respectively. 

As we will discuss in Chapter 5, the presence of the structural members creates thermal bridging 
or short-circuits around the insulation, and reduces the effective R-values for the walls and ceiling 
to 16h·ft2·°F/Btuand2g h·ft2·°F/Btu, respectively. Theflooris slab-on-grade. The inside tem
perature is to be maintained at 65°F when the outside temperature is gop, and a 15 mph wind is 
blowing. 

As summarized in Table 2-1, each wall area (north, east, south) is calculated as width times height 
less any doors or windows. The U-factor is the reciprocal of the given R-value; for example, U wait 

= 1/R= 1116 =0.06Btulh·ft2·°F). Thetemperatureacrossthewalls is given as 65°- go= 57°F. 
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North 

- --
15 X 10 15 x20 

I 
Bedroom Front Room 

124" X 48" window 

West ( East 

-
South 

73" X 30" door 

Figure 2-1. Example Building 

There is no heat loss through the west wall because it is at the same temperature as the adjacent 
sleeping room, and therefore loses no heat to that room. 

The ceiling U-factoris given by the reciprocal of the given effective R-28 (U= 1128 = 0.04), and 
the temperature difference is again 57°F. 

The total net window area is 16 ft2• The R-value for windows varies widely (as we will discuss in 
Chapter 9), depending on parameters like the number and spacing of the panes, the frame type, 

and special treatments such as low-e coatings and gas fills. To avoid getting lost in those details, 
here we will assume that the window R-value is approximately equal to the number of panes. So 
these double pane windows would have aU-factor of about 1/2 or 0.5. Again the temperature 
difference between the inside and outside surfaces is 57°F. 

The door has a net area of 16 ft2. Wood provides an approximate R-value equal to its thickness in 
inches, sothis2-in.-thickdoorwouldhaveanR-valueof2 and a U-factorofl/2 or0.5, with the 
temperature difference again being 57°F. Table 2-2 gives U-factors for a wide range of other door 
combination possibilities that are commercially available, including both wood and metal construc
tion and installation with or without storm doors.1 

The floor area is easy to calculate, but what is the insulating value through the floor? And what is a 
reasonable temperature? Both questions are difficult to answer accurately, so to keep this example 
simple, we will make some reasonable assumptions. Typically, the R-value for moist soil is about 
10 Btulh·ft2• °F, and the temperature of the soil averages about 45°F in the wintertime. So we will 
use values ofl/10 or0.1, and(65°- 45°) or20°F in the table for this line. 
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Nominal Door 
Thickness, in. 

Wood Doors.,., 

1-3/8 
1-3/8 
1-3/8 
1-3/4 
1-314 
1-3/4 
1-3/4 
2-1/4 

Steel Doorsb 

1-314 
1-3/4 
1-314 
1-3/4 
1-3/4 
1-3/4 
1-3/4 
1-3/4 
1-314 

Description 

Panel door with 7/16-in. panels" 
Hollow core flush door 
Solid core flush door 
Panel door with 7/16-in. panels" 
Hollow core flush door 
Panel door with 1-118-in. panels" 
Solid core flush door 
Solid core flush door 

Fiberglass or mineral wool core with steel stiffeners, no thermal breall 
Paper honeycomb core without thermal breaicl" 
Solid urethane foam core without thermal brealt' 
Solid fire rated mineral fiberboard core without thermal breakf 
Polystylene core without thermai break (18 gage commercial steel}' 
Polyurethane core without thermal break: ( 18 gage commercial steel)' 
Polyurethane core without thermal break (24 gage residential steel}' 
Polyurethane core with thermal break and wood perimeter (24 gage residential steel}' 
Solid urethane foam core with thermal break-

No Storm Wood Storm Metal Storm 
Door Door" Doord 

0.57 
0.47 
0.39 
0.54 
0.46 
0.39 
0.40 
0.27 

0.60 
0.56 
0.40 
0.38 
0.35 
0.29 
0.29 
0.20 
0.20 

0.33 
0.30 
0.26 
0.32 
0.29 
0.26 

0.20 

0.37 
0.32 
0.28 
0.36 
0.32 
0.28 
0.26 
0.21 

0.16 
Note: All U-factors foe exterior doors in tbis table an: for doors with no glazing, except 
for the stonn doors 'Which an: in addition to the main exterior door. Any glazing area 
in exterior doors should be included with the appropriate glass type and analyzed as a 
window (see Chapter 29). Interpolation and moderate extrapolation an: permitted for 
door thicknesses other than those specified. 

"outside air conditions: IS mph wind speed, 0 "F air temperature; inside air conditions: 
natural convection, 70"F air temperature. 

1Values are based on a nominal32 in. by 80 in. door size with no glazing. 

"Values for wood storm door an: for approximately SO% glass area. 
•values for metal storm door are for any percent glass area. 
•ss% panel area. 
r AS 1M C 236 hotbox data on a nominal 3 ft by 7 ft door size with no glazing. 
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The final line of our table represents the infiltration into the structure. Cold outside air is 
continuously leaking into the house through holes and cracks in the building envelope. 
This cold air must be heated from its outside temperature to the control temperature within 
the structure. Estimating the rate of air flow is difficult, because it depends on the quality of 
construction, the age of the structure, and the direction and strength of the wind. Typical 
values range from 0.5 for new construction to 1.0 air changes per hour for leaky, older 
buildings. 

We will make the reasonable assumption that the average infiltration is about 0.5 air changes per 
hour to avoid getting lost in calculation details that will be explained in Chapter 6. Because the 
volume of the front room is 15 x 20 x 8ft, or2,400 ft3, this calculation indicates that 1,200 ft3 per 

hour of outside air must be heated by the furnace. The value of0.018 shown in the U column 
represents the product of the air density (0.075lb/ft3> times the air specific heat (0.24 BTU/15 °F), 
which yields the energy content in each cubic foot of air per °F temperature difference (Btu/ft3·°F). 
When multiplied by the volumetric flow rate of air (ft3 /h) and the temperature difference eF), this 
calculation results in a value for the heat loss rate, Q, with the familiar units of (Btu/h). 

2.3 Useful Comments 

Some useful comments are needed to help you develop good technique in calculating loads for 
larger structures. 

Accuracy. Notice that the energy rate values in the last column of Table 2-1 are all rounded to the 
nearest Btu. Remember that one Btu is the energy released by burning a single wooden kitchen 
match. It is not possible to measure values that accurately in the field. So always use your best 
estimates when determining values to enter into this heat loss table. 

Sqfety factors. It is common practice to install equipment that is somewhat larger than the mini
mum calculated need. Because commercially available equipment comes in discrete sizes, install
ing a 5,500 Btulh unit to meet our calculated 4,800 Btu/h load provides a reasonable 10% safety 
factor. However, do not overdo it. If safety factors are built into each step of the process, the final 
design could be oversized too much. 

Morning warm-up. If a night setback thermostat is anticipated, it will be necessary to install 
sufficient heating capacity beyond the calculated load to warm the building back up to the 
daytime setting in a reasonable length of time. Suppose our space contains an estimated 
2,000 pounds of furniture, appliances and interior construction material. If we assume an 
average specific heat of 0.3 Btullb· °F for these materials, then the energy input rate required 
to raise the space temperature by 1 0°F in one hour is: 

2:7 

Filndamentals of Heating and Cooling Loads Chapter 2 Simple Heat Loss Calculation Procedure 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All righ
ts reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



2: 8 

Q=m·CP·AT 

= (2,000 lb){0.3 Btullb·°F){10°F} 

= 6,000 Btu I h 

Note that this value is larger than the heating load itself. If we only have the 5500- 4800 = 
700 Btu/h safety factor above to work with, the temperature will increase only about: 

AT=Qim·CP 

=(700 Btu/h}/(2,000 lb){0.3 Btullb·°F} 

= 1.2° F per hour 

To raise the temperature of the space 7°F would take about six hours at design conditions. 
While this is obviously unacceptable, remember that the space temperature would increase 
faster under milder weather conditions. 

Dimensions. The net inside dimensions usually represent the thermal conditions more accu
rately. As long as all areas of thermal loss are accounted for somewhere in the calculation, 
measurements to a fraction of an inch are usually not required. 

Zoning. Larger structures will always be divided into several zones for better control. When 
doing the load calculations, it is important to ensure that the exterior surface areas and 
construction materials match those in the zone under consideration for maximum accuracy. 

Experience. One trait of a good design engineer is to have a feeling about whether a calcu
lated answer seems reasonable. This experience factor develops over an extended period of 
time, but now would be a great time to start. This room was about the size of a typical living 
room, and lost about 5,000 Btu/h. So a five-room house might be expected to lose about 
25,000 Btu/h. On a per square foot basis, the he~t rate would be 4800/300=16 Btulh·ft2• 

This is within the typical range of 10 to 30 Btulh·ft2• Larger buildings tend to be located on 
the lower end of the range, because their floor area increases faster than their wall area. 

In residential work, it might also be useful to summarize the percentage of loss from each 
line of our table. It is not unusual to find that about one-third of the residential heating bill 
is caused by infiltration; another one-third is lost through windows and doors, with the 
remainder escaping through the walls, ceiling and floor. This exercise can often help point 
to the most fruitful areas for further energy conservation analysis. 

Operation. The best estimate of a building's thermal load can be destroyed by poor operator 
skills. In one study of identical families in identical homes, the energy usage varied 30% 
due to different lifestyles alone. If the operator of a commercial building decides that lots of 
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outside air will minimize complaints about indoor air quality, a design assumption of 15% 
outside air is shot down the tubes (and so is your budget). 

Computerization. For most space heat loss calculations, the equations lend themselves eas
ily to a spreadsheet application. Each area of uniform cross-section is represented by one 
line of the table. Each line is represented by the terms of the equation Q = U·A·AT. This 
design tool is especially useful when you consider how many times these values can change 
during the design process. There are also several commercial software programs available 
that perform heat loss and heat gain calculations. However, as with any software invest
ment, the responsibility for calculation accuracy rests with the user. So, buyer beware. 

Changes. Finally, remember that all of the calculations above are based on one fixed set of 
conditions. Every time the outside temperature or wind speed changes, the rate of heat loss 
also changes. Because equipment performance can vary with these changing conditions, to 
accurately predict the annual energy usage of a building requires many more calculations 
than those presented here. Energy analysis is an advanced topic that has its roots in heating 
and cooling load calculations. While it is an interesting and useful topic, it is also beyond 
the scope of this course. 

The Next Step 

Chapter 2 has provided the basic tools and processes used in heat loss calculations. The next 
two chapters will examine each term of the equation Q = U·A ·AT in more detail and present 
a wider variety of construction details than will be encountered in practice. Chapter 3 will 
present the sources of outdoor weather data and basic inside control conditions. Chapter 4 
will then examine different construction materials, various building cross-sections and other 
special conditions to be considered. 

Summary 

The groundwork for basic heat loss calculations has been laid. Each uniform building sec
tion exposed to outside conditions must be considered for each heating zone in the struc
ture. So far we have not looked at where the numbers come from, but only what to do with 
them once they are determined. We have also ignored some important sources of heat such 
as lights, internal equipment and solar gain through windows. For heating systems, we 
usually cannot assume that these energy sources will be available. But we will find out that 
these sources become very critical when determining the cooling loads. 
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After studying Chapter 2, you should be able to: 

• Name the various building surfaces and heat sources that must be considered in 
building load calculation. 

• Defme each term in the basic conduction heat transfer equation, tell where to get 
each value, and the standard units used for that value. 

• Discuss basic rules of thumb that can be used for heating and cooling calcula
tions. 

• Calculate the rate of heat loss from a simple frame structure. 

• List several useful comments that apply to the development of good technique in 
calculating thermal loads for larger structures. 

• Determine the time required for morning warm-up of a building with night set
back. 

Bibliography 

1. ASHRAE. 1997. "Thermal and water vapor transmission data." ASHRAE Handbook
Fundamentals. Atlanta, GA: ASHRAE. Chapter 24. 
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Skill Development Exercises for Chapter 2 

Complete these questions by writing your answers on the worksheets at the back of this 
book. 

2-01. Calculate the heat loss from the bedroom of the example cabin. 

2-02. Decrease the outside temperature to -5°F, and repeat the calculation for both rooms 
of the cabin. 

2-03. If the door was moved to the east wall, explain if and how the rate of heat loss from 
the cabin would be affected. 

2-04. If the building was rotated on its axis, or mirrored end-to-end, explain if and how the 
rate of heat loss from the cabin would be affected. 

2-05. If you wanted to reduce the rate of heat loss from the cabin, explain what changes 
you might make. 

2-06. Suppose a 20,000 Btulh heating system is installed in the front room of the cabin 
with a 4,800 Btulh design heating load. The total mass of the cabin and its contents 
is 5,000 lb, with an average specific heat of0.25 Btuflb·°F. How long would it take 
to raise the cabin temperature by 1 0°F under design conditions? How long would it 
take to raise this temperature if the outdoor temperature is 32°F? 

2-07. Given the mass and specific heat of cabin and its contents in Exercise 2-06, 
how large must the heating system capacity be (in Btu/h) to raise the temperature 
of the space from 65°F to 70°F in 20 minutes. Remember that your heating 
system must also provide the heat losses that occur during that time period. 
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Instructions 

Read the material in Chapter 3. At the end of the chapter, complete the skill development 
exercises without consulting the text. Re-read parts of the text as needed to complete the 
exercises. 

Study Objectives of Chapter 3 

"There is nothing you can do about the weather" is a commonly heard saying and a true 
statement. However, it is important to know something about the local climate when de
signing the thermal system for a building, because it does have a tremendous impact on the 
cost of operation and the calculated capacity of the system. In this chapter, we will discuss 
both the selection of inside control parameters and outside winter and summer design con
ditions to use in your heat loss calculation. These same sources will be used when we start 
discussing cooling load calculations in Chapter 7. 
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After studying Chapter 3, you should be able to: 

• Name the main factors that affect human comfort. Give an example of where 
each factor might apply. 

• Explain where indoor design temperature data can be found. 

• Give an application that requires the use of each outdoor design condition. 

• Explain how microclimate can affect the values for outdoor design conditions. 

• Explain how each design condition can affect a building's heat loss and heat 
gain. 
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3.1 Inside Design Conditions 

There are four parameters that directly affect occupant comfort and must be considered by 
the mechanical designer: temperature, humidity, air velocity and mean radiant temperature. 
These effects can vary dramatically between winter and summer. Each parameter is dis
cussed below. 

As shown in Figure 3-1, the ASHRAE Comfort Zone is defined as the range of temperature 
and humidity conditions where 80% of people engaged in light office work are satisfied 
with the thermal condi-
tion. In heating situa
tions for cold climates, 
the introduction of cold 
dry outside air into the 
space can result in low 
space humidities that 
will cause occupant dis
comfort due to scratchy 
throats, nosebleeds and 
static electricity. Hu
midification of the air 
may be required for 
these situations. In air
conditioning situations, 
most traditional cooling 
systems have targeted 
the upper right comer of 
the summer comfort 
zone, with typical con
ditions being 78°F at 
50% relative humidity. 

Moving air increases the 
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Figure 3-1. ASHRAE Comfort Zone 

rate of convective heat transfer from people's skin and provides evaporative cooling if they 
are sweating. A blast of cool air, and air movement in general, might be very welcome 
during the cooling season in many industrial applications. However, during the heating 
season, high velocities from the air distribution system, or air cascading down large glass 
windows, can cause annoying drafts. The goal of the air distribution system is usually to 
deliver the required air flow without being sensed by the occupant. To accomplish this, 
most air-conditioning designs call for relatively low air velocity (less than 100 fpm) within 
the controlled space. 
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Mean radiant temperature represents the average surface temperature of the walls surround

ing the zone in question. Most interior walls will be at room temperature and will cause no 

problem. However, large glass areas or uninsulated outside walls cause high rates of radiant 
heat loss and result in discomfort. Curtains and blinds are often used in an attempt to block 
the effective radiant temperature of these surfaces and to improve the comfort level of the 
occupants. Radiant heating is often used as a method of supplying energy to the space 
during the heating season. 

Thermal stratification can occur within spaces that do not have adequate air circulation. 

When the temperature near the ceiling is significantly higher than near the floor, action 
should be taken to mix the air vertically. Ideally, the temperature difference between an 
occupant's feet and head should be less than 5°F. Floors should be reasonably warm, espe

cially in areas where the occupants are barefoot (such as bathrooms). 

There are also some design conditions that you should take into consideration, but over 
which you have no control. For example, the more active or clothed that people are, the 
more comfortable they are at lower temperatures. (The insulating effect of various clothing 

ensembles and typical metabolic heat generations for various activities are discussed in 
Chapter 4 of the Fundamentals of HVAC Systems course of this series.) 

The challenge to the designer is when individuals with dissimilar conditions occupy the 
same space. Consider a basketball game where the spectators are sitting in winter coats and 
the players are running hard. Which group should you design for? (The old axiom says you 

should always please the customer.) As another example, a checkout clerk in a store during 
the winter would be standing and wearing normal indoor attire (sweater and pants). The 
customer is wearing a winter coat, and has been walking the aisles. Add to this mix the blast 

of cold outside air every time the door opens, and you have a real design challenge. 

The 1995 ASHRAE Handbook-HVAC Applications describes the recommended winter and 
summer design conditions for a wide variety of building spaces.1 This would make a great 

starting point for defining the design conditions in a new facility and offer benchmarks to 
identify problems in existing systems. 

There are numerous specialty areas in which people work where the conditions are well 

above or below the comfort guidelines above. A frozen food facility and a steel mill are 
examples of these wide-ranging industrial facilities. The US Occupational Safety and Health 
Administration (OSHA) has developed regulations that apply to individuals working under 
these extreme conditions. While it is beyond the scope of this course, you should become 
familiar with these regulations before working in those design areas. 
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3.2 Outside Design Conditions 

When calculating the thermal loads for a building, it is very important that the heating and 
cooling equipment system be capable of maintaining adequate comfort under all reasonable 
conditions. But sizing a heating system for the coldest temperature ever recorded will result 
in an oversized furnace that will be more expensive than necessary to buy and often less 
efficient to operate. So, winter and summer design conditions have been developed that 
provide adequate and acceptable capacity and save the building owner both construction 
dollars as well as operating costs. 

Several new terms that you may not be familiar with will be used in this discussion of 
weather data, so those terms must be defined. Air temperature will be referred to here as the 
dry-bulb (DB) temperature. This is to distinguish it from two other temperature measure
ments that are related to the humidity in the air. The wet-bulb (WB) temperature measures 
the lowest temperature that can be obtained through an evaporative process. The dewpoint 
(DP) temperature is the temperature at which the water vapor in the air begins to condense 
into moisture. All of these temperatures are measured in degrees Fahrenheit eF). 

Finally, the humidity ratio (HR) is the ratio of the mass of water vapor per mass of dry air. 
The units used in this chapter for the humidity ratio are grains of water vapor per pound of 
dry air; one pound equals 7,000 grains. (For a more complete discussion of these terms, see 
Chapter 6 in the 1997 ASHRA.E Handbook-Fundamentals.2) 

An extensive record of climatic conditions for the United States and other countries can be 
found in the 1997 ASHRAE Handbook-Fundamentals.3 Two representative pages are pre
sented here as Figure 3.2. (Most major cities in each state, Canadian province or country 
are included in the original Handbook listing.) Some care must be exercised in extrapolat
ing the given data to other locations. Local geography and microclimatic conditions often 
result in significant differences between any given site and the nearest reported weather 
station. Elevation changes greater than a few hundred feet can significantly change the 
design conditions. The distance from large bodies of water or the thermal island that exists 
in metropolitan areas should be considered. Other sources such as the US Weather Service, 
the National Climatic Data Center or a qualified applied climatologist should be consulted 
if there is any doubt regarding the applicability of the values in the ASHRAE tables. 

It should be noted that the format of the weather design data in the 1997 Handbook is 
significantly different from previous Handbooks and from references based on those earlier 
Handbooks. Previously, different data analysis methods were used for Canadian locations 
compared to US locations, and some overseas locations were based on limited short-term 
data. The new format was developed to provide more uniform data and to include additional 
data not previously provided. However, the use of some of those statistics is beyond the 
scope of this course and will only be briefly mentioned for completeness. 

3: 5 

Fundamentals of Heating and Cooling Loads Chapter 3 Temperature Design Conditions and Weather Data 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All righ
ts reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



3:6 

lleatlalaadWIMDIIipCaa•lliaa• UllifedSIIdel 

~...._ ... Cllllllt .. IIIWIIMWD•DB lbtr ..... .,.., 

Wtlt Nertll ... .... ... ......... U% 1% ,. U% .._DB .... DB 
WIIOI ...... ~ ft ........... "'2oft, IIIIo ..... .... ............... __ .................. 

--- .. -UiJIW tim .di3 .... 3 • :I 23 • 33 25 33 u iii 16 DO liB -1 .3l 83 
Sllllla 

.,._ 
lU8 .97.., ms lU13 8218 -3 4 'Z1 23 22 28 33 34 34 11360 15 180 106 -7 2.3 9.9 

Toplb .,.,. 'JfJIII 
9.UiZ -

14.231 '6193 -2 4 25 22 28 25 28 22 29 93218 12 180 '1110 -8 3.8 7.4 
Wltlllla, Aiqlolt .,... 37.1.1 91M 13!9 13.9!18 6193 2 8 29 25 23 28 30 a 31 1336o 16 310 105 -4 2.9 6.3 
Wltlllla,JiBCGmllll AIIB .,..,., 37.62 91ZI 1371 13.9IZ 8218 2 10 25 23 28 25 38 23 36 11360 12 1!10 105 -1 2.7 7.7 
..-ri1CXY ......... 7WI16 !6.97 86.42 ,. ..... .. 7 14 28 19 17 21 40 19 40 62:10 9 230 97 -2 3.2 1G.3 
~Allpoat?.Zat 39.85 8411 "" ~ 6193 1 7 22 28 18 25 30 22 33 9250 10 230 9S -7 3.1 8.5 
PaltCimpW,AAP 'M'1lO 36#1 ruo sn 143P5 829J 9 1S 19 16 14 28 40 17 43 43!10 6 340 !18 0 3.1 9.5 
Partx-, tJodll8l AAP 7:IGID 37!18 8S.97 ., ..... 8293 9 1S 17 15 13 18 42 16 39 42110 6 %10 97 0 4.1 7.9 
1llli1lllla T.Ma.96 37M 81&2 1381 13.J77 8293 7 14 17 14 13 18 44 16 40 7230 li 230 94 -3 2.7 9.4 
~ 7'lf228 38.G ... -14.1'19 6193 4 18 21 19 17 23 38 28 38 8 %10 9 340 94 -4 3.58.3 
~ '12iml 38.18 

85.73 -
14.438 6193 6 12 22 19 17 22 40 28 34 10 2110 10 250 96 -1 1:1 7.9 

l'll1llclll 72mt 3'1111 88.77 413 14.477 8293 7 13 22 19 17 22 45 19 42 8 40 9 180 !18 -1 2.9 9.4 
L01JBAlfA 
AlaMdda, .,_.AIIB 741» 31.33 92.55 • 14.648 8293 'Z1 30 16 13 12 17 " 15 49 7360 3 180 !18 28 2.2 6.3 ......... 7.:1.2117 30.53 91.15 69 :14.65!1 6193 'Z1 30 28 18 16 21 48 19 "' 8360 8 %10 97 28 2.2 5.4 
BallllrOI,y, BmliiiiH APB mt85 ..,. 93.67 167 14.607 8293 22 'Z1 18 16 14 19 49 16 S1 7360 5 1811 99 15 2.3 6.7 
Llltlr,ye 1ZMII5 30.28 9U8 43 l4.6'i3 8Z9:l 28 32 21 18 16 21 S4 19 " g 10 8 2110 97 19 1.6 8.1 
t.a.a..t. ,_ 30.12 ~ 33, 14.678 6113 29 32 22 19 17 34 ,. 21 49 10 20 8 230 116 23 2.3 4.7 
I.-liD, Palt Pall&: 7mll8 3l.05 93.20 328 .J4.S22 8293 'Z1 30 16 13 12 16 51 14 S2 4 20 4 180 !18 20 2.0 5.9 
Moine 72.2486 32.32 9,2.83 '19 14.654 8293 22 'Z1 19 17 1S 20, so 18 47 9 10 7 230 99 17 1.8 8.5 
Nfto o.te... Jat'l Airport 7223UJ 29.!18 !10.25 3o 14Jill0 6193 30 34 21 19 17 21 48 ill 49 7340 8 360 96 23 2.0 5.3 
Nftoom.., Llblltaat A 7l2315 30.05 !10.03 to 14.6!18 8293 35· 39 22 19 18 21 49 20 so 14 360 9 300 94 21 8.1 12.4 
SllnMpJat 7224110 32.47 93.82 259 14.558 6193 22 26 20 18 16 22 46 19 48 9360 8 180 99 16 3.1 5.6 
MAINE 
Auplla 726115 '44.32 69.80 351 14.Sto' 8293 -3 1 23 21 19 25 20 22 22 10 320 11 210 93-10 3.1 3.4 ..... .,.. 44.80 118.83 194 14.593 --7 -2 22 19 17 24 18 21 20 6300 10 340 94.-16 2.9· 5.9 
........ NAS 7G92D 43.8S 69.93 7S· 14A5S --2 2 20 17 15 21 'Z1 19 25 4340 9 1!10 9li -12 .7.9 6.1 
c.JIIIIa 12'1120 46.87 lfi.CR li23 14.3s7 6193 -14 -10 28 34 22 30 13 'Z1 11 10 %10 13 2SO 90-23 2.8 4.5 
~LoriacAPB mt2S 46.9S li7M 74S l4.3IM 8293 -13 -9 23 20 18 :25 12 22 11 ' 7 300 9 260 91-20 2.3 2.9 
l"«<rlllald 721111111 43A5 70.32 62 14.662 6193 -3 2 34 21 18 24 26 21 25 7320 12 %10 93-13 3.6 S.5 
MAllYLAND 
Clap ........ A1llllwl APB'14.1!I40 38JI2 76.8'1 282 14.546 8293 13 18 21 18 16 23 30 21 32 7 3SO 9 230 !18 4 2.9 6.7 
Beldmcn, Bwt.Airport 'T.MOiill 39.18 71i.67 1S4 1~4 6193 11 1S 34 21 19 25 31 22 31 10 2110 11 280 97 4 2.9 5.8 
Leatl'llt, PlllllXtDt It'- 724840 38.28 7li.40 39 14.67S 8293 16 21 20 17 15 22 30 19 35 9340 9 270 !18 8 2.3 6.1 
NAS 
Sllil1lary 724045 3&33 7S.52 S2 14.6118 8293 13 18 20 18 16 20 3S 19 37 6 10 g 240 97 4 2.7 5.8 
MAIMCiltlS&Tl'S 
BOikiB 725llliO 42.37 71.115 30 14Jill0 6193 7 12 2!1 25 23 30 30 'Z1 28 17 320 14 270 96 0 2.7 4.7 
li!IIINmoudl, OdiADtjo .,..., 41A5 '10.52 131 14.626 11293 11 14 26 22 20 26 34 23 33 9300 10 240 90 s 2.S 3.8 
s . ....,._.NAS 72Wn 42.1S 'lll.93 161 14:610 8293 6 11 19 16 14 18 2!1 16 2!1 73218 9 260 97, ·-2 3.8 3.8 

"-*' 
..,. 42.%1 11M 1010 14.11i7 6193 0 s 'Z1 23 20 2!1 22 26 21 14 %10 10 %10 90 -6 1.9 4.1 

MIOIIGAN 
All- '7A1ll8 45111 83.57 692 14.332 6193 -7 -1 21 19 17 22 20 19 20 S. %10 11 340 93-17 3.4 S.9 
Dtlroit, Millo 72S3'l8 42.23 83.33 661 14.347 6193. 0 s 'Z1 23 21 28 28 34 'Z1 11 240 13 :no 9S -7 3.0 5.4 
Plillt 72IJ'J8 42.97 83.7S 764 14.2!14 6193 -2 3 25 22 20 'Z1 24 23 23 8230 u 230 93-10 3.1 5.0 
a-l:llplda 726350 42.811 85.52 111M 14.274 6193 0 5 25 22 20 26 25 23 24 8180 13 340 93 -9 2.1 53 .... 727440 47.i7 88.50 107!1 14.131. 6113 -9 -4 i1 19 18 23 18 20 16 8%10 10 250 90-16 2.9 5.6 
:&BarBed 725386 44.GZ 82.88 6txl 14.3'79 8293 ' 12 26 22 19 26 'Z1 23 'Z1 to ZIO 9 230 94 2 2.9 4.1 
w- 725395 42.%1 114.47 1081 14.17.2 8293 -3 4 20 19 17 23 22 20 23 9240 11 210 93-11 2.S S.6 ........ 725390 42.77 ..... 873 14.298 6113 -3 2 26 23 20 28 23 25' 24 8290 13 2SO 94-13 2.8 5.9 
......... llawytrAJIB 7.21'435 46.35 87.48 1220 ·14.8!1111 82119 -11 -6 34 21 18 26 18 23 17 62110 10 210 91-18 4.7 4.7 

~A '7274311 46.53 87.55 1434 13.95S .. -13 -8 22 19 18 22 .20 20 16 8 270 11 230 90-22 4.5 4.5 

lolaut<l-.AIJP 725377 42.62 82.83 S81 14.390 .. 3 7 21 18 16 25' 21 21 34 7280 9 230 9S -3 4.0 2.7 ......... 721111111 417 86.25 633 14.362 6193 3 7 'Z1 34 22 28 25 25 26 10 290 12 200 90 -5 2.7 5.0 
o.dl, WlmmllhAPB '126395 44,45. 83.40 633 14.362 8293 0 3 21 19 17 23 26 21 34 62:10 11 280 9S -1 u 4.7 ,...... 7%1347 45.57 84.80 719 14.318 li2t3 -9 -3 26 23 20 28 22 24 22 4300 14 250 92-21 3.1 4.9 ....... 12liS'J9 43.53 84.418 669 1<1.343· 8293 0 4 23 21 .19 25 22 22 23 10 260 13 240 96 -6 5.8 4.5 
.... Mirill 727340 46.47 84.37 725 14.314 6193 -12 -7 23 20 18 34 19 21 18 7 90 10 230 e-22 3.5 5.4 

WddxPublt 1263!19 45.92 85.92 . S91 14.385 8293 0 4 28 24 22 30 ''ZI 26 'Z1 9300 8 200 82 _, 2.3 6.3 
'n-at, 7'lA1IIf1 44.73 85.511 li23 14.31i7 6193 -3 2 21 19 18 23 23 21 23 7 180 13 230 94-13 2.8 7.3 

MDNI80l'A 
~ 7265S7 45.87 95.48 1424 13.9SS 11293 -20 -ts 25 22 20 28 12 24 8 10 300 14 180 96-26 3.6 4.5 
....... l'llquot l.llm 717SGO 46.lio 94.32 12110 14.11211 11293 -34 -17 11 io 9 lt' 8 10 11 3320 5 190 9S -30 7.9 6.8 
Dllllldl 7274SO 46.13 92.18 1417 13.9.!18 6193 -21 -16 25 22 20 25 12 22 11 18 310 12 23o 90-28 2.8 4.7 
BilJIIiq 7.Z7455 4U8 92.83 1352 13.992 8293 -25 -20 20 19 17 20 13 19 13 6 330 11 2110 92-34 2.3 4.7 

•• 1aliiiF.U. 7.Z'J410 48.57 93.381114 14.077 6193 -2!1 -23 22 20 18 22 10 20 8 6 '270 11 180 92-37 3.4 3.8 
) ...... ali..st. Paul. 126SIIO 44M 93.22 837 14.257. 6193 -16 -11 25 2i 28 25 12 22 14 9 300 14 180 97-22 3.5 5.4 
ltellwao4 1'1111 726SS6 44.5S 9.5.118 11124 14.160 8293 -17 -12 26 ~ 20 28 14 34 lS 11280 14 180 99-22 4.1 5.2 ..... '126440 43.92 92.30 1319 14;0118 6193 -17 -12 29 26 34 32 12 28 12 13 300 lS 280 94-23 3.7 S.2 

WMOI•WIIIId Ulll •oloP II Orpaizllliml_. lllw. •lllewlliaa, a DB•dry-bulb ............ "F 
r...t.•lalitllde,..__. l.e!JI.•IIqilllrii,--WIII SldP•IIalilld ~ ldllllliaa ..... pllla ws - wiadlpeed, IR)lll 

Figure 3-2. Example of Climatic Conditions for US Cities 

ChapterS T~ Desip Conditions tmtJ Weather Dtlltl F~ of Heating tmtJ Cooling Lotuls 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All rights reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



3: 7 

CoolllqaadM...-IIIIIcatlelliiDeldp~.._ 

Oiiiii!IDMIWIB WIIIIIIDII 
_ ... _ ... "' 2% U% "' 2% ... 1% ~ Raap 

DBMWBDBMWBDBMMIWBMDBWBMDBWIIMDB DP D MDB DP BR JdD8 DP 
·- MDBIIDB ...... ioo 72 !i6 72 !N 72 ,, §1 75 911 13 • n 126 83 71 uo 82 6!1 116 80 24.1 

Slllllllll 101 74 97 '73 94 13 77 !I'J 76 !Ill 75 IJ 74 132 85 72 123 83 71 118 82 23.0 
1'oplb !116 15 93 15 !Ill 75 ., !Ill 78 IJ 76 .. 76 139 ~ 74 132 115 13 126 113 20.3 
Wldllla. Allpm 100 13 97 13 !N 13 77 !11 76 !Ill 74 IJ 13 129 83 72 123 82 71 118 11 22.2 
Widllla.~APB 100 73 97 13 !N 13 77 !I'J 76 !Ill 75 • 74 133 114 72 124 113 71 119 82 21.8 
.KJIINJiJ(SY 

.BIIII!flqa- !N 16 91· 75 .. 74 78 • 77 ~ 76 • 76 136 114 75 132 82 74 127 81 20.0 
Cv!il" aOu I r A~rpQrt 91 74 1111 13 • 72 77 ~ 76 • 14 83 74 132 114 73 126 81 72 120 80 18.!1 
Polt~MP 95 77 93 16 !Ill 76 .. !Ill 78 • 77 ~ 77 143 115 16 136 114 74 132 83 1!1.4 
Polt ..... C:W..MP M 76 !I'J 74 •• 74 78 !Ill 77 .. 76 • 76 138 85 74 132 83 73 126 82 19.4 ........ !Ill 74 ~ 13 85 72 77 87 76 IS 74 83 74 135 83 73 130 11 71 122 ., 18.2 
~ 91 74 • 13 • 72 77 87 75 • 74 83 74 130 83 72 124 81 71 120 80 18.4 
l.olliimllo 113 76 go 75 .. 74 78 !Ill 77 .. 76 • 75 134 85 74 129 84 13 125 82 18.2 ........ !116 77 93 76 !I'J 75 80 !II ., !Ill 78 .. 77 143 • 76 138 IS 75 132 83 20.2 
J..OUIIIWfA 
Ahaadda, ...... APB 95 78 !N 78 !I'J 77 81 go 80 !Ill ., • 78 147 • 77 142 IS 76 138 IS 18.4 ....... 94 78 92 77 91 77 80 • ., .. 78 ~ 78 145 84 77 141 84 76 137 83 16.7 
Bollier Cllr, Blrbdlle APB !116 77 !N 77 113 77 80 !Ill ., !Ill 78 119 77 144 84 76 139 83 76 134 83 20.0 
~ !N 78 93 78 91 77 80 89 80 89 ., .. 78 146 114 77 143 . 83 77 140 83 17.1 
LaliD ClllaiM 113 78 91 78 !Ill 77 80 .. 80 .. ., ~ 78 148 114 78 145 114 77 141 83 16.2 
1-m., PoltPoJk 9S 77 M 76 92 16 ., 89 ., .. 78 87 77 144 83 76 140 82 76 136 82 .18.2 
MlwiiiD !116 78 M 78 113 77 II 91 80 90 ., 89 78 147 • 77 143 as 77 139 84 1!1.3 
NewOdcllll, JatUirport 93 ., 92 78 90 78 81 !Ill 80 .. 80 87 79 151 • 78 146 115 77 142 84 lS.S 
New Odcllll, 1..ab6o1t A 113 78 !J2 78 !Ill 77 II .. 80 ~ 79 87 79 150 115 78 145 114 77 141 83 11.9 

~ 97 77 95 77 93 76 ., 91 79 !Ill 78 119 76 139 114 76 135 83 75 132 83 1!1.1 
MAINE ...... ~ 71 114 6!1 80 67 73 83 71 io 6!1 77 70 113 77 68 106 75 67 100 74 18.4 ...... ~ 71 114 6!1 81 67 13 83 71 II 6!1 77 70 lt1 78 68" 104 75 67 99 13 20.S 
Balwick, NAS ~ 71 114 6!1 80 67 73 83 71 80 70 77 70 111 78 6!1 105 76 67 100 74 1!1.1 

Calha IS 69 82 67 79 66 72 II 70 77 68 76 70 U2 76. 68 104 75 66 !17 72 1!1.S 
Lilulllllat, l.c!lilla APB 84 68 .80 66 78 64 71 79 6!1 76 67 74 68 107 75 67 101 72 CiS !N 71 18.7 
l'Gtllllld • 71 83 70 80 68 74 83 72 80 70 77 71 114 79 6!1 107 76 67 101 74 18.7 
IWIYLAI'U). 

Clalp Spl.iaai.Aiullewl APB M 75 !11 74 .. 13 78 .. 77 ~ 75 115 75 134 83 74 129 82 13 124 80 18.7 
Jklllflacn, BWI AirpQrt 113 75 !II 74 .. 73 78 .. 76 • 75 IS 75 132 83 74 125 81 72 120 80 18.8 
I..l'llt, PllllallltBM 113 76 90 75 87 74 79 .. 77 87 76 8S 76 136 84 75 131 83 74 125 82 15.8 
NAS 
~ 113 77 90 76 88 75 80 88 78 86 77 8S 78 144 114 76 137 82 75 132 81 18.7 

~ 
Balltoa 91 13 ~ 71 114 70 15 81 74 83 72 81 72 11!1 80 71 ll3 1!1 6!1 108 78 15.3 
lila~ Oils lt.atiJ 8S 72 82 72 79 6!1 75 81 74 71 72 76 74 125 78 72 118 76 71 113 7S 14.6 
s.w-....NAS !J2 13 ~ 72 85 71 11 87 75 114 13 81 74 129 82 72 118 1!1 70 lll 71 1!1.6 
w... 8S 71 83 6!1 80 68 74 82 72 80 70 77 71 119 78 6!1 112 76 68 105 75 16.6 
MICIIJIWf 
~ ~ 71 114 6!1 II 67 74 83 72 81 70 78 71 116 79 6!1 107 711 117 100 74 22.9 

.Ddlalt.MIInl go 73 ~ 72 114 70 76 16 74 84 13 81 13 125 83 7l 111 80 70 111 78 20.4 
Pliat 88 13 811 71 83 70 75 84 74 82 72 80 13 12S 81 71 116 78 6!1 110 77 20.6 
o-dlblpidl 119 13 • 71 114 .70 76 85 74 83 72 81 73 126 II 71 118 79 70 112 77 20.7 

~ 811 71 83 69 88 67 73 82 71 80 70 77 70 116 ., 119 10!1 76 67 103 74 20.6 

Hadlar Belch !Ill 71 • (/# 83 68 74 • 72 83 70 80 70 113 82 68 106 80 67 100 711 14A ...... .. 74 • 73 84 71 77 86 75 83 73 81 74 134 83 72 123 81 71 117 78 20.3 

l..llllillc • 73 811 72 84 70 76 IS 74 83 73 81 73 127 81 72 120 79 70 114 71 21.7 

........... ...,_APB 16 69 83 61· 79 65 72 83 70 79 68 75 6!1 113 77 67" 106 74 66 99 73 22.1 u., ..• 'a.A 115 6!1 82 67 78 65 72 82 70 71 68 75 69 lll 77 67 104 75 65 91 72 22.1 

Millllllta-.,.. 90 74 87 72 114 71 77 81 ., 113 73 80 74 131 83 72 120 11 70 1U 78 1!1.6 

~ 15 71 83 70 81 69 75 82 73 80 71 78 72 122 80 70 m 17 6!1 10!1 76 18.1 

Olaadl, "Wuutaiill APB 119 72 • 71 83 6!1 75 16 73 83 71 ., 72 120 80 70 112 79 68 106 77 21.4 

Pellataa ~ 71 IS 6!1 81 68 74 83 72 11 70 78 70 115 78 69 101 76 67 103 75 23.!1 

·Sitlfaaw !Ill 74 81 72 84 70 77 • 75 84 73 11 74 132 83 72 120 80 70 112 71 21.2 
Salt lite. )lade 83 69 .. 68 77 66 72 80 70 17 61 74 69 111 76 67 103 74 115 " 72 21.9 

Siul a.u PGillt 78 66 76 65 74 64 70 76 68 72 116 71 68 106 74 67 tOt 72 65 !14 70 13.9 

~aay • 71 •• 70 .83 68 74 84 72 82 70 80 71 117 .. 6!1 109 78 61 103 76 22.0 

MINI'QI:IIafA 
Alaladda 119 72 • 70 83 69 75 • 73 .82 71 10 72 123 82 70 116 1!1 68 10!1 77 19.3 

Jlrlilr,ft, Peqaat LaliDa .. 70 8S 68 81 66 72 85 70 82 68 71 68 108 81 116 102 77 6S 96 7S 21.6 
Dalllla 114 69 It 67 78 6S 72 81 69 78 67 75 68 110 77 116 102 ., 64 !N 72 20.2 

BiiJ1Iilll IS 70 11 61 78 116 73 82 71 78 68 75 70 116 78 68 101 76 66 101 73 23.r---.... _ .... ,. 
116 6!1 83 67 .80 66 72 82 70 79 68 77 69 112 71 67 103 75 65 96 73 21.8 

) ..... .u..st. Paul 91 73 18 71 85 70 76 .. 74 14 72 82 73 124 83 71 116 11 6!1 10!1 1!1 19.1 
:RidwaaclFalil !J2 74 18 72 • 70 77 • 75 IS 73 82 75 135 83 72 123 11 70 116 80 20.7 ....... 18 72 8S 71 82 70 76 85 74 82 72 10 73 121 81 71 120 79 6!1 Ill 77 19.7 

MOB ·-11Di1111111Bt~ ...... 41iie,"'' MWS •me. coiacldllatwilld IIJIIIId, 1111* Sd,>- Rd. devi4iaa Hll•luaidlty ratio, ... (WIIW)Ilb (dry air) 
MWB • -11Di1111111Bt~tcmpca4UN,"'' MWD- - coiaoideat wiacl cJRctica, dear- DP-~...,.._.,"1' 

Figure 3-2. Example of Climatic Conditions for US Cities (cont.) 
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To become familiar with the ASHRAE tables, the first listed site in Figure 3-2, Russell, 
Kansas, will be used as an example throughout this chapter. The latitude, longitude and 
elevation of the recording station are provided to determine the proximity of your site to the 
recording station. The standard barometric pressure of 13.732 psia is the basis used to cal
culate the design dewpoint temperatures. The 8293 in the Dates column indicates that the 
weather data is for the years 1982 through 1993, inclusive. 

3.3 'Winter Outdoor Design Temperature 

The next two columns in Figure 3-2 provide two measurements of the winter design tem
perature (Heating DB) for 99.6% and 99%, respectively. In the average year (8760 hours) in 
Russell, Kansas, the recorded temperature has been at or above -4°F for 99.6% of the time, 
and at or above 3 °F for 99% of the time. In other words, only 35 hours are below -4 op, and 

88 hours are below 3°F in this location during the average year. These heating design tem
peratures roughly correspond to the 1% and 5% design data provided in previous Hand
books, which were based only on the winter heating season, as opposed to the whole year 
assumed in the current data set. 

Because the coldest wintertime temperatures occur around dawn following a clear winter 
night, there is often very little activity within most buildings at these hours. So if the space 
temperature dips slightly below the desired setpoint a few hours each year, there will be few 
complaints in most buildings. In fact, the thermal capacitance of the building material and 
its contents often helps to buffer the extent of the lowest temperature excursions. 

Another factor is the internal energy supplied by the occupants and lighting systems. Be
cause the winter heating load calculations are usually made assuming these sources are 
unavailable or turned off, they can also help to minimize the chilling effect during record 
cold weather. It should be noted that studies have shown that, during extremely cold weather, 
the 99.6% and 99% design conditions can be exceeded for durations of several days. 

For residential applications or other applications where occupancy is continuous or tem
perature control is essential, the recommended design temperatures in this table apply. How
ever for applications that do not open for business for several hours after dawn (such as a 
luncheonette), it might be appropriate to use a slightly higher design temperature in the 
thermal load calculations. Remember, if a night setback thermostat is part of the design, it 
will take longer to bring the space back up to daytime condition with a smaller heating 
system installed. 
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3.4 'Wind and Annual Extremes Data 

The next several columns of Figure 3-2 present design data on wind speed. The extreme 
wind speed exceeds the given value for 1%, 2.5% or 5% of the year. In Russell, Kansas, the 
wind speed is higher than 29 mph for 88 hours in the average year.) For the coldest month 
for each location, the 0.4% and 1% values for the wind speed and corresponding mean dry
bulb temperature are given. (In Russell, Kansas, for 35 hours each year, the wind speed 
exceeds 29 mph, and the average temperature during this windy period is 33°F.) 

The MWS/MWD to DB columns present the mean wind speed and mean wind direction 

coincident with the Heating DB discussed above and with the Cooling DB that will be 
discussed in the next section. The wind directions are given like compass headings; a north 
wind is 360° (or 0°), east is 90°, etc. (In Russell, Kansas, for the 35 hours that the tempera
ture is below -4 op, the wind is typically out of the north- 10° - at 11 mph. For the summer 
(0.4%) design condition, the wind is generally out of the south- 190° - at 16 mph.) 

The last four columns in Figure 3-2 present Annual Extreme Daily data. The annual daily 

high temperatures and low temperatures for the weather period analyzed are averaged and 
reported here as the Max and Min, respectively. (In Russell, Kansas, the mean summer high 

temperature is 1 05°F and the mean winter low temperature is -8°F.) The standard deviation 
for each of these mean extreme temperatures is provided to allow you to determine how 
frequently these temperatures are exceeded; for example, if you must ensure that your de

sign can withstand the worst temperature conditions expected for the next 50 years. (Refer 
to the 1997 ASHRAE Handbook-Fundamentals for details on this procedure.) 

3.5 Summer Outdoor Design Temperature 

Because humidity control is so important in the design of air-conditioning systems, the 
summer outdoor design conditions presented in Figure 3-2 include three combinations of 
the dry-bulb temperature and humidity data. In each case, the 0.4%, 1% and 2% design 
conditions are representative of the 35, 88 and 175 hottest hours in the year, respectively. 

The first set of data, Cooling DB/MWB, presents the dry-bulb temperature with mean coin
cident wet-bulb temperature. (In Russell, Kansas, the dry-bulb temperature exceeds 1 00°F 
for 35 hours in the typical year. During this time, the wet-bulb temperature averages 72°F.) 
This is the data set that you would normally use to determine the cooling load on a typical 

building. 
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Daily maximum temperatures generally occur between 2:00pm and 4:00pm. For resi
dences and other continuously occupied or critically controlled buildings, the recommended 
temperatures in the table should be used. In a building where the maximum occupancy does 
not occur during the mid-afternoon (such as a church or dance hall), the summer outdoor 
design temperature can be decreased accordingly. 

The second set of data, WB/MDB, presents the design wet-bulb temperature with mean 
coincident dry-bulb temperature. (In Russell, Kansas, the wet-bulb temperature exceeds 
76°F for 35 hours each year, during which time the dry-bulb temperature averages 91 °F.) 
These data are useful in determining the capacity of equipment that uses evaporative pro
cesses (such as cooling towers and evaporative coolers). These data are also useful in the 
design of fresh air ventilation systems. 

The third data set, DP/MDB and HR, presents the design dewpoint temperature and corre
sponding humidity ratio with the mean coincident dry-bulb temperature. (In Russell, Kan
sas, the dewpoint temperature exceeds 72°F for 35 hours each year, during which time the 
mean dry-bulb temperature is 83°F. This dewpoint temperature corresponds to 126 grains 
of water vapor per pound of dry air.) These data are especially useful for applications in
volving humidity control (such as desiccant cooling and dehumidification). These values 
are also used as a checkpoint when analyzing the behavior of cooling systems at part-load 
condition, particularly when such systems are used for humidity control as a secondary 
function. 

The last column, Range of DB, represents the difference between the average daily maxi
mum and the average daily minimum temperatures for the warmest month of the year. 
These data will be used to adjust our cooling load conditions, and are also useful in deter
mining the rate of natural cooling that a building experiences during its diurnal cycle. 

3.6 Other Sources of Climatic Information 

Most of the design values in this chapter were developed by an ASHRAE-sponsored re
search project.4 Additional data for 7,000 locations worldwide is available on CD-ROM 
from the International Station Meteorological Climate Summary.5 Degree-day summary 
information and climatic normals for the United States and Canada are also available on 
CD-ROM from other sources. Typical hourly weather conditions can be simulated by sev
eral available statistical algorithms. Finally, data on sequences of extreme temperature and 
humidity conditions are available. (See Chapter 26 of the 1997 ASHRAE Handbook-Fun
damentals for specific references.) 
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These data were originally developed primarily as research tools. Traditionally, conven
tional building designs could neither afford nor justify the expense of making complex 
calculations. Systems were designed and equipment was sized to meet the design heating 
and cooling loads that you are learning to calculate in this course. The advent of microcom
puters allows designers to analyze and compare the energy usage and cost performance of 
various systems throughout the year. However, discussion of these methods and procedures 
is beyond the scope of this course. 

The Next Step 

The thermal properties of typical building materials will be the focus of the next chapter. 
You will learn to find and use tabulated values and how to deal with surface resistances, 
dead air spaces and non-uniform sections. You will also learn how to make thermal perfor
mance comparisons among alternatives. 

Summary 

In Chapter 3, you learned where to locate indoor and outdoor design condition data for 
winter and summer designs. You learned the fundamental conditions required within a space 
to provide for human comfort. You learned how to locate weather data for specific locations 
and how to estimate values for locations not included. It was explained why each column of 
data is provided and where the values can be applied. 

Remember that not all designs will require all of the data provided. But there is still some 
judgment required to choose which column is appropriate for a given application. That 
judgment will grow along with your experience as you progress through this course. 

After studying Chapter 3, you should be able to: 

• Name the main factors that affect human comfort. Give an example of where 
each factor might apply. 

• Explain where indoor design temperature data can be found. 

• Give an application that requires the use of each column of outdoor design con
dition data. 

• Explain how a microclimate can affect the values for outdoor design conditions. 

• Explain how each design condition can affect a building's heat loss and heat 
gain. 
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Skill Development Exercises for Chapter 3 

Complete these questions by writing your answers on the worksheets at the back of this 

book. 

3-01. Assume you are working for a mobile home manufacturer that ships to all of the 
states shown in Figure 3-2. In which state would you expect the highest heating 
load? The highest cooling load? Explain which data columns you used to make your 
selection. 

3-02. In Massachusetts, Boston and Worcester are only 25 miles apart. How would you 
explain the large difference in their winter design temperatures? 

3-03. In Michigan, Grand Rapids and Muskegon are only 30 miles apart. How would you 
explain the difference in their summer design temperatures? 

3-04. Discuss how the wind speed at a typical single-family house with trees and other 
vegetation around it might compare with the recorded wind speeds. How would the 
local terrain (hills and valleys) affect the actual wind speed at a site? How would the 
recorded wind speed compare to the actual wind speed at the top floor of the tallest 
office building in town? 
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Instructions 

Read the material of Chapter 4. At the end of the chapter, complete the skill development 
exercises without consulting the text. Re-read parts of the text as needed to complete the 

exercises. 

Study Objectives of Chapter 4 

The thermal characteristics of the building materials used to construct a structure have a 
major impact on the energy cost of its operation. In Chapter 4, we will examine both the 
thermal properties of construction materials and how to determine the composite U-factor 
for typical cross-sections. 

After studying Chapter 4, you should be able to: 

• Use the tabulated data in Chapter 24 of the 1997 ASHRAE Handbook-Funda
mentals.• 

• For a given building section, calculate the effective R-value and convert it to a 
U-factor. 

• Determine the effective air film coefficient for a given geometry and surface 
property. 
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4.1 Building Material Properties 

The thermal properties of common building materials are given in the table inAppendix A. This 
table is arranged into 10 basic families of materials, starting with building boards. Where standard 
material thicknesses are available, they are given after the type of material. The next column indi
cates the material density. This value, when combined with the specific heat shown in the last 
column, becomes especially important in calculating the total capacitance of a structure during the 
cooling season. 

The next column shows the thermal conductivity property, k, in units ofBtu·in.lh·ft2·°F. Other 
references often show the same values in units ofBtulh·ft·°F, where the nominal thickness must be 
given in feet instead of inches. The conductance, shown in the next column, is the given conductiv
ity divided by the nominal thickness, L, measured in inches: 

C=k!L (4-1) 

The next two columns giveR, the reciprocal of the Cvalue shown in the earlier column (R = 1/C). 

The value is presented per inch of thickness as well as for the shown thickness when given. The 
reason that the R-value is so important is that for any uniform building section (wall, roof, floor, 
etc.), the total R is the sum of all the R-values for each material within the section: 

(4-2) 

The section U-factoris then determined by taking the reciprocal ofthatR,otaJ value: 

U=liR,otal (4-3) 

This U-factor is the one needed in the equation for building heat loss calculations: 

Q=U·A·dT (4-4) 

The easiest way to see how this process works is by using an example. We will examine a typical 
stud wall for a warm climate using 2x4 construction and filled with 3.0 in of fiberglass insulation as 
shown in Figure 4-1. In Chapter 1, we stated that U = k/L which is true for simple homogeneous 
materials. When analyzing composite walls, it is necessary to determine the U-factor by using the 
R-values for each of the wall materials. For convenience, we have numbered the components in 
sequence, starting from the outside. Note that components 4 and 5 represent insulation and a 3.5-
in. wood stud rated at R-4.38 (R-1.25 per in.) respectively: 
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1. Outside air film (15 mph 

wind) 

2. Wood siding (0.5 in. X 8 in. 
lapped) 

3. Sheathing (0.5 in. regular) 

4. Insulation (3.0 in. fiberglass) 

5. Wood stud (3.5 in.) 

6. Gypsum (0.5 in.) 

7. Inside air film (still air) 

Figure 4-1. WaD Section 

The outside and inside air films are actually convective heat transfer values. In this case, 

they represent the resistance to heat transfer into air from a vertical surface. These air films 
vary somewhat throughout the building and will be discussed more fully in Section 4.3. 

At cavity At framing 

1. Outside Air Film (15 mph wind) 0.17 0.17 

2. Wood siding (0.5 in. x 8 in. lapped) 0.81 0.81 

3. Sheathing (0.5 in. regular) 1.32 1.32 

4. Insulation (3.0 in. fiberglass) 11.00 

5. Wood Stud (3.5 in.) 4.38 

6. Gypsum (0.5 in.) 0.32 0.32 

7. Inside air film (still air) 0.68 0.68 

Total Thermal Resistance (Rr) 14.3 7.7 h·ft2·°F/Btu 
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The remaining values are read directly from the table in Appendix A and inserted into the 
column. The values are then added to obtain a total Rr value for the wall cavity of 14.3 
h·ft2·°F/Btu, and a value of7.7 h·ft2·°F/Btu at the framing. By taking the reciprocal of these 
values, the U-factors are easily determined: 

U 'ty = 1/Rr= 1/14.3 = 0.07 Btulh·ft2·°F 
CQI/1 

uframing = 1/RT= 117.7 = 0.13 Btulh·ft2·°F 

Notice that the U-factor for the framing is almost twice that of the wall cavity, which means 
it will lose energy faster. An adjusted U-factor can be obtained by calculating a weighted 
average between these two values. Typical wall sections consist of almost 25% framing. 
So, the weighted U-factor value is given by: 

0.75(0.07) + 0.25(0.13) = 0.085 Btu I h·ft2·°F 

The framing members have decreased the effectiveness of the insulation by almost 20%. 
This degrading effect is so significant that it is the topic of the next section. 

4.2 U-Factorsfor Non-Uniform Sections 

Let us look at the same wall section but replacing the wood studs with metal studs which 
have essentially no thermal resistance. 

At cavity At framing 

1. Outside air film (15 mph wind) 0.17 0.17 

2. Wood siding (0.5 x 8 in. lapped) 0.81 0.81 

3. Sheathing (0.5 in. regular) 1.32 1.32 

4. Insulation (3.5 in. fiberglass) 11.00 

5. Metal stud 0.00 

6. Gypsum (0.5 in.) 0.32 0.32 

7. Inside air film (still air) 0.68 0.68 

Total Thermal Resistance (Rr) 14.3 3.3 h·ft2·°F/Btu 

U-factor = 1 I R = T 0.07 0.30 Btufh·ft2·°F 
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Assuming this time that 20% of the wall area is framing results in a weighted U-factor of 
0.80(0.07) + 0.20(0.30) = 0.12 Btulh·ft2·°F. 

Again we see a significant reduction in the insulating ability of the wall. Some designers 
incorrectly ignore the metal when calculating the building heat loss because it is so thin. 
Because almost one-half of the wall's insulating value is lost to this thermal bridge, their 
heating load calculations are often much too small. Additional correction factors for fram
ing members are given in Table 4-1. For additional examples of typical insulated wall sec
tions, see Chapter 24 of the 1997 ASHRAE Handbook-Fundamentals. 

Table 4-1. Correction Factors for Wall Sections with Metal Studs 

Spacia&of Cavity lasulatioa Correction Efl'edive 

Size of Members Gau&e of Stud• Framin&, in. R-Value FaciDr Framiq/Cavity 
R-Values 

2X4 18-16 16 o.c. R-11 o.so R-5.5 
R-13 0.46 R~.o 

R-15 0.43 R~.4 

2X4 18-16 24o.c. R-11 0.60 R~.6 

R-13 0.55 R-7.2 
R-15 0.52 R-7.8 

2X6 18-16 16 o.c. R-19 0.37 R-7.1 
R-21 0.35 R-7.4 

2X6 18-16 24o.c. R-19 0.45. R-8.6 
R-21 0.43 R-9.0 

2X8 18-16 16 o.c. R-2S 0.31 R-7.8 

2X8 18-16 24o.c. R-2S 0.38 R-9.6 

an-c fadon can be applied to metal stud• of thil pup or thinner. 
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1/2" Gypsum 

Let us look at one final 
wall example using an 
insulated masonry cavity 
wall (see Figure 4-2). 
This time we will con
sider the thermal effect of 
the furring strips used to 
attach the gypsum wall
board to the inside. As
sume the use of0.75-in.
thick by 3-in.-wide verti
cal furring strips every 16 
in. on center. Both calcu
lations for the furring 
strips as well as the 0. 75-
in.-thick polystyrene in
sulation (R-5 per in.) be
tween them are shown in 
Table 4-2. 

CD ~ ® f ®- 3/4" Insulation-orwood 

4" Brick\ 8" Concrete block 

2112" Air space 

Figure 4-2. Masonry Wall Section 

The total RT values for the 
two columns in Table 4-2 add up to 7.87 h·ft2·°F/Btu and 5.06 h·ft2·°F/Btu, respectively. 
Notice that in this case, the furring strips result in a lower total R-value by about 30%, but 
structurally they are required. The corresponding U-factors for between and at the furring 
strips are 0.127 Btulh·ft2·°F and 0.198 Btulh·ft2·°F, respectively. An adjusted U-factor is 
obtained by calculating a weighted average between these two values. Because the 3 in. 
furring strips are on 16 in. centers, they represent about 3/16 ~ 20% of the wall area. With 
additional framing strips at the top and bottom of the wall, we will assume 25% of the area 
is framing. So the adjusted U-factor would be 75% of the first column plus 25% of the 
second column: 

U av = 0.75·(0.127}+025·(0.198} 

= 0.145 Btu/h·ft2 ·°F 

For this wall section, this is the appropriate U-factor to use in the calculation table. It most 
closely approximates the value that would result from this type of construction. There are a 
number of additional variables that have not been included. For example, the nails used to 
build a typical wall section reduce the effective ~-value by about R-1.0 but are not ac
counted for here. 
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Table 4-2. Masonry Wall Section Data 

Construction 

1. Outside surface (15 mph wind) 

2. Brick (4 in. fired clay) 

3. Nonreflective air space (2.5 in.) {30°F mean, 
1 0°F temperature difference) 

4. Concrete block, three oval core, stone and sand 
aggregate (8 in.) 

5. Polystyrene insulation (R-5 per in.) 

6. Nominal vertical furring (0.75 in. x 3 in.) 

7. Gypsum wallboard (0.5 in.) 

8. Inside surface (still air) 

Total Thermal Resistance (Rt) 

• In h·ft1·°F/Btu 
** In Btu/h·ft1·°F 

U= 1/Rt 

Resistance 

Between At Furring 
Furring (Ri) . (Rs) 

0.17 0.17 

0.8 0.8 

1.1 1.1 

1.05 1.05 

3.75 

0.94 

0.32 0.32 

0.68 0.68 - -

7.87 5.06* 

0.127 0.198** 

The quality of construction and the quality of materials actually used also impact the rate of 
heat loss through the wall section. For example, the insulator might leave gaps and holes in 
the insulation. Loose fill insulation within walls tends td settle over time, creating voids. 
But because the designer has very little control over these (and other) unknowns during the 
design phase, you should always show a standard of care and maintain good records on the 
assumptions and conditions that you used in your calculations. 
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4.3 Sulface Resistances and Dead-Air Spaces 

As noted in the problems above, the inside and outside surfaces of each building will offer 
a small convective resistance to the heat transfer from the building. Notice in these ex
amples that the inside value assumes still air, and the outside surface assumes a 15 mph 
wind on the building. These are standard heating load assumptions made by the designer 
unless other information is available. In the summer, a wind speed of7.5 mph is generally 
assumed. Notice also that the inside air film offers somewhat more resistance than the out
side film, because it is easier for moving air to "scrape" heat away from the building. 

The convective resistances offered by various surface positions are shown in Table 4-3. 
Values for both non-reflective (E = 0.90) and reflective (such as aluminum or mylar, E = 
0.05) surfaces are given. These convective values also include the effects of radiant heat 
transfer from the surface. 

Two values that were used in the wall section examples on the previous pages can be found 
in Table 4-3. The inside and outside air film R-values of0.68 and 0.17 respectively are the 
R-values shown for vertical walls withE= 0.90. Notice that the effect of the wind on the 
outside surface is much more significant than either the direction of heat flow or surface 
emissivity properties. 

Typical emissivity values for 
various surfaces can be found 
in Chapter 3 of the 1997 
ASHRAE Handbook-Funda
mentals.2 These values are of
ten very difficult to determine 
accurately, but an educated 
guess will get you within a few 
percent of the true value. For 
many building materials, the 
emissivity at room temperature 
is close to 0.90. The effective
ness of low-e glazing materials 
is also based on these proper
ties. Minimizing the surface 
emissivity through the use of 
special films can significantly 
improve the thermal perfor
mance of windows . 

Table 4.3 Convective Values 

Surface Emittaoee, s 

Non-
reOeetive ReOeetive Direetioo 

Position of of Heat s=0.90· s=O.lO s=0.05 

Surface Flow h, R h, R h; R 

STILL AIR 
Horizontal Upward 1.63 0.61 0.91 1.10 0.76 1.32 
Sloping-45° Upward 1.60 0.62 0.88 1.14 0.73 1.37 
Vertical Horizontal 1.46 0.68 0.74 1.35 0.59 1.70 
Sloping-45° Downward 1.32 0.76 0.60 1.67 0.45 2.22 
Horizontal Downward 1.08 0.92 0.37 2.70 0.22 4.55 

MOVING AIR (Any position) h, R 
15-mphWind Any 6.00 0.17 

(for winter) 
7.5-mph Wind Any 4.00 0.25 

(for summer) 
Notes: 
I. Surfac:e conductance h1 and h0 measured in Btulh·ft2·"F; resistance R in 

"F. ft2. h/Btu. 
2. No surface bas both an air space resistance value and a surface resistance value. 
3. For ventilated attics or spaces above ceilings under summer conditions (heat flow 

down), see Table S. 
4. Conductances are for surfaces of the stated emittance facing virtual blackbody sur

roundings at the same temperature as the ambient air. Values are based on a surfac:e
air temperature difference of IO"F and for surface temperatures of70"F. 

S. See Otapter 3 for more detailed information, especially Tables Sand 6, and see Fig
ure I for additional data. 

6. Condensate can have a significant impact on surface emittance (see Table 2). 
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There is also a thermal resistance provided when an air gap exists between two surfaces. 
For example, most of the increased resistance provided by ordinary double-pane windows 
over single-pane windows is due to the difficult time that air has removing heat from the 

warm surface and depositing it onto the cold surface. However, as the distance between the 
surfaces increases, a convection current develops within the air space, and the rate of heat 
transfer begins to increase. 

There are several factors that affect the thermal resistance of plane air spaces as shown in 

Table 4-4. The orientation of the air space and the direction of heat flow must be known. 
Convection currents increase the rate of heat transfer from a floor but have less effect on 

heat transfer downward from the ceiling. The mean temperature of the air in the space and 
the temperature difference across the space have an influence on the convective driving 

force and viscous friction of the moving air. The thickness of the air space and the effective 
emittance, Eeff , also affect the rate of convective heat transfer. Between two surfaces, the 
effective emittance is the weighted average of both the inside value, Ei, and the outside 

value, E0 , through the following formula: 

(4-5) 

EXAMPLE4-1 

Problem: Determine the R-value for a l-in. air space between the brick and concrete block 
of a vertical masonry wall. The brick and block temperatures are 25°F and 55°F respec

tively, and each has an emittance ofE = 0.9. 

Solution: Using the above equation to determine the effective emittance as: 

e elf = 1 I ( 1 I 0.9 + 11 0.9 -1) 

=0.82 

Entering the last column (Eeti= 0.82) of the top right quadrant of Table 4-4 (because our 1 in. 
space is closest to 0.75 in.), go down to the line for horizontal heat flow, mean temperature 

of50°F, and 30°F temperature difference. The R-value given is 0.99 °F·ft2·h!Btu. 

As a final note, always be aware that these values for resistances of air spaces assume an 
enclosed space with parallel surfaces. As building construction tends to be less perfect than 
test laboratory samples, be cautious about assuming full credit for air gaps in construction 
assemblies. Wide gaps may allow free convection loops to occur. Air gaps can also provide 
paths for infiltration air to bypass the insulation system. 
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Table 4-4. Thermal Resistances of Plane Air Spaces•,b,c 

AirS~aee 0.5-in. Air S(!aee' 0. 75-ln. Air Space• 

Position of Direction of Mean Temp. Effective Emittance s{'" Effective Emittance sf'" 
AirS2ace Heat Flow Teml::•• "F Dilr.•, "F 0.03 0.05 O.l 0. 0.82 0.03 0.05 O.l 0. 0.82 

t 
90 10 2.13 2.03 1.51 0.99 0.73 2.34 2.22 1.61 1.04 0.1S 
so 30 1.62 l.S7 1.29 0.96 0.1S 1.71 1.66 1.3S 0.99 0.77 
so 10 2.13 2.0S 1.60 1.11 0.84 2.30 2.21 1.70 1.16 0.87 

Horiz. Up 0 20 1.73 1.70 1.4S 1.12 0.91 1.83 1.79 l.S2 1.16 0.93 
0 10 2.10 2.04 1.70 1.27 1.00 2.23 2.16 1.78 1.31 1.02 

-SO 20 1.69 1.66 1.49 1.23 1.04 1.77 1.74 l.SS 1.27 1.07 
-SO 10 2.04 2.00 1.7S 1.40 1.16 2.16 2.11 1.84 1.46 1.20 

90 10 2.44 2.31 1.6S 1.06 0.76 2.96 2.78 1.88 l.IS 0.81 

Up I so 30 2.06 1.98 1.56 1.10 0.83 1.99 1.92 I.S2 1.08 0.82 

4S" 
so 10 2.SS 2.44 1.83 1.22 0.90 2.90 2.7S 2.00 1.29 0.94 
0 20 2.20 2.14 1.76 1.30 1.02 2.13 2.07 1.72 1.28 1.00 Slope 0 10 2.63 2.S4 2.03 1.44 1.10 2.72 2.62 2.08 1.47 1.12 

-SO 20 2.08 2.04 1.78 1.42 1.17 2.0S 2.01 1.76 1.41 1.16 
-SO 10 2.62 2.S6' 2.17 1.66 1.33 2.S3 2.47 2.10 1.62 1.30 

90 10 2.47 2.34 1.67 1.06 0.77 3.SO 3.24 2.08 1.22 0.84 
so 30 2.S1 2.46 1.84 1.23 0.90 2.91 2.77 2.01 1.30 0.94 
so 10 2.66 2.S4 1.88 1.24 0.91 3.70 3.46 2.3S 1.43 1.01 

Vertical Horiz.- 0 20 2.82 2.72 2.14 I. SO 1.13 3.14 3.02 2.32 l.S8 1.18 
0 10 2.93 2.82 2.20 l.S3 l.IS 3.77 3.59 2.64 1.73 1.26 

-SO 20 2.90 2.82 2.3S 1.76 1.39 2.90 2.83 2.36 1.77 1.39 
-SO 10 3.20 3.10 2.54 1.87 1.46 3.72 3.60 2.87 2.04 l.S6 

90 10 2.48 2.34 1.67 1.06 0.77 3.S3 3.27 2.10 1.22 0.84 

Down\ 

so 30 . 2.64 2.S2 1.87 1.24 0.91 3.4~ 3.23 2.24 1.39 0.99 

4S" 
so 10 2.67 2.SS 1.89 1.2S 0.92 3.81 3.S7 2.40 1.4S 1.02 
0 20 2.91 2.80 2.19 l.S2 l.IS 3.7S 3.S7 2.63 1.72 1.26 Slope 0 10 2.94 2.83 221 l.S3 I.IS 4.12 3.91 2.81 1.80 1.30 

-SO 20 3.16 3.07 2.S2 1.86 1.4S 3.78 3.6S 2.90 2.0S l.S1 
-SO 10 3.26 3.16 2.S8 1.89 1.47 4.3S 4.18 3.22 2.21 1.66 

90 10 2.48 2.34 1.67 1.06 0.77 3.SS 3.29 2.10 1.22 0.85 

l 
so 30 2.66 2.54 1.88 1.24 0.91 3.77 3.52 2.38 1.44 1.02 
so 10 2.67 2.SS 1.89 1.25 0.92 3.84 3.S9 2.41 1.4S 1.02 

Horiz. Down 0 20 2.94 2.83 2.20 I.S3 l.IS 4.18 3.96 2.83 1.81 1.30 
0 10 2.96 2.8S 2.22 1.53 1.16 4.2S 4.02 2.87 1.82 1.31 

-SO 20 3.2S 3.1S 2.S8 1.89 1.47 4.60 4.41 3.36 2.28 1.69 
-SO 10 3.28 3.18 2.60 1.90 1.47 4.71 4.SI 3.42 2.30 1.71 

AirSj!!t:e 1.5-in. Air Sl!ace• 3.5-in. Air S(!!t:t" 
90 10 2.SS 2.41 1.71 1.08 0.77 2.84 2.66 1.83 1.13 0.80 

t 
so 30 1.87 1.81 1.4S 1.04 0.80 2.09 2.01 1.58 1.10 0.84 
so 10 2.SO 2.40 1.81 1.21 0.89 2.80 2.66 1.9S 1.28 0.93 

Horiz. Up 0 20 2.01 1.9S 1.63 1.23 0.97 2.2S 2.18 1.79 1.32 1.03 
0 10 2.43 2.35 1.90 1.38 1.06 2.71 2.62 2.07 1.47 1.12 

-SO 20 1.94 1.91 1.68 1.36 1.13 2.19 2.14 1.86 1.47 1.20 
-SO 10 2.37 2.31 1.99 l.SS 1.26 2.6S 2.S8 2.18 1.67 1.33 

90 10 2.92 2.73 1.86 1.14 0.80 3.18 2.96 1.97 1.18 0.82 

Up I so 30 2.14 2.06 1.61 1.12 0.84 2.26 2.17 1.67 l.IS 0.86 

4S" 
so 10 2.88 2.74 1.99 1.29 0.94 3.12 2.9S 2.10 1.34 0.96 
0 20 2.30 223 1.82 1.34 1.04 2.42 2.3S 1.90 1.38 1.06 

Slope 0 10 2.79 2.69 2.12 1.49 1.13 2.98 2.87 2.23 I.S4 1.16 
-SO 20 2.22 2.17 1.88 1.49 1.21 2.34 2.29 1.97 1.54 1.2S 
-so 10 2.71 2.64 2.23 1.69 1.3S 2.87 2.79 2.33 J.1S 1.39 

90 10 3.99 3.66 2.25 1.27 0.87 3.69 3.40 2.1S 1.24 0.8S 
so 30 2.S8 2.46 1.84 1.23 0.90 2.67 2.SS 1.89 l.2S 0.91 
so 10 3.79 3.SS 2.39 1.4S 1.02 3.63 3.40 2.32 1.42 1.01 

Vertical Horiz.- 0 20 2.76 2.66 2.10 1.48 1.12 2.88 2.78 2.17 I.SI 1.14 
0 10 3.51 3.3S 2.51 1.67 1.23 3.49 3.33 2.SO 1.67 1.23 

-SO 20 2.64 2.58 2.18 1.66 1.33 2.82 2.7S 2.30 1.73 1.37 
-SO 10 3.31 3.21 2.62 1.91 1.48 3.40 3.30 2.67 1.94 I. SO 

90 10 S.07 4.SS 2.S6 1.36 0.91 4.81 4.33 2.49 1.34 0.90 
so 30 3.S8 3.36 2.31 1.42 1.00 3.51 3.30 2.28 1.40 1.00 

45" ~wn\ 
so 10 S.IO 4.66 2.8S 1.60 1.09 4.74 4.36 2.73 J.S1 1.08 
0 20 3.85 3.66 2.68 1.74 1.27 3.81 3.63 2.66 1.74 1.27 

Slope 0 10 4.92 4.62 3.16 1.94 1.37 4.S9 4.32 3.02 1.88 1.34 
-so 20 3.62 3.SO 2.80 2.01 I.S4 3.77 3.64 2.90 2.05 1.57 
-SO 10 4.67 4.47 3.40 2.29 1.70 4.SO 4.32 3.31 2.2S 1.68 

90 10 6.09 S.35 2.79 1.43 0.94 10.07 8.19 3.41 l.S1 1.00 
so 30 621 S.63 3.18 1.70 1.14 9.60 8.17 3.86 1.88 1.22 

l 
so 10 6.61 S.90 3.27 1.73 1.15 IUS 9.27 4.09 1.93 1.24 

Horiz. ~wn 0 20 7.03 6.43 3.91 2.19 1.49 10.90 9.S2 4.87 2.47 1.62 
0 10 7.31 6.66 4.00 2.22 1.51 11.97 10.32 S.08 2.52 1.64 

-SO 20 7.73 7.20 4.77 2.85 1.99 11.64 10.49 6.02 3.2S 2.18 
-SO 10 8.09 7.52 4.91 2.89 2.01 12.98 ll.S6 6.36 3.34 2.22 

•See Olapter 22, ~on Factors Affecting Heat 1'ranJfer across Air Spaces. Thermal mined throush calibrated hot box (ASTM C 976) or guarded hot box (ASTM C 236) 
resistance values were determined from the relation, R = 1/C, where C -lt. + •.glt,. testinJI. Thermal resistance values for multiple air spaces must be based on careful 
"• is the conducticm-c:onvection coefficient, s._,lt, is the radiation coefficieiit ,. estimates of mesn temperature differences for esch air space. 
0.0068£._,[(1., + 460)1100]3, and t., is the mesn tempmlure of the air space. Values "A single resilltlmce value cannot III:COUIIt for multiple air spaces; each air space 
for "• were determined from data clcveloped by RobiDJOD et Ill. (1954). Equations (5) requires a separate resistance calculation that applies only for the established bound-
throush (7) in Yarbroush (1983) show the data in this tllble in analytic form. For lilY ccmditioos. RSIIBDces of horizontal spaces with hear flow downward are sub-
extrapolaticm from this tllble to air spaces less than 0.5 in. (as in insulating window stantially independent oftemperature difference. 
glass), assume "• = 0.159(1 + 0.0016 t.,)ll where I is the air space thickness in inches, dlnterpolatioo is permissible for other values of mean tempmlure, tempmlure differ-and "• is beat transfer through the air space only. 

bValues are baaed 011 data presented by Robinson et al. (1954). (Also see Chapter 3, ence, and effective emittance S.JT· Intmpolation and moderate extrapolation for air 
Tables 3 and 4, and Chapter 36). Vlllues apply for ideal conditions, i.e., air spaces of spaces greater than 3.5 in. are also permissible. 
uniform thickness bounded by plane, smooth, parallel surfaces with no air leakage to "Effective emittance B,1f of the air space is given by 1/a,Jf. = 11£1 + 1/s1 - I, where s1 
or from the space. When accwate vlllues..., required. use overall U-fal:lors deter- and £1 are the emittances of the surfaces of the air space (see Table 2). 
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4.4 Thermal Performance Among Alternatives 

The fmal topic to be considered 
in this chapter involves compar
ing the thermal performance of 
various insulation option pack
ages. To show how these com
parisons can be made, we will 
consider several alternative insu
lation thicknesses for a commer
cial flat masonry roof with built
up roofing and suspended ceiling, 
as shown in Figure 4-3. 

The materials of construction are 
given in Table 4-5. Notice that no 
thermal resistance credit is taken 

Figure 4-3. Flat Masonry Roof Section 

for the ceiling tile or the horizontal air space. This is due to the high rate of air leakage 
through lighting fixtures that typically are rec~ssed into a suspended ceiling. Due to the 
convection loops that will occur within this large air space, it is recommended that neither 
of these elements be included in your calculation. 

Table 4-5. Materials of Construction for Flat Masonry Roof 

None lin. lin. 3 in. 

1. Inside surface (still air) 0.61 0.61 0.61 0.61 

2. Corrugated metal deck 0 0 0 0 

3. Concrete slab, lightweight 2.22 2.22 2.22 2.22 
aggregate, 2 in. (30 lb/ftl) 

4. Rigid roof deck insulation 0.0 4.17 8.34 12.51 
(1.5 lb/ftl) 

5. Built-up roofing (0.375 in.) 0.33 0.33 0.33 0.33 

6. Outside surface (15 mph wind) 0.17 0.17 0.17 0.17 --
Total Thermal Resistance, RT 3.33 7.50 11.67 15.84 h·ft2·°F/Btu 

U-factor = l!RT 0.30 0.13 0.09 0.06 Btu I h·ft2·°F 
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Item 4 assumes the addition of 1 in. to 3 in. of expanded polystyrene bead board. While the 
total thermal resistance continues to increase with each additional inch (and the correspond

ing U-factor to decrease), notice that the first inch of insulation results in the greatest sav
ings, cutting by one-half the rate of heat transfer (from U = 0.3 to U = 0.13). 

The next 2 in. again cut the rate of heat transfer in half (to U = 0.06), but it requires twice the 

insulation to accomplish it (2 in. as opposed to 1 in.). This demonstrates a classic case of 
diminishing economic return, but to accurately calculate the economic value of these alter
natives requires several additional assumptions and methods beyond the scope of this course. 

The Next Step 

In the next chapter, we will discuss in detail how to calculate the heat loss through examples 
of each building surface (wall, ceiling and floor) and different building geometries (such as 

gables and dormers). We will also describe how to calculate heat loss through different 
types of floors (slab-on-grade, crawlspaces and basements). Finally, we will discuss how to 
handle the heat loss to attached unheated spaces. 

Summary 

You now have gained all of the basic skills needed to calculate the heat loss from a building. 
In Chapter 3, you learned where to find the appropriate design temperature data for both 

inside and outside conditions. In this chapter, you learned how to determine the U-factor 
through a wall or roof section. After looking up the R -values for each material in the cross
section, add all of the R-values to determine the total thermal resistance, Rr Then take the 

reciprocal of Rr to find the U-factor. The final important step in determining the U-factor is 

to adjust it for the effect of the structural members. 

You also learned how the insulating effect of an air cavity depends on its orientation, tem

perature and surface emissivities. Finally we described how a table of insulating package 
alternatives can be constructed to help designers compare their economic values. The only 
other data that we need to begin applying the Q = U·A ·AT equation is the area of the wall or 

roof section. That information is available either from the drawings in new construction or 
through field measurements on existing structures. 
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After studying Chapter 4, you should be able to: 

• Use the tabulated data in Chapter 24 of the 1997 ASHRAE Handbook-Funda
mentals. 

• For a given building section, calculate the effective R-value, and convert it to a 

U-factor. 

• Determine the effective air film coefficient for a given geometry and surface 
property. 

Bibliography 

1. ASHRAE. 1997. "Thermal and water vapor transmission data." ASHRAE Handbook
Fundamentals. Atlanta, GA: ASHRAE. Chapter 24. 

2. ASHRAE. 1997. "Heat transfer." ASHRAE Handbook-Fundamentals. Atlanta, GA: 
ASHRAE. Chapter 3. 
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Skill Development Exercises for Chapter 4 

Complete these questions by writing your answers on the worksheets at the back of this 

book. 

4-01. The sample wall section shown below consists of2x6 wood studs on 24 in. centers 
with R-19 insulation. Assuming 10% of the wall area is framing, calculate the effec
tive U-factor. 

4" Face 

1/2" Gypsum 

5 1/2" Fiberglass Insulation 
3/4" Polyisocyanurate 
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4-02. For the roof detail section shown below, calculate the effective net U-factor, assum
ing a 20% framing factor. 

Asphalt shingles 
/ Building paper 

\ 

4-03. Closing the drapes on a single-pane window effectively adds a 4 in. dead air space 
(assuming a perfect seal). If the emissivities of the drapery material and glass sur
face are 0.9 and 0.8 respectively, determine the difference in the rate of heat loss 
through a 5x9 ft single-pane window with the drapes open and closed. Assume 

negligible R-value for the glazing material itself, and a temperature difference of 

60°F. 

4-04. Explain why the air film coefficient (h1) for horizontal surfaces is higher for upward 

heat flows than for downward heat flows. 
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Instructions 

Read the material in Chapter 5. At the end of the chapter, complete the skill development 
exercises without consulting the text. Re-read parts of the text as needed to complete the 
exercises. 

Study Objectives of Chapter 5 

In this chapter, you will learn how to calculate the heat loss from a small residential build
ing. We will also discuss thermal losses to unheated spaces, as well as losses through vari
ous floor types. 
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After studying Chapter 5, you should be able to: 

• Estimate the heat loss rate through an unheated attached space. 

• Estimate the heat loss through a slab-on-grade floor. 

• Calculate the heat loss rates from various insulation systems in a crawlspace. 

• Estimate the heat loss through a gabled roof or dormer. 
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5.1 Building Description 

To demonstrate the process used to calculate the heating load, here is a design for a five
room house with an attached garage. The south elevation of the house is shown in Figure 
5-1. Obviously, this example is very poorly laid out from an architectural viewpoint, but it 
will allow discussion of a variety of construction options encountered when calculating 
thermal loads. 

Beginning at the far left (west), the garage (12x16 ft) is an unheated space. It shares an 
insulated wall with the kitchen (16x 16 ft) which has a slab-on-grade floor. The dining room 
(20x 16 ft) is built over a basement, and has a bedroom (20x 16 ft) above it. The living room 
(22x 16 ft) has a crawlspace below it, and the second bedroom (26x 16ft) is located above it. 

To keep the problem relatively simple, each room is 8 ft high and 16ft wide. Analysis of the 
external walls and ceilings yields U-factors of0.06 Btulh·ft2·°F and 0.4 Btulh·ft2·°F, respec
tively. Assume each downstairs room has one 24x36 in. thermopane window with wood 
frame (U=0.5 Btulh·ft2·°F) on the north wall, and the kitchen and living room each have a 
28x80 in. insulated metal door (U=0.3 Btulh·ft2·°F) on the south wall. Each bedroom has a 
30x48 in. dormer window (U=0.5 Btulh·ft2·°F) and a gabled roof. The east bedroom has a 4 
ft overhang on the east side. 

Finally, we will assume that the house is located in Chicago, Illinois, where the winter 
design temperature is -4 °F. The assumed inside design temperature is 65°F, and the average 
infitration into all rooms is 0.5 air changes per hom (ACH). 

While all calculations can be done by hand, the calculation process lends itself quite nicely 
to the use of a spreadsheet. There are also several commercially available software pack
ages that perform thermal load calculations. However, the comparison among these pack
ages is beyond the scope of this comse. 

West Bedroom East Bedroom 
20x16 26x16 

est 
Garage Kitchen DiningRm. Living Room. 
12x16 16x16 20x16 22x16 East 

........ ~ Slab on Grade/ Basement \ Crawlspace / 
~ 

[ ] 

20x16 

........ .__ 

Figure 5-1. Example House Floorplan 
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5.2 Zoning the Design 

The first step in performing a building thermal analysis is to consider how the building will 
be zoned. Because the energy transport system must be sized to ensure that each zone re
ceives its fair share of the overall capacity, the energy needs of each zone must be deter
mined individually. Usually the floor layouts are not available early in the design phase, 
and simplifying assumptions must be made to get started with mechanical equipment sizing 
and alternative comparisons. Perhaps each floor might be initially considered as a single 
zone, with the understanding that more details will be available later. 

In this case, we will consider each room to be a separate zone, starting with the kitchen (see 
Table 5-1). Notice in the table that the door and window areas have been subtracted from 
the south wall and north wall net areas, respectively. The floor is slab-on-grade, and has an 
assumed U-factor of 0.1 Btulh·ft2• °F and an assumed temperature difference of20°F. (These 
assumptions will be discussed in Section 5.4}There is no heat loss through the east side of 
this room, because it is adjacent to the dining room, and there is no temperature difference 
between the rooms. The west wall is adjacent to the unheated garage. The next section will 
discuss how to handle this situation, followed by a section discussing slab-on-grade floor 
heat loss calculations. 

Table 5-1. Thermal Analysis of Example Kitchen 

Section Gross Area 
Net 

U=l/R T.-T UA(T;-T) 
Area I 0 

North 16x8- 2x3 122 0.06 69 505 

East heated space 0 

West 16x8 128 0.06 66 507 

South 16x8-28x80/144 112 0.06 69 464 

Wmdows 2x3 6 0.5 69 207 

Doors 28x80/144 16 0.3 69 331 

Ceiling 16x16 256 0.04 69 707 

Floor 16x16 256 0.1 20 512 

Infillration 16x16x8x0.5 1024 0.018 69 1272 -
Total Heat Load = 4505 Btulh 
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5.3 Unheated Spaces 

Under steady-state conditions, the heat loss rate from the kitchen into the garage will equal 

the heat loss rate from the garage to the outside air. However, to determine either of these 
heat loss rates, it is first necessary to estimate the air temperature in the garage. This tem

perature will always be between the indoor and outdoor air temperatures. If the unheated 
space is well ventilated, uninsulated or includes large areas of glass (such as sunspaces and 
sleeping parlors), then the unheated space air temperature approaches that of the outdoor 
air. If the product of the wall areas and heat transfer coefficients (UA) happens to be equal 

between the unheated space and both the inside and outside (not true in this case), then the 
unheated space temperature can be assumed to be the mean of the indoor and outdoor air 

temperatures. 

To calculate the air temperature, Tu, within an unheated space, equate the sum of heat loss 
rates from the unheated space with the sum of heat gains from the heated structure. In this 

case, the heat loss from the garage is due to both loss through the walls and to infiltration of 

cold outside air. 

Q,ut = Qin (5-1) 

[LUaAa +(60x 0.018)Qo ](T,- T:u1 ) = (LU1A1XTin- T,) 

where, 

Tu =temperature in unheated space, op 

Tin = indoor design temperature of heated room, op 

IU r41 = sum of UA products for surfaces between unheated space and heated 
space 

Tout = outdoor design temperature, op 

IU A = sum of UA products for surfaces between unheated space and outdoor air a a 

design temperature 

60 x 0.018 =(minutes per hour) times (density times specific heat for standard 

air), Btu·minlh·ft3·°F 

Q0 = rate of introduction of outside air into unheated space by infiltration and/or 

ventilation, cfm 
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The only unknown in Equation 5-l is the temperature of the unheated space, Tu. Algebra
ically solve for this unknown by putting all of the terms that include Tu on one side of the 
equation, factor out Tu, then divide both sides by the remaining term: 

T = Tm(LutAt)+J;,ut[LuaAa +(60x0.018)Q,] 

" (LU1A1)+[LuaAa +(60x0.018)Q,] 

In our kitchen example, assume the garage walls and roofhave U-factors ofU=0.09 and U=0.05, 
respectively. The areaoftheinterior(U=0.06)wallis 16x8 = 128 ft2, and the areaofthethree 
exposed garage walls is (12+ 16+ 12)(8) = 320 ft2• We will assume that the area of each side of the 
5: 12 pitched roofis 12x8.67 = 104 ft2, so the total roof area is 208 ft2• We will also assume that 
the garage door leaks about 100 cfin. This rate translates to about 4 air changes per hour, as will 
be explained more fully in the next chapter. If the indoor and outdoor temperatures are 65°F and 
-4 °F respectively, then the garage temperature is: 

T = 65°F(0.06X128)+(-4°FX(0.09X320)+(0.05X208)+(60x0.018XlOOcfm)] 
" (o.o6X128)+(0.09X320)+(0.05)(208)+(60x0.018)(100cfm) 

499-589 
=---

7.7+148 

This temperature is used to determine the 66°F shown in the temperature difference column of 
Table 5-l for the west wall of the kitchen. The garage temperature is only a few degrees above the 
outdoor air temperature. This is due to the larger surface exposed to the outside condition and to 
outside air leaking into the space. If the garage had been insulated, or if the rate of air exchange 
could be reduced (let Qo approach 0), then the space temperature would increase another few 
degrees. (The importance of air infiltration will be discussed in the next chapter.) 
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5.4 Slab-on-Grade 

Research conducted by Houghten et al. 1 and Dill et al. 2 indicates that heat flow is approximately 
2.0 Btulh·ft2• op through an uninsulated concrete basement floor with a temperature difference of 
20°F between the basement floor and the air 6 in. above it. As shown in Table 5-1 for the kitchen, 
this data can be modeled as an effective U-factor of0.1 Btulh·ft2 and a temperature difference of 
20°F. This simple assumption is quite commonly used for residential slab-on-grade heat load 
calculations, but there are more accurate techniques available. 

For concrete slab floors in contact with the ground at grade level, tests indicate that for small floor 
areas (equal to that of a 25x25 ft house), the heat loss can be calculated as proportional to the 
length of exposed edge rather than total area. This amounts to 0.81 Btulh per linear foot of ex
posed edge per op difference between the indoor air temperature and the average outdoor air 
temperature (Btulh·ft· °F). Using this method in our kitchen example, which has (2x 16=32) ft of 
exposed edge, the rate ofheat transfer through the floor would be, 

Q= (0.81 Btulh·ft·°F)(32 ft)(69°F) = 1788 Btulh 

instead of the 512 Btulh shown in Table 5-l and determined using the above method. For very 
large floors, assume that a 1O-ft width around the perimeter is controlled by loss to the outside air 
(second method), and the interior area loses energy at 2 Btulh·ft2• 

EXAMPLE 5-1 

Problem: Determine the heat loss from a 1 00x80 ft warehouse slab-on-grade floor with a design 
temperature difference of7 4 °F. 

Solution: The actual perimeter of the floor is 360ft, which would yield a perimeter loss of: 

Q= (0.81 Btulh·ft·°F)(360 ft)(74°F) =21,578 Btulh 

Subtracting a 10-ftborderleavesaninteriorareaof80x60=4,800ft2whichloses2.0Btulh·fi2or 
( 4,800 ft2)(2.0 Btulh·ft2) = 9,600 Btu/h. Adding these two values together gives a total floor heat 
loss of31, 178 Btu/h or an average loss of about 3.9 Btulh·ft2• 

This sizable heat loss rate can be reduced appreciably by installing insulation under the ground slab 
and along the perimeter between the floor and abutting walls. Depending on the construction 
details, as shown in Figure 5-2, there are several methods to accomplish this thermal break be-

5:7 

Fundamentals of Heating and Cooling Loads Chapter 5 Heat Transfer 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All righ
ts reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



5:8 

tween the floor slab and the outside environment. This practice is strongly encouraged in new 
construction. 

8-IN.BLOCK 

4-IN. SLAB 

~==rnllfw4-IN. SAND 

SOIL 

(a) 8-IN. BLOCK WALL 

4l-l-f-t-tr.,...-- STUCCO 

~"-~+-+--INSULATION, 
R=5.4 

(c) METAL STUD WALL 

CONCRETE 
SLAB 
SAND 

SOIL 

4-IN.BLOCK 

(b) 4-IN. BLOCK WALL 

(d) CONCRETE WALL 

Figure 5-l. Slab-on-Grade Foundation Insulation 
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5.5 Basement 

The basement interior is considered conditioned space if a minimum of 50°F is maintained 
over the heating season. Because the water heater and building heating plant with associ
ated ducts or pipes are usually located in the basement, the basement temperature is often at 
or above 50°F. 

In older buildings, the basement wall above grade is often not insulated. The rate of heat 
loss from this exposed area will be significant, because concrete and stone are relatively 
good thermal conductors. 
Standard practice in newer 
construction is to insulate the 
exterior portion of a base
ment wall both above grade 
plus a few feet below grade 
as shown in Figure 5-3. 

The rate of heat loss from 
basement walls can be esti
mated using the data pre
sented in Table 5-2. This 
table lists heat loss values at 
different depths for both 
uninsulated and insulated 
concrete walls. 3 For each one 
foot increment below grade, 
the heat loss is extracted 
from the appropriate column. 
The series of values for the 
wall are then added together 
and multiplied by the base-

CONCRETE 
BLOCKS 

Figure 5-3. Heat Flow Path for 
Partially Insulated Basement Wall 

ment perimeter to determine the total basement wall heat loss. 

The rate of heat loss from the basement floor can be estimated using Table 5-3, where the 
depth of the foundation wall and shortest width are used to determine the effective U-factor. 
Multiply this average value by the basement floor area to determine an estimate for the heat 
loss through the basement floor. 

For both basement walls and basement floors, the effective temperature difference is not the 
same as the inside and outside air temperature difference. The heat capacity of the soil tends 
to buffer the temperature swings, which are represented by the amplitude value, A, on the 
map in Figure 5-4. To estimate the average soil temperature, look up the average winter air 
temperature in the meteorological records, then subtract the value of A at your location. 
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Table 5-2. Heat Loss Below Grade in Basement Walls3 

Path Heat Loss* 
Depth, Length 

ft thnl 
Soil, ft Uniosulated R =4.17 R = 8.34 R =12.5 

0-1 0.68 0.41 
Smnto 

0.152 
Smnto 

0.093 
Smnto 

0.067 
Smnto 

Depth Depth Depth Depth 

1-2 2.27 0.222 0.632 0.116 0.268 0.079 0.172 0.059 0.126 

2-3 3.88 0.155 0.787 0.094 0.362 0.068 0.24 0.053 0.179 

3-4 5.52 0.119 0.906 0.079 0.441 0.06 0.3 0.048 0.227 

4-5 7.05 0.096 1.002 0.069 0.51 0.053 0.353 0.044 0.271 

5-6 8.65 0.079 1.081 0.06 0.57 0.048 0.401 0.04 0.311 

6-7 10.28 0.069 1.15 0.054 0.624 0.044 0.445 0.037 0.348 

Table 5-3. Heat Loss Through Basement Floors* 

Depth of Foundation 
Shortest Width of House, ft 

WaD Below Grade, ft 
20 24 28 32 

5 0.032 0.029 0.026 0.023 

6 0.03 0.027 0.025 0.022 

7 0.029 0.026 0.023 0.021 

*Btu/h·ft2·°F 
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160 140 120 100 80 60 

Figure 5-4. Lines of Constant Amplitude, A 

EXAMPLE 5-2 

Problem: Apply this method to determine the heat loss from the 20x 16 ft basement under 
the dining room of the model home. The basement floor is 6 ft below grade, which in turn is 
16 in. below the dining room floor. Foundation insulation rated at R-8.34 h·ft2·°F/Btu ex
tends down the wall for the first 3 ft below grade. The inside temperature is 65°F, the 
outdoor design temperature is -4 °F and the average winter temperature in Chicago is 27°F. 

Solution: Three calculations are needed to determine the heat loss from this basement: the 
above-grade wall, the below-grade wall and the basement floor. Because the east and west 
walls adjoin heated spaces above, their losses are negligible. We are only concerned with 
the north and south walls, and we will begin at the top. 

The top 16 in. on the north and south wall are exposed to outside air. The composite wall 
R-value (assuming 8 in. concrete block, the insulation and air films on both sides) is: 

RT = 0.68 + 1.11 + 8.34 + 0.17 

= 10.3 h·ft2·°F/Btu 
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So, U = l!Rr= 0.097 Btulh·ft2·°F. The area is two walls at 20ft x (16/12) ft =53 ft2, and AT 
= 65-(-4) = 69. Therefore: 

Q =UAAT exposed 

= (0.097Btulh·ft2·°F)(53 ft2)(69°F) 

=355 Btu/h 

For the rest of the wall below grade, we develop the following table based on data from 
Table 5-2. We use the R-8.34 column for the first 3ft below grade, because they are insu
lated, and use the uninsulated column below that level. 

First foot below grade 

Second foot below grade 

Third foot below grade 

Fourth foot below grade 

Fifth foot below grade 

Sixth foot below grade 

Total per foot length of wall 

= 0.093 Btulh·ft·°F 

= 0.079 Btulh·ft·°F 

= 0.068 Btulh·ft·°F (uninsulated) 

= 0.119 Btulh·ft·°F (uninsulated) 

= 0.096 Btulh·ft·°F 

= 0.079 Btulh·ft·°F 

= 0.534 Btu/h·ft·°F 

Because the length of the north and south basement walls totals 40 ft, the total wall heat loss 
rate through the basement walls below grade is (0.534 Btulh·ft·°F)(40 ft) = 21 Btulh·°F. 

For the basement floor, we determine the average heat loss coefficient from Table 5-3 (as
suming20 ftwidth) as 0.030 Btulh·ft2·°F. The basement floor area is 16x20 = 320 ft2, and so 
the total basement floor heat loss rate is (0.030 Btulh·ft2·°F)(320 ft2) = 9.6 Btu/h·°F 

To find the design temperature difference for the below-grade walls and basement floor, we 
start with the given mean winter temperature of 27°F. From Figure 5-4, we estimate the 
variation amplitude in Chicago to be A = 22 °F. So the design temperature difference is 
given by: 

Multiply this temperature difference by the sum of the basement wall and floor heat loss 
rates determined previously. The design heat loss from the basement is the sum of these 
three calculations: 

QBasement = (21 + 9.6 Btu/h·°F)(60°F) + 355 Btu/h = 2,191 Btu/h 
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By comparison to the basement calculation, the dining room analysis in Table 5-4 is very 
straightforward. The north wall has a window subtracted from it. The east and west walls 

adjoin heated spaces. The ceiling and floor adjoin the bedroom and basement, respectively, 
and have no heat loss. The infiltration is assumed at 0.5 air changes per hour, and the U-factors 
and temperature differences are as stated in the beginning. 

Table S-4. Thermal Analysis of Example Dining Room 

Section Gross Area 
Net u T-T Q = UA(f1 -T.) 
Area I o 

North 8x20-2x3 154 0.06 69 638 

East heated space 0 0 

West heated space 0 0 

South 8x20 160 0.06 69 662 

Wmdows 2x3 6 0.5 69 207 

Doors none 0 

Ceiling heated space 0 

Floor heated space 0 0 

Infiltration 16x20x8x0.5 1280 O.oi8 69 1590 --

Total Heat Loss = 3097 Btulh 
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5.6 Crawlspace 

Next we tum our attention to the living room, which is located over a crawlspace. Table 5-5 

below shows the results for this room. There is no heat loss from the ceiling or west walls, 
because they adjoin the bedroom and dining room respectively, and there is no temperature 
difference across the walls. There is an exterior door on the south wall of this space and one 
window on the north side. For simplicity, we will again assume 0.5 air change per hour for 
the infiltration rate. The major change is the heat loss through the crawlspace, as will be 
discussed below. 

The heat loss to a crawlspace depends on how it is treated and vented. To minimize the 
transpiration of moisture from the ground, sheets of vapor retardant (such as polyethylene 
film) are used to cover the ground surface. Most codes require crawlspaces to be adequately 
vented all year round to minimize moisture problems. However, venting the crawlspace 
during the heating season causes substantial heat loss through the floor. 

If the floor above is insulated between the floor joists (remember that the insulation's vapor 
retarder must be on top), then the vents should be kept open and the effective U-factor of the 

floor calcu-
lated, based on 
the materials 
used and heat 
flow in the 
downward di
rection. The 
temperature 
difference 
would be the 
same as for the 
walls. 

Table 5-5. Thermal Analysis of Example Living Room 

Section Gross Area Net u T-T Q = UA(f1 -T.) Area I o 

North 22x8- 2x3 170 0.06 69 704 

East 16x8 128 0.06 69 530 

West heated space 0 0 

South 
22x8-

160 0.06 69 662 
28x80/144 

Windows 2x3 6 0.5 69 207 

Doors 28x80/144 16 0.3 69 331 

Ceiling heated space 0 

Floor 22x16 352 0.07 69 1700 

Infiltration 22x16x8x0.5 1408 O.ot8 69 1749 -

Total Heat Loss= 5883 Btulh 
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EXAMPLE 5-3 

Problem: In our living room example, assume R-11 insulation is added between the 2x8 
floor joists and under the R-3 allowance for dead air space and flooring; then calculate the 
rate of heat loss through the floor. 

Solution: First calculate the effective U-factor assuming the joists represent 10% of the 
floor area; withanR-value ofR-1.25 times the 7.5 in. thickness yields R-9.4 h·ft2·°F/Btufor 
the joists. Adding this value to the R-3 of the flooring allows us to determine an effective 
R-value as 0.9 (11 + 3) + 0.1 (9.4 + 3) = 13.8 h·ft2·°F/Btu or U=0.07 Btulh·ft2·°F. 

Assuming the air temperature in the crawlspace is the same as outside ( -4 °F), then the heat 
loss as shown for the floor loss in Table 5-5 becomes: 

Q = UAAT = (0.07 Btulh·ft2·°F)(352 ft2)(65°F- [-4°F]) = 1700 Btulh 

· Another common design alternative is to insulate the perimeter walls. If these walls are 
insulated (either inside or outside), the vents should be kept closed during the heating sea
son and open the remainder of the year. This is especially true if the building's furnace 
and/or ductwork are located in the crawlspace. The heat losses from these components will 
cause the crawlspace temperature to approach that of the indoor conditioned space. 

The rate of heat loss through the floor to a crawlspace will equal the sum of the losses to the 
ground, due to air exchange through the vents, and through the perimeter walls. The tem
perature within the crawlspace will be somewhere between the outdoor and indoor tem
peratures. Under nonnal conditions, the crawlspace temperature will be close to 55°F, and 
losses to the ground (at about 50°F during the winter) become small. Using an effective 
U-factor ofO.l Btulh·ft2·°F for the ground as discussed in Section 5.4, the heat loss into the 
ground from the crawlspace becomes: 

To determine the losses due to air exchange, Latta and Boileau estimate the exchange rate 
for an uninsulated basement at 0.67 air changes per hour under winter conditions.3 The 
exchange rate in a crawlspace should be comparable. 
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EXAMPLE 5-4 

Problem: In our living room example, assume the crawlspace temperature is 55°F, and that 
the outside walls are 16-in. high concrete blocks (R-1.4 h·ft2·°F/Btu) and insulated with 
R-5.4 h·ft2·°F/Btu insulation. Determine the heat loss through the crawlspace. 

Solution: There are three parts to solving this problem: the loss into the ground, the perim
eter loss, and loss due to ventilation. From the calculation in the previous example, we 
know that the heat loss into the ground is 176 Btu/h. The second step is to calculate the rate 
of heat loss through the insulated perimeter walls above grade. The three exposed walls 
(north, east and south) have a total length of 60ft. That value times the height of 16 in. gives 
an exposed area of 80 ft2• The total R-value (including air films, concrete block and insula
tion) is 0.68+5.4+1.4+0.17=7.7 h·ft2·°F/Btu with a U-factorof0.13 Btulh·ft2·°F. The loss is 
from our assumed crawlspace temperature of 55°F to the outside design temperature of 
-4 op. The perimeter heat loss is given by: 

Qperimeter = UAL\T = {0.13 Btu/h·ft2·°F) {80 ft2) {55-[-4] °F) = 614 Btu/h. 

The third step is to calculate the heat loss due to air exchange. In this example, we will 
assume 0.67 air changes per hour (ACH) for the crawlspace. The volume is the floor area of 
the living room times an assumed height of 16 in. The temperature difference is the same as 
in the previous calculation. Using these values, the ventilation heat loss would be: 

Q.,.nt = (ACH)(V olume per air change )(heat capacity per ft3 of air){Ti-To) 
= (0.67 ACH)(16/12x22x16 ft3)(0.018 Btu/ft3·°F)(55-[-4]°F) = 334 Btu/h. 

So, the total heat loss is the sum of the energy lost to the ground, the walls and through 

ventilation: 

Q = 176 + 614 + 334 = 1124 Btu/h. 
total 

As a final check on our assumption of a 55°F temperature in the crawlspace, we should 
check that the total heat loss rate from the crawlspace matches the loss rate through the 

uninsulated R-3 h·ft2·°F/Btu floor of the living room: 

Qfloor = UAAT = {0.33 Btu/h·ft2·°F){16x22 ft2){65-55 °F) = 1162 Btu/h. 

Because the heat loss rate into the crawlspace through the floor (1162 Btu/h) is nearly the 
same as the heat loss from the crawlspace to the outside (1124 Btu/h), the temperature 
within the crawlspace will actually be close to the 55°F temperature that we assumed. The 
rate of heat loss into the floor from the living room using this design option would be lower 
than the 1700 Btu/h. that we calculated above using the insulated floor method. 
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5. 7 Dormers, Gables and Overhangs 

Having completed the analysis of the first floor zones, we now turn our attention to the two 
bedrooms upstairs. The new features of interest are the gabled ceiling and the dormers in 
each bedroom. We will begin with the east bedroom, which overhangs the living room by 4 
ft and is exposed on the north, east and south faces. The east bedroom calculations are 
summarized in Table 5-6. The vertical sections of the north and south walls are only 3 ft 
high due to the gabled roof as shown in Figure 5-5. The east wall can be visualized as a 
trapezoid with a height of 8 ft and top and bottom dimensions of 9 ft and 16 ft, respectively. 
There is no heat loss through the west wall because it adjoins the second bedroom. 

Table 5-6. Thermal Analysis of East Bedroom 

Section Gross Area 
Net u T.-T Q = UA(f; -T.,) 

Area I 0 

North 26x3 78 0.06 69 323 

East 
16x8-

113 0.06 69 468 
3.25x4.67 

West heated space 0 

South 26x3 78 0.06 69 323 

7.5x4.67-
Donner 2.5x4+ 40 0.07 69 193 

3.25x4.67 

Wnlows 30x48/144 10 0.5 69 345 

Doors none 0 0 

Flat Ceiling 
26x9+ 

258 0.04 69 712 
3.25x7.5 

Gable 
2@26x5.67-

252 0.05 69 869 
7.5x5.67 

Floor 
4x16 

64 0.05 69 221 
overhang 

Infiltration 26x16x8x0.5 1664 O.ot8 69 2067 -
Total Heat Loss = 5521 Btulh 
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Figure 5-5. Dimensions of Wall and Dormer in Example House 

The gabled roof simply adds several square feet to the ceiling area and possible adjustments 
to the ceiling U-factor because the construction details of the sloped section will be differ
ent than the flat portion of the ceiling. Moisture control within this cavity is very important, 
because wet insulation has little insulating value. Ventilation of the cavity on the unheated 
side of the insulation must be provided in such a way to prevent the entry of rain or snow 
through the vents themselves. The details of moisture control in structures is beyond the 
scope of this course but is a very important topic to be well informed about. 

EXAMPLE 5-5 

Problem: Calculate the rate of heat loss from the gable roof in the east bedroom of the 

house. 

Solution: The flat portion of dormer ceiling (3 .25x7 .5 ft) forms a tee with the flat portion of 
the bedroom ceiling (26x9 ft). This area has the same U-factor as the kitchen (U = 0.04 
Btulh·ft2·°F). The north and south sloped ceiling areas (26x5.67 ft) minus the south-facing 
dormer area (5.67x7.5 ft) yields a net sloped area of: 147 + 147- 42 = 252 ft2• We will 
assume that the effective U-factor for the sloped ceiling (assuming 20% structural mem
bers) is 0.05 Btulh·ft2·°F. The results are shown in Table 5-6. 

The dormer design is another construction detail that requires special attention. There are 
usually several different insulation composites used in these small areas. Too often insula
tion contractors leave gaps and holes in these hard-to-insulate areas. Fortunately, these ar
eas are small and do not have a large effect on the overall heat loss from the structure. 
Unfortunately, the zone around the dormer can be colder than it needs to be. 
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EXAMPLE 5-6 

Problem: Find the heat loss from the dormer in the east bedroom. 

Solution: We will estimate the dimensions around the dormer as shown in Figure 5-5. The 
two areas to be considered are the 7.5x4.67 ft gable face (minus the 30x48 in. window) and 
the two 3.25x4.67 ft wing walls. Note that the two wing walls are triangles with a total area 
equal to one rectangle with the same dimensions. The assumed U-factor shown in Table 5. 6 
has been increased to 0.07 Btulh·ft2·°F to account for the additional structural members 
required in this detail. 

To calculate the heat loss from the exposed overhang section, it is assumed that the insula
tion under the floor consists of: downward surface resistance, 5/8-in. particleboard 
underlayment, 3/4-in. plywood, 5.5-in. fiberglass batt, and a 6-in. air gap down to the metal 
soffet. The corresponding R-values for these components, respectively, yield a total R-value 
of: 0.92+0.82+0.93+ 19+ 1.64 = 23.3 h·ft2·°F/Btu. SoU= 1/R = 0.04 Btulh·ft2·°F. Assuming 
that the floor framing members represent about 20% of the area at R-10 Btulh·ft2·°F, then 
the effective U-factor is: 0.8(0.04) + 0.2(0.1) = 0.05 Btulh·ft2·°F. The overhang area and 
temperature difference are shown in Table 5-6. 

The west bedroom is very similar and slightly easier to detail because most of the numbers 
are available from our earlier calculation. The major difference is the room length and the 
lack of an overhang. The calculated values are presented in Table 5-7. 
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Table 5-7. Thermal Analysis of West Bedroom 

Section Gross Area 
Net u T.-T Q = UA(f; -T.) Area I • 

North 20x3 154 0.06 69 638 

East heated space 0 

West 
16x8-

113 0.06 69 468 
3.25x4.67 

South 20x3 60 0.06 69 248 

7.5x4.67-
Dormer 2.5x4+ 40 0.07 69 193 

3.25x4.67 

Wmdows 30x48/144 10 0.5 69 345 

Doors none 0 0 

Flat Ceililg 
20x9+ 

165 0.04 69 455 
3.25x7.5 

Sk>ped 2@20x5.67-
184 0.05 69 635 

Ceiling 7.5x5.67 

Fk>or heated space 0 

Infiltratk>n 20x16x8x0.5 1280 0.018 69 1590 

Total Heat Loss = 4572 Btulh 
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5.8 Building Summary 

A summary of the calculated design heating loads for each room (or zone) is given in Table 
5-8. This summary would be useful for the designer and heating contractor to know the total 

capacity of the heat- r.=======================;1 
ing system required. Table 5-8. Total Calculated Design Heating Loads 
It also indicates how 
much energy must 
be supplied to each 
zone, which is 
needed to size the 
distribution system. 
Finally, the sum
mary gives the de
signer an opportu
nity to see if any of 
the calculated values 
are out of line. As 
shown in the last 
column, designers 
can use the heat loss 
rate per square foot 

Zone 

Klcben 

DilingRoom 

Basement 

LivilgRoom 

East Bedroom 

West 
Bedroom 

Totals 

Area 

256 

320 

320 

352 

416 

320 -

1984 

Heat Loss 
Btulh/ftl Rate 

4505 17.6 

3097 9.7 

2191 6.8 

5883 16.7 

5521 13.3 

4572 14.3 -

25,769 (aver.= 13.0) 

of zone floor area~============================================~ 
(Btulh·fll) as a benchmark or reality check. In this case, all of the values appear reasonable. 

The Next Step 

In all of the load calculations discussed so far, the rate of air infiltration has been modeled as 
a simple air change rate. In the next chapter, alternate methods of determining the rate of 
heat loss due to infiltration will be discussed along with several issues concerning ventila
tion. 

Summary 

In this chapter, you learned how to calculate the heat loss for a single-family house with 
several unique features. You applied the temperature data discussed in Chapter 3 and calcu
lated U-factors based on your skills developed in Chapter 4. The example house included a 
wide range of construction details that are seldom all seen in the same structure. Floors are 
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usually either slab-on-grade, over a crawlspace or over a basement, and you learned how to 
calculate heating loads from each of them. You also learned how to determine the tempera
ture of unheated spaces, and how to calculate heat losses into them. Finally, you learned 
about the heat loss from special features such as dormers, gabled roofs and overhangs. 

While the construction details in a commercial or industrial building vary significantly from 
this example house, the process used to calculate the rate of heat loss is identical, just larger 
and more complex: 

• Identify the heating zones within the building. 

• For each zone, identify the exposed surfaces by direction and type; and deter
mine the net area of each surface. 

• Calculate the effective U-factor for each surface, and look up or calculate the 
temperature difference across the surface. 

• Multiply across the last three columns to get Q = UAilT, and add down the last 
column to get the total heat loss rate for that zone. 

• Finally, build a summary table showing the heat loss rates for each zone to com
pute the total heat loss rate for the building. 

After studying Chapter 5, you should be able to: 

• Estimate the heat loss rate through an unheated attached space. 

• Estimate the heat loss through a slab-on-grade floor. 

• Calculate the heat loss rates from various insulation systems in a crawlspace. 

• Estimate the heat loss through a gabled roof or dormer. 
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SkiU Development Exercises for Chapter 5 

Complete these questions by writing your answers on the worksheets at the back of this 
book. 

5-01. Calculate the heat loss through the 24x8 ft wall section shown below (less the two 
30x42 in. windows rated at U=0.6 Btulh·ft2·°F each) when the inside temperature is 
72°F and the outside design temperature is 21 °F. 

4"Face 
Brick -

1-112" Extruded 
Polystyrene 

Gypsum 

Concrete Block 
(Light weight) 

5-02. Determine the temperature in the 36x28 ft unheated attic shown below when the 
inside temperature is 72°F and the outside design temperature is 21 °F. The attic 
floor and roofhave effective U-factors of0.06 Btulh·ft2·°F and 0.2 Btulh·ft2·°F re
spectively, and the roof pitch is 4:12. Assume 1.0 ACH through the attic. 
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S-03. Detenninetheheatlossthrougha2§x38ftslab-on-gradefloorwithR-5.4h·ft2·°F/Btu 
in a cold climate. Assume a design temperature difference of75°F. 

5-04. Determine the rate ofheat loss through the floor area in Exercise 5-03 ifit is located 
above an unvented crawlspace and the 24 in. of exposed wall is insulated down to 3 
ft below grade with R-5 .4 h ·ft2 • °F /Btu. Assume outside design temperature is -1 0°F. 

5-05. Determine the rate of heat loss from the dormer shown below when the inside and 
outside temperatures are 74°F and 37°F, respectively. The 30x40 in. thermopane 
window is rated at U=0.6 Btu/h·ft2·°F. The effective U-factors for the dormer walls 
and ceiling are 0.07 and 0.05 Btulh·ft2·°F, respectively. 

48"x32" 
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Chapter6 
Infiltration and Ventilation 
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• Summary 
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• Skill Development Exercises for Chapter 6 

Instructions 

Read the material in Chapter 6. At the end of the chapter, complete the skill development 
exercises without consulting the text. Re-read parts of the text as needed to complete the 
exercises. 

Study Objectives of Chapter 6 

Infiltration and ventilation represent a significant fraction of the total thermal load on a 
building. Until now, we have used the simple assumption that the infiltration rate was al
ways represented by 0.5 air changes per hour. In this chapter, we will discover the driving 
forces that cause infiltration and two different methods that can be used to estimate the 
thermal loss due to air infiltration. We will also discuss the basic need for, and effect of, 
providing ventilation air. Finally, some basic concepts related to humidity and moisture 
control within buildings will be discussed. 
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After studying Chapter 6, you should be able to: 

• Describe the two basic infiltration sources. 

• Given a space, estimate the rate of infiltration using the air change method. 

• Given a space, estimate the rate of infiltration using the effective leakage area 
method. 

• Describe the three methods that water enters a wall cavity. 
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6.1 InflltrationSources 

Infiltration is often the greatest single cause of heat loss in a residential building and a 
significant contributor to the thermal load of commercial buildings. There are two main 
forces driving infiltration: the prevailing wind and natural draft. 

The prevailing wind causes a high pressure on one side of the structure and a slight negative 
pressure on the opposite side. These two different presures combine to force air into any 
opening on the upwind side and to pull air out of the building on the downwind side. These 
openings can be very difficult to locate and control, but are often found where building 
materials change (for example, at the sole plate in a frame building and around doors and 
windows) and at service entrances (electric, water and telephone). Providing an airlock at 
entrances can also help reduce the rate of air infiltration. Blocking the prevailing winter 
wind with the garage, outbuildings or shrubbery should also be considered. 

The second driving force causing infiltration is natural draft, or the stack effect. Hot air rises 
through the building and escapes through cracks in the top ceiling. This causes cold outside 
air to be drawn in low (around the sole plate, basement windows or crawlspace access). 
While some outside air is necessary for fired equipment that is usually located in the base
ment (dryer, water heater, furnace, etc.), it is better to provide this air directly to the me
chanical room. This helps to reduce drafts in the building caused by these devices. This 
stack effect becomes very pronounced in high-rise buildings, often causing noisy elevator 
and stair doors, where air is drawn into (or out of) these vertical shafts. While stack effect 
cannot be eliminated, it can be reduced through careful design and it is usually not domi
nant in buildings under four stories tall. 

As a reference, the pressure difference at the top and bottom of a 40-ft-tall building with 
70°F inside air and 32°F outside air is about 0.04 in. wg. The top of the building would be 
positively pressurized (air trying to escape), and the bottom would experience a negative 
pressure (outside air trying to enter the building). Similarly, a pressure of 0.04 in. wg can be 
produced by a 10 mph wind blowing against a building. 

Two methods to estimate infiltration rates have been developed: the air change method and 
the effective leakage area method. Both methods will be discussed in this chapter, begin
ning with the simpler air change method. 
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6.2 Air Change Method 

For residential and small commercial heating design work, the air change method is very 
simple and often accurate enough. The air filling the volume of the zone is assumed to be 
completely replaced with cold outside air a fixed number of times per hour. For example, in 
the kitchen of the house in Chapter 5, the room volume (16x16x8 ft) was assumed to un
dergo 0.5 air changes each hour (ACH). In the thermal analysis tables in Chapter 5, the units 
on the infiltration value of0.018 in the U-column are really Btulh·ft3·°F instead of the units 
Btulh·ft2·°F shown for the rest of the column. This value is the product of the air density 
(0.075 lbm/ft3) times the air specific heat (0.24 Btu/lbm ·°F} The temperature column does 
show the actual temperature difference between indoor and outdoor conditions, because the 
outside air entering the space must be heated up to room temperature. 

Typical air change rates for new residential construction can be expected to be near 0.5 
ACH, assuming good construction practices are used. This is the minimum value recom
mended in ASHRAE Standard 62-1989 to maintain acceptable air quality within the space.1 

However, it is higher than comparable standards in Sweden and Canada. Under these tighter 
design constraints, an air-to-air heat exchanger is required to provide adequate fresh air 
without losing the energy contained within that air. 

6.3 Effective Leakage Area Method 

The second method to determine the rate of air infiltration is based on the effective leakage 
area of various construction components used in both residential and commercial buildings. 
The values shown in Table 6-1 can be used to estimate the leakage area of a building. The 
values in the table present experimental results in terms ofleakage area per component. The 
column labeled "Units" means the number of square inches either per component, per unit 

surface area, or per unit length of crack, whichever is appropriate. 

To obtain the building's total leakage area, multiply the overall dimensions or number of 
occurrences of each building component by the appropriate table entry. The sum of the 
resulting products is the total building leakage area. Using the effective leakage area, the air 

flow rate due to infiltration is calculated according to: 

(6-1) 
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Table 6-1. Effective Air Leakage Areas for Low-Rise Residential Applieatio:os1 

Ullilil .... Mild- Mad- UDI8a .. Mild- MDI· ... ) .......... - - (lee.-) ....... - -eem.., 
iazttll 

~pcillllllltiou 
Gelleral 0.026 0.011 0.04 1J:nlllullled ift2 ea 0.9 0.31 3.7 
DNp ift2fft2 0.0027 0.00066 0.003 Olallled ift2ea 0.3 0.16 0.3 

eem.., peaell1dioas v .. 
~- in2ea 3.1 6.25 3.3 8lllluoola wllh damper clo8ed ia2ea 1.6 0.39 3.1 
Reeelledlial* in2ea 1.6 0.23 3.3 ...._will damper opea ift2ea 3.1 0.95 3.4 
Ceiliuat'l'kN veat ift2ea 4.8 4.3 4.8 !>eyer will damper ID2ea 0.46 0.45 1.1 
~IJbls iJI2ea 0.13 !>eyer witllout claDpll: ift2ea 2.3 1.9 5.3 

Olilmley ift2ea 4.5 3.3 5.6 KltdaiD wllh ...... opel! m2ea 6.2 2.2 11 
Crawlllfllll* KltdaiD wllh ...... clo8ed iJI2ea 0.8 0.16 1.1 

Geaenii{IUW for.,._t wall) ia2la2 0.144 0.1 0.24 Kitcllen wllh-ptllcet ii!Zea 0.16 
8 Ia. br Ui Ia. Wlll1l ift2ea 20 w.u. (ederial') 

Doorfnme Cut ill place CGIICNfe m'1ft2 0.007 0.0007 0.026 
Geaenll ia2ea 1.9 0.37 3.9 aa, briCk Clll'lity wall, ftaislled mztftl 0.0098 0.0007 0.033 
.._,.,-Clllllbd mztftl om 0.024 O.f11 Prlc:llt CCII'icl\lte pllllel m2fft2 0.017 0.0004 0.024 
.._,., Clllllbd iazttll 0.014 0..(11)4 0.014 ~~bloct. mztftl 0.05 0.019 0.058 
Wood, 1111t Clllllbd iBztftl 0.024 0.009 0.024 uafiailllecl 
Wood, Clllllbd iBztftl 0.004 0.001 . 0.004 ~-- bloct. mztftl 0.016 0.0075 0.016 
Trim inlMte 0.05 plliated or SIIICeO 
Jamb in2Mte 0.4 0.3 o.s ~--bloct. ln2fft2 0.0036 
1'bnlsllokt in2Mte 0.1 0.06 1,1 llllfiltislllil 

Doors CoaliiiUOIII air lnfiltndion m:tfft2 0.0022 0.0008 0.003 
Auiel<:mwl apace, not ift2ea 4.6 1.6 5.7 bllrrier 

w 111111 •tppecl Rl&id Jileatbilla mama 0.005 0.0042 0.006 
Altielcmvl apace, m2ea 2.8 1.2 2.9 W'mdow ftamiJia 

weadlenlrippell . Maaollry,IIIICIUibd in2fft2 0.094 0.082 0.148 
Allie'* do'rm.aot m2ea 6.8 3.6 13 Maaollry, Clllllbd mama 0.019 0.016 0.03 

" d lbtppecl Wood._._ mztftl 0.025 0.022 0.039 
Auic fold dowD, welllbenUipped in2ea 3.4 2.2 6.7 Wood, Clllllbd m1fft2 0.004 0.004 0.007 
Allie fold do1m, wllh lasuklted box ii!Zea 0.6 Windows 
Allicfrom............_......, ift2ea 0 0 0 AwuiaJ, not weadlerslrlpped mztftl 0.023 0.011 0.035 
Double. not weatlle.illllipped ift2fft2 0.16 0.1 0.32 AWDlna. wealhealllltppecl m2fft2 0.012 0.006 0.017 
Double, ftlllllctntrtpp illztftl 0.12 0.04 0.33 c-meat. weadlellllltppecl m211ftc O.Oll 0.005 0.14 
BleYilor (paM&pr) m2ea 0.04 0.022 0.054 c-meat. DOt Wtllllhelstll.p m211ftc 0.013 
Oeaerll. IMICIIIC iJI2IIftc 0.015 0.011 0.021 Double llurimarat slider, DOt m211ftc 0.052 0.0009 0.16 
lnterlor·(Jioclrel. 011 top floor) mlea 2.2 w rill! llllippecl 
llltlll'ior (tlfaift) mlllftc 0.04 0.012 0.070 Double lloriZOIIIIII slider, wood, ialflftc 0.026 0.0070 0.081 
Mailslol mlllftc 0.2 li8lldlcllbippecl 
Slidlaa exllrior sillS patio mlea 3.4 0.46 9.3 Double borillllllll slider, m211ftc 0.034 0.027 0.038 
SJidiDJ exllrior- patio mztftl O.f119 0.009 0.22 alumilllllll, weatlle.illllipped 
Stimn (dHfllence ~with mlea 0.9 0.46 0.96 Double lluaJ.aotweatherslripped m211ftc 0.12 0.040 0.29 

.... wldlout) DolibiHull& Wlllllllentripp m211ftc 0.031 0.009 0.089 
SiBsJe, ROt ............ ippecl ii!Zea 3.3 1.9 8.2 llcJublo.lalac with storm, not 1112/lftc 0.046 0.023 0.080 
SiBsJe," d auipped ia2ea 1.9 0.6 4.2 . wealheiabipped 
Vedlule (Sublnlct per each ii!Zea 1.6 Double-illlaJ wid! storm, ialflftc 0.037 0.021 0.05 

loealioa} wealheaabipped 
B1ectrical outleiiiSwitcll ~ m211ftc 0.023 0.618 0.026 

Nogllteta mlea 0.38 0.08 0.96 
. 

With ..... mlea 0.023 0.012 054 Jalousie ln2Jlouver 0.524 
Fuiaace Lumped mlflftl 0.022 0.00042 0.097 

s.Jacl (or no) combuslioa mlea. 0 0 0 Sinp lloriZOIIIIII slider, mlflfll 0.031 0.009 0.097 
Releadoa ~lead or lUlCk damper irea 4.6 3.1 4:6 welllltetallipped 
RetHiioD bead .... IIIICII: damper !rea 3.7· 2.8 4.6 SiaP lloriZOIIIIII slider, jn211ft1 0.04 0;013 0.097 

Floon emir cnwl spaces 
...._ 

Oeeeral iJilitil 0.032 0.006 0.(111 Sinp boriiOIIIII slidet, wood m211ft1 0.021 0.013 0.047 
Without cluc:twodt in cnwl spac:e inzttll 0.0285 Sinp boriiOIIIII slider, in211ftl 0:030 0.025 0.038 
Widlduetwortincrawlspace in2fft2 0.0324 wood clad 

Flleplace ~ weathentripped m:allftl 0.041 0.029 0.058 
With damper cloled in2fft2 0.62 0.14 1.3 Sill jn21Jftc 0.0099 0.0065 0.010 
Widl damper opea 1rfft2 5.04 2.09 5.47 Storm illlicle, helt llhriak m:tntts 0.00085 0.00042 o.oooss 
Widl ..... dooR irfft2 058 0.06 058 Storm Inside. ri&id sheet with m:tntts 0.0056 0.00085 0.0 II 
Widl in1111t and damper clOsed jn2/ft2 052 .0.37 0.66 Jlllllllllic seal 
Wid! inllllt _, damper opea ia2fft2 0.94 O.S8 1.3 Storm Inside. fJexible sheet in211fll 0.0072 0.00085 0.039 

GuWIIIel'helter ia2ea 3.1 2.3 3.9 widt medlaaical seal 
Joints Storm illside, ri&id sheet with jn2/lft1 0.019 0.0021 0.039 

Ceiling-wall ia211ftc O.f110 0.0075 0.12 mec:llaalcal seal 
Sole plate. floodwall, uncaulked mlllftc 0.2 0.018 0.26 Storm OUIIide, p&essUrized tnldt inlftftc 0.025 
Sole plale, ftoor/wall, Clllllbd in211ftc 0.04 0.0035 0.056 Storm OUIIide. 2-lnldt in211ftc 0.058 
Top plate. blind joist iJI2IIftc 0.005 0.0035 0.018 Storm OUIIide, 3-lnldt inlftftc 0.116 

~ AirJeataee--bllledOII VlluesfOIIIIIIIalbe~ Thee&c:tiw•Jeataee ~ ft2 ·amu-ia....-etilel lftc • ._fool of cnc:t 
... (Ia ....-lnchrD> Ia bllledoaa paMII'II title&wce of0.016 ia. of-111111 C0 • I. IIIII •iltlldl lfta = u- foot of IIIII 
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where, 

Q = air flow rate, cfin 

L = effective leakage area, in. 2 

A= stack effect coefficient, cfm2/(in.4·°F) 

AT = average indoor-outdoor temperature difference, °F 

B =wind coefficient, c:fm2/(in.4·mph2) 

V = average wind speed, mph 

The infiltration rate of the building is obtained by dividing Q by the building volume. The 
value of B depends on the local shielding class of the building. Five different shielding 
classes are listed in Table 6-2. Stack effect coefficient values, A, for one-, two- and three
story houses are listed in Table 6-3. Wind coefficient values, B, for one-, two- and three
story houses in shielding classes one through five are listed in Table 6-4. The heights of the 
one-, two- and three-story buildings are 8, 16 and 24 ft, respectively 

For large office buildings, typical air leakage values per unit exterior wall area have been 
given as 0.1 0, 0.30, and 0.60 cfm/ft2 for tight, average and leaky walls, respectively. These 
values are for an assumed pressure difference across the wall of 0.30 in. wg. 

Table 6-2. Local Shielding Classes 

Class Description 

1 No obstructions or local shielding 

2 Light local shielding; few obstructions, few tress, or small shed 

3 
Moderate local shielding; some obstructions within two house heights, 
thick hedge, solid fence, or one neighboring house 

4 
Heavy shielding; obstructions around most of perimeter, buildings or 
trees within 30 ft in most directions; typical suburban shielding 

5 
Very heavy shielding; large obstructions surrounding perimeter within 
two house heights; typical downtown shielding 
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Table 6-3. Stack Coefficient, A 

House Height (stories) 

One T\W Three 

Stack 
0.0150 0.0299 0.0449 

Coefficient 

Table 6-4. Wind Coefficient, B 

Shielding House Height (stories) 

Class One Two Three 

1 0.0119 0.0157 0.0184 

2 0.0092 0.0121 0.0143 

3 0.0065 0.0086 0.0101 

4 0.0039 0.0051 0.006 

5 0.0012 0.0016 0.0018 

EXAMPLE 6-1 

Problem: Estimate the infiltration at design conditions for a two-story house in Lexington, 
Kentucky. The house has an effective leakage area of 82 in. 2, a volume of 11,000 :ft3, and is 
located in a suburban development (Shielding Class 4). 

Solution: The 99% heating dry-bulb temperature of 1 0°F is given in Table 3-2 for Lexing
ton. Assume a design wind speed of 15 mph and an inside temperature of 68°F. Choosing 
values for A (0.0313) from Table 6-3 and B (0.0051) from Table 6-4, the air flow rate due to 
infiltration is: 

Q = (82 in.2)[(0.0313 cfm2 /in.4·°F)(68°-10°F) + (0.0051cfm2 /in.4·mph2)(15 mph)2] 0·5 

= 141 cfm 

= 8469 :ft3 /h 
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The infiltration rate I is equal to Q divided by the building volume: 

I= (8469 ft3/h)/(ll,OOO ft3) 

=0.77ACH 

Because there are so many uncontrolled variables to consider, it has proven difficult to 
develop good empirical models for infiltration. When the entire building is modeled as a 
single cell, the error between calculated and measured performance averages close to 40%. 
However, progress has recently been made. The use of a multicell model has proven more 
accurate when all variables are known, especially the pressure differentials throughout the 
building, which determine the rate of air movement within the structure. Because these 
values are usually unknown during the design phase, a best guess estimate remains in the 
designer's tool kit. Also remember that for large buildings, the required ventilation rate is 
often several times larger than the estimated air infiltration rate. 

6.4 Ventilation 

Besides the uncontrolled ventilation discussed above as infiltration, there are two other 
types of ventilation available to the designer: natural ventilation and forced ventilation. 

Before the advent of mechanical cooling, natural ventilation was the only method available 
to provide comfort in summer. It is still used in many residences and commercial facilities 
around the world. Opening windows will allow the prevailing winds to pass through the 
buildings. Roof ventilators and operable skylights make use of the stack effect to draw hot 
air out of the building during the months that require cooling. Architectural features from 
fountains to cupolas can also be used to enhance the cooling effect of natural ventilation. 

While the comfort within naturally ventilated buildings can be enhanced through the proper 
location and operation of these devices, it is presently not possible to control the comfort 
within these spaces using these concepts alone. To control the comfort level, it is necessary 
to control the rate and location of ventilation air entering the building. This is accomplished 
through forced ventilation, where a fan provides a predictable and constant flow of outside 
air to the facility. 

An even more important effect provided by this flow of outside air is the dilution of air 
contaminants generated within the building. Carbon dioxide exhaled by the occupants, odors 
and particles from processes that occur within the space, and even gaseous emissions from 
the furniture, floorcoverings and construction materials must be removed continuously from 
the building to keep the indoor air quality within acceptable limits. 
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ASHRAE Standard 62-1989 provides guidance on ventilation and indoor air quality in the 
form of two alternative procedures: the Ventilation Rate Procedme and the Indoor Air Quality 
Procedme.1 In the Ventilation Rate Procedme, indoor air quality is assumed to be accept
able if the concentrations of six pollutants in the incoming outdoor air meet the US national 
ambient air quality standards and if the outside air supply rates meet or exceed values (which 
vary depending on the type of space) provided in a table. The minimum outside air supply 
per person for any type of space is 15 cfm. This minimum rate will maintain indoor carbon 
dioxide concentrations below 0.1% (1 ,000 parts per million). 

For the pmposes of this course, a 20 cfm per person minimum flow rate of outside air will 
be used, which is the cmrent minimum standard for office space. Also, remember that air is 
usually being exhausted from the building as well. For example, restroom ventilation rates 
are typically 6 air changes per hom. There may also be exhaust fans in the kitchen/grill area 
or in the office photocopy center that must be included in the ventilation calculation. Fi
nally, remember that these ventilation rates not only affect the temperatme (or sensible 
loads) of the building but also the moistme (or latent loads) as well. 

To calculate the sensible load caused by ventilation, use the equation: 

q, = 1.10 Q L\T 

where, 

q, = sensible heat load, Btulh 

(6-2) 

1.10 =product of air density (0.075 lb/ft3), specific heat (0.242 Btullb·°F) and 60 minlh 

Q = air flow rate, cfm 

!l. T = indoor-outdoor temperatme difference, °F 

To calculate the latent load caused by ventilation, use the equation: 

q1 = 4840 Q L\W 

where, 

q 1 = latent heat load, Btu/h 

(6-3) 

4840 =product of air density (0.075lb/ft3), latent heat of vapor (1075 Btullbm) and 
60minlh 

Q = air flow rate, cfm 

!l.W =humidity ratio of indoor air minus humidity ratio of outdoor air, Ibm waterllbm 
dry air 
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EXAMPLE 6-2 

Problem: An office building has an estimated summer population of 150 people. The out
side summer design condition is an air temperature of91 op at a humidity ratio of0.014lb 

In 

water/Ibm dry air (about 45% relative humidity). The inside air is controlled to 76°F with a 
humidity ratio of 0.009 lbm water/Ibm dry air (about 47% relative humidity). Calculate the 
sensible and latent heat loads caused by this ventilation air flow. 

Solution: The ventilation flow rate required by 150 people at 20 cfm per person is 3,000 
cfm. The sensible heat load is determined using the equation: 

qs = 1.10(3,000 cfm)(91 °-76°) = 49,500 Btu/h 

The latent heat load is determined from the equation: 

q1 = 4,840(3,000 cfm)(0.014- 0.009 lbm water/Ibm dry air)= 72,600 Btu/h 

Notice in this ventilation example that the latent heat load is greater than the sensible load. 
This is often the case in humid climates, where the designer strives to have good indoor air 
quality (a high ventilation rate) as well as low operating energy costs (a low ventilation 
rate). The process for achieving a balance between these opposing goals is beyond the 

scope of this course. 

6.5 HumidifiCation and Moisture Control 

While humidity control is generally a major issue in cooling design, it must also be consid
ered in heating systems where good humidity control is required, when large volumes of 
outside air are introduced, or where extremely cold outside design temperatures require 
supplemental humidification of the indoor air. When outside air below 32°F is warmed to 
70°F, the relative humidity drops below 30%, which is the generally accepted minimum 
comfort level as discussed in Chapter 3. Unless there are adequate sources of evaporation 
within the space (such as people, plants and processes), it will be necessary to add moisture. 
Industrial processes often move large volumes of outside air through their facilities, yet 
require close control of the minimum humidity levels during the heating season. Use the 
latent load equation above to calculate these latent loads. 

Although not the main focus of this course, a basic understanding of the sources, effects and 
control of moisture within structures must be part of each designer's training. This section 
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provides an introduction to these topics as they relate to the thermal envelope of a building. 
For additional information, read chapters 22-24 in the 1997 ASHRAE Handbook-Funda
mentals.3-s 

Moisture enters wall cavities through three basic mechanisms. Roofleaks and flashing leaks 
around penetrations can provide easy access to unwanted rain water and snow melt. Wind
driven moisture (liquid water) and humidity (water vapor) can penetrate any facade that is 
not airtight. Finally, water vapor can also migrate through the process of diffusion, which is 
driven by the difference in the partial pressures of the water vapor across a barrier. 

The worst effect that can be caused by moisture trapped within the wall cavity is structural 
failure due to rot. Damage can also be caused by mold and mildew that cause discoloration 
and failure of wall surfaces and ceiling materials. Indoor air quality is often adversely af
fected by microbial growth that results from moisture leakage. Finally, the insulating value 
of most building materials is based on dry products; for example, wet fiberglass batts offer 
almost no insulating value. So it is important to keep moisture out of the wall cavity. It is 
also important to provide a method to remove any water that might get in. 

Preventing leaks and keeping wind-driven moisture out of the building cavity are usually 
the responsibility of the architect and contractor. However, the installation of moisture re
tarders to minimize vapor migration is generally part of the building's insulation package. 

Typical moisture retarders commonly used in construction include aluminum foil, asphalt
impregnated kraft paper and plastic sheeting. These materials should be free of gaps and 
tears when they are installed. Because the moisture-carrying capacity is higher for warmer 
air, always install the moisture retarder on the warm side of the insulation (inside in heating 
climates and outside in cooling climates). A void trapping moisture within the cavity, which 
can occur if a second layer of material is installed on the exterior of a heated building. It is 
generally good practice to ventilate the wall or cathedral ceiling cavity to the cooler side. 
Just ensure that the vents installed to get water vapor out do not themselves provide a means 
for water to get in. 
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The Next Step 

In the next chapter, we will begin the final phase of our discussion of heating, ventilation 
and air-conditioning thermal load calculations. Air-conditioning load calculations require 
all of the basic concepts we have discussed so far, plus several additional internal energy 
sources that we have not yet discussed. You will also learn about several alternative meth
ods used to calculate air-conditioning loads. 

Chapter 7 will set the foundation for performing cooling load calculations by discussing the 
different concepts and models used. Some basic design constraints that must be considered 
will also be presented. In Chapter 8, you will learn how to select appropriate design tem
perature differences. Chapter 9 deals with the special cooling problems associated with 
windows, and Chapter 10 presents internal thermal loads that must be considered in a cool
ing design. All of these topics are pulled together in Chapter 11, where you will work 
through a complete set ofheating and cooling calculations. Finally, Chapter 12 will discuss 
the future of load calculations and describe sophisticated mathematical models and simula
tions that computers use to accurately track energy flows on an hourly basis throughout the 
year. 

Summary 

This chapter has provided a background into the sources of infiltration, as well as an intro
duction into both natural and forced ventilation. However, to become a competent designer, 
you must learn much more about forced ventilation and its effect on indoor air quality. 
Similarly, this chapter provided an introduction into moisture control within building enve
lopes. After studying Chapter 6, you should be able to: 

• Describe the two basic infiltration sources. 

• Given a space, estimate the rate of infiltration using the air change method. 

• Given a space, estimate the rate of infiltration using the effective leakage area 

method. 

• Given the occupancy of a space, estimate the minimum required ventilation. 

• Describe the three methods that water enters a wall cavity. 
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Skill Development Exercises for Chapter 6 

Complete these questions by writing your answers on the worksheets at the back of this 
book. 

6-01. For the example house discussed in Chapter 5, determine the total infiltration rate 
(in ft3/h) using the air change method, assuming 0.5 ACH for each room. 

6-02. For the same house in Baltimore, MD, determine the total rate infiltration (in ft3/h) 
using the effective leakage area method. Include five double-hung windows (with 
weatherstripping) with caulked wood framing, both doors (weatherstripped in caulked 
wood framing), 20 electrical outlets, gas water heater and dryer, kitchen and bath
room vents with dampers, and appropriate crawlspace (no ductwork) and caulked 
joint details. Discuss the difference between the calculated values from using both 
methods. 

6-03. Convert both of the above air flow estimates to energy flows if the inside and out
side temperatures are 75°F and 15°F, respectively. 

6-04. Estimate the forced ventilation required in a 1 00-seat restaurant. If the grill and 
restroom exhaust fans remove 1,400 cfm and 400 cfm respectively, how much out
side air must be brought into the building? 
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Instructions 

Read the material in Chapter 7. At the end of the chapter, complete the skill development 
exercises without consulting the text. Re-read parts of the text·as needed to complete the 

exercises. 

Study Objectives of Chapter 7 

The process of calculating cooling loads is much more complex than the heating load method 
we have discussed so far. There are many interdependent variables needed to determine the 
cooling load, all of which we were able to ignore in the process of calculating the heating 
load. There are also several alternative methods that have been developed to make these 
cooling load calculations. 
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The purpose of this introductory chapter is to discuss the basic issues, concepts and meth
ods used to determine cooling loads before we begin to actually crunch numbers. After 
studying Chapter 7, you should able to: 

• Name several differences between cooling load calculations and heating load 
calculations. 

• Explain the differences among the four basic building heat flows used in cooling 
load calculations. 

• List the initial design considerations and why they are important. 

• Describe three different methods used to calculate cooling loads and give the 
advantages and disadvantages of each. 
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7.1 Introduction 

In determining the heating load, the winter design temperature is used. This condition typi
cally occurs during the early morning hours when the sun is not shining, most lighting and 
internal equipment are turned off, and there is little human activity within the building. Any 
energy from these sources simply reduces the required thermal input from the heating sys
tem and adds to the design's margin of safety. However, the maximum cooling load almost 
always occurs in the middle of the afternoon, and the energy from all of these variables 
must be properly considered. 

For example, when solar energy strikes the walls and roof of the building, it is either ab
sorbed by or reflected from the building's surfaces. The color and texture of the outside skin 
has a strong affect on how much solar energy gets absorbed, with darker colors absorbing a 
higher percentage of the incident energy. The absorbed energy raises the outside surface 
temperature of the building. While this increased temperature allows some of the energy to 
convectively transfer back to the outside environment, it also raises the effective tempera
ture difference across the building envelope, which in turn increases the conductive heat 
transfer into the space through the building shell. 

Quite often there are differences in temperature within the structure. For example, an air
conditioned office might be located adjacent to an unconditioned warehouse. The thermal 
energy transfer through these walls can be determined using the method developed for 
unheated spaces discussed earlier. 

The sunlight streaming through the windows contributes energy to the space. The quantity 
of solar energy available varies throughout each day and depends on the geographical loca
tion, the time of year, and the number of clouds on that day. The fraction of solar energy that 
actually enters the space depends on which direction the window is facing, how the glass 
surface is treated, and whether any curtains, blinds or other shading devices are being used. 

If the quantity and quality of sunlight coming through the windows is inadequate, it must be 
supplemented by artificial light. Incandescent bulbs are extremely inefficient, with up to 
98% of the rated wattage being emitted as heat to the space. Fluorescent tubes greatly re
duce the rate of heat transfer into the space, but even that rate is affected by whether the 
lighting fixtures are ventilated. The thermal losses from the fluorescent lighting ballast 
must also be included in the calculations. 

Identifying the type and capacity of electrical equipment and appliances within a building 
can be very difficult in the early design phases. The proliferation of computers and copying 
machines has made it difficult to determine how much energy these devices will contribute 
to the space. 
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Humidity additions must also be considered from these internal load sources, because hu
midity must be controlled in air-conditioned spaces. Not only is high humidity uncomfort
able, it encourages the growth of molds and mildew which creates an indoor air quality 
problem. The office coffeemaker and decorative plants add moisture to the air. Specialized 
applications such as restaurants, laundromats and many industrial process facilities must 
also consider the large humidity and moisture loads that occur in these applications. As 
difficult as it seems to project each of these unknowns, reasonable values must be defined 
before the cooling load calculation can begin. 

Finally, the human occupancy rate of the space must be considered. How many people are 
present and what they are doing both affect the rate of energy gain from this source. For 
example, a group of people dancing at a wedding reception will require more cooling than 
the same number of people listening to a lecture on William Shakespeare. People contribute 
both sensible and latent (moisture) energy to the space. Human activities such as cooking, 
washing and showering evaporate moisture into the air. Also the rate of ventilation with 
outside air required to maintain indoor air quality is usually based on the number of people. 
The energy that must be removed from this outside air as it enters the building represents a 
significant portion of the total cooling load. 

The cooling load calculation methods that will be introduced later in this chapter all con
sider each of the above areas individually, then add the results of those calculations to 
determine the total load. This is because different fundamental principles and equations are 
used to calculate the different modes of energy transfer. However, there are also some other 
ways to group these energy transfers. Viewing the process from these directions as well will 
help you better understand the entire picture. 

For example, heat gains can result from external, internal, ventilation and miscellaneous 
sources (see Figure 7-1). External heat gains enter the controlled space through walls, roofs 
and windows, and through interior partitions, ceilings and floors. Internal sources include 
people, lights and appliances. Energy transfer can also occur due to ventilation and infiltra
tion, where it is the moving air that is transferring the energy and humidity. Miscellaneous 
sources include heat gains from sources within the cooling system itself, such as losses 
from the fan motor inside the air handling unit and heat gain to the supply ductwork or 
piping network. 

Another way to dissect the problem is to consider both sensible and latent loads (see Figure 
7-2). In the heating load calculation process, only temperature changes, or sensible loads, 
are usually important. But high humidity decreases our body's ability to lose heat through 
our sweat mechanism, and that has a major effect on human comfort. Thus it is necessary to 
account for both sensible and latent sources when calculating cooling loads. The three pri-
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Ceiling/Roof 

Floor 

Internal 

People 

Figure 7-1. External and Internal Loads 

Unshaded portion is sensible 

Figure 7-2. Sensible and Latent Loads 
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mary sources of humidity within buildings include people, processes and appliances, and 
outside air from ventilation and infiltration. To maintain a constant level of humidity within 

the space, the cooling system must remove moisture at a rate equal to the moisture addition. 

Another parameter that plays a significant role in the determination of cooling loads is the 
building heat capacitance. If you put a full and an empty soda can into a refrigerator, the 

empty can will feel cold very quickly, because there is not as much mass to cool down. 
Buildings using light construction (such as wood frame or insulated metal walls) will also 
react more quickly to temperature changes than very massive structures built with concrete 

and bricks. It simply takes longer for a temperature front to pass through a massive wall 

section, which can dramatically shift the timing of the peak cooling load for the space. 

The location of the insulation within the wall relative to the mass can also affect the cooling 

load. Conventional construction of a brick or concrete block wall calls for locating the 
insulation inside the facade. This protects the insulation from the elements. However, one 

popular retrofit project for older uninsulated buildings is to add the insulation to the exte

rior. Not only does this change the appearance of the building, it also affects the thermal 
loads of the building. A third popular construction method is to build a sandwich wall, with 
the insulation between the exterior facade and the interior wall. If each of these three wall 

sections had the same total R-value and the same total density, the thermal load profile 
would be different, as shown in Figure 7-3. 
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What happens to sunlight streaming through a window can also be affected by the heat 
capacitance of the structure (see Figure 7-4). If the sunlight that passes through the glazing 

strikes a closed blind or drape just inside the window, part of the radiant energy will be 
immediately reflected back outside. The rest of the energy will be quickly transferred to the 

air in the room, creating an instantaneous heat gain. However, if the shading device is open, 
most of the solar energy is absorbed by the floor. A carpeted floor will quickly transfer the 
energy to the room air through convection and result in an instantaneous heat gain. How
ever, a concrete floor will warm very slowly. The transfer to the room air will occur more 

slowly, but over an extended period of time. 

Figure 7-4. Window Heat Gains 

The thermal effect of internal loads such as lighting, appliances and people is also influ

enced by the thermal storage effect of the building. Moreover, these loads can vary dramati
cally throughout the day. Imagine the cooling load from people in a fast food restaurant. As 
shown in Figure 7-5, there might be three large spikes at mealtimes and another minor 

increase late at night when the local movie theater closes. Therefore, to accurately calculate 
these effects, it is necessary to know the operating schedules for the lighting and equipment 
as well as the occupancy schedule for each zone within the building. 

Trying to predict these schedules and usage profiles accurately is challenging. We all know 
that turning lights off when we leave a room saves energy. But in office buildings, that is 

not always possible; and in commercial buildings, bright lights attract customers. It is just 
as hard to predict how many times per day the conference room will be used and how many 
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Figure 7-5. Example Cooling Loads in a Fast Food Restaurant 

people will be in each group. Just because there are 500 chairs in the school library does not 
mean there will always be 500 people there. (That will probably only occur during finals 
week, and that is usually not the hottest month.) This diversity factor reduces the total 
cooling load required, because generally not everything is operating at full rated capacity. 

7.2 Heat Flow Rates 

There are four distinct but related heat flow rates used in the design of air-conditioning 
systems: space heat gain; space cooling load; space heat extraction rate; and cooling coil 
load (see Figure 7-6). 

• Space heat gain, or instantaneous rate of heat gain, is the rate at which heat enters 
into and/or is generated within a space at a given instant. As noted above, these 
include internal, external, ventilation and miscellaneous sources. They can also 
be classified as sensible or latent sources. 
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• Space cooling load is the rate at which heat must be removed from the space to 
maintain a constant space air temperature. The thermal storage effect of the 
building's heat capacitance represents the primary difference between the space 
heat gain and the space cooling load. Any difference between the space heat gain and 
the space cooling load will cause the space temperature to "swing" above or below the 
desired set point. Stored radiant heat gains decrease the space cooling load, but are 
very difficult to calculate accurately. 

• Space heat extraction rate is the rate at which heat is removed from the conditioned 
space. Only at summer design conditions is the space heat extraction rate equal to the 
space cooling load. Most of the time, the cooling equipment operates intermittently, 
and a small variation or swing of the space temperature occurs. 

• Cooling coil load is the rate at which energy is removed at the cooling coil that serves 
one or more conditioned spaces in any central air-conditioning system. It is equal to 
the instantaneous sum of the space cooling load (or space heat extraction rate if the 
space temperature is assumed to swing) plus any external loads. Such external loads 
include the heat andmoistme introduced by outside air for ventilation as well as energy 
gains to the distribution system between the cooling equipment and the individual spaces. 

Space Heat Gain Convection Cooling Load 

Radiation Heat Storage Convection 

(with time delay) 

' 

±Tswing 

Figure 7-6. Loads on a Building 

Outside Air 
Cooling 

Coil 

[:l 
D Ex 

-------

7:9 

Funtlanumtllls of Heating and Cooling Loads Chapter 7 Cooling Load Calculations 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All rights reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



7: 10 

7.3 Initial Design Considerations 

There are several steps required by the designer before beginning a space cooling load 
calculation. It is recommended that the initial contact with the client result in information 
on each of the following topics: 

• Building characteristics. Characteristics of the building (such as building materi
als, component size, external surface colors and shape) can usually be obtained 
from building plans and specifications. 

• Configuration. Determine the building location, orientation and external shading 
from plans and specifications (see Figure 7 -7). Shading from adjacent buildings 
can be determined by a site 
plan or by visiting the pro
posed site. The probable per
manence of shading should 
be evaluated before it is in
cluded in the calculations. 
Possible high ground-re
flected solar radiation from 
adjacent water, sand or park
ing lots, or solar load from 
adjacent reflective building 
exteriors should not be over
looked. 

• Outdoor design conditions. 
As discussed in Chapter 2, 

Figure 7-7. Example Site Plan 

obtain appropriate weather data and select outdoor design conditions. Consider 
the proximity of the weather station to the construction site, and adjust these 
conditions if necessary for the local microclimate. It is the designer's responsi
bility to ensure that project results are consistent with expectations, so use good 
judgment in selecting these design values. Finally, obtain information on the 
prevailing wind direction and velocity, which will be useful in locating your 
outside air inlets and exhausts. 

• Indoor design conditions. Select the indoor design conditions such as indoor 
dry-bulb temperature and indoor relative humidity. Define the ventilation rate 
required by the occupancy rate and/or process equipment needs. Note any per
missible variations to these criteria (such as 78°F ±2°F), as well as control limits 
(such as space air temperature not to exceed 82°F). 
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• Operating schedules. Obtain a proposed schedule for lighting, occupants, inter
nal equipment, appliances and processes that will contribute to the internal ther
mal load. Determine the probability that the cooling equipment will be operated 
continuously or shut off during unoccupied periods (such as nights and/or week
ends). The operating strategy dictates when the energy stored within the build
ing structure will be removed. 

• Date and time. Select the time of day and month to do the cooling load calcula
tion. Occasionally, several hours of the day and several months must be ana
lyzed to ensure the peak space cooling load is determined. The particular day 
and month are often dictated by the peak solar conditions. Note that zones on the 
east side of the building will peak in the morning and those on the west will peak 
in the afternoon. This diversity of load can often decrease the total capacity of 
the cooling system required, but the details of these energy analysis methods are 
beyond the scope of this course. 

• Additional considerations. The performance of a space cooling system depends 
somewhat on the type of system used. Basic system selection and component 
sizing are required to calculate some of these miscellaneous gains. For example, 
a ceiling plenum return with vented light fixtures allows the heat gains from the 
roof and the lights to go directly to the cooling coil and contributes very little to 
the space cooling load. However, a system design using a wall return and unvented 
lights will add the energy from the roof and lights to the space cooling load as 
well as the cooling coil. The thermal losses from the fan motor of a blow-through 
system contribute only to the cooling coil load, while the motor losses of a draw
through system add to the space heat gain, the space cooling load and the cool
ing coil load (see Figure 7-8). 

RTU 

PlenumOain 
Lighting Oain 
Motor Gain 

Space Gains 

Blow-Through Draw-Through 

Figure 7-8. Air Handling Unit Comparison 
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7.4 Calculation Methods 

Over the past 30 years, the process of determining building cooling loads has evolved from 

an art to more of a science. Lead by ASHRAE' s efforts, the technical community has made 

tremendous strides in our understanding of these phenomena and in our ability to math
ematically model the thermal performance of a wide variety of structures, with all of the 

variables mentioned in the previous section clearly defmed. However, selecting the appro
priate values for all of those input variables remains somewhat of an art. In this section, we 
will discuss the developmental evolution of four cooling load models and the strengths and 

problems of each. 

Early research efforts recognized the importance of the interaction between two key vari

ables: the sun and the building thermal heat capacitance. In 1967, an innovative method to 

account for the effects of these two variables on cooling loads was introduced in theASHRAE 
Handbook. 1 This procedure used total equivalent temperature differential values and a sys
tem of time averaging (TETD!f A) to calculate cooling loads. This two-step method first 

calculates the heat gains from all sources to get an instantaneous space heat gain. This is 
then converted to a space cooling load through the use of weighting factors, which account 

for the influence of the building's thermal storage. It gives valid results to experienced 
users, but is tedious in practice and difficult for novice users to learn the manual calculation 

techniques. It is still applied by some computer programs. The time averaging method of
fers the experienced user the ability to quickly analyze the thermal storage effects, as well 

as visualize the effect of external shading on cooling load. 

The transfer function method (TFM) was first introduced in the 1972 ASHRAE Handbook, 
and closely approximates the heat balance approach recognized as a fundamental concept 

in calculating cooling loads.2 This computer-based procedure also occurs in two steps (space 
heat gain, then space cooling load). Not only does this method determine the space cooling 
load, it also evaluates both the rate at which heat is removed from the space and the tem

perature of the space when a specific size and type of cooling unit is used. 

By allowing the space temperature to vary, the designer can evaluate the effects of different 

operating schedules and can use the entire width of the comfort zone in the design and 
selection of the equipment. For example, operating the cooling system at night to remove 
heat stored within the structure can reduce the peak space cooling load the next afternoon. 
The space temperature might be held at 75°F during the morning hours, then allowed to 

drift upward to 80°F by quitting time. 
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The penalty that must be paid for all of this accuracy and flexibility is the complexity of the 
model itself. The mathematical relationships used within the computer codes that use the 
TFM are beyond the experience of most novice designers. However, this methodology and 
the basic equations do provide the technical basis for a manual method that is relatively 
easy to understand and will be presented in the following chapters. 

The third method is a one-step process that uses the cooling load temperature difference 
(CL TD) or the cooling load factors (CLF), or a combination of both, for each component of 
the space cooling load. First presented in the 1977 ASHRAE Handbook, it is applicable to 
several types of buildings for which data are available.3 

Residential cooling systems represent one group of buildings with some unique and consis
tent design constraints. The specific CL TD/CLF procedures for calculating residential cooling 
loads~ beyond the scope of this course. For more information on these procedures, refer 
to the 1997 ASHRAE Handbook.4 

Research efforts are continuing to seek refinements of the computational methods. The 
development of new mathematical methods and tools promises even greater accuracy and 
flexibility. As a designer, you are encouraged to further develop your understanding of the 
state-of-the-art in cooling load calculations by learning to apply these new methods in your 

work as soon as possible. 

The Next Step 

In the next three chapters, we will present the CL TD/CLF load calculation in detail through 
the use of an example building. In this first example, all of the variables will be clearly 
defined, because it is the process that you will be learning. However, in practice, determin
ing reasonable values for the variables will be much more challenging. 

Chapter 8 will introduce the CL TD/CLF concept for walls, roofs and partitions. Chapter 9 
will discuss solar gain through windows and the effects of various internal and external 
shading devices. Chapter 10 will cover internal gains from people lights, power and appli
ances. Chapter 11 will present an example problem combining all of these design activities 
into a complete process. Finally, Chapter 12 will present the procedure used to calculate 
cooling loads using the transfer function method. 
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Summary 

So far, we have discussed in principle the many related variables that affect the cooling load 
on a building. Remember that we must account for both sensible and latent energy gains. 
These gains will depend on all of the variables described in section 7.3. It is especially 
important that we account for the effects of the solar energy, both that which is absorbed on 
the building skin as well as that which enters through the windows. The cooling load factor 
will assist us in accounting for the time delay caused by the thermal storage of the building 
envelope. Finally, the timing and capacity of all internal loads from people, equipment and 
lighting will also affect the building cooling load. 

After studying Chapter 7, you should be able to: 

• Name several differences between cooling load calculations and heating load 
calculations. 

• Explain the differences among the four basic building heat flows used in cooling 

load calculations. 

• List the initial design considerations and why they are important. 

• Describe three different methods used to calculate cooling loads and give the 
advantages and disadvantages of each. 
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Skill Development Exercises for Chapter 7 

Complete these questions by writing your answers on the worksheets at the back of this 
book. 

7-01. Name several differences between cooling load calculations and heating load calcu
lations. 

7-02. Describe the four basic building heat flows used in cooling load calculations. 

7-03. List six initial design considerations and explain how each can affect a cooling load 
calculation. 

7-04. Describe three different methods used to calculate cooling loads and give the advan

tages and disadvantages of each. 
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ChapterS 
Air-Conditioning Loads on Walls, Roofs and Partitions 

Contents of Chapter 8 

• Instructions 

• Study Objectives of Chapter 8 

• 8.1 Sol-Air Temperatures 

• 8.2 CL TD for Roofs 

• 8.3 CLTD for Walls 

• 8.4 Interior Partitions 

• 8.5 Sample Problem 

• The Next Step 

• Summary 

• Bibliography 

• Skill Development Exercises for Chapter 8 

Instructions 

Read the material in Chapter .8. At the end of the chapter, complete the skill development 
exercises without consulting the text. Re-read parts of the text as needed to complete the 
exercises. 

Study Objectives of Chapter 8 

In the previous chapter, we discussed the general factors that make cooling load calcula
tions more complex than heating load calculations. The first difference is that internal loads 
(such as people, lights and appliances) as well as external loads must be considered. Both 
sensible and latent loads for these sources must be determined. Sunlight entering the space 
through windows is a major contributor to cooling loads. Finally, the effect of thermal mass 
in delaying delivery of a portion of the space heat gain to the space cooling load must be 
addressed in the cooling load calculation. 
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The basic equation used for calculating air-conditioning loads is the same one used to cal
culate heating loads: Q = U :A ·LIT, only in calculating cooling loads, the LlT is usually re
placed by the Cooling Load Temperature Difference (CL TD) that you will learn to look-up 
in this chapter. 

The preliminary discussion in this chapter will focus on the process used to determine the 
sol-air temperature, which is the concept that was used in developing the CL TD/CLF method 
mentioned at the end of Chapter 7. In section 8.2, we will discuss in detail the process used 
to determine the CL TD for a typical roof section. A similar procedure presented in section 
8.3 will be applied to wall sections, followed by a brief discussion of how to deal with 
interior walls between conditioned spaces. Finally, to demonstrate the use of this proce
dure, another sample building will be defined, and the heat gain through a sample roof and 
walls will be determined. 

After studying Chapter 8, you should be able to: 

• Estimate the sol-air temperature for a given application. 

• Apply correction factors to the CL TD for a given application. 

• Calculate the conduction heat transfer through a specified roof, wall or partition 
section. 
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8.1 Sol-Air Temperatures 

Sol-air temperature is the temperature of the outdoor air that, in the absence of all radiation 
changes, gives the same rate of heat entry into the surface as would the combination of 
incident solar radiation, radiant energy exchange with the sky and other outdoor surround
ings, and convective heat exchange with outdoor air. As shown in Figure 8-1, the exterior 
surface experiences convective heat transfer and both infrared and visible radiant heat transfer 
with the environment. The sol-air temperature attempts to capture the thermal effect of all 
these variables as a single value. The convective heat transfer coefficient is assumed to 
remain fairly constant at h0 = 3.0 Btulh·ft2·°F. This value represents the air film value dis
cussed in Chapter 4. 

The external surface will exchange long-wave radiation with its surroundings based on the 
relative temperatures between them. Because the radiant temperature of the sky is always 
several degrees cooler than the local air temperature, horizontal surfaces such as roofs tend 
to lose about 20 Btulh·ft2 through this mechanism. Assuming the roof to be an ideal ab
sorber/emitter (a reasonable assumption for most building materials) and using the same 
convective heat transfer coefficient as above (ho = 3.0 Btulh·ft2·°F), then the roof surface 
temperature can be adjusted 7°F cooler due to this radiant transfer mechanism. There are 
specialized roof coatings that can have a significant impact on absorptance and emittance 
and, as a result, reduce roof temperature. 

Transmitted to 
Space Load 

Figure 8-1. Roof Energy 
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The analysis of vertical surfaces is more difficult, because a wall is exposed to both warmer 
and cooler surfaces around it. A wall loses radiant energy to the lower sky temperature seen 
by the roof but gains radiant energy from surrounding surfaces that have been warmed by 
the sun. The model assumes that these two values cancel each other, and no temperature 
correction is made for radiant heat transfer on vertical surfaces. 

The rate at which solar energy is absorbed by the external surface depends primarily on the 
color of that surface. Light colored surfaces ( a~0.45) absorb less sunlight and remain cooler 
than darker surfaces (a~0.90). Values for both light (a/ho = 0.15) and dark (alh0 = 0.30) 
surfaces are presented in Table 8-1. 

The values in this table are based on the above assumptions and on typical clear day solar 
inputs. The assumed daily variation in air temperature is shown in Column 2. The maxi
mum temperature of95°F occurs at 1500 hours (3:00pm), and the minimum temperature of 
74°F is assumed to occur at 0500 hours (5:00am). The daily range or difference between 
these extreme temperatures is assumed to be 21 °F. Sol-air temperatures can be adjusted to 
any other air temperature cycle by adding or subtracting the difference between the desired 
air temperature and the air temperature value given in Column 2. For example, if the local 
summer outdoor design temperature is 93°F instead of the 95°F maximum temperature 
used to develop the table, then all tabled values would be reduced by 2°F. Under this condi-

Table 8-1. Sol-Air Temperatures• 

'• • '• t o/1111.- r.I!Jl/60 

Air Air 
Temp. Ll&ht Colored SurfKe, ollt0 • 0.15 Temp. Dark Calllnll SurfKe, ollt • .. 1.30 

Time r,,•F N NE E SE s sw w NW HOR Time 10 , •r N NE E SE s sw w NW HOR 

I 76 76 76 76 76 76 76 76 76 69 I 76 76 76 76 76 76 76 76 76 69 

2 76 76 76 76 '76 76 76 76 76 69 2 76 76 76 76 76 76 76 76 76 69 

3 7S 7$ 7.5 7.5 75 75 7S 75 75 68 3 75 7S 75 75 7S 75 7.5 75 7.5 68 
4 74 74 74 74 74 74 74 74 74 67 4 74 74 74 74 74 74 74 74 74 67 

.'1 74 74 74 74 74 74 74 74 74 67 5 74 74 75 75 74 74 74 74 74 67 

6 74 80 93 95 84 76 76 76 76 72 6 74 as 112 liS 94 77 77 77 77 77 
7 1S 80 99 106 94 78 78 78 78 81 7 7S 84 124 136 113 81 81 81 81 94 

8 77 81 99 109 101 82 81 81 II 92 8 77 as 121 142 125 86 85 as as 114 

9 80 85 96 109 106 88 as as as 102 9 80 90 112 138 131 96 89 89 89 131 

10 83 88 91 105 107 95 88 88 88 Ill 10 83 94 100 127 131 107 94 94 94 145 

II 87 93 93 99 106 102 93 93 93 118 II 87 98 99 Ill 125 118 100 98 98 156 

12 90 96 96 96 102 106 102 96 96 122 12 90 101 101 102 114 123 114 102 101 162 

13 93 99 99 99 99 108 112 105 99 124 13 93 104 104 104 106 124 131 117 105 162 

14 94 99 99 99 99 106 118 116 102 122 14 94 105 105 105 105 118 142 138 Ill IS6 

IS 95 100 100 100 100 103 121 124 Ill 117 15 95 105 104 104 104 Ill 146 1.53 127 146 

16 94 98 98 98 98 99 118 126 116 109 16 94 102 102 102 102 103 142 1.59 138 131 

17 93 98 96 96 96 96 112 124 117 99 17 93 102 99 99 99 99 131 154 142 112 

18 91 97 93 93 93 93 101 112 110 89 18 91 102 94 94 94 94 Ill 132 129 94 

19 87 87 87 87 87 87 87 87 87 80 19 87 87 87 87 87 87 87 88 88 80 

20 as 8.5 85 as IS as 85 85 as 78 20 85 85 as 8.5 as as 85 .. , 85 78 

21 83 83 83 83 83 83 83 83 83 76 21 83 83 83 83 83 83 83 83 83 76 

22 81 81 81 81 81 81 81 81 81 74 22 81 81 81 81 81 81 81 81 81 74 

23 79 79 79 79 79 79 79 79 79 72 23 79 79 79 79 79 79 79 79 79 72 

24 77 77 77 77 77 77 77 77 77 70 24 77 77 77 77 77 77 77 77 77 70 

AYg. 13 16 88 !10 !10 17 !10 90 88 !10 AYI- 13 19 94 99 97 93 97 " 94 104 

Nr11.: Sol-lir temponllllel ore .:alculllled bued on IAII/11, 5 7"F for borizonlalllll'faceo and O'F for vatical ourr ..... 
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tion, the noon sol-air temperature for a north-facing wall would be 94 °F instead of the 96°F 
shown in the table. For other corrections to the sol-air temperature, refer to Chapter 28 of 
the ASHRAE Handbook-Fundamentals. 1 

8.2 CLTD for Roofs 

The CL TD for a roof will depend on the location of the mass relative to the insulation, the 
presence or absence of a suspended ceiling, and on the total R-factor and construction ma
terials used. Based on these parameters, Table 8-2 is used to translate typical roof construc
tions into a roof number from 1 to 14. Lower roof numbers typically represent roofs con
structed using low-mass materials and including low roof insulation packages. This roof 
number is then used to determine the CLTD for any hour of the day using Table 8-3. 

Table 8-2. RoofNumbers1 

MaD Suopeaded R-VIIIul, 
Locall011** Cellq h•jtJ•"J'/Bhl 

0105 
Sto 10 

Without 
IOto IS 
151020 
20102S 

MillS inside 2.~ to 30 
tbe inRJiaiJOR 0105 

!ito 10 

With 
IOto 15 
IS 10 20 
20to25 
2S to30 
OtoS 
Sto 10 

Without 
1010 IS 
IS 1020 
20to2S 

Mass evenly 2.~ 1030 
placed 010.5 

s 1010 

With 
1010 1!1 
IS 10 20 
20102S 
2510 30 
OIOS 
51010 

Without 
1010 IS 
1Sto20 
20 to 2.~ 

Mass outside 251030 
the inRJiation OtoS 

SIO 10 

With 
101015 
1Sto20 
20to25 
25 to30 

•Douma a JOOf lhal is not pouible with lhe e-n pora-. 

B7,Waad 
lin. 

I 
2 
2 
4 
4 

4 
s 
9 

10 
10 

• 

• 

• 

Cl:Z, BW Canerete Al,Steel Atllc·Celllni 
21a. Deck Comblutloa 

2 • 
2 • 
4 
4 
s 

• 
.5 • • 
8 

13 • • 
13 • • 
14 • • 

• 
2 I 

2 
2 

2 2 
2 4 

3 • 
• 

• 2 • 
2 • 
4 

• 
2 • 
3 • 
4 • 
s • 
s • 

3 
3 
4 • 
s • • 

• 
• 

••The 2 in. CQIICiele II coasideled mull .. and lhe Olbm .,.mouive. 
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Table 8-3. July CLTD for Calculating Cooling Loads1 

Roof 
Dour 

No. 1 2 3 4 5 6 7 • 9 10 11 12 13 14 15 16 17 11 1' lO 21 n 23 24 

I 0 -2 -4 -5 -6 -6 0 13 29 45 60 73 83 88 88 83 73 60 43 26 IS 9 s 2 

2 2 0 -2 -4 -s -6 -4 4 17 32 48 62 74 82 16 8.5 10 70 S6 39 2S IS 9 s 
3 12 8 s 2 0 -2 0 s 13 24 35 47 57 66 72 74 73 67 S9 48 38 30 23 17 

4 17 II 7 3 I -I -3 -3 0 7 17 29 42 S4 6S 73 77 78 74 67 56 45 34 24 

s 21 16 12 8 s 3 I 2 6 12 21 31 41 Sl 60 66 69 69 6.~ 59 Sl 42 34 27 

8 28 24 21 17 14 12 10 10 12 16 21 28 35 42 48 53 S6 57 56 52 48 43 38 33 

9 32 26 21 16 13 9 6 4 4 7 12 19 27 36 4.5 53 59 63 64 63 58 52 4S 38 

10 37 32 27 23 19 IS 12 10 9 10 12 17 23 30 37 44 so ss S1 58 56 52 47 42 

13 34 31 28 2S 22 20 18 16 16 17 20 24 28 33 38 42 46 48 49 48 46 44 40 37 

14 35 32 30 27 2S 23 21 20 19 20 22 24 28 32 36 39 42 44 4S 45 44 42 40 37 

Null:: I. Dinooti)I)IHcalion of dala M.-: 2. Adj..-10 lable dala 
• Dark slll'fKe • Oesip IOIIIpelllhlleS: Corr. C.. TO~ CLTD + (71-r,) + (1.,- 85) 
• lndoorr....,........of78"F ....... 
• Ourdoor mulmum ICIIIJIOnlhl"' or 95"1' wirh mean ICIIIplniUIII or B5"F IIIII dally 

.. ...,of21"F lr =- iMidatcmpel'lhlre and '• • meaa 011tdoor templnlhn 
• Solar ndiadoa lypical of clear dayoa 2111 ':l of 111011111 r., • muillllllll-dooriOIIIJIOI"IIIUI- (daily ....,.)12 
• Outlide alllface film raiilallee of 0.333 (h· · 'f)IBIU 
• With ,.. wilhouiiUIJIOIIIIod c:dlinc but no ceniDJ plenum air IliUm IYJICIIII • No odjullmeat ...... u ... .-r ... color 
• llllide lllllface .,.;, ...... or0.615 (b·fl2· 'f)IBiu • No ~ '"'""'vnended rat ....,illlion of liri)IICe above a c:dllna 

EXAMPLE 8-1 

Problem: A 2-in. heavyweight concrete roof has 2 in. of foam insulation (rated at R-5.4 
h·ft2·°F/Btu per in.) on the top side and a suspended ceiling below. Determine the appropri
ate roof number and the greatest hourly CL TD. 

Solution: The total R-value for the outside air film with a 7.5 mph wind (Table 4-3), insula
tion, concrete and inside air film is 0.25 + 2x5.4 + 0.2 + 0.92 = 12.2 h·ft2·°F/Btu. Because 
the mass is inside the insulation and a suspended ceiling is present, the roof number listed 
under the HW (heavyweight) concrete column (Table 8-2) is roof number 13. Entering 
Table 8-3 on the roof number 13 line, the greatest CL TD for this roof is 49°F, which occurs 
in hour 19 (7 pm). As a comparison on the thermal load effects of different construction 
methods, notice that if the same level of insulation had been applied to the inside of the 
concrete, the resulting roof number would be 4, and the maximum CL TD of 78°F would 
occur during hour 18. 

The assumptions used to calculate the CL TD values in Table 8-3 are listed in Note 1 under 
the table. There are two adjustments that can be made to the table data as noted in Note 2. If 
the inside temperature (Tr) or the mean outdoor temperature (Tm) vary from the assumed 
values of78°F and 85°F, respectively, then the CLTD can be corrected using the equation: 

Corr CLTD = CLTD + (78°F- Tr) + (Tm- 85°F) 

where the mean outdoor temperature (Tm) is given by summer outdoor design temperature 
minus half of the daily range. These values can be located in Figure 3-2 of Chapter 3. The 
tabled values were developed assuming a maximum outdoor temperature and a daily range 
of95°F and 21 °F, respectively. 
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EXAMPLE8-2 

Problem: The 0.4% cooling dry-bulb temperature for Boston, MA is given in Figure 3-2 as 
91 op with a mean daily range of 15.3 op. The indoor design temperature for the space is to 
be 75°F. Correct the CL TD value of 49°F found in the above example for this location. 

Solution: The mean outdoor temperature will be one-half of the daily range (8°F) below the 
high temperature, or 91-8 = 83°F. Thus, the 49°F CLTD in the above example would be 
corrected to: 

CLTD = CLTD + (78- T,) + (Tm- 85) = 49 + (78- 75) + (83- 85) 
= 49 + 3 + [-2] = 50°F 

Table 8-3 shows CL TD values for July at 40° north latitude. These values can be adjusted 
for other months and latitudes by adding the appropriate value presented in Table 8-4. For 
example, a horizontal roof located at 32°N in September would require a temperature ad
justment of -5°F and a corrected CL TD of 50-5 or 45°F. 

Experience has shown that this adjustment factor is reasonably consistent during summer 
months, but much less realistic for early and late hours during traditional non-cooling load 
months. Research efforts to develop an improved model are ongoing. Until new procedures 
are available, apply the results from the current procedure with caution in making your 
design calculations and plan to update your skills with any new procedure as soon as it 
becomes available. 

Also remember that the discussion in this section is focused on obtaining the correct CL TD 
for a specific roof. This is only the first step in the process of calculating the space cooling 
load. To obtain the heat gain through the roof, multiply this CL TD value by the appropriate 
U-factor for the roof and by the area calculated from the building plans or measured in the 
field. 
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8.3 CLTD for Walls 

A similar method is used to determine the CLTD for wall sections. The primary building 
material is selected from Table 8-5 based on the code number. Next, using Appendix B, 
select the correct wall type, depending on whether the mass is located inside the insulation, 
evenly distributed, or outside the insulation. A secondary material on the outside of the 
building is then selected. The three choices of stucco and/or plaster, steel or other light
weight siding, and face brick represent medium, light and heavy construction, respectively. 
(For some construction details, it will be difficult to judge which model is most appropriate. 
Just take your best estimate, and make a mental note to check your assumptions later.) Next, 
the total R-value for the wall section is again used to determine the appropriate wall num
ber. Finally, the wall number, hour of day, and facing direction are used in Appendix C to 
determine the correct CLTD. 

Table 8-5. Thermal Properties and Code Numbers of Layers 
Used in Wall and RoofDescriptions1 

Code Layer Thickness and Thermal Properties 

Number Description L k p Cp R Mass 

AI 1 in. Stucco 0.08 0.40 116 0.2 0.21 9.7 

A2 4 in. Face brick 0.33 0.77 125 0.22 0.43 41.7 

B7 1 in. Wood 0.08 0.07 37 0.6 1.20 3.1 

BIO 2 in. Wood 0.17 0.07 37 0.6 2.39 6.2 

B9 4 in. Wood 0.33 0.07 37 0.6 4.76 12.3 

Cl in. Clay tile 0.33 0.33 70 0.2 1.01 23.3 

C2 4 in Lightweight concrete block 0.33 0.22 38 0.2 1.51 12.7 

C3 4 in. Heavyweight concrete block 0.33 0.47 61 0.2 0.71 20.3 

C4 4 in. Common brick 0.33 0.42 120 0.2 0.79 40.0 

cs 4 in. Heavyweight concrete 0.33 1.00 140 0.2 0.33 46.7 

C6 8 in. Clay tile 0.67 0.33 70 0.2 2.00 46.7 

C7 8 in Lightweight concrete block 0.67 0.33 38 0.2 2.00 25.7 

C8 8 in Heavyweight concrete block 0.67 0.60 61 0.2 1.11 40.7 

C17 8 in. Lightweight concrete block (filled) 0.67 0.08 18 0.2 8.34 12.0 

CIS 8 in. Heavywight concrete block (filled) 0.67 0.34 53 0.2 1.96 35.4 

L =thickness; k =thermal conductivity, Btulh·ft·°F;p =density, lb/ft3 

cp =specific heat, Btu/lb·°F; R"" thermal resistance, °F·ft2·h1Btu; Mass= unit mass, lb/ft3 
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EXAMPLE8-3 

Problem: A north wall section consists of 4-in. face brick on the outside, 1 in. ofR = 5.4 
h·ft2·°F/Btu per in. insulation, and 4-in. heavyweight concrete block on the inside. Find the 
maximum CL TD and when it would occur. 

Solution: From Table 8-5, the primary wall material is C5 (concrete block) and the second
ary material is face brick. These two masses are evenly distributed on both sides of the 
insulation. The total R-value is 0.25 + 0.43 + 5.4 + 0.33 + 0.68 = 7.09 h·ft2·°F/Btu. From 
Appendix B, this construction would represent a type 16 wall. Referring to Appendix C for 
a type 16 north-facing wall, the maximum CL TD of 19°F would occur during hours 22 
through24. 

This value could again be adjusted for a different indoor temperature, different maximum 
outdoor temperature, and (with caution) for the latitude and time of year as outlined in the 
previous section on roofs. The details of this adjustment are given in Note 2 of Appendix C. 

For comparison purposes, let us also calculate the CL TD for the same materials in two 
different sequences. If the brick and block are both located outside the insulation, then 
Appendix B yields a type 12 wall, and Appendix C indicates a maximum CL TD of 19°F 
occurs during hours 21 and 22. However, if the brick and block are both located inside the 
insulation, then Appendix B yields a type 13 wall, and Appendix C indicates that a maxi
mum CL TD of 18°F occurs during hours 20 through 22. 

Quite often the maximum space cooling load occurs in the late afternoon due to sunlight 
streaming through the west-facing windows. Suppose you wanted to find the CL TD for 
these same two wall constructions, only west-facing at hour 14. The values for types 13 and 
16 walls at that hour are 15°F and 11 °F, respectively. The 4°F difference represents the 
interaction between the insulation and the thermal storage effect of the mass. 

For wall sections that are shaded throughout the day, use the CL TD listed for the north wall, 
where solar effects are minimal. For example, a high-rise office building with the lower 
floors on its south side shaded by buildings across the street would use the north CL TD for 
the lower floors and the south CL TD for the upper floors. 

As noted with the roofCLTD process above, to determine the actual cooling load, you must 
multiply the CL TD determined using this process by the net area of the wall and by the 
effective U-factor determined by the methods in Chapter 4. 
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8.4 Interior Partitions 

Interior partitions, floors and ceilings are relatively easy to include in the cooling load cal
culation. If both spaces are at the same controlled temperature, there is no cooling load 
between the two. However, if the spaces are at different temperatures, then use the formula: 

(8-1) 

The composite U-factors for the partition are determined from the data in Chapter 4. The 
area, A, is calculated from the drawings or field measurements, and the temperatures are the 
assigned space air temperatures. 

8.5 Sample Problem 

Problem: An existing small sales building consists of a front office maintained at 76°F in 
the 36x24 ft west portion, and a stockroom maintained at 82°F in the 36x36 ft east portion 
(see Figure 8-2). Both portions share a flat roof that consists of2 in. ofR-5.4 h·ft2·°F/Btu 
per in. insulation over 2 in. ofheavyweight concrete. The walls are 1 in. wood, 1 in. ofR-5.4 
h·ft2·°F/Btu per in. insulation, and 4 in. face brick on the outside. The structure is located in 
New Orleans. The interior partition wall between the office and stock room is 0.5 in. gyp
sum on both sides of3.5 in. studs. The roof is 10ft above the floor slab, with an 8-ft drop 
ceiling in the west portion only. The window areas are shown in Figure 8-2, and 34x80in. 
doors are located in both the west and the east ends of the building. Find the wall, partition, 
floor and roof heat gains at 3 pm (the 15th hour) in July. 

I 
4'x6' 

I 
8'x6' 

~ 
34"x80" 

I 
4'x6' 

L -

8'x6' 
--

24x36 
Office 

-

4'x6' 

8'x6' 4'x6' 

North 

36x36 
StockRoom 

Figure 8-2. Sample Building 

34"x80" 
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Solution: The first step is to divide the building into two zones (referred to here simply as 
West and East) which are maintained at the two different temperatures. Next, determine the 
net areas of the walls and roof for the structure as shown in the Table 8-6. The roofU-factor 

is determined from the total roofR-value using the data tables presented in Chapter 4: 

0.25 Outside air film for horizontal surface 

10.8 2in. insulationatR-5.4h·ft2·°F/Btu per in. 

0.15 2 in. heavyweight concrete, 150 lb/ft3 at R -0.075 h· ft2• °F /Btu per in. 

0.92 Inside air film for horizontal surface (non-reflective) 

12.12= TotalR-value U= 1 I Rr=0.083 Btulh·ft2·°F 

For the east zone, roof number 4 is selected from Table 8-2 for "Mass inside the insulation", 
"Without suspended ceiling" with C12 (heavyweight concrete) as the dominant mass and 

roofR-value between 10 and 15. Forthewestzonewhichhas a suspended ceiling, the same 
table indicates roof number 13 should be selected. From Table 8-3 for roof numbers 4 and 
13 at 3 pm (1500 hr), the tabled CLTD values are 65°F and 38°F, respectively. A quick 
check of Table 8-4 for latitude 32N indicates that a+ 1 °F temperature correction is needed in July 

for horizontal surfaces like roofs. Figure 3-2 indicates that for New Orleans (at International 
Airport), the 0.4% cooling dry-bulb temperature and mean daily range are 93°F and 15.5°F, 
respectively. These values along with the West and East room temperatures of76°F and 82°F, 

respectively, yield corrected CLIDs for the roof of: 

West CLTDCOIT = (38 + 1) + (78-76) + ([93- 16/2]- 85) = 38 + 2 + 0 = 41 °F 

East CLTDcorr = (65 + 1) + (78-82) + ([93- 16/2]- 85) = 65 + (-4) + 0 = 62°F 

Similarly the total R -value for the outside wall areas (see Figure 8-3) is also determined from the 

data in Chapter 4 and used to determine the wall U-factor: 

0.68 Inside air film (non-reflective) 

1.0 1 in. wood (assume Southern pine) 

5.4 1 in. insulationatR-5.4h·ft2·°F/Btuperin. 

0.43 4 in. face brick 

0.25 Outsideairfilm 

7.76 = TotalR-value U= 1/R=0.13 Btulh·ft2·°F 
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Table 8-6. Sample Problem Calculation Values 

Section Dimensions Net A CLTD CLTD U-factor Q=UA(CLTD) 

ft2 ('Thbled) (Corrected) Btulh·ft2·°F 

West Zone (76°F) CL'ID+20f' 
North 24x1().6x8-6x4 168 17+1 20 0.13 437 

Partition 36x10 360 6 032 691 
West 36x1().6x4-6x8-6x4-36x76/144 245 20 22 0.13 701 
South 24x1().6x8-6x4 168 31-3 30 0.13 655 
Roof 24x36 864 38+1 41 0.083 2940 

Floor 24+36+24LF 84 9 0.81 612 
TOTAL= 6036Btulh 

East Zone (82°F) CLTD-40f' 

North 36x10 360 17+1 14 0.13 655 
Partition 36x10 360 -6 032 -691 

East 36x10-36x76/144 341 38+1 35 0.13 1552 

South 36x10 360 31-3 24 0.13 1123 
Roof 36x36 1296 65+1 62 0.083 6669 
Floor 36+36+36LF 108 3 0.81 262 

TOTAL= 9570Btulh 

Figure 8-3. Outside Wall Area 
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The mass (brick) is located outside the wall insulation, so refer to Appendix B: 3. The principle 
wall material (face brick) is in columnA2, and the secondary material is lightweight siding (wood). 
Based on the calculated R -value of7. 76, we determine that this construction is modeled as a wall 
type 5. FromAppendix Cforwall type 5 at hour 15, we find the CLTD values for each wall 
facing. These tabled values must be corrected using Table 8-4 as shown in the first CLTD column 
ofT able 8-6. As with the roofCLTD, these values for the West and East zones must be adjusted 
+ 2°F and -4 °F, respectively, for the interior and ambient temperatures. The tabled and corrected 
values are shown in Table 8-6 for each wall facing. 

The floor slab actually contributes very little to the cooling load, because its avemge temperature is 
very close to the space air temperature. Using the method discussed in section 5 .4, calculate the 
exposed floor perimeters for the east and west zones as 108 ft and 84 ft, respectively. Assume a 
heat loss mte of0.81 Btulh per linear foot of exposed edge per °F difference between the indoor 
air temperature and the avemge outdoor air temperature (85°F). The calculations are summarized 
in Table 8-6. 

The interior cavity wall (see Figure 8-4) has an R -value as determined from Chapter 4 of: 

0.68 Jnsideairfilm 

0.32 0.5 in. gypsum (lightweight aggregate) 

1.01 3.5 in. air space (E = 0.82) 

0.32 0.5 in. gypsum (lightweight aggregate) 

0.68 Insideairfilm 

3.01 = TotalR-value U= 1 I R=0.33 (Btulh·ft2·°F) 

Notice that the thermal energy flow is from east to west, 
because the controlled temperature of the east zone is 
6°F warmer than the west zone. So, part of the cooling 
load for the east room is supplied by the west air-con
ditioning system and is transferred through this interior 
wall. Also remember in this example, we have only 
looked at the wall and roof areas. We did not consider 
the heat gains through the windows and doors, nor did 
we consider heat gains from ventilation, occupants and 
lights. These would have to be included to complete the 

Figure 8-4. Interior Wall Cavity heatgaincalculationforthisbuilding. Wewillleamhow 

1..::::======================:::=.1 to deal with those issues in the next chapter. 
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The Next Step 

In the next chapter, the heat gains through windows will be considered. Not only do win
dows contribute a conduction heat load similar to that of walls and roofs, but they also 
provide access to the space for a large, complex and continuously moving source of radiant 
energy: the sun. Although the sun moves across the sky in a very predictable manner, its 
intensity varies widely throughout the day due primarily to unpredictable clouds. Designers 
also use a wide range of methods to mitigate the effects of the sun's power. These can range 
from awnings on the outside of the window, to shades and blinds on the inside, to special 
surface treatments on the window glass itself. In the next chapter, you will learn how to 
model these various features and how to calculate the thermal effects of the solar energy 
that enters the space. 

Summary 

Chapter 8 focused on the heat gains through roofs, walls, floors and interior partitions using 
the concepts of both sol-air temperature and CL TD. The application of these skills was 
demonstrated in an example problem. After studying Chapter 8, you should able to: 

. • Estimate the sol-air temperature for a given application. 

• Apply correction factors to the CL TD for a given application. 

• Calculate the conduction heat transfer through a specified roof, wall or partition. 

Bibliography 
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Skill Development Exercises for Chapter 8 

Complete these questions by writing your answers on the worksheets at the back of this 
book. 

8-01. A building in Baltimore, MD, with identical dimensions as the above example has a 
different roofing detail and is rotated 90° counterclockwise (north becomes west). 
The new roof cross-section is a membrane roof on 2 in. ofR-5.4 h·ft2·°F/Btu per in. 
insulation, a steel deck, and 3.5 in. of fiberglass batts between the joists and without 
a suspended ceiling. Determine the appropriate roof number and heat gain through 
the roof at noon in July. 

8-02. The rotated building in Baltimore, MD, used in Exercise 8-01 also has a different 
wall detail, although the dimensions remain the same. The new wall cross-section 
includes (from the inside): 0.5 in. gypsum, 3.5 in. fiberglass between metal studs, 4 
in. heavyweight concrete block, 1 in. air space, and 4 in. face brick. Determine the 
appropriate wall type and heat gain through the walls in July at noon. 
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Chapter9 
Cooling Loads from Windows 

Contents of Chapter 9 

• Instructions 

• Study Objectives of Chapter 9 

• 9.1 Introduction 

• 9.2 Window Gains by Conduction 

• 9.3 Solar Heat Gains 

• 9.4 Internal and External Shading Devices 

• 9.5 Example Calculations 

• The Next Step 

• Summary 

• Bibliography 

• Skill Development Exercises for Chapter 9 

Instructions 

Read the material in Chapter 9. At the end of the chapter, complete the skill development 
exercises without consulting the text. Re-read parts of the text as needed to complete the 
exercises. 

Study Objectives of Chapter 9 

A sunny window offers aesthetic appeal to the occupant and a headache to the designer who 
must predict the effect the window will have on the cooling load. There are many variables 
that can affect that load. The quantity of sunlight reaching the window varies throughout the 
day, seasonally, and with the amount of cloud cover. Shade trees lose their leaves in the fall, 
grow taller each year, and eventually get cut down. Interior shading devices come in a wide 
variety of styles and colors, and often their use is at the unpredictable will of the occupant. 
More permanent features such as exterior overhangs block some of the solar gain. As shown 
in Figure 9-1, light shelves for day lighting will block solar gain on their lower side, but will 
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reflect more light (and heat) 
through the upper portion of 
the window. Even the win
dows themselves come in a 
wide array of types, framing 
materials and special treat
ments. And of course there is 
always the problem ofhowthe 
incoming solar energy inter
acts with the thermal mass of 
the structure. 

This chapter will teach you 
how to sort through all of these 
variables and to predict the 
cooling load component from 
windows. We will begin with 
a general discussion on the 
various types of windows Figure 9-1. Light Shelf 

commonly used today. Heat l...!::::::=====================================-.1 
gain through windows due to conduction will be presented first, because it is comparatively 
straightforward. You will learn how to determine the quantity of solar energy that is inci
dent on a window, what fraction of that typically enters the space, and how that solar gain 
interacts with the interior surfaces to create a space cooling load. Finally, you will learn 
how to estimate the effect of shading devices, both inside and outside. In the last section, 
you will apply all of these skills to estimate the cooling load from windows in a sample 
problem. 

After studying Chapter 9, you should be able to: 

• Explain how various design parameters affect the rate of heat transfer through a 
window. 

• Select appropriate design values (SHGC, SCL and U) for a given window. 

• Determine the shaded portion for a given window condition. 

• Estimate the cooling load for typical window applications. 
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9.1 Introduction 

When we calculated the winter heating load for windows, only the conduction through the 
window was considered, because the highest heating load occurs at night. But the maxi
mum cooling loads almost always occur during the day and are often driven by the solar 
gains coming through the windows. 

Three new terms must be defined that will be needed in our discussion of windows. The 
shading coefficient (SC) is the ratio of the solar heat gain through a glazing system under a 
specific set of conditions to the solar gain through a single pane of reference glass under the 
same conditions. To avoid the ambiguity associated with using a reference glass, this term 
is rapidly being replaced in the glazing industry by the solar heat gain coefficient (SHGC). 
The SHGC is the fraction of the total solar radiation (visible plus near-infrared) that passes 
through the glazing and becomes heat gain. Because 87% of the incident solar radiation 
passed through the reference glass, these two values are related through the expression: 

SC = SHGC = l.ls{SHGC) 
0.87 

(9-1) 

The third term is the visible transmittance (Vn, which is the fraction of the available vis
ible light as perceived by the human eye that is transmitted through a window system. In 
cooling situations, one design goal is to maximize the VT and minimize the SHGC. Be
cause the visible portion of the spectrum represents 38% of the solar spectrum, the best ratio 
ofVT to SHGC that can be accomplished is 1/0.38 or 2.6. This limit can be approached by 
using spectrally selective glazing. There are now commercially-available products with VT 
to SHGC ratios that exceed 2.0. Designers should look for a ratio of at least 1.0 and prefer
ably 1.3 or more when selecting window assemblies for commercial ~uildings. 

The radiant energy from the sun can be considered in three wavelength bands, as shown in 
Figure 9-2. Ultraviolet radiation (wavelengths less than 0.40 Jlm) represents less than 3% 
of the solar energy reaching windows. Because most of this energy is reflected back to the 
outside by glass, it can be ignored. The visible portion (0.4 to 0. 7 Jlm) represents about 38% 
of the sunlight reaching the window. Transmission of these wavelengths through the glass 
is desirable to provide daylighting and visibility. The remaining 59% of the solar energy is 
in the near-infrared (0.7 to 2.2 Jlm) part of the spectrum. Keeping this infrared energy from 
entering the space will reduce the cooling load, but letting that energy into the space in 
winter can reduce the heating cost. 
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Figure 9-2. Interactions Between Glazings and Solar Radiation 

There is a fourth band of wavelengths that plays a major role in heat transfer through win
dows. Long-wave infrared (5 to 15 J.lm) is emitted by objects at ambient temperatures. 
Glass is opaque to these wavelengths, creating what is commonly referred to as the green
house effect. Radiation at these wavelengths is absorbed by the glass, increasing its tem
perature relative to the air around it. The warm glass transfers this energy back to both the 
inside and the outside through a combination of convective and radiant methods. 

The quantity of radiant energy that gets reradiated can be reduced through the application of 
a chemical coating that has a low emissivity for long-wave infrared radiation. Typical val
ues for the emissivity of these surfaces range from 0.35 down to 0.05. Treating one side of 
the glass with a low emissivity (low-e) coating will minimize the rate at which long-wave 
infrared energy is transferred in that direction. Most of the radiant energy is released to the 
side away from the low-e coating. 

Another common practice is to tint the window glazing, a product commonly known as 
heat-absorbing glass. While this process has little affect on the U-factor, it does decrease 
the quantity of radiant energy that passes through the window by absorbing it. This ab
sorbed energy is then transferred by convection and radiation from both inside and outside 
surfaces. If only the outside glazing of a double- or triple-pane window is tinted, most of the 
absorbed energy is transferred to the outside of the building. 
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Several methods are available to improve the U-factor for windows. Multiple glazings pro

vide non-convecting dead-air spaces to decrease the U-factor. Double-, triple- and qua
druple-pane glazings are now commercially available. Because the middle glazings are 
protected by the outer panes, thin plastic films can be used. One or more of the glazing 

surfaces can be treated with a low-e coating. Increasing the spacing between the windows 
generally decreases the rate of conductive heat transfer, but raises the cost of the thicker 

framing. Inserting an inert gas such as argon or krypton between the glazings decreases the 
rate of conduction through a window. 

Another variable that can have a strong effect on the conductive heat transfer through a 

window is the size and type of framing used. Low cost windows use a metal frame, which 
can easily transfer heat around the edge of a thermopane window. Adding a thermal break 

within the frame decreases the rate of heat transfer. Using alternate materials such as wood 
and vinyl can also decrease the rate of heat transfer through the frame. 

Two additional factors that affect the rate of conductive heat transfer through windows are 

the orientation and operability. A skylight in a sloped roof will have a different rate of heat 
transfer than the same area and style mounted in a vertical wall. Permanently sealed win
dows are also slightly more energy efficient than operable windows, which must rely on 

movable seals to prevent air movement and infiltration. 

As a general rule, window manufacturers will be able to provide specific design values for 
their product lines. This chapter contains values on generic types of windows. While these 

values are useful during the initial phase of a design, always verify the assumed values with 
those of the specified materials as the project progresses and those values become known. 

9.2 Window Gains by Conduction 

The basic equation for calculating the rate of conductive heat gain through a window is 

identical to that used for roofs and walls: 

qconduction = UA( CLID) (9-2) 

The U-factors for typical window assemblies are given in Table 9-1. The "Glass Only" 
columns do not include losses around the perimeter, due to the framing, which can increase 
the effective U-factor significantly. There are four types of vertical windows and two types 

of sloped installation presented. Under each type of window are several framing methods, 
generally listed from highest U-factor to lowest U-factor for each type. For low-e applica
tions, the surfaces are numbered from the outside as shown in Figure 9-3. For example, 

surface 3 is the outside of the inside glass for a double-pane unit). 
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Table 9-1. U-Factors for Various Fenestration Products• 

Prodwct Type Gl88l Ollly OpeniJie (llu:ludin& ....... ud IWia&fal ..... dean) Fixed 

Ahualaam Alii.._ lelntorce4 AhallllaiiJn Alum~.- ....,.,_.. 
Frame Type Ceater ... without wllll \'ln)'l/ IIUUiated without .... Vinyl/ lnSlllated 

of of ~ 'l1lenul Alllmlmlm Wood/ FlbcrJ'us/ 'l'hcrmal 'l1lermal AJ....am Wood/ v-.;;. m GlalqType Glus Glul Jirak lnak 

SlnsJe Glalai 
I 1/llln. &Ius 1.01 /.04 1.27 1.08 
2 1/4 in. KJYiltlpo1yartJ 0.88 0.88 1.14 0.96 
3 l/8 ln. KJYiltlpo1yartJ 0.96 0.96 1.21 1.02 

llall'llle GJalnc 
4 l/4 in. lirsplre 0.55 0.61 0.87 o.6S 
s 1/2 bt. lllrspace 0.48 o.;g 0.81 0.60 
6 l/4 ln. qon space 0.51 0.6/ 0.84 0.61 
7 l/2 in. IIJOR space 0.45 0.57 0.79 0.58 

llall1lle GJuln& e • 0.60 OR ......._ 2 or 3 
8 l/41n. linpllce o.n 0.62 0.84 0.63 
9 1/2 ln. lirsplre 0.44 0.56 0.78 O.S7 

10 1/4 in. IIJim spa 0.47 0.58 0.81 O.S9 
II 1/2 ln. IIJOR spiCe 0.41 0.54 0.76 o.ss 

Dmallle Cllazlaa, e • 0.40 ot111111'11a Z or 3 
12 1/4 ln. airspaa: 0.49 0.60 0.82 0.61 
13 1/2 ln. lirsplre 0.40 0.54 0.7S 0.54 
14 1/4 ln. 11J0R spare 0.4J 0.56 0.78 O.S7 
IS 1/2 ln. IIJOR space 0.36 0.51 0.7l U.S2 

llall1lle G1azb11. e • UO oallllrf'aee Z or 3 
16 1/4 ln.llirsplce 0.45 0.57 0.79 0.58 
17 1/2 ln. alnplce 0.35 o.;o 0.71 0.51 
18 1/4 ln. IIJOR space OJB 0.52 0.74 0.53 
19 1/2 ln. 11J0R spa 0.30 0.46 0.67 0.47 

11a11•1e Gfaln&, • • 0.10 oanrr- Z or 3 
20 1/4 ln.llirsplce 0.42 o.;s 0.77 O.S6 
21 l/2 ln. llirspKe OJJ 0.48 0.69 0.49 
22 1/4 ln. IIJOR space O,J5 o.;o 0.71 U.S I 
23 1/2 in. IIJOR space 0.27 0.44 0.6S o.4S 

llallllle Cllazlaa, e • O.OS on ..tUe 2 or 3 
u 1!41n. alnplce 0.4/ 0.54 0.76 o.ss 
2S 1/2 in. linplc:e 0.30 0.46 0.67 0.47 
26 1/4 in. IIJOR spiCe 0.33 0.48 0.70 0.49 
27 1/2 bt. IIJIIR spa 0.25 0.42 0.63 0.44 

Triple G1az1at 
28 1!41n.llnplces 0.38 0.52 0.72 O.SI 
29 1/2 ln. lllnpltes 0.31 0.47 0.67 0.46 
30 1/4 ln. IIJOR ...- O,J4 D.49 0.69 0.48 
31 lflin. IIJOII...- 0.29 0.45 0.6S 0.44 

Triple Glafll& e • o.zo ot1 ....,._ 3,3.4, or S 
32 1/4 ln.llnplces 0.33 0.48 0.69 0.47 
33 1/2 ln. linpll:el 0.25 0.42 0.62 0.41 
34 l/4 ln. IIJOR spaces 0.28 0.45 0.65 0.44 
35 112 1n. arann spaces 0.2Z 0.40 0.60 0.39 

Triple GlaJaa, 1 • O.ZO oanrflcea Z or 31111114w S 
36 1/4 in.lirspll:m 0.29 0.45 

I 
0.65 0.44 

37 1/2 in. lirsplcel 0.211 0.31 0.58 0.38 
38 l/4 ln. IIJOR sp- 0.:13 D.41 0.61 0.10 
39 1/2 ln.IIJOR ...- 0.17 0,36 O.S6 0.36 

Triple GlaiiAt. e • 0.10 oa..rr-. Z or 3 ud 4 or S 
10 l/4 in. linpll:el 0.27 0.44 0.64 0.45 
41 1/2 in.linpll:el 0.18 D.37 O.S7 0.36 
42 1/4 ln. IIJOR sp- 0.2/ D.39 O.S9 0.39 
43 1/2 bt. IIJIRI spiCeS 0.14 0.34 O.S4 0.33 

Qtl ...... G1GJna, • • 0.10 onn"- 2 or 3 ud 4 or S 
44 1/4 ln. linpll:el 0.2Z 0.40 0.60 0.39 
4S 1/2 ln. lllrspaces 0.15 D.35 0.54 o.34 
46 1/4 ln. IIJIRIIpiCel 0.17 O,J6 O.S6 0.36 
47 112111. qon ...- 0.12 O,J2 O.S2 0.32 
48 1/4 ln. krypiOll spiCeS 0.12 D.32 0.52 0.31 

NoiiJr. 
I. All hellll'lnlllllas!clll cuellldenls In Ibis llble Include lllnl reslsllnces and 11111 hued 011 
w1n1er mndllinns trl 0'1' outdoor lllr tcalpenllllre 111d 70 "F Indoor lllr tempenwre, wllb IS 
mph IIUldoor U' velodly IIIII zero solar flux. Vlllh the extepdoa of single &Win& small 
cl!anps In lhe indt•ll' and ollldoor lempei'IIUI'a wlll1111t slplftandy affect owral u.tac. 
liM'S. 1be coellldenls are .,. venlcll pOOtlon except skyiJpl and skJped aluins values. 
wblciln r.w 20' from horizon~~~ wllb hell flow up. 

a.JWoud VInyl VInyl lreak lrak a.JWoud Vinyl 

0.90 
0.79 
u.ss 

0.57 
0.53 
0.55 
O.SI 

O.S5 
o.so 
o.sz 
0.48 

O.S3 
0.48 
o.so 
0.4S 

O.SI 
0.44 
0.46 
0.41 

0.49 
0.42 
0.44 
0.39 

0.48 
0.41 
0.43 
0.38 

0.44 
0.10 
0.42 
0.38 

0.41 
0.36 
0.38 
0.34 

0.38 
0.32 
034 
030 

0.37 
0.31 
0.33 
0.28 

0.34 
0.29 
0.30 
0.27 
0.27 

Cl.89 CI.BI 1.13 1.07 0.98 0.98 0.94 
0.78 0.71 0.99 0.91 0.84 0.84 0.81 
0.85 0.76 1.06 1.00 0.91 0.91 0.87 

0.55 0.49 0.69 0.63 0.56 O.S6 O.S3 
O.SI 0.44 0.64 0.57 o.so o.so 0.48 
0.53 0.46 0.66 0.59 0.53 O.S2 o.so 
0.49 0.43 0.61 0.54 0.48 0.48 0.4S 

0.53 0.47 0.67 0.60 0.54 O.S3 0.51 
0.48 0.42 0.60 O.S3 0.47 0.17 0.45 
o.so 0.44 0.63 O.S6 o.so 0.49 0.47 
0.46 0.10 O.S8 O.SI 0.4S 0.44 0.42 

O.SI o.4S 0.64 0.58 O.SI O.SI 0.49 
us 0.10 O.S7 o.so 0.44 0.44 0.41 
0.47 o.41 O.S9 O.S3 0.46 0.46 0.44 
0.43 0.37 O.S3 0.47 0.41 0.10 0.38 

0.49 0.43 0.61 0.54 0.48 0.48 0.4S 
o.42 0.36 0.53 0.46 0.10 0.39 0.37 
0.44 0.38 O.S5 0.48 D.42 0.42 0.10 
0.39 0.33 0.48 0.41 0.36 0.35 0.33 

0.47 0.41 O.S9 O.S2 0.46 0.45 0.43 
0.10 0.35 o.so 0.43 0.37 0.37 0.35 
0.42 0.36 O.S3 0.46 0.10 0.39 0.37 
0.37 6.31 0.46 0.39 0.33 0.33 0.31 

0.46 0.10 0.58 0.51 0.4S 0.44 0.42 
0.39 0.33 0.48 0.41 0.36 0.3S 0.33 
0.41 0.3S o.s1 0.44 0.38 0.38 0.36 
0.36 0.30 0.44 0.37 0.32 0.31 0.29 

0.43 0.38 0.55 0.48 0.42 0.41 0.10 
0.39 0.34 0.49 0.42 0.36 0.35 0.34 
Ml 0.3S O.SI 0.4S 0.39 0.38 0.36 
0.37 0.32 0.47 0.10 0.34 0.34 0.32 

0.10 0.3S o.so 0.44 0.38 0.37 0.36 
0.3S 0.30 0.43 0.37 0.31 0.30 0.29 
0.37 0.32 0.46 0.10 0.34 0.33 0.32 
0.33 0.28 0.41 0.34 0.29 0.28 0.27 

0.37 0.32 0.47 0.10 0.34 0.34 0.32 
0.31 0.27 0.39 0.33 0.27 0.26 o.zs 
0.33 0.29 0.42 0.3S 0.30 0.29 0.28 
0.29 0.25 0.37 0.30 0.25 0.24 0.23 

0.36 0.31 0.4S 0.39 033 0.32 6.31 
0.30 0.2S 0.37 0.31 o.zs 0.25 0.23 
0.32 0.27 0.10 0.34 0.28 0.27 0.26 
0.27 O.Z3 0.34 0.28 0.22 0.21 0.20 

0.33 0.28 0.41 0.34 0.29 0.28 0.27 
0.28 0.24 OJS 0.28 0.23 0.22 0.21 
0.29 D.2S D.37 0.30 0.2S 0.24 0.23 
0.26 O.Z2 0.32 0.26 0.20 0.20 0.19 
0.26 0.22 0.32 0.26 0.20 0.20 0.19 

2. Glazincllyer surfaces m nlllllbered from lhe tlllldnrto lhe lndnr. Douhle, triple IIIII qua· 
druple refer 10 lbe lllllllller of Jllzlns plllels. All dala 11'1 hlled oo 1/8 inch gllll. unless 
olberwise IIOifd. 1benllll mnductMIIes are: O.S3 Btu/(Mt· 'F) for glus. IIIII 0.11 
Btu/(h-11· 'F) iw aaylk: IIIII polyclllflona&e. 
3. Standard spacers 11'1 lllelal. Edge-of-glass eiFeds -..ned 10 extend over the 2 112 inch 
hind 11'11111111 perillleler of eiCh Jllzlns unilas In fl&ure 3. 
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Could be wood or metal 

Out In Out 

Double Pane Surface Numbers Triple Pane Surface Numbers 

Figure 9-3. Window Cross-Sections 

The area, A, used in this calculation is the gross area of the fenestration product, including 
the frame and the glazing. The CLTD for each hour of the day is given in Table 9-2. As with 
the roof and wall CL TDs discussed in Chapter 8, this value can be adjusted if the indoor 
temperature differs from 78°F, 
or if the outdoor daily average 
temperature is not equal to 
85°F. For more detailed discus-
sion on the assumptions made 
to obtain these U-factors, or 
how to determine the U-factors 
of other construction details, see 
Chapter 29 of the ASHRAE 
Handbook-Fundamentals. 1 

Table 9-2. CLTD for Conduction Through Glass1 

Solar Time, h CLTD,"F 

Ol(JO 
0200 0 
0300 -I 
0400 -2 
0500 -2 
0600 -2 
0700 -2 
0800 0 
0900 2 
1000 4 
1100 7 
1200 9 

Solar Time, h 

1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 

CLTD, "F 

12 
13 
14 
14 
13 
12 
10 
8 
6 
4 
3 
2 

C11rrrctinn.Y: The values in the table wen: calculated for an inside temperature of78"F 
and an outdoor maximum temperature of 9S"F with an outdoor daily range of 21 "F. 
The table remains appro1r.imately correct for other outdoor malr.imums93to 102"1' and 
other outdoor daily ranges 16 to 34"1', provided the outdoor daily average temperature 
remains appro~r.imately 8S"f. If the room air temperature is different trom 78"1' and/or 
the outdoor daily average temperarure is different from 85"1' see note 2. Table 32. 
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9.3 Solar Heat Gains 

Three values are required to estimate the space cooling loads due to solar radiation gains 
through windows. The gross window area A in square feet and the window orientation are 
the most easily obtained either from the drawings or through field measurements. 

The second required value is the fraction of the incident radiation that is actually transmit
ted through the glazing and enters a space, which is given by the SHGC. The third required 
value is the intensity of solar radiation intercepted by a surface in the given orientation. This 
value is a function oflatitude, month and time of day. The thermal storage of the space has 
also been incorporated into the determination of the value called Solar Cooling Load (SCL) 
in units ofBtulh·ft2• 

The methodology used here to estimate space cooling loads due to solar radiation gains 
through windows is a product of these three values as given by the equation: 

qrad =A(1.15·SHGCXSCL) (9-3) 

where, 

q rod = cooling load caused by solar radiation, Btu/h 
A = net glass area of fenestration, ft2 

SHGC = solar heat gain coefficient, for combination of fenestration and shading 
device 

SCL = solar cooling load, Btu/(h·ft2) 

The SHGC is a function of the incident angle and spectral properties such as low-e and 
tinted glass. Table 9-3 gives SHGC values for frequently used fenestrations. This value can 
be used to represent a wide range of glazing combinations from single glazing treated with 
solar-reflective films or coatings to double and triple glazing with low-emittance coatings 
and a range of incident angles. For example, if a 30% reflective film is added to a single
pane clear window in a fixed aluminum frame (ID 1 o ), then the resulting SHGC is about 
0.36. In other words, this window will admit to the space about 36% of the solar energy that 
would be incident on the glazing. 

To investigate the effects of both tinting and low-e coatings, let us examine the data for 
double strength (0.25 in.), double-pane windows in fixed aluminum frames. Table 9-3 indi
cates the SHGC values for clear uncoated glass (ID 5b ), green tinted outside and clear 
inside (Sf), and clear with a low-e coating on surface 3 (ID 17d) are 0.64, 0.43 and 0.59, 
respectively. Combining the low-e coating with the green tinting (ID 17h) results in a value 
for SHGC of0.39. The VT to SHGC ratio for all of these selections is greater than 1.0, so 
they would be acceptable selections. 
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Table 9-3. VT, SC aad SHGC at Normal Incidence 
for Single-Pane Glass and IDsulatin& Glass1 

Glllldal ,..._ GllrlflltSIIGC at Tetal WlalloW SBGC at TlltiiiWIMowVT•t ....................... ,...........,.._. ......... laddence 
m.. c.a.r c.a.r ...... .ua.lala Odlerl'..- All......._ 
Tltkll, Glaallla~ ....... 

IDIII. VT sc •• .... .. w .,.. (I)Bae) Opll'llllle ftltd Opll'llllle 1'111111 Openallle ftxed 

flltclllltN .......... 
Ia IIIlO. O.!JO 1.00 0.16 o.as 9.13 0.78 0.67 0.78 0.75 0.78 0.63 0.15 0.65 0.78 
lb 1140. 0.119 0.94 0.81 o.ao 0.71 0.73 0.62 0.73 0.71 0.74 0.60 0.71 0.65 0.78 
le Ill a- 0.61 o.ss 0.73 0.71 0.69 0.64 0.55 o.6.5 0.64 0.67 0.54 0.64 0.49 0..59 
lct114a- 0..55 0.73 6.62 o.EO 6.58 0..54 OMi 0..55 0..55 0..57 0.46 0.54 0.40 0.411 

Ieiiia-. 0.82 0.82 0.71 0.61 0.66 0.62 0.53 0.63 0.62 0.6.~ 0.53 0.62 0.60 0.71 
If 114a-. 0.74 0.61 0..511 0..56 0..54 0..51 0.44 0..52 0.51 0..53 0.43 O.SI 0.54 0.64 

ts 111 0n1r 6.62 0.82 0.70 6.61 0.66 0.61 0..53 0.63 0.61 0.64 0.52 0.61 0.45 0.54 
Ill 114 Gnlr 0.43 0.65 0..16 0.53 0..51 0.411 0.41 0.49 0.50 0..51 0.42 0.49 0.31 0.37 

li 114 8Jue8reen 0.75 0.72 0.62 0..59 0.57 0.54 0.46 0..55 0..55 0-~' 0.46 O.S4 O.S4 Q.6S 

..,.,..., Gilzlllc 
lj 114 SS0111CLRK 0.08 0.22 0.19 0.19 0.18 0.17 O.IS 0.17 0.18 0.11 O.IS 0.17 0.06 0.07 
lit 114 SSonCLR 14,. 0.14 o.29 0.25 o.2S 0.24 0.23 0.20 0.23 0.23 0.24 0.19 0.22 0.10 0.12 
II 114 SS 011 CLR ~ 0.20 0.36 0.31 0.30 0.30 0.21 0.24 0.28 0.28 0.29 0.24 0.27 0.15 0.17 

lm 114 SS oa ORN 14'llo 0.12 0.29 0.25 0.25 0.24 0.23 0.20 0.23 0.23 0.24 0.19 0.22 0.09 0.10 
Ia 114 n Gil CLR 20'llo 0.20 0.34 0.29 0.29 0.21 D.26 0.23 0.27 0.27 0.27 0.22 0.26 0.15 0.17 

Jo 114 n • CLR 30'llo 0.30 8.45 0.39 0.38 0.37 0.35 0.30 0.35 0.35 0.36 0.29 0.34 0.22 0.26 

IJwtliliJMIJIIIIIIIr Olar4ll6 
sa Ill CLR CLR 6.11 0.17 0.75 0.73 0.70 0.63 0.49 0.65 0.66 0.68 0.5!1 0.66 0..59 0.71 
5b 114 CLR CLR 0.78 0.81 0.70 0.61 0.65 0..51 D.4S 0.60 0.61 0.64 0.52 0.61 0..57 0.68 
Se Ill BltZ CLR 0.62 0.72 6.62 0..59 0.57 O.SI 0.39 0..53 0.55 0..57 0.46 O.S4 0.4!1 0..54 

Set 114 BltZ CLR 0.411 0..59 o.so 0.47 0.4!1 0.40 0.31 0.42 0.45 0.46 0.37 0.44 0.35 0.42 

5a Ill ORN CLR 0.74 0.70 0.60 0..57 o.ss 0.49 0.38 0..51 0..53 0..55 0.4.5 0..53 0.54 0.64 
5I 114 ORN CLR 0.66 0..54 0.47 0.44 0.42 0.38 6.30 0.40 0.42 0.43 0.35 0.41 0.48 0..57 

5& Ill OilY CLR 0..56 0.69 0..59 0.57 0.54 6.48 0.37 0.50 0..52 0..54 0.44 0..52 0.41 0.49 
511 114 OilY CLR 0.40 0-~· 0.44 0.42 0.40 0.35 0.28 0.38 0.39 0.41 0.33 0.39 0.29 0.35 

" 114 8LUGilN C'Llt 0.67 0-~ 0..50 0.47 0.45 0.40 0.32 0.43 0.4!1 0.46 0.37 0.44 0.49 0.!18 
5j 114 HI.P OllN C'Llt 0..59 0.46 0.39 0.37 0.35 0.31 8.25 0.33 0.35 0.36 0.29 0.34 0.43 0.51 

.,.,. ...... Olar4ll6 
5k 114 SS oa CLR K,CLR 6.07 0.15 0.13 0.13 0.12 0.12 0.10 0.12 0.13 0.13 0.10 0.12 0.05 0.06 
Sl 114 SS oa CLR 141lf, CLR 0.13 6.20 0.11 0.17 0.16 IUS 0.12 O.IS 0.17 0.16 0.13 O.IS 0.09 0.11 

Sm 1/4 SS 0111 CLR ~. CLR 0.11 0.26 0.22 0.21 6.21 0.19 0.16 0.19 0.21 0.21 0.17 0.20 0.13 0.16 
sa 114 SSoaOilN ,.,.,CLR 0.11 ll.ll 0.16 0.16 0.15 0.14 0.12 0.14 0.16 0.'16 0.13 0.14 0.08 0.10 
So 114 n oa CLR 2<1'1'. CLR 0.18 0.24 0.21 0.20 0.20 0.11 0.15 0.19 0.20 0.20 0.16 0.19 0.13 0.16 
5p 114 n 011 CLR 30'llo. CLR 0.27 0.33 0.29 0.28 0.27 0.25 0.20 o.2S 0.27 0.27 0.22 0.26 0.20 0.24 

,_... ...... Gilzilrlr,. =Ll -~ :z 
178 Ill L8 CLR 0.76 0.76 0.65 6.63 0.61 o.ss 0.43 0..57 0.57 0..59 0.48 0 . .57 0..5.5 0.66 
17b 114 LB CLR 0.73 0.70 0.60 0.58 0..56 O.SI 0.40 0..52 0 . .53 o.ss 0.45 0.!13 0.53 0.64 

,__,..., Gilzilrlr,. •Ll ... ~ J 
17e Ill CLRLB 0.76 0.81 0.70 0.61 0,65 O..S9 0.46 0.61 0.61 0.64 0..52 0.61 0.55 0.66 

174 114 CLR LB 0.73 0.75 0.65 0.63 0.60 0..54 0.42 0..56 0.57 0..59 0.411 0..57 0..53 0.64 

lle Ill BIZ LB 0.58 0.66 0 . .57 0.54 0.52 0.46 0.36 0.48 0.50 0..52 0.42 0..50 0.42 0..51 
l1f 114 BIZ LB 6.45 0..52 0.45 0.42 0.40 0.35 0.27 0.37 0.40 0.41 0.34 0.40 0.33 0.39 

17& Ill OllN LB 0.70 0.63 0..55 0.52 o.so 0.44 0.34 0.46 0.49 o.so 0.41 0.411 O.SI 0.61 

17b 114 OllN LB 0.61 0.48 0.42 0.39 0.37 0.33 0.25 0.35 0.38 6.39 0.32 0.37 0.44 0..53 

171 ill OilY LB 0..53 6.63 0..54 O.SI 0.49 0.43 0.33 0.46 0.48 o.so 0.40 0.47 0.38 0.46 

17j 114 OilY LB 0.37 0.46 0.39 0.36 0.34 0.31 0.24 0.33 0.35 0.36 0.29 0.34 0.27 0.32 

171t 114 BLOORN LB 0.62 O..S2 0.4!1 0.42 0.40 0.3S 0.27 0.37 0.40 0.41 0.34 0.40 0.45 0.54 
171 114 HI-PORN LB o.ss 0.40 0.34 0.31 0.29 0.26 0.20 0.28 0.31 0.32 0.26 0.30 0.40 0.411 

,__, ...... Gilzilrlr, •• G. IIIII ~ :z 
21alll LBCLR 0.7.5 0.62 0..54 O.S2 0.49 0.44 0.34 0.46 0.48 0..50 0.40 0.47 0..54 0.65 

:Zib 114 LBCLR 0.72 0.59 0 . .51 0.49 0.47 0.42 0.32 0.44 0.4!1 0.47 0.31 0.4S 0 . .52 0.63 
211 114 HI.POilN WILECLR D-17 0.36 0.31 0.30 0.29 0.26 0.21 0.27 0.28 0.29 0.24 0.27 0.41 0.50 

,_.. .... Cllilda.r. • ... 1 ... ~ J 
21c Ill CLR LB 0.7S 0.69 0.€0 0.58 0..56 0..51 0.41 0.53 0..53 o.ss 0.4.5 0.53 0..54 0.65 
2ld 114 CLR LB 0.72 0.66 0..56 0..54 0..52 0.47 0.38 0.49 o.so 0..51 0.42 0.49 0 . .52 0.63 

:Zfe Ill BltZLB 0.57 0.56 0.48 0.46 0.43 D.39 0.)1 0.41 &.43 0.44 0.36 0.42 0.41 o.so 
:Zif 114 BltZ LB 8.45 0.45 0.39 0.37 0.34 0.31 0.24 0.33 0.35 0.36 0.29 0.34 0.33 0.39 
21& Ill ORN LB 0.68 0..57 0.49 D.47 0.44 0.40 6.31 0.42 0.44 8.45 0.37 0.43 0.49 0..59 
2111 114 OllN LB 0.61 0.45 0.39 0.36 0.34 0.30 0.24 0.33 0.35 0.36 0.29 0.34 0.44 0..53 
211 Ill ORY LB 0.52 O.S3 0.46 0.44 0.41 0.37 0.29 0.39 0.41 0.42 0.34 0.41 0.38 0.4.5 
21j 114 OilY LB 0.37 0.40 6.3.5 0.33 0.31 0.28 0.22 0.29 0.32 0.33 0.26 0.31 0.27 0.32 
211t 114 BWORN LB 0.62 0.48 0.42 0.39 0.37 0.33 0.26 0.3.5 0.38 0.39 0.32 0.37 0.45 0.54 
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Table 9-3. VT, SC and SHGC at Normal Incidence 
for Single-Pane Glass and Insulating Glass (cont.) 

Glazing System 
GlaziD& SBGC at Total Window SBGC at 

Glass 
Specllled lnddeaee Aaa1ear Normallllddelu:e 

Center Center 
Nom. I Thlc:k, Glazln& Glazln& Bemis. Alwnillum OllterFrames 

lOin. VT sc o· 40" so• 60. 70" (DiffuH) Operable Fb:ed Operable Fb:ed 
IAw-e Dlnlbk Gltui11g, I ., 0.05 Dll Srufoec 2 

25a 1/8 LECLR "0:72 0.48 0.41 0.38 0.34 0.26 0.14 0.35 0.37 0.38 0.31 0.36 
25b 1/4 LE CLR 0.70 0.43 0.37 0.34 0.31 0.24 0.13 0.32 0.33 0.34 0.28 0.33 
25c 1/4 BRZ WILE CLR 0.42 0.30 0.26 0.24 0.22 0.18 0.10 0.23 0.24 0.24 0.20 0.23 
25d 1/4 GRN WILE CLR 0.60 0.35 0.30 0.28 0.25 0.20 0.11 0.26 0.28 0.28 0.23 0.27 
25e 1/4 GRY WILE CLR 0.35 0.27 0.24 0.22 0.20 0.16 0.10 0.20 0.22 0.23 0.18 0.21 
25f 1/4 BLUE WILE CLR 0.45 0.32 0.27 0.25 0.23 0.18 0.10 0.23 0.2.~ 0.25 0.21 0.24 
25g 1/4 Hl-P GRN WILE CLR 0.53 0.31 0.27 0.26 0.25 0.23 0.18 0.24 0.25 0.25 0.22 0.25 

Triple Gltulng 
29a 1/8 CLR CLR CLR 0.74 0.78 0.67 0.65 0.61 0.53 0.39 0.57 0.59 0.61 0.50 0.59 
29b 1/4 CLR CLR CLR 0.70 0.71 0.61 0.58 0.55 0.48 0.35 0.51 0.54 0.56 0.45 0.54 
29c 1/4 Hl-P GRN CLR CLR 0.53 0.39 0.34 0.31 0.29 0.25 0.19 0.27 0.31 0.32 0.26 0.30 

Trlpk Gltl:ing, c = 0.2 011 Sruface 2 
32a 1/8 LE CLR CLR 0.68 0.69 0.60 0.58 0.55 0.48 0.35 0.51 0.53 0.55 0.45 0.53 
32b 1/4 LE CLR CLR 0.64 0.62 0.53 0.50 0.47 0.41 0.30 0.44 0.47 0.49 0.39 0.47 

Triple Gltu;ing, • = 0.2 Dll Sruface S 0.00 
32c 1/8 CLR CLR LE 0.68 0.72 0.62 0.60 0.56 0.49 0.36 0.52 0.55 0.57 0.46 0.54 
32d 1/4 CLR CLR LE 0.64 0.65 0.56 0.53 0.50 0.44 0.32 0.47 o.so 0.51 0.42 0.49 

Triple Gltl:ing, e .. 0.1 011 SarfiiCI 2 and S 
40a 1/8 LE CLR LE 0.62 0.52 0.45 0.43 0.40 0.36 0.26 0.38 0.40 0.41 0.34 0.40 
40b 1/4 LE CLR LE 0.59 0.47 0.41 0.39 0.37 0.32 0.24 0.34 0.37 0.38 0.31 0.36 

Triple Glcing, • "' 0.05 011 Srufoec 2 111144 0.00 0.00 
40c 118 LE LE CLR 0.58 0.37 0.32 0.30 0.29 0.26 0.19 0.27 0.29 0.30 0.24 0.28 
40d 1/4 LE LE CLR 0.55 0.36 0.31 0.29 0.28 0.25 0.19 0.26 0.28 0.29 0.24 0.27 

Total Window VT at 
Normallnddeaee 

All Frames 

Operable Fixed 

0.52 0.63 
0.51 0.61 
0.31 0.37 
0.44 0.52 
0.25 0.30 
0.33 0.39 
0.38 0.46 

0.54 0.64 
0.51 0.61 
0.38 0.46 

0.49 0.59 
0.46 0.56 

0.00 
0.49 0.59 
0.46 0.56 

0.45 0.54 
0.43 0.51 

0.42 0.51 
0.40 0.48 

KI!Y: Low-e c:oalii!J with an emittance of 0.2 io a pyrolytic coatlns. Other low-e coat-
CLR "'clear, GRN • """"· GRY =gray, SS = stainleulllllel reflecdve coat- i•J• ano sputtered cOIIIiiiJI. 

iaa. Tl • titllllium lllflecliw c:oarins VT Is Visible TI'IUII!Dittaace, SC io Sbllding CoeflicieDL SHGC. Ia Solar Hear 
Reflective coatii!J decsriptors include ..,....., visible tno•mlttance u x'Jio. Gain Coeflici0111, IIDd HI!MJS is the hemispherical SHGC 
Hi-P GRN • hip perfonnonce _. dnteclglna, LE "' aJu8 with a low- 10 ..,.-.. mer to U-factors in Table 5 

emiasivlry coatiq with an emittance of~ • O.xx. SHGC at 90' is 0. 

The Solar Cooling Load (SCL) depends on a particular combination of conditions defining 
the space, or zone, under consideration. Extensive research has identified 14 design param-
eters that affect the rate at which sunlight streaming through a window is absorbed by a 
surface in the room, converted to sensible energy, and released into the air. A room with 
greater storage will generally have a smaller space cooling load for a longer period of time. 

To determine the most appropriate SCL table for a zone, refer to Tables 9-4a and 9-4b, 
where zone types (A, B, Cor D) are given as functions of some of the more dominant of the 
14 zone parameters known to affect how quickly entering solar energy is converted to the 
space cooling load. Based on the number of exposed walls, type of floor covering, partition 
type and presence of an inside shade, a zone type is selected from this table. Note that this 
table also indicates zone types for people and equipment, and for lights. These parameters 
will be used in the next chapter to determine the internal loads from those sources. The last 
two columns give a percentage error band between the measured value and the calculated 
value that can be expected when making the above assumptions. 

Chapter 9 Cooling Loads from Windows Fundamentals of Heating and Cooling Loads 
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Table 9-4a. Zone Types for Use With SCL 
and CLF Tables, Single-Story Buildingl 

Z..Panmeten• Z..l)pe Error Band 
No. 1!1oor G'- People aDd 

W.O. Coverlac Partlllaa Type lnsllleSWe Solar Equipment Ll&hta PIUB MIDUB 
lor2 Carpel Gypsum b A B B 9 2 
lor2 Carpel Concrete block b B c c 9 0 
lor2 Vinyl Gypsum Pull B c c 9 0 
I or2 Vinyl Gypsum Half to None c c c 16 0 
lor2 Vinyl Concrete block Pull c D D 8 0 
lor2 Vinyl Concrete block HalfloNone D D D 10 6 

3 Carpet Gypsum b A B B 9 2 
3 Carpel Concreleblock Full A B B 9 2 
3 Carpel COIICrele block Half to None B B B 9 0 
3 Vinyl Gypsum Full B c c 9 0 
3 Vinyl Gypsum Half to None c c c 16 0 
3 Vinyl Conmle block Pull B c c 9 0 
3 Vinyl Concrele block Half to None c c c 16 0 
4 Cupet Gypsum b A B B 6 3 
4 Vinyl Gypsum Pull B c c II 6 
4 Vinyl Gypsum Half to None c c c 19 -I 

0AIOIIIofJ4.-....,..,_.ilfiollydellnodinTihle20.Tiae11011bownlnlhillllbleW811 Lood(SCL~ 1bo"""'bandforU&hl•.,.. People and Equipmem is_..ollllliOiy JO'ilo. 
lllocledtoodlievelhominimum.,.,..bandobowninllleriaJMhandoolumnforSolarCooliOI "Tbe effect of inside slulde iiJIOIIi&ible in this cue. 

Table 9-4b. Zone Types for Use 
With CLF Tables, Interior Rooms2 

Zone Parameters• Zone Type 

Room CeUina Floor People and 
Locatioll Middle Floor Type Coverina Equipment Lights 

Single N/A N/A Carpet c B 
story N/A N/A Vinyl D c 

2.5 in. Concrete With Carpet D c 
Top 2.~ in. Concrete With Vinyl D D 
floor 2.5 in. Concrete Without b D B 

I in. Wood b b D B 
2.5 in. Concrete With Carpet D c 
2.5 in. Concrete b Vinyl D D 

Bottom 
2.5 in. Concrete Without Carpet D D floor 

I in. Wood b Carpet D c 
I in. Wood b Vinyl D D 

2.~ in. Concrete N/A Carpet D c 
Mid· 2.5 in. Concrete N/A Vinyl D D floor 

I in. Wood N/A b c B 
• A total of 14 zone parameters is fully defined in Table 20. Those nol shown in this 
table were selecled Jo achieve an error band of approximalely 10%. 

hThe effe•:t of this parameter is negligible in this case. 
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For each zone type defined above, the SCLs for sunlit glass at 40°N latitude and one month, 
July, are tabulated in Table 9-5. For each hour of the day and any given orientation, the solar 
flux through the window is given. For example, at noon on July 21, a south-facing zone type 
A window will transmit 97 Btulh·ft2, but a zone type B window will transmit 86 Btulh·ft2• In 
the second case, more of the solar energy is being stored in the building mass, shifting the 
space cooling rate to later in the day. Referring back to the first three lines of Table 9-4a, 
this difference might represent either a change in partition type (gypsum to concrete block) 
or floor covering (carpet to vinyl). Either change allows more of the radiant energy to be 

stored in the building mass. 

The Cooling and Heating Load Calculation Manual includes additional data for multi
story buildings and for other latitudes, months and zone types.3 Interpolation between lati
tudes can be performed with some loss of accuracy. Because northern windows are never 
directly exposed to the sun, values from that column can also be used for windows that are 
completely shaded. These solar gains come from diffuse and reflected sunlight that reaches 
the window even when it is shaded. Expect some loss of accuracy from using these values 
at latitudes lower than 24 °N. 

There is another table of values related to solar energy gain through windows that will be 
required in Chapter 12. The Solar Heat Gain Factor (SHGF) is similar to the SCL because it 
represents the rate of solar energy incident on the surface in units ofBtulh·ft2·°F. However, 
the SHGF represents the actual instantaneous solar flux and does not include any thermal 
storage effects incorporated into the determination of the SCL. Table 9-6 presents values 
for the SHGF at 40°N latitude, depending on month, time of day and orientation. Because 
the data are symmetrical around solar noon, notice that morning values are read from the 
top down, and the afternoon values are read from the bottom up. Values for other latitudes 
can be found in the ASHRA.E Handbook-Fundamentals. 1 

EXAMPLE9-1 

Problem: Compare the SHGF values in March at 40°N for a SE facing with values for a SW 
facing at solar times of 0800, 1100, 1400 and 1700. 

Solution: The values (in Btulh·ft2·°F) are determined from Table 9-6 as shown in the fol

lowing table: 

Hour 0800 

SE 

sw 
211 

16 

1100 1400 1700 

198 29 8 

77 229 135 
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Table 9-5. July Solar Cooling Load for Sunlit Glass, 40° North Latitude2 

Gla• Hour 
Face 1 2 

N 0 0 

NE 0 0 

B 0 0 

3 

0 

0 

0 

0 

0 

0 

5 

I 

2. 

2 

Z.e'l'JpeA 

Solar Time 
6 7 a ' ~ u n u u u u u 
2!1 27 28 32 3S 38 40 40 39 36 31 31 

8!1 129 134 112 7!1 5!1 48 44 40 37 32 26 

~ m lti 1~ ~ ~ ~ n ~ ~ n u 

18 

36 

18 

18 

1!1 20 :n 22 23 

12 6 3 I I 

7 3 2 

7 3 2 

SB 
s 

sw 
w 

NW 

Hor 

0 0 

0 0 
0 0 I 47 9!1 131 ISO ISO 131 97 63 49 41 34 27 18 7 3 2 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 0 

0 0 

0 0 
0 0 

0 0 

0 9 17 2.~ 41 64 8!1 97 96 84 63 42 31 20 8 4 2 

0 0 0 9 17 24 30 3!1 39 64 101 133 lSI IS2 133 93 3!1 17 8 4 

6 

s 

2 

3 0 

0 

0 0 

0 9 17 24 30 3!1 38 40 6!1 114 1.58 187 192 1!16 57 27 13 2 

I 0 9 17 24 30 3.5 38 40 40 SO 84 121 143 130 46 22 II 3 

2 0 24 69 120 169 211 241 257 259 24S 217 176 12.5 70 29 14 7 3 

GlaD 
Face 

N 

NB 
B 

SB 
s 

SW 

w 
NW 

Hor 

Hoar 
1 2 

2 2 

2 

2 2 
2 2 
2 2 

6 5 

H 6 

6 5 

8 6 

G.._ Hour 
Face 1 2 

N S S 

NE 7 6 

E 9 8 

SE 9 8 

s 7 7 

sw 14 12 

W 17 IS 

NW 12 II 

Hor 24 21 

3 

4 

s 
4 

s 

3 

4 

6 

8 

7 

6 

II 
13 

10 

19 

4 

3 

4 

3 

4 

4 

4 

s 
7 

6 

s 
10 

12 

9 

17 

5 

I 

2 
2 

2 

3 

2 

3 

5 

4 

6 

8 

6 

s 
9 

II 

8 

16 

Zoae'l'JpeB 

SoJuo Tillie 
6 7 1 ' u u n u u u u u u " 20 :n 22 23 24 

22 23 24 28 32 3!1 37 38 37 3!1 32 31 3!1 16 10 7 s 4 3 

3 3 

4 3 
73 109 116 101 73 !18 S2 48 4!1 41 36 30 23 13 9 6 S 

80 133 IS9 162 143 10.5 74 63 SS 48 41 34 2.5 IS 10 7 S 

40 81 112 IJI 134 122 96 69 S8 49 42 3.5 26 IS 10 8 6 4 3 

8 IS 21 36 56 74 86 87 79 63 46 37 27 16 II 8 6 4 3 

9 16 22 27 31 36 58 89 117 13.5 138 126 94 46 31 21 IS II 8 

9 16 22 27 31 3S 37 !19 101 139 166 173 147 66 43 30 21 IS II 

9 16 22 27 31 34 37 37 46 76 108 128 119 Sl 33 22 16 II 8 

22 60 104 147 18!1 214 233 239 232 212 180 137 90 S3 37 27 19 14 II 

Zlllle 1)pe c 
Salar Tillie 

6 7 I II ~ u n u u u u u u 111 20 21 

30 n 34 » 34 n 29 29 34 

49 47 ~ 43 40 36 31 2.5 

24 23 24 27 

7.5 106 107 88 61 

14 10 

16 13 

~ 130 ~ ~ rn ., 62 56 ~ ~ ~ n 30 20 17 

4S 82 107 121 121 107 82 S9 Sl 47 42 36 29 19 16 

12 18 23 36 S4 70 79 79 70 S4 40 33 26 16 13 

II 

1.5 

14 

12 

IS 21 U 29 33 36 57 86 110 124 125 II I 80 37 21 23 

17 22 27 31 34 36 37 S9 98 132 153 IS6 128 SO 3S 28 

14 20 2.~ 29 32 34 36 36 44 73 102 118 107 39 u 21 

34 68 107 144 175 199 212 215 207 189 160 123 83 53 44 38 

22 23 24 

7 6 6 
10 9 8 

13 12 II 

13 II 10 

10 9 8 

20 17 IS 

24 21 19 

17 IS 13 

34 30 27 

Glas Hour Solllr Time 
Face 1 2 3 4 5 6 7 8 9 10 U 12 13 14 15 16 17 II 1!1 20 21 22 23 24 

N 

NE 

E 

SE 

s 
SW 

w 
NW 

Hor 

N11te~t: 

7 6 6 6 

II 10 9 8 9 

IS 13 12 II II 

14 13 II 10 10 

II 10 9 8 7 

21 19 17 1.5 14 

2.~ 23 20 18 17 

18 16 IS 13 12 

37 33 30 27 24 

I. Val11e11Jein Blulh·n'. 

21 21 21 24 27 29 31 32 31 30 28 29 32 17 14 12 II 10 9 

63 87 90 n sa 49 48 46 44 42 39 35 29 22 19 17 1s 14 12 

70 107 123 124 110 8.5 6.5 60 .57 .53 48 43 37 29 25 22 20 18 16 

39 68 90 102 104 95 78 60 !IS .51 47 42 35 27 24 21 19 17 16 

12 17 21 32 46 S9 67 69 63 52 41 36 30 22 19 17 IS 14 12 

18 22 25 28 31 34 !II 74 94 106 109 100 78 4!1 37 33 29 26 23 

21 24 28 30 33 34 3!1 S3 84 112 130 13.5 116 S7 46 ~ 35 31 28 

17 21 24 27 30 32 33 34 41 64 87 101 94 42 33 29 25 22 20 

38 64 9.5 124 ISO 171 ISS 191 188 176 1.56 121 96 72 63 56 50 45 41 

3. Data oppli0110 2111 day of July. 
2. Apply dal8 ditoclly 10 llandard double llrODp &lass with no 

inside shade. 
4. For ocher typo~ of 11111 IIIII inlcmal shode, 1110 ahldin1 coefficienll u multiplier. See 

1011. For externally lhaded 11ass. 1110 nonll orieatadon. See text. 
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Table 9-6. Solar Irradianee and SHGF for W North Latitude1 

Jlila 111 132mn• n n' s s 1 s s "* !!!! 8 !_! !~ IJ Z41 154 JIIS ft4 Z11f 140 a 15 U IZ 12 12 U SS 11!!! 
,_ :l'H .. ,. 16 ~ I~ l9t W 146 Zll 146 Sl 17 16 16 16 16 1~ -
:1: 1 : :: : : ; Iii m m att !! 111 • ., :: : :: 1; l: 

M 7~ ~ ~ ~ 'I , ~ ; i =& iii ~ ~ ; 6~ 6~ 6~ ": 1'/110 =• m :u::::al!m.~::;:::: ::::: !! 21 21 :ll ; J4S 211 jl ~~ 20J 129 31 21 Zl Zl %1 21 143 l4lltl 

:1: E I = I ft ~ ~ ; m I : ~ ~ g ~ I = W = 
IWIIMY'IUfAU 1M 16 152 361 ~ 916 IMJ IllS aJ • 2S8 114 15 .., 1M 1M S! -=: JJ,140z;1611JSI62Z 8 I 8 8 8 I S..,l?'!! 

.,.. • 21 2Z ~ = = = :: ·= u ~ ~~ ~ lt ~ !~ .: IM .... 1111 zs zs f1 72 ; 2117 2Z9 216 171 9S Z9 zs zs zs 25 zs 116 •• 
nee JIIS • 311 311 .511 ,. lSI 198 215 197 •• 11 .511 28 28 • • 215 1!11111 

aJ.~mratr .: .: : : ..c ~ .= z = = : .n ~u ~n ~n ~n ~ 12011 
Apr !!! 8J !.! 4671 .I! 1!! 88 '16 52 II S S S S S S S S II 118111_ 

·- • .. ... ., 381 116 I4S 7S 16 14 14 14 14 14 14 14 61 ,_ 
- ZSZ ft 44 121 198 ft4 ft5 118 1M 41 2Z 21 21 21 Zl 21 21 IZS 16110 = !!1 27 Z9 .. 19S • !! !! JS6 15 Z9 27 f1 27 27 27 27 177 !!!! 

- 51 51 57 92 ' 152 - I'll 121 S6 32 51 51 51 31 41 %17 .._ 

:: 1 55 " 34 39 : ,; .. ::~::.:: ~ ~ u u um:: 
IIAIIIMY'IUI'AIS I~ : : ~ 957 IIISI "' 7112 488 Z96 l9t IS7 148 147 147 147 957 
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9.4 Internal and External Shading Devices 

Most windows have some type of internal shading to provide privacy and for aesthetic 
effects. These shading devices also give varying degrees of sun control. Typical SC values 
for insulating glass with venetian blinds or roller shades are given in Table 9-7. The SC 
depends on the type and color of the shading device and on the surface treatment of the 
glass. (Recall that the shading coefficient is equal to 1.15xSHGC.) Additional tables for 
single-glass and between-glass shading, as well as a variety of drape colors, weaves and 
yarns, can be found in Chapter 29 of the ASHRAE Handbook-Fundamentals.• 

The most effective way to reduce the solar load on fenestration is to intercept direct radia
tion from the sun before it reaches the glass. Windows that are fully shaded from the outside 
will reduce solar heat gain by as much as 80%. This shading can be provided by roof over
hangs, vertical and horizontal architectural projections, awnings, louvers or screens. 

To calculate the fraction of the window that is shaded at any given time, it is first necessary 
to determine the location of the shadow line caused by the external projection. This process 
requires some three dimensional geometry, two angles and some basic trigonometry. The 
geometry is shown in Figure 9-4, where both horizontal and vertical projections help shade 
the window from the sun. 

Table 9-7. Shading Coefficients• 

~ Solu 
l)pe~GJa. 'l'ldell-, o Ia. ~ 

a- 3132" O.B7to0.80 

Oear 1/410 112 0.80to0.71 
Clearpaaem 118 to 112 0.87100.79 
Heat-abllottliq paaem liB 
Tinted 3116,7m 0.74,0.71 

Heat-at.orlrinaf 3116, 114 0.46 
Heat-ablorbiDJ paaem 3116, 114 
Tinted 118,7132 O.s9,G.4.5 

Heat-abeodlln1 or paaem 0.44to0.30 
Heat-abac11bini 318 0.34 

Heat-absorbinJ or plltem 0.29100.1.5 
0.24 

Reflective COII1ed p111 S.C.s0.301 
s0.40 
=O.SO 
=0.60 

"Rellr to lllllllll'octll' H-for valua. 
•For W11ic:a1 bOnds wkh apoquo wbile IIIII bcip ....... Ia lbe tiabdy c:loled pooltlon. 
SC ir0.2511111 0.:19 when uoed wllb J)ul of0.71 to 0.10--.-. 

'Typicol rwsldolllllaiJ)ul tbiobeu. 
"FIDID Voa Dydt lllllltma (1982). far 45" opoa -'oa blinds, 35" 10llr iaddelco. 
IIIII 35" pn!llle oqle. 

0.74d 0.~ 0.81 0.39 0.44 
(0.63)" (0..58)" 

0..57 0.53 0.45 0.30 0.36 

0.54 0..52 0.40 0.28 0.32 

0.42 0.40 0.36 0.28 0.31 

0.2.5 0.23 
0.33 0.29 
0.42 0.38 
o.so 0.44 

•va11101 furcloood venedon blinds. Uoe lbele valuel aaly when _..taa lrauro
mued far IOIIr pia........,. (u oppoiOCI to day6pc uoe). 

'Rcren to .. , • ......,_"""....., tilllod hal-oblodllaa 11uo. 
•sc ,.,. J1uo wilb ao •bodlaa dnice. 

9: 15 

Fundalnentllls of Heating and CooUng Loads Chapter 9 Cooling Loads from W'uulows 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All rights reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



9: 16 

Left Vertical 
Projection 

Right Vertical 
Projection 

Figure 9-4. Projections and Profile Angles for Fenestration System 

The two angles locate the position of the sun relative to an imaginary line perpendicular to 
the plane of the glass. The horizontal profile angle, n, measures how far the sun is above the 
horizon at that time, date and latitude. The solar azimuth, y, measures the concurrent hori
zontal angle to the sun-earth plane relative to due south. To correct the solar azimuth for a 
non-south facing window, add the value from the table below to the given solar azimuth. 

Table 9-8. Solar Azimuth Correction Factors 

Cbientation ~ 

Surface Azimuth 180 
NE 

-135 
E 

-90 
SE 
-45 

s 
0.0 

sw w 
45 90 

~ 

135 

Chapter 9 Cooling Loads from Wbulows Fundamentals of Heating tlnd Cooling Lotlds 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All rights reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



These angles can be calculated for any given latitude, date, time and window direction. Table 9-9 
gives a sample data set for 40"N latitude. The horizontal profile angle is called altitude (ALl) is this 
table. Note that because of symmetry around solar noon and around the spring equinox (March 
21) and fall equinox (September 21 ), the table has been condensed, morning hours have a positive 
value and afternoon hours have a negative value. Also, remember that solar noon occurs at least 
one hour later than clock noon when daylight savings time is in effect. 

Table 9-9. Solar Position and Prorlle Angles for 40° North Latitude4 
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EXAMPLE9-2 

Problem: Find the horizontal profile angle and the solar azimuth angle for a vertical win
dow facing southwest at 4:00pm on July 21. 

Solution: First look up the orientation correction for southwest in Table 9-8 to find +45°. 
Next use Table 9-9 to determine values for the angles in July at 1600 hours (same as May at 
0800) as n = 35° and cp = -87° (negative in the afternoon and almost due west). Add the 
orientation correction to the latter value: y = -87 + 45 = -42°. The negative result indicates 
that the left side of the window will be shaded. 

Any azimuth angle greater than ±90° indicates that the sun is behind the window, and the 
glass is completely shaded. For the above example at 1000 hour, the given solar azimuth is 
cp = 61°. Adding 45° yields y = 106°, and the sun will not be shining on this southwestern 

window at that time. 

To calculate the shadow height (SH) produced by a horizontal projection such as a roof or 
recess, multiply the depth of the projection (PH) by the tangent of the horizontal profile 
angle, n, found in Table 9-9: 

Sn = Pn·tann 

Similarly, to calculate the shadow width (Sw) produced by a vertical projection such as a 
wing wall, multiply the depth of the projection (P v) by the absolute value of the tangent of 
the solar azimuth angle, y: 

Sw = Pvltanrl 
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EXAMPLE9-3 

Problem: Determine the effect that a 2 ft roof overhang would have on a window at the 
same conditions as in the previous example (facing southwest at 4:00pm on July 21). The 
sill of the window is 5 ft below the overhang, and the dimensions are 36 in. wide by 48 in. 
high, as shown in Figure 9-5. 

= 
0 

I 

~ 

_i_ L.....-----1 

~3'-0"1 

Figure 9-5. Window Geometry for Example 9-3 

Solution: We know from the previous problem that the horizontal profile angle n = 35°, 
and the horizontal projection (PH) is 2 ft. So the equation becomes: 

SH =PH ·tanCl=(2ft}·tan{35°}=2ft·(0.7}=1.4:ft=lft5in. 

Because the top of the window is 12 in. below the overhang, only the top 5 in. of the 
window glass are shaded, which is about 5/48 = 0.10 or 10% of the total area. In calculating 
the solar load for these conditions, assume that an area of 36 x 5 /144 = 1.25 ft2 is totally 
shaded(usingnorth window SCL), and the rest of the windowarea(36 x 43 /144=10.75 ft2) 

is exposed (using southwest SCL). 
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9.5 Example Calculations 

Learning to deal with all of these new variables, tables and charts can be very confusing. 
The first example will be presented in four segments; the second example will start with a 
totally integrated problem statement. In each case, however, we will need to determine the 
parameters of the glass (U0 , SHGC), the heat gain by conduction, the fraction that is exter
nally shaded and the solar cooling load. 

EXAMPLE 9-4.1 

Problem: A vertical window has double-pane glazing with a 0.5 in. air space between the 
two 0.25 in. thick glazings. The outside glazing is tinted gray. The aluminum frame has a 
thermal break and is fixed and insulated. Find the appropriate values for U0 , SHGC and VT. 
Calculate the ratio ofVT to SHGC. 

Solution: Referring to Table 9-1, Line 5 identifies the correct glazing type. Moving over to 
the "Aluminum with Thermal Break" column, under "Fixed," the table yields a value of Uo 
= 0.57 Btulh·ft2·°F. To determine the Solar Heat Gain Coefficient for this window, refer to 
Table 9-3, (ID 5h) where the value of SHGC = 0.41 appears under "Fixed Aluminum" 
frame. The VT listed in the last column is 0.35. The ratio VT I SHGC = 0.35 I 0.41 = 0.85 
indicates that this window would not be a good product for day lighting because it transmits 
more heat than light. The green glass in Line 5fhas a VT I SHGC = 0.57 I 0.43 = 1.33 and 
would have been a better choice for daylighting. 

EXAMPLE 9-4.2 

Problem: The window in Example 9-4.1 measures 4 ft high by 5 ft wide. The inside space 
temperature is 74°F, and the local outside design temperature is 96°F with a 16° outdoor 
daily range. Find the conductive heat gain through the glass at 11 am daylight savings time. 

Solution: Three values are required for this calculation of the equation: 

q = UOA(CLTD) 

The U0 = 0.57 Btulh·ft2·°F was determined in the previous step. The area in square feet is 
given by the window dimensions (A = 4 x 5 = 20 ft2). The cooling load temperature differ
ence is determined from Table 9-2 at the 1000 hour, because daylight savings time is one 
hour ahead of solar time. The tabled value (CLTD = 4°F) must be corrected for the given 
inside and outside design conditions as discussed in Chapter 8: 
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CLTDcorr = 4+(78-74)+([96-16/2)-85) 

=4+4+3 

=l1°F 

These values can now be substituted into the equation: 

q = UOA(CLTD) 

= (o.57Btulh·fe ·°FX20ft2 Xll °F) 

=125Btu/h 

EXAMPLE 9-4.3 

Problem: The window below faces east and is recessed 12 in. on all sides, with a 3 in. 
framing allowance. Find the horizontal profile angle, solar azimuth angle, and the areas of 
the shaded and unshaded glass at 11 am daylight savings time on July 21 at 40° north 
latitude. 

Solution: Table 9-9 gives the horizontal profile and solar azimuth angles for July at 1000 
hours (standard time) as 0 = 57° and+ = +61 o (positive in morning hours) respectively. Use 
Table 9-8 to find the angle correction for an east facing window is -90°, so the horizontal 
profile angle y is -29° (negative means the left side of the window is shaded). 

The shadow line for the horizontal overhang is given by: 

SH =PH ·tanO = (1 ft)tan57°= 1.5 ft 

Because the top 3 in. or 0.25 ft is framing, the top 1.25 ft of glass is shaded, or a net glass 
height of 4 - 1.25 = 2. 7 5 ft is exposed to the sun. 
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Part of the bottom of the glass is also shaded by the side. The shadow line for the vertical 
wall is given by: 

Sw = Pv ·ltanrl = {1 ft)·tan-29°= 0.6 ft 

Again the first 0.25 ft is framing, so a glass width of0.35 ft is shaded, leaving a net glass 
width of 5 - 0.35 = 4.65 ft is exposed to the sun. The net area exposed to the sun is therefore 
4.65 x 2.75 = 12.8 ft2 out of a possible 20 ft2• The shaded glass area is 7.2 ft2• 

EXAMPLE 9-4.4 

Problem: The interior space has two exposed walls, terrazzo floor and gypsum walls with 
minimum inside shading. Find the Solar Cooling Loads for both unshaded and shaded, and 
the solar load for this window at the given time, date, and latitude. 

Solution: Refer to Table 9-4a assuming vinyl flooring and "Half to None" inside shade to 
find zone type C. Next use Table 9-5 for zone type C at Solar Time = 10 and East glass 
facing to find the SCL = 124 Btulh·ft2• For the same conditions, a north or shaded glass has 
a SCL = 30 Btulh·ft2• The SHGC value was determined in the first example problem of this 
section. 

The solar load is given by the sum of the gain through the shaded and unshaded windows 
plus the conduction gain determined earlier: 

qshaded =A(l.15xSHGC)(SCL) = 7.2 ft2 {1.15x0.41)(30) 

qunshaded =A{l.15xSHGC)(SCL) = 12.8 ft2 (1.15x0.41)(124) 

qconduction = U0 A(CLTD) = {0.57 Btu/h·ft2·°F){20 ft2){11 °F) 

Total window gain (shaded + unshaded + conduction) 

EXAMPLE 9-5 

= 102 Btu/h. 

= 748 Btu/h. 

= 125 Btu/h. 

= 975 Btu/h. 

Problem: Consider a double-glazed window with a 0.5 in. air space between the two 0.25 
in. thick glazings and a low-e (E = 0.2) film on the inside surface of the outside glass. The 
insulated fiberglass/vinyl frame has operable insulated vinyl casements. The window di
mensions are 4 ft high by 8 ft wide. The inside space temperature is 80°F, and the local 
outside design temperature is 94°F with a 22°F outdoor daily range. 

The window faces southwest and is recessed 6 in. on all sides with a 4 in. framing allow
ance. The interior space has one exposed wall, carpet floor and concrete walls. Find the total 
heat gain through this window at 2 pm EDT on July 21 at 40° north latitude. 
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Solution: To determine the design parameters for the glazing, refer to line 17 on Table 9-1. 
For this style of operable metal frame, the Uo equals 0.36 Btulh·ft2·°F. To determine the 

SHGC for this glass, refer to Table 9-3 on line 17b, to fmd SHGC = 0.45. Note that for that 
window, VT = 0.53, and the VT/SHGC ratio of 1.2 means this window is a good selection. 

The CL TD from Table 9-2 at 1300 hour (which is 2 pm EDT corrected for daylight savings 

time) is 12°F, which must be corrected for the specified inside and outside conditions to: 

CLTDco" = 12+(7g-go}+([94-22/2]-g5} = 12-2-2 =gop 

The conduction gain can ~e determined by: 

qconductton = UA(CLTD) = 0.36 Btu/h·ft2 ·°F(32 ft2 )(gop) = 92 Btu/h 

The shading angles must be determined next. Table 9-9 gives the horizontal profile angle 
and the solar azimuth angle for July at 1300 hour as 66° and -37° (negative in afternoon) 

respectively. 

SH =PH ·tanO = (05 ft)tan66°= 1.1 ft 

The shade line is down about 13 in. from the top, but the first 4 in. (0.33 ft) is framing, so the 

exposed glass height is 4- (1.1-0.33) = 3.23 ft. 

Table 9-9 indicates a +45° correction for a southwest facing window, so the horizontal 
profile angle, y, is -37 + 45 = go 

Sw = Pvltanrl =(05 ft)·tan8°= 0.07 ft 

Because the shadow line falls on the framing under these conditions, no additional calcula
tions are required. The net unshaded area is 3.23 x g = 25.8 ft2, and the shaded area is 32-
25.8 = 6.2 ft2• 

The next step is to determine the correct SCL values. Refer to Table 9-4a to find a zone type 
B construction. Table 9-5 at hour 13 for southwest and north glass indicates 89 and 38 
Btulh·ft2, respectively. Combining these values with the SHGC determined earlier yields 

the total gains through this window: 

qshadsd = A(1.15xSHGC)(SCL) = 6.2 (1.15x0.45)(38) = 122 Btu/h 

qunshaded = A(1.15xSHGC)(SCL) = 25.8 (1.15x0.45)(89) = 1188 Btulh 

qconductton = UA(CLTD) = 0.36 Btulh·ft2·°F(32 ft2)(8°F) = 92 Btu/h 

Total window gain (conduction+ solar) = 1402 Btu/h 

In this second example, more window glass area is exposed, and the window gain is signifi
cantly higher. 
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The Next Step 

In the next chapter, we will complete our detailed look at cooling load calculations by 
considering internal loads such as people, lighting, appliances and equipment. Because the 

ventilation requirements are generally based on the building occupancy, the cooling load 

requirements due to ventilation and infiltration will also be discussed. The major new wrinkle 
that these elements add to the puzzle is the latent loads that are caused by moisture. Until 

now, all of the loads have only had a sensible load component. You will learn how to 
correctly account for these latent loads as part of your load calculation process. 

Summary 

After studying Chapter 9, you should be able to: 

• Explain how various design parameters affect the rate of heat transfer through a 

window. 

• Select appropriate design values (U0 , SHGC and VT) for a given window. 

• Determine the shaded portion for a given window condition. 

• Estimate the cooling load for typical window applications. 
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Skill Development Exercises for Chapter 9 

Complete these questions by writing your answers on the worksheets at the back of this 
book. 

9-01. For a fixed window in a vinyl frame with double glazing, 0.5 in. air space, and two 
0.25 in. panes of glass, determine the total window SHGC and VT for: bronze glass, 
low-e of 0.2 on surface 3; and high performance green, low-e of 0.2 on surface 3. 
Discuss which is better for reducing solar gain, and which is better for daylighting. 

9-02. Determine the solar cooling load at 10:00 am EDT in July through a southeast
facing retail store window (clear double 0.25 in. pane and 0.5 in. air space with fixed 
aluminum frame) that is 12 ft tall and 40 ft wide and has a continuous 6 ft overhang 
for weather protection located 12 in. above the window. Local latitude is 40°N. 

9-03. If the overhang in Exercise 9-02 was increased to 10 ft wide, explain how the solar 
heat gain would be affected throughout the day in July and again in January. Show 
your calculations. 

9-04. For a one-story carpeted office with gypsum walls and vertical blinds, determine the 
solar cooling load and conduction heat gain through a 10 ft wide by 6 ft high win
dow (clear double 0.25 in. pane and 0.5 in. air space with low-e of0.1 on surface 3) 
in July at 9 am, noon and 3 pm. The window faces south-southeast. 
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Instructions 

Read the material in Chapter 10. At the end of the chapter, complete the skill development 

exercises without consulting the text. Re-read parts of the text as needed to complete the 

exercises. 

Study Objectives of Chapter 10 

In this chapter, we will discuss the topic of internal gains, which are thermal sources con

tained within the space. When calculating the heating load, these sources could be ignored, 

because any thermal contribution that they made would help to reduce the demand on the 

heating plant. However, during the cooling season, these sources are often what drives the 
space cooling requirements. 

There are five basic types of sources that we will discuss: lighting, power, appliances, people 

and cooling system. The location, type and intensity of the lighting system will greatly 
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affect the significant heat contribution from this source. Electric motors operating within 
the conditioned space will also contribute heat to the space. These sources will be discussed 
in the power section. 

A variety of appliances, ranging from computers to refrigerators and process ovens, might 
be located within a space. These devices can produce sensible energy (which is the only 
type that we have dealt with so far), and also latent energy due to evaporative processes. 
Examples might include a steam table in a restaurant and the coffeepot in your office. People 
can also contribute both sensible and latent loads to the space. The thermal quantities will 
vary with the number and activity level of those present. Finally, internal heat gains can 
come from the cooling system itself. Heat gains into the cooling system ductwork and from 
the supply air fan of a draw-through AHU can contribute to the space cooling load and must 
be accounted for. 

After studying Chapter 10, you should be able to: 

• Calculate the sensible heat gain from lighting, power, appliances and people, 
given the design details of a space. 

• Calculate the latent heat gain from appliances and people, given the design de

tails of a space. 

• Compare the heat gain from three different lighting systems. 

• Propose some alternative methods to deal with a typical internal load source. 
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10.1 Lighting 

Only a small fraction of the electricity that enters a lighting device is converted to visible 
radiation. Typical conversion efficiencies range from about 1% for an incandescent light 
bulb to over 25% for a new high efficiency fixture. The remainder of the entering electricity 
is wasted as heat to the local environment through a combination of convective and radiant 
transfer. The convective losses contribute immediately to the space heat gain. The radiant 
losses (in the form of long wave radiation) must first be absorbed by the walls, floors and 
furniture, and only contribute to the space load when they are convectively released by 
these surfaces. Thus, the cooling system feels the thermal effect of the lighting system long 
after the lights have been switched off. 

The primary source of heat from lighting comes from the light-emitting elements (lamps), 
although additional heat may be generated from associated components in the light fixtures 
housing such as the ballast in fluorescent fixtures. 

At any time, the space cooling load from lighting can be estimated as: 

qe, = HGe,(CLF_,) (10-1) 

where, 

q 111 = cooling load from lighting, Btulh 

HG111 = 3.41 xWxF 111 xFsa =heat gain from lighting, Btu/h 

W = total lamp wattage 

F111 = lighting use factor 

F sa = lighting special allowance factor 

CLF111 = lighting cooling load factor 

The total lamp wattage is obtained from the ratings of all lamps installed, both for general 
illumination and for display use. The factor 3.41 converts the units from watts to Btu/h. The 
lighting use factor (F 111 ) is the ratio of the wattage actually in use at the time that the load 
estimate is being made to the total installed wattage. For commercial applications such as 
stores, the use factor would generally be unity. 

The special allowance factor (F sa) is used to account for conditions such as the ballast 
required by fluorescent fixtures. This value can be as high as 2.19 for a single 32-W lamp 
high-output fixture on a 277 V circuit. A value of 1.0 is recommended for 34-W T -8 lamps 
with electronic starters, and 1.2 for rapid start 40-W lamp fixtures with magnetic starters. 
This value can range in general applications from as low as 1.18 for two lamps at 277 V to 
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a high of 1.30 for one lamp at 118 V. Industrial fixtures (such as sodium lamps) may also 
have a special allowance factor varying from 1.04 to 1.37, depending on the manufacturer. 
These situations should be dealt with individually. 

The type of lighting fixture can also affect the fraction of lighting energy that enters the 
conditioned space. Ventilated and recessed fixtures transfer much of their heat to the ceiling 
plenum above the space. Manufacturer's data must be sought to determine the fraction of 
the total wattage that may be expected to enter the conditioned space directly (and subject to 
time lag effect). The remainder of the heat that is released to the plenum must be picked up 
by the return air or in some other appropriate manner. 

Some lighting fixtures are designed to allow return air to pass through the fixture into the 
ceiling plenum, thus minimizing the space cooling load and increasing the temperature of 
the return air. These "heat-to-return" fixtures send 40% to 60% of their total wattage di
rectly to the ceiling return. Unventilated fixtures usually direct only 15% to 25% to the 
plenum. 

The CLFe1 data used in the lighting equation above are given in Table 10-1. The zone type is 
the same one determined in Chapter 9 from Table 9-4. The fraction of the lighting energy 
that must be removed during any given hour depends on how many hours the lights are on 
each day and the number of hours it has been since the lights were first turned on that day. 
Notice in the first line (8 hours on) for zone type A, the value starts at 0.85 and increases as 
you move to the right, but drops dramatically from 0.98 to 0.13 after hour 8 when the lights 
are turned off, and continues to drop slowly for the remainder of the day. The effect of 
building mass storage can also be seen by moving from zone type A through zone type D 
for any given combination of hours (for example, the first hour when the lights are on for 8 
hours per day). 

There are a few exceptions to the above procedure. If the cooling system operates only 
during occupied hours, then the CLFe1 should be considered 1.0 instead of the tabled val
ues. If one portion of the lights operates on a different schedule of operation, then each 
portion should be treated separately. Finally, if the lights are left on continuously, then the 

CLFe1 is 1.0. 

Because the details of the lighting system are often poorly defined in the early stages of the 
design process, initial lighting allowances are typically made based on the floor area within 
the space. Values range from 0.5 to 4 W/ft2, depending on the application. Use the values 
from the local energy code for design. Code values tend to range from 1 to 2 W /ft2 for 
general uses (less for storage and corridors, more for retail). A conservative value of 1.5 
W /ft2 can be used for general office space. 
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Table 10-1. Cooling Load Factors for Lights1 

Llglata N-ller el llllun after upta 1'urHd On 

ODFur 1 a 3 4 s ' 7 • 9 11 u u u 14 15 16 11 11 u 2e 21 n n 24 

Zone1JpeA 
8 0.85 0.92 0.95 0.96 0.97 0.97 0.97 0.98 0.13 0.06 0.04 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

10 0.85 0.93 0.95 0.97 0.97 0.97 0.91 0.98 0.91 0.91 0.14 0.(17 0.04 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 
~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
1>1 0.86 0.93 0.96 0.97 0.91 0.98 0.~ 0.91 0.98 0.91 0.99 0.99 0.99 0.99 0.15 O.f17 0.05 0.03 0.03 0.03 0.02 0.02 O.D2 0.02 
16 0.87 0.94 0.96 0.97 0.98 0.98 0.98 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.?11 0.15 0.08 0.05 0.04 0.03 0.03 0.03 0.02 

Z..1JpeB 
8 0.7.5 O.BS 0.90 0.93 0.94 0.9.5 0.95 0.96 0.23 0.12 0.01 0.05 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.01 

10 0.7.5 0.86 0.91 0.93 0.94 0.95 0.95 0.96 0.96 0.97 0.24 0.13 0.08 0.06 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 
12 Q.76 0.86 0.91 0.93 0.9.5 0.9.5 0.96 0.96 0.97 0.97 0.97 0.97 0.24 0.14 0.09 0.(17 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 
14 0.76. 0.87 0.92. 0.94 0.95 0.96 0.96 0.97 0.97 0.97 0.97 0.91 0.98 0.98 0.2.5 0.14 0.09 0.(17 0.06 0.05 0.05 0.04 0.04 0.03 
16 0.77 0.88 0.92 0.95 0.96 0.96 0.97 0.97 0.97 0.98 0.98 0.98 0.91 0.98 0.91 0.99 0.2.5 0.15 0.10 0.(17 0.06 0.05 o.os 0.04 

ZOIIel)peC 
8 0.72 0.80 0.84 0.87 0.88 0.89 0.90 0.91 0.23 O.JS 0.1 I 0.09 0.01 O.f17 O.f17 0.06 0.05 0.05 0.05 0.04 0.04 0.03 0.03 0.03 

10 0.73 0.81 0.85 0.87 0.89 0.90 0.91 0.92 0.92 0.93 0.2.5 0.16 0.13 0.11 0.09 0.01 0.08 0.(17 0.06 0.06 0.05 o.os 0.04 0.04 
12 0.74 0.82 0.86 0.88 0.90 0.91 0.92 0.92 0.93 0.94 0.94 0.95 0.26 0.18 0.14 0.12 0.10 0.09 0.08 0.08 0.(17 0.06 0.06 0.05 
14 0.75 0.84 0.87 0.89 0.91 0.92 0.92 0.93 0.94 0.94 0.9.5 0.95 0.96 0.96 0.27 0.19 0.15 0.13 0.11 0.10 0.09 0.01 0.08 0.(17 
16 0.77 O.BS 0.89 0.91 0.92 0.93 0.93 0.94 0.95 0.95 0.95 0.96 0.96 0.97 0.97 0.97 0.28 0.20 0.16 0.13 0.12 0.11 0.10 0.09 

Zoae1JpeD 
8 0.66 0.72 0.76 0.79 0.81 0.83 0.85 0.86 0.25 0.20 0.17 0.1.5 0.13 0.12 0.11 0.10 0.09 0.08 0.(17 0.06 0.06 0.05 0.04 0.04 

10 0.68 0.74 0.77 0.80 0.82 0.84 0.86 0.87 0.88 0.90 0.28 0.23 0.19 0.17 0.15 0.14 0.12 0.11 0.10 0.09 0.08 0.07 0.06 0.06 
12 0.70 0.75 0.79 0.81 0.83 0.85 0.87 0.88 0.89 0.90 0.91 0.92 0.30 0.2.5 0.21 0.19 0.17 0.15 0.13 0.12 0.11 0.10 0.09 0.08 
14 0.72 0.77 0.81 0.83 0.85 0.86 0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.94 0.32 0.26 0.23 0.20 0.18 0.16 0.14 0.13 0.12 0.10 
16 0.7.5 0.80 0.83 0.8.5 0.87 0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.94 0.9.5 0.96 0.96 0.34 0.28 0.24 0.21 0.19 0.17 0.1.5 0.14 

Nutr. See Tobie 35 for zo10 !ypO. Data bued 011 a ndladoekonvocdWI fiaclion of 0.5910.41. 

10.2 Power 

The instantaneous heat gain from electric motors operating within the conditioned space is 

calculated as: 

qem = 2545(P / EM){CLF){FUM)(FIM} 

where, 

qem =heat equivalent of equipment operation, Btulh 

P = motor power rating, horsepower 

EM =motor efficiency, as decimal fraction<l.O 

CLF = Cooling Load Factor, see Table 10-2 

FUM = motor use factor, 1.0 or decimal fraction<1.0 

F IM = motor load factor, 1.0 or decimal fraction<1.0 

(10-2) 

The rated motor horsepower is multiplied by 2545 (to convert units to Btu/h) and then 
divided by the motor efficiency. Typical heat gains, motor efficiencies and related data for 
electric motors are given in Table 10-3. These values are generally derived from the lower 
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Table 10-2. Cooling Load Factors for People and Unhooded Equipment1 

Zou'I'JpeA 
2 0.75 0.88 0.18 0.08 0.04 0.02 O.ol 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00. 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.75 0.88 0.93 0.9S 0.22 0.10 o.os 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
6 0.75 0.88 0.93 0.95 0.97 0.97 0.2.3 0.11 0.06 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.75 0.88 0.93 0.9S 0.97 0.97 0.98 0.98 0.24 0.11 0.06 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01 O.oJ 0.00 0.00 0.00 0.00 

10 0.75 0.88 0.93 0.9S 0.97 0.97 0.98 0.98 0.99 0.99 0.24 0.12 0.07 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00 
12 0.75 0.88 0.93 0.96 0.97 0.98 0.98 0.98 0.99 0.99 0.99 0.99 0.25 0.12 0.07 0.04 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 
14 0.76 0.88 0.93 0.96 0.97 0.98 0.98 0.99 0.99 .0.99 0.99 0.99 1.00 1.00. 0.25 0.12 0.07 o.os 0.03 0.03 0.02 0.02 0.01 0.01 
16 0.76 0.89 0.94 0.96 0.97 0.98 0.98 0.99 0.99 0.99 0.99 0.99 1.00 1.00 1.00 1.00 0.25 0.12 0.07 0.05 0.03 0.03 0.02 0.02 
18 0.77 0.89 0.94 0.96 0.97 0.98 0.98 0.99 0.99 0.99 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25 0.12 0.07 0.0.5 0.03 0.03 

Zaae 'l'Jpe B 
2 0.65 0.74 0.16 0.11 0.08 0.06 0.05 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.65 0.75 0.81 0.8.5 0.24 0.17 0.13 0.10 0.07 0.06 0.04 0.03 ·0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
6 0.65 0.7.5 0.81 0.8.5 0.89 0.91 0.29 o.20 0.1.5 0.12 0.09 0.07 o.os 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00 
8 0.65 0.7.5 0.81 0.8.5 0.89 0.91 0.93 0.95 0.31 0.22 0.17 0.13 0.10 0.08 ii.D6 o.os 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01 

10 0.65 0.75 0.81 0.8.5 0.89 0.91 0.93 0.9S 0.96 0.97 0.33 0.24 0.18 0.14 0.11 0.08 0.06 o.os 0.04 0.03 0.02 0.02 0.01 0.01 
12 0.66 0.76 0.81 0.86 0.89 0.92 0.94 0.9S 0.96 0.97 0.98 0.98 0.34 0.24 0.19 0.14 0.11 0.08 0.06 0.05 0.04 0.03 0.02 0.02 
14 o.67 o.76 0.12 0.86 0.89 o.92 o.94 o.95 o.96 0.97 0.98 o.98 o.99 o.99 0.35 o.25 0.19 o.t5 0.11 o.09 o.07 ·o.os o.04 0.03 
16 0.69 0.78 0.83 0.87 0.90 0.92 0.94 0.9S 0.96 0.97 0.98 0.98 0.99 0.99 0.99 0.99 0.3.5 0.25 0.19 0.15 0.11 0.09 0.07 o.os 
18 0.71 0.80 0.8.~ 0.88 0.91 0.93 0.95 0.96 0.97 0.98 0.98 0.99 0.99 0.99 0.99 0.99 1.00 1.00 0.35 0.25 0.19 0.15 0.11 0.09 

ZoaeTypeC 
2 0.60 0.68 0.14 0.11 0.09 0.07 0.06 o.os 0.04 0.03 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
4 0.60 0.68 0.74 0.79 0.2.3 0.18 0.14 0.12 0.10 0.08 0.06 o.os 0.04 0.04 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 
6 o.6f o.69 o.74 o.79 o.83 o.86 0.21 0.22 0.18 0.15 0.12 0.10 o.oa o.07 o.06 o.os o.04 o.03 o.03 o.02 0.02 o.o1 o.o1 o.o1 
8 o.61 0.69 0.75 0.79 0.83 0.86 0.89 0.91 0.32 0.26 0.21 0.11 0.14 0.11 0.09 0.08 ·o.06 o.os 0.04 O.D4 0.03 0.02 0.02 0.02 

10 0.62 0.70 0.75 0.10 0.83 0.86 0.89 0.91 0.92 0.94 0.35 0.28 0.23 0.18 O.IS 0.12 0.10 O.OS 0.07 0.06 O.OS 0.04 0.03 0.03 
12 0.63 0.71 0.76 0.81 0.84 0.87 0.89 0.91 0.93 0.94 0.9.5 0.96 0.37 0.29 0.24 0.19 0.16 0.13 0.11 0.09 0.07 0.06 0.05 0.04 
14 0.65 0.72 0.77 0.82 0.8.5 0.88 0.90 0.92 0.93 0.94 0.95 0.96 0.97 0.97 0.38 0.30 0.25 0.20 0.17 0.14 0.11 0.09 0.08 0.06 
16 0.68 0.74 0.79 0.83 0.86 0.89 0.91 0.92 0.94 0.9.5 0.96 0.96 0.97 0.98 0.98 0.98 0.39 0.31 0.25 0.21 0.17 0.14 0.11 0.09 
18 0.72 0.78 0.82 0.8.5 0.88 0.90 0.92 0.93 0.94 0.9.5 0.96 0.97 0.97 0.98 0.98 0.99 0.99 0.99 0.39 0.31 0.26 0.21 0.17 0.14 

Zoae 'l'Jpe D 
2 0 . .59 0.67 0.13 0.09 0.08 0.06 o.os o.os 0.04 0.04 0.03 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 
4 0.60 0.67 0.72 0.76 0.20 0.16 0.13 0.11 0.10 0.08 0.07 0.06 o.os o.os 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.01 0.01 0.01 
6 0.61 0.68 0.73 0.77 0.80 0.83 0.26 0.20 0.17 0.1.5 0.13 0.11 0.09 0.08 0.07 0.06 o.os o.os 0.04 0.03 0.03 0.03 0.02 0.02 
8 0.62 0.69 0.74 0.77 0.80 0.83 0.85 0.87 0.30 0.24 0.20 0.17 0.15 0.13 0.11 0.10 0.08 0.07 0.06 0.05 0.05 0.04 0.04 0.03 

10 o.63 0.10 o.75 o.78 o.81 o.84 o.86 o.88 o.a9 o.91 0.33 0.21 0.22 o.l9 0.11 o.l4 0.12 0.11 o.09 o.oa o.07 o.06 o.o5 o.os 
12 0.65 0.71 0.76 0.79 0.82 0.84 0.87 0.88 0.90 0.91 0.92 0.93 0.35 0.29 0.24 0.21 0.18 0.16 0.13 0.12 0.10 0.09 0.08 0.07 
14 0.67 0.73 0.78 0.81 0.83 0.86 0.88 0.89 0.91 0.92 0.93 0.94 0.9S 0.95 0.37 0.30 0.25 0.22 0.19 0.16 0.14 0.12 0.11 0.09 
16 0.70 0.76 0.80 0.83 0.8.5 0.87 0.89 0.90 0.92 0.93 0.94 0.95 0.95 0.96 0.96 0.97 0.38 0.31 0.26 0.23 0.20 0.17 O.IS 0.13 
18 0.74 0.80 0.83 0.8.5 0.87 0.89 0.91 0.92 0.93 0.94 0.9S 0.95 0.96 0.97 0.97 0.97 0.98 0.98 0.39 0.32 0.27 0.2.3 0.20 0.17 

NUIT. See Tobie 35 t'Cir zo.lype. Dlla buld oo 1 ndiotlvolcoawclive 6utiol of0.71W.30. 

efficiencies reported by several manufacturers of open, drip-proof motors. Unless the 
manufacturer's technical literature indicates otherwise, the heat gain may be divided equally 
between radiant fractions (subject to time delay) and convective fractions (immediate) for 
subsequent cooling load calculations. 

The Cooling Load Factor (CLF) used here (Table 1 0-2) will also be associated later in this 
chapter with people and unhooded equipment. Similar to the lighting value, the CLF de
pends on the zone type, the total hours of occurrence per day, and the number ofhours since 

the motor was turned on. 

The motor use factor (FUM) may be applied when motor use is known to be intermittent with 
significant non-use during all hours of operation. Examples might include the drinking 
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fountain compressor motor 
that may only run half the Table 10-3. Heat Gain From Typical Electric Motors1 

time and the overhead door Location ol Motor and Driven 

motor that may only run a Equipment with Respeet to 
Conditioned Spaee:Or Airstream 

few minutes each day. 
Motor 

A B c 
Name- FuU Motor Motor Motor 

The motor load factor (F u) plate J..oi.d In, out, In, 
or Motor Driven Driven Driven 

is the fraction of the rated Rated Em· Equip- Equip- Equip-

load being delivered under 
Horse· Motor Nominal dency, meat In, meat In, meat out, 
power Type rpm .. Btulh Btulh . Btalh 

the conditions of the cooling 0.05 Shaded pole 1500 35 360 130 240 

load estimate. For example, 
0.08 Shaded pole 1500 35 580 200 380 
0.125 Shaded pole 1500 35 900 320 590 

just because a 1 0-hp motor 0.16 Shaded pole 1500 35 1160 400 760 
0.25 Split phase 1750 54 1180 640 540 

is installed does not always 0.33 Split phase 1750 56 1500 840 660 
0.50 Split phase 1750 60 2120 1270 850 

mean that it is running at full 0.75 3-Pbase 1750 72 2650 1900 740 

load. Often, processing 1 3-Pbase 1750 75 3390 2550 850 

1.5 3-Pbase 1750 77 4960 3820 1140 

equipment has its motors 2 3-Pbase 1750 79 6440 5090 1350 

3 3-Pbase 1750 81 9430 7640 1790 
running, but the process is s 3-Pbase 1750 82 15,500 12,700 2790 

idle. Under these conditions, 7.5 3-Pbase 1750 ·84 22,700 19,100 3640 

10 3-Pbase 1750 85 29,900 24,500 4490 

motors typically draw about 15 3-Pbase 1750 86 44,400 38,200 6210 

20 3-Pbase 1750 87 58,500 50,900 7610 
30% of their full load power. 25 3-Pbase 1750 88 72,300 63,600 8680 

30 3-Phase 1750 89 85,700 76,300 9440 

Equation 10-2 also assumes 40 3-Pbase 1750 89 114,000 102,000 12,600 

so 3-Phase 1750 89 143,000 127,000 15,700 

that both the motor and its 60 3-Phase 1750 "89 172,000 153,000 18,900 

75 3-Pbase 1750 90 212,000 191,000 21,200 
load are located in the con- 100 3-Pbase 1750 90 283,000 255,000 28,300 

ditioned space or within the 125 3-Pbase 1750 90 353,000 318,000 35,300 

150 3-Pbase 1750 91 420,000 382,000 37,800 

airstream. If the motor is 200 3-Phase 1750 91 569,000 509,000 50,300 

250 3-Pbase 1750 91 699,000 636,000 62,900 
outside the space or air-
stream, then: 

qem = 2545·P(FuuXFIM) (10-3) 

When the motor is inside the conditioned space or airstream, but the driven machine is 
outside, then: 

qem =2545-P{FuuXFLMXl.O-EM)/ EM (10-4) 

This last equation also applies to a fan or pump within the conditioned space that exhausts 
air or pumps fluid outside the space. The exhaust fan above the range in your home would 
be an example of this. 
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10.3 Appliances 

Appliance usage is one of the hardest areas of the cooling load estimate to get accurate 
values for. Not only is there wide variation among manufacturers in the energy consump
tion of similar equipment, but the daily operating schedule is often at the unpredictable 
whim of the user. Usually it is sufficient to identify all of the major contributors and then be 
conservative in estimating their heat gains. Remember that the energy for these appliances 
could come from electricity, natural gas or steam. To account for the sensible storage capac
ity of the structure, use the equation: 

q=SHG(CLF) (10-5) 

where the sensible heat gain (SHG) is given in the following tables, and the Cooling Load 
Factor (CLF) is given in Table 10-2 for unvented equipment, or in Table 10-4 for hooded 

equipment. 

Table 10-4. Cooling Load Factors for Hooded Equipment• 

Boonm---------------~---------~~~Nma~~~~~u.~_n_~~-~~m~pum~-t~~~·~Oa~~~~~~~~~~~~ 
Opentloa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 11 1!1 20 21 22 23 24 

ZolleTJpeA 
2 0.64 0.83 0.26 0.11 0.06 0.03 0.01 0.01 O.ol O.ol 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.64 0.83 D.!IO 0.!13 0.31 0.14 0.07 0.04 0.03 0.03 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
6 0.64 0.83 0.90 0.93 0.96 0.96 0.33 CU6 0.09 0.06 0.04 0.03 0.03 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.64 0.83 0.90 0.!13 0.96 0.96 0.97 0.97 0.34 0.16 0.09 0.06 0.04 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 

10 0.64 0.83 0.90 0.!13 0.96 0.96 0.97 0.97 0.99 0.99 0.34 0.17 0.10 0.06 0.04 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.00 
12 0.64 0.83 0.90 0.94 0.96 0.97 0.97 0.97 0.99 0.99 0.99 0.99 0.36 0.17 0.10 0.06 0.04 0.03 0.03 0.03 0.01 0.01 0.01 0.01 
14 0.66 0.83 0.90 0.94 0.96 0.97 0.97 0.99 0.99 0.99 0.99 0.99 1.00 1.00 0.~6 0.17 0.10 0.07 0.04 0.04 0.03 0.03 0.03 0.01 
16 0.66 0.14 0.91 0.94 0.96 0.97 0.97 0.99 0.99 0.99 0.99 0.99 1.00 1.00 1.00 1.00 0.36 0.17 0.10 0.07 0.04 0.04 0.04 0.03 
18 0.67 0.14 0.91 0.94 0.96 0.97 0,97 0.99 0.99 0.99 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.36 0.17 0.10 0.08 0.07 Oll4 

ZaaeTJpeB 
2 o.so 0.63 0.23 0.16 0.11 0.09 0.07 Q.06 0.04 0.03 0.03 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 O.SO 0.64 0.73 0.79 0.34 O.:M 0.19 0.14 0.10 0.09 0.06 0.04 0.04 0.03 0.03 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
6 0.50 0.64 0.73 0.79 0.84 0.87 0.41 0.29 0.21 0.17 0.13 0.10 0.07 0.06 0.04 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.00 
8 O.SO 0.64 0.73 0.79 0.84 0.87 0.90 0.93 0.44 0.31 O.:M 0.19 0.14 0.11 0.09 0.07 0.06 0.04 0.03 0.03 0.01 0.01 0.01 0.01 

10 0.50 0.64 0.73 0.79 0.14 0.87 0.90 0.!13 0.94 0.96 0.47 0.34 0.2.6 0.20 0.16 0.11 0.09 0.07 0.06 0.04 0.03 0.03 0.03 0.01 
12 o.s1 o.66 o.73 o.80 o.84 o.89 o.91 ·o.93 o.94 o.96 0.97 o.97 o.49 o.34 0.21 0.20 0.16 0.11 o.09 o.07 o.06 o.os o.04 o.o3 
14 0.53 0.66 0.74 0.80 0.14 0.89 0.91 0.93 0.94 0.96. 0.97 0.97 0.99 0.99 0.50 0.36 0.2.7 0.2.1 0.16 0.13 0.10 0.08 0.07 0:06 
16 o.56 o.69 o.76 o.81 o.B6 o.89 o.91 o.93 o.94 o.96 o.97 o.97 o.99 o.99 o.99 o.99 o.so o.36 o:n o.21 o.l6 o.l4 o.13 o.1o 
18 o.S9 0.11 0.79 0.83 o.87 o.90 0.!13 0.94 o.96 0.97 o.97 o.99 0.99 o.99 o.99 0.99 1.00 1.00 o.so 0.36 o:n o.23 0.21 0.16 

ZolleTJpeC 
2. 0.43 0.54 0.20 0.16 0.13 0.10 0.09 0.07 0.06 0.04 0.04 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
4 0.43 O.S4 0.63 0.70 ll.33 0.26 0.2.0 0.17 0.14 0.11 0.09 0.07 0.06 0.06 0.04 0.03 0.03 .0.03 0.01 0.01 0.01 0.01 0.01 0.01 
6 o.44 0.56 0.63 o.70 0.76 ·o.80 0.40 ·o.31 0.26 0.21 o.n o:14 0.11 0.10 0.09 o.07 0.06 o.04 o.04 o.03 0.03 0.02 o.o1 0.01 
8 0.44· 0.56 0.64 0.70 0.76 0.80 0.14 0.87 Q.46 0.37 0.30 O.:M 0.2.0 0.16 0.13 0.11 0.09 0.07 0.06 0.06 0.04 0.03 0.03 0.03 

10 0.46 0.57 0.64 0.71 0.76 0.80 0.14 0.87 0.89 Ml o.so 0.40 0.33 0.2.6 0.21 0.11 0.14 0.11 0.10 0.09 0.07. 0.06 0.06 0.04 
12 0.47 0.59 0.66 0.73 0.77 0.81 0.14 0.87 0.90 0.91 0.93 0.94 0.53 0.41 0.34 0.2.7 0.23 0.19 0.16 0.13 0.10 O.D9 0.09 O.D7 
14 O.SO 0.60 0.67 0.74 0.79 0.83 0.86 0.89 0.90 0.91 0.93 0.94 0.96 0.96 0.54 0.43 0.36 0.2.9 O.:M 0.20 0.16 0.14 0.13 0.11 
~ ~~~~~~~~~·~~~~~~~~~~~~~~~ 
~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

. Zolle Type D 
2 0.41 0.53 0.19 0.13 0.11 0.09 0.07 0.07 0.06 0.06 0.04 0.04 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
4 0.43 O.S3 0.60 0.66 0.2.9 0.23 0.19 0.16 0.14 0.11 0.10 0.09 0.07 0.07 0.06 0.04 0.04 0.04 0.03 0.03 0.03 0.02 0.01 0.01 
6 0.44 0.54 0.61 0.67 0.71 0.76 0.37 0.29 0.24 0.21 0.19 0.16 0.13 0.11 0.10 0.09 0.07 0.07 0.06 0.04 0.04 0.04 0.04 0.03 
8 0.46 0.56 0.63 0.67 0.71 0.76 0.79 0.81 0.43 0.34 0.29 0.24 0.21 0.19 0.16 0.14 0.1 I 0.10 0.09 0.07 0.07 0.06 0.06 0.06 

10 0.47 Q.S7 0.64 0.69 0.73 0.77 0.80 0.83 0.84 0.87 0.47 0.39 0.31 0.2.7 0.24 0.2.0 0.17 0.16 0.13 0.11 0.10 0.09 0.09 0.07 
12 0.50 0.59 0.66 0.70 0.74 0.77 0.81 0.83 0.86 0.87 0.89 0.90 0.50 0.41 0.34 0.30 0.26 .0.23 0.1!1 0.17 0.14 0.13 0.13 0.11 
14 0.53 0.61 0.69 0.73 0.76 0.80 0.83 0.84 0.87 0.89 0.90 0.91 0.93 0.93 0.53 0.43 0.36 0.31 0.2.7 0.23 0.20 0.18 0.17 0.16 
16 O.S7 0.66 0.71 0.76 0.79 0.81 0.14 0.86 0.89 0.90 0.91 0.93 0.!13 0.94 0.94 0.96 0.54 0.44 0.37 0.33 0.29 0.26 0.24 0.21 
18 0.63 0.71 0.76 0.79 0.81 0.14 0.87 0.89 0.90 0.91 0.93 0.93 0.94 0.96 0.96 0.96 0.97 0.97 0.56 0.46 0.39 0.3.5 0.33 0.29 

Now: See Table 35 ror ..,...,.,.. Data buocl oaa nodlllliwicoa...ci"' fnclioa of 1.00 
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Types of sources that must be considered usually vary with the application. Here we will 
briefly consider sources common to offices, medical and laboratory facilities, and food 

preparation areas. 

Office appliances. A list of typical office equipment and their heat gains is shown in Table 
1 0-5a. Modem offices with a computer display terminal at each workstation can have a 

connected load of up to 15 Btulh·ft2• Older offices required only 3 to 4 Btulh·ft2 in the 
general offices, with somewhat higher usage in the purchasing and accounting areas. How
ever, newer computers and printers power down during periods of non-use to only a frac

tion of their rated load, as shown in Table 10-5b. The measured total power consumption is 
significantly less than the nameplate rating or the corresponding values given in Table 1 0-5a. 
Because this field is changing so rapidly, computer manufacturers should be asked to pro

vide data pertaining to their individual components whenever possible. 

Medical and laboratory equipment. Table 10-6 shows heat gain values for various hospital 
and laboratory equipment. Commonly, heat gain from such equipment in a laboratory ranges 

from 15 to 70 Btulh·ft2• Care must be taken in evaluating the probability and duration of 
simultaneous usage when many components are concentrated in one area, such as in a labo

ratory or operating room. Laboratories with vent hoods require special considerations that 

are beyond the scope of this course. 

Food preparation. Table 10-7 shows input rating and recommended heat gain values for 

selected restaurant equipment. Notice that both sensible and latent values are presented in 
the "Without Hood" columns. The data in the "With Hood" columns assume installation 

under a properly designed exhaust hood connected to a mechanical fan exhaust system. It is 
assumed the vent hood removes all of the generated moisture and most of the non-radiant 

sensible heat. 
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Table 10-Sa. Heat Gain From Office Equipment1 

.....,_IDJR1t Studby IDJRil llecommeaded Rate 
Applluce Size RatiJia, Btalb Ratbl&. Btulla of Beat Gala, Btalb 

Check proceai111 wo""-ion 12 poc:kels 16400 8410 8410 
Campulel'dlftllces 

Card JRIDcher 27301o6140 22001o4800 22001o4800 
Cant-. mo 5200 5200 
CommunicaliOIIftnlnlmiuicm 6140 lo 15700 5600109600 S600ro9600 
Disk drlveslmau stonp 341010 34100 341210 22420 341210 22420 
Mapetlc ink n:ader 3280 lo 16000 2600 to 14400 2600 10 14400 
Microcomputer 1610 640 Kbyte" 340102050 300to 1800 300101800 
Mia.icmnputer 7500 lo 15000 7500to 15000 7500 to 15000 
Optical reader 1024010 20470 8000 to 17000 8000 10 17000 
Plotten '256 '·128 214 

Prlalenl 
-lAUer quality 30104Scharhnin 1200 600 1000 
Une.blghspeed 5000 or IIIORIIineslmin 4300to 18100 2160to9040 2500 to 13000 
Line, low speed 300 to 600 lines/min 1540 770 1280 
Tape drive~ 4090 10 22200 3500 to 15000 3500 10 15000 
Tennlnal 31010680 27010600 270 to600 

~ 
Blueprint 3930 10 42700 17101017100 3930 10 42700 
Copiers (Imp) 30 10 67" copies/min 5800 10 22SOO 3070 5800 10 22500 
Copiers (small) 6 10 30" copies/min 1570105800 1020103070 1570105800 
Peeder . 100 100 
Microfilm prinlel' 1540 1540 
Scnr/collator 200to20SO 200102050 

Electraalc .............. 
Cassette reconlaalplayen 200 200 
Rec*veattu- 340 340 
SIJnal aaalyzer 90to2220 90102220 

Mallpnmrir1 
Folding macbine 430 270 
lnseding macbiae 3600 to 6800 plec:es/b 2050 to II 300 1330107340 
Labeling mnchiae 1500 to 30000 piec:ellh 2050 10 22500 1330 to 14700 
Pootapmeter 780 510 
Wo~ 

I :zOO Letter quality printer 30 10 45 cllarhnin 600 1000 
Pbototypeaetler 5890 5180 
Typewriter rio 230 
Wordproc:essor 340to2050 300101800 

Vllllllqlllllddael 
Ci,IIIRIIIe 2SO SilO 8S 2SO 

. Cold faocJibeveta&e 3920106550 1960to3280 
Hot beverage 5890 2940 
Saack 820to940 820to940 

Mllcellll-· 
Barcodo printer ISOO 1260 
Cash n~~ilten 200 160 
Coffee maker IOcups 5120 3580 seas., 1540 larent 
Microftcbe n:ader 290 290 
Microfilm n:ader 1770 1770 
Microfilm ronderlprlnler 3920 3920 
Microwavo oven lftl 2050 1360 
Paper lhmlder 8SOto 10240 680to82SO 
W-cool« 32!J!!!! 2390 5970 

'lnpul II'"" pmpacd_.loc:apocky. 

Table 10-Sb. Heat Gain From Computer Equipment1 

Meuurell TDIII 
Nameplate Rltillr. Powerc_,. lladiut Power, WiutPower, Convective Power, 

lquiplaeDt Tested w llei,W w 'I 'I 

IS ia. monitor enetJY saver (white screen) 220 78 28.8 37.1 62.9 
Laser printer 836 248 26.6 10.7 89.3 
Desktop copier 1320 181 2S.9 14.3 BS.7 
Personal computer{Billlld I) ancll7 in. RIOIIitor S7S 133 29.7 22.3 77.7 
(white screen) 
Personal computer (Bmnd 2) ancll7 in. moaitor 420 12S 35.7 28.6 71.4 
(white saeen) 
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Tahle ll-6. Heat Gaia From Hospital Eqaipmentl 

.......... lu ..,, .... ......... • ......... tlllmtGall, ...... 
...... (timdl) utJ 4270 • ................. J.OtD9.7 pl. -2210212"17 25fi1Ho61«l «ltD 1060 (llmiWe) 

150102Dl0~ Blllad..,_ l»lllllplerlll 2510 2510 Blllad..,..Cil'_ 115 ........ 5120 5120 

~- BtD34 .... 3750 3510 
c.r.rr,...., 41012 .... 510 • Chdl ... 6820 6820 

~-· 11 ...,., 
JQcelllll 73.230 73.230 

IIIII t' h pDWftlllfiiiJ 1360 ISO 
~ ............... 13 a',dDwaiO -.40"1' l4fl' 136" 
Hotpiiii.CIIIIDIIIIic ria& 4llolei.212"P 3750 2970 
~rea. 5 to 111 a' ..... 130'11 9660 4810 
....... did: llla',lttaiWF 2460 1230 ................ lAID 11 a',lftD 1fi0"11 16010220' BOlD tJdt ....... 2050 2050 .... I I 16111256~ 3411112047 300101800 
II it ... Ars 750011115,000 75001015.000 o......-......... L4 to 18 "'· 460" 212o' 1!# 
R'\1 . ,llillarlay 221D 106 a', 39"P IIi ~ 
ltlfs I ,llload,md 7 to 20 a', 39'F - ~~ 
!j I §IDIUII1er 1710 1710 
Slrdllllr. Ill 11 ilal 3.9 a', 212 to 270"fl 71,400 8100 
Ullrealic ........ ua' 410 410 ............. 7.Ba'loldaea 15,220 10,000 ... 5tol5pl 14,500" 3'Jd 
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Table 10-7. Heat Gain From Restaurant Equipment1 

Baeru ltllte, ~Bateellllat Gala,8 Btu/h 

Btu/h 'WitbGat Jlood Wltbllood 

AppJiaace Sbe Rated Studby Sellllble Lateat Total Sellllble 

Elllctrlc, No Jlood Required 
Barbeque (pit), per pound of food cap!K:ity 80to3001b 136 86 so 136 42 

BmtJeque (pmuurizlld), per pound of food capacity 441b 327 10!1 54 163 so 
BleDder, per quart of capacity llo4qt uso 1000 S20 1520 480 

Braising pan, per quart of capacity 108to 140qt 360 180 9S 275 132 

. Cabioet OIIIP hoi holdiog) 16.2111 17.3 ftl 7100 610 340 960 290 

.Cabinet (large hot serving) 37.410 406 ftl 6820 610 310 920 280 

Cabinet (large prooflog) 1611117ftl 693 610 310 920 280 

CabiDet (small hot holding) 3.21116.4ftl 3070 270 140 . 410 130 

Cabilld (very hoi hoklinl) 17.3 ftl 21000 1880 960 2830 8SO 

Call opener 580 SBO 580 0 

Coffee brewer 12 cupl'2 bmn S660 37SO 1910 S660 1810 

Coffee beater, per bolting burner l102bmrs 2290 ISOO 790 2290 720 

Coffee beater, per W111111iD1 burner l102bmn . 340 230 110 340 110 

Coffee/hot W1ller boiling um, per quart of capacity 11.6ql 390 2S6 132 388 123 

Coffee btewing um (large), per quan of~ 231040ql 2130 1420 710 2130 680 

Coffee brewing um (11111811), per·quart of capacity 10.6ql 13SO 908 44S 1353 416 

CunerOIIIPl 18io.howl 2S60 2S60 2S60 0 

Cuner{11111811) . 14io.howl 1260 1260 1260 0 

Culler ud mill• OIIIPl 3011148qt 12730 12730 12730 0 

Dishwasher (hood type, cbemicallllllillzill&), per 100 disbellb 9SO 10 2000 disbe8lb 1300 170 370 S40 170 

Dishwuher (hood type, w..-sllllidzing), per 100 disbe8lb 9SO 10 :zooo disbellb 1300 190 "420 610 190 

Diabwuher (cooveyor type, cbemlcal Sllllidzing), per 100 disbellbSOOO to 9000 disbe8lb 1160 140 330 470 ISO 

Disb-ber (conveyor type, w..-lllllitlzia&), per 100 disbe8lb sooo to 9000 disbellh 1160 ISO 370 520 170 

Display caM (mtlprMed), per 10 ftl of illlaior 610 67 ftl IS40 617 0 617 0 

Dough ro11er Oarae> 2rollen 5490 S490 S490 0 

Dough roller (small) I roller 1570 140 140 0 

Bjgcoobr 12egs 6140 2900 1940 48SO 1570 

Food proc:eiiSOI' 2.4ql 1770 1770 1770 0 

Food warmer (infiDnld bulb), per l11111p 110 6bulbs 8SO ISO ISO 850 

Food warmer (ohelf type), per squue foot of IUI'f'lll:e 3109ft2 930 740 190 930 260 

Food warmer (iofiDnld lUbe), per foot of 1eoJ1b 3910S3in. 990 990 990 990 

Food warmer (well type), per cubic foot of well 0.7to 2.S ftl 3620 1200 610 1810 SBO 

Freezer (large) 73 4S70 1840 1840 0 

Freezer (small) 18 2760 1090 1090 0 

Oriddlelpill (llrp), per 8CJIUIR' foot of cooldq ~ 4.610 11.8 ft2 9200 61S 343 958 343 

Grlddlclarill"(llllllll), per squue foot of cooking aurface 2.210 4.5 ft2 8300 S4S 308 853 298 

Hot dog broiler 48 10 S6 hot doll 3960 340 170 SIO 160 

Hot plate {double bumer, bigb speed) 16720 7810 S430 13240 . 6240 

Hot plllle (double buna, stockpol) 13650 6380 4440 10820 5080 

Hot plllle (liiiJio burner, bigb ..,eed) 9SSO 4470 3110 7580 3SSO 

Hot - W1l (larp), per quart of capacity S6qt 416 161 52 213 68 

Hot water um (11111111), perquan of cspacky lqt 738 285 95 380 123 

Ice maker Oarp) 220lbldny 3720 9320 9320 0 

Ice maker {small) IIOibfdny 2S60 6410 6410 0 

Microwave OYell (beavy duty, commcrcial) 0.71\3 8970 8970 8970 0 

MicrowaVe oven (llllidealial type) tftl 20501114780 2050104780 -20501114780 0 

Mixer (large), per quan of C8piCity .81 qt 94 94 94 0 

Mixer (small), per quart of capacity l21076gr 48 48 48 0 

l'nlu cooker (bamburpr) 300 pattiellh 7510 49SO 2S60 7510 2390 

Refripralllr (larp), per 10 ftl of iaterior space 251074111 753 300 300 0 

Refriaerator (small), per 10 ftl of ioterior space 610 2S ftl 1670 665 665 0 

Rotiuerie 300 hafnbwpn/11 10!120 7200 3720 10920 3480 

Serving can (bot), per cubic foot of well 1.8 10 3.2 ftl 20SO 680 340 1020 328 

Serviq drawer (hup) 25210 336 diJillel' roDs 37SO 480 34 SIO ISO 

Serving drawer (small) 84 to 168 diDDer mils 2730 340 34 380 110 

Skillet (tilling), per quart or capacity 4810 132qt SBO 293 161 454 218 

su-. per 8CJIUIR' foot of sllclng...-riap o.6S to o!n ft2 680 682 682 216 

Soup cooker, per quart of well 7.410 11.6qt 416 142 78 220 68 

s-n cooter, per cubic foot of comJ1111111*11 3211164qt 20700 1640 IOSO 2690 784 

Steam keale (large), per 1(1*1 of capacity 80to320qt 300 23 16 39 13 

Steam keUio (small), per quart of capacity 241048ql 840 68 45 113 32 

Syrup-· per quart of capacity 11.6qt 284 94 52 146 45 
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Table 10-7. Heat Gain From Restaurant Equipment (cont.) 

Enerva.te, lllcmameRtlld llale Ill Beat Gala,• Btuill 

Bta'll Wltbaut Rood Wlthllood 

ApP.IIImce Size Rated Stutlby s-lllle Lalmt Tolal Sellllble 

Toaller (bun 1118111 on one side only) 1400bunslh 5120 2730 2420 5150 1640 

TOIIIIII' (larp CXIIlYe)IDr) 720sllcalh 10920 2900 2S60 5460 1740 

T- (1111811 conveyor) 3601iiceslb 7170 1910 1670 3580 1160 

T-OIIIPpop-up) iOIIIce 18080 9590 8SOO 18080 5800 

TD8111r (small pop-up) 4slice 8430 4470 3960 8430 2700 

Wlfftelron 75 jn2 .5600 2390 3210 S600 1770 

Electric, Bxlun.t Rood Requlnd 
Broiler (coaveyorinfrued). pee ICplllftl foot of cooking llnllllminutel to 102 ft2 19230 3840 

Broiler (siDJle-deck illliued), per sqwue foot of broiling area 2.6to 9.8 ft2 10870 2150 

Cbarbroller, pee u- foot of cooking surface 2to 8llnearft 11,000 9300 2800 

Pryer (deep fit) 35 -SOib oil 48,000 . 2900 1200 

Pryer (preaurlzed), pee pound of fat capacity 13to331b 1565 - 59 

Oven (full-ci:oe conV«<Ion) 41,000 4600 2900 

Oven (larp deck bnkina with 537 ft3 decks). 
pee cubic foot of oven space 15 to46ft3 1670 69 

Oven (routing), pee cubic foot of oWD sp11110 7.8to 23 ft3 27350 113 

Oven (small coaV«<Ion), per cubic foot of CMIII opace 1.4to 5.3 ft3 10340 147 

Oven (small deck bnldDc with 272 ft3 decks), 
pee cubic foot of oven space 7.8to 2.1 ft3 2760 113 

OpeD 1111&'0 top, pee 2 e1.-MCIIoa 2 to 6 elemeota . 14,000 4600 2100 

Ranp (hot fOF(fry top), por sqwue foot of cooking surface 4to8ft2 7260 2690 

· Rap (oWD aec:tlon). per cubic foot of oven apace 4.2to 11.3 ft3 3940 160 

Oriddle, per Uaear fool of c:ooldng surface 2to 8 liaear feel 19,500 3100 1400 

Gu, No Boocl Rlqalnd 
Broiler, per 11q1111n1 fool ofbroilinl area 2.7 ft2 14800 660" 5310 2860 8170 1220 

a-meller. per sqwue foot of cooking surface 2.5 to5.1 ft2 10300 660" 3690 1980 !1670 8SO 

Disllwaiher (boocl type, cbemicaliDDilizing), per 100 dlsheslh 950 to 2000 dilbeslh 1740 660" 510 200 710 2.10 

Disbwuber (hood type, water saallizing), per 100 disbcslh 950 to 2000 dilheslh 1740 660" 570 220 790 2SO 

Dlsbwuber (con¥ey01" type, cbemlcalllllitfzing), per 100 dilbeslhSOOO to 9000 dilbeslh 1370 660" 330 70 400 130 

Dlsbwuber (eoaveyor type, water Nlliliziog), per 100 dlsheslh sooo to 9000 dilbeslh 1370 fi60b 3.70 80 450 140 

Orlddlelplll OIIIP>• per lqUIII8 foot of cooking surface 4.6to 11.8 ft2 17000 330 1140 610 1750 460 

Orlddlelpill (small), per &qii8RI foot of cooking surface 2.5 to 4.5 ft2 14400 330 970 510 1480 400 

Hotplale 2bumen 19200 132Sb 11700 3470 15200 3410 

Oven (pizza). per lqUIII8 foot of hearth 6.4to 12.9 ft2 4740 660" 623 220 843 85 

Gu, BDallllllood Requlnd 
BJ'IIIaing pan. per quart of capacity lOS to 140qt 9840 660" 2430 

Broiler, per square foot of brolllnc area 3.7 to 3.9 ft2 21800 530 1800 

Broiler (larp eoaveyor, ialiued), per square foot 
of cookingllUiminura 2to 102 ft2 51300 1990 5340 

Broiler (I!IIDdard lafnnd), per sqwue fool of broiling area 2.4to 9.4 ft2 1940 530 1600 

Clullbroiler (larp), per liMU foot of c:ookiDg..., 2 to 8 liaear feel 36.00022.000 3800 

Pryer (deep rat) 35 to so oil cap. 80,000 5600 1900 

Oven (bsb deck), per cubic foot of oven space 5.3to 16.2 ft3 7670 660" 140 

Oven (conveclioa), fulloi:oe 70,000 29,400 5700 

Oven (pizza), per 11q1111n1 foot of oven barth 93to 2S.8 ft2 7240 660" 130 

Oven (.-ling), pee cubic fool of oven space 9to 28 ft3 4300 660" 77 

Oven (twin bllre deck). per cubic foot of oven space 11to22ft' 4390 660" 78 

Rnnp (burDen), pee 2 burner section 2to IObmn 33600 132S 659!1 

Range (hot top or fly top), per sqwue foot of cooking surf'nce 3to8ft2 11800 330 3390 

Rnllp (larp lloCk pot) 3bumerl 100000 1990 19600 

Range (smlliiiiiOck pot) 2bumers 40000 1330 7830 

Griddle. per liaear foot or ccol<ing surface 2to8linearfeel 2S,OOO 6300 1600 

Ranp top, open bumec (per 2 burner IIIICtion) 2to 6 elemenll 40,000 13,600 2200 

StiUl 
Compllltlllelll-. peepouad of food capacitylh 46to4S01b 280 22 14 36 11 

Disllw.bec (hood type, cbemical1811iliziog). per 100 disbcslh 9SO to 2000 dilheslh 3150 880 380 1260 410 

DlsbWIIIIbec (hood type, water lllliliziag), per 100 dlsheslb 950 to 2000 dilbellb 31SO 980 420 1400 450 

Disbwndler (conVeyor. cbemical Nllilizing), per 100 dlsheslb 5000 to 9000 diabellb 1180 140 330 470 ISO 

DlsbwUber (coaveyor, water llllliliziq), per 100 dlsbeslh sooo to 9000 disbeslh 1180 ISO 370 520 170 

s-teuie. per quart of capacity 13to32qt 500 39 2S 64 19 

"In....,.-. bell pia dota 1111 P""" per unit of copoclty.1n lhaoe-. tho belt 0Studby IIIJIUIIlllinal• si..., far oDiire opplilllce reprdieu of llize. 

pin io calculltod by: q • (recommonded W pia per ullit of""P'"ity) • (oopocity) 
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10.4 People 

Table 10-8 gives representative rates at which heat and moisture are given off by human 

beings in different states of activity. Often these sensible and latent heat gains constitute a 

large fraction of the total load. For short occupancy, the extra heat and moisture brought in 
by people may be significant. To estimate the sensible cooling load due to people, use the 
equation: 

and the latent cooling load is: 

q1 = N(LHGP) 

where, 

qs 
N 

SHGP 

CLFP 

ql 

LHGP 

= sensible cooling load due to people, Btu/h 

= number of people 

=sensible heat gain per person (see Table 10-8) 

= cooling load factor for people (see Table 1 0-2) 

= latent cooling load due to people, Btu/h 

=latent heat gain per person (see Table 10-8) 

(10-6) 

(10-7) 

Table 10-8. Heat Gain From Occupants of Conditioned Spaces1 

Tlllallleat, Btulb Seaslble Latent '!lo Seaslble Beat lllat Ill 

Adult Aclj1llled, Beat, Beat, Radlutl' 

Deane "'AciiYitJ Male MJr Btalll Btalll ._v BIPV 
Seated at dlceler n-,malinee 390 330 22S 105 
Seated at tbamr, n!Jhl n-,nl&hl 390 350 245 105 60 27 

Seated, very llabt wark Offic:es, bolels, apartments 4SO 400 245 ISS 

Mocleralely lll:livc offic:e WOik Offices, bOIIIIs, apartmenll 475 4SO :zso 200 

Slandina. Iicht wort; walkina Depal1ment store; retaflotore S50 4SO 2SO 200 S3 38 
Walklna, stalldlnc Druci!Oie.bank sso soo 2SO 2SO 
Sedenlaly wort Reslauranl" 490 sso 27S 275 

Uaht bench wodt Factory 800 7SO 275 475 

Modemte daac:ing Dllllce hall 900 850 30S S4S 49 3S 

Walking 3 mp_h; light macbinc wark Factory 1000 1000 375 62S 

Bowlintl Bowling alley 1500 1450 ~80 870 
Heavy work Factory lSOO 1450 580 870 54 19 

Heavy machine wark; llltin& Factory 1600 1600 635 965 
Athletics Gymnsahlm 2000 1800 710 1090 

Nofllr. 8$'lli of lhll for aa adult mole, and thai duo pial'ram 1 child il75'lli of that for aa 
I. Tabullted ¥11- n bued oa 75"f IVOID dly.IJoll ............... F!Jr SO"P room aduhmale. 

dry llulb, the toto! heat ........ the - but the -u.le - ...... lhould be 'Y""""' ....,..,UIIIIIId l'ram dala Ia Table 6, Cllopteo' 8, whole Ia air velocity with 
deereuod by oppnmlmatoly 20'llo, and the latoDt beat ·- IIICIIIIId ........ u.ma obaw• ;,; lhllllbJe. 
lugly. • Adjusted belt pia includoo 60 Bid fer food per lndl\'ldual (30 Bid 10n1ible 1llld 

2. Aloo- to Table4, Cllpler8, foroddilionolnta ofllllltObaBc beat ..,...ndaa. 30 Bid lateat). 
3. AH ...... lftrauodod to D00N11 5 Bid. 
• Adjuobld beol pin il baed on _. percet1111e of mea, womoa, aad cbildreD •PJ..,...,. peroon per alloy actually bcwfinJ, and on othen ullltdD& (400 BtuAI) or 
fer the III'PIIcalion lioted, with lbe pootulate thot the pin fnmloa aduk flmale io otMdnB or woHdua olowly (550 B...,), 

Chapter 10 Intemal Loads Fundamentals of Heating fllld Coollng Loads 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All righ
ts reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



There are some exceptions to the above calculation. For example, if the space temperature 
is not maintained constant during the 24-hour period (perhaps due to a night shutdown), 
then there is a pull-down load that occurs the following morning to remove the energy that 
had been stored within the structure. In this case, a CLF of 1.0 should be used. Also for 
applications with high occupant density (such as theaters, auditoriums and arenas), use a 
CLF of 1.0, because the effects of long wave radiation become negligible. 

10.5 Cooling System Gains 

The final internal heat source that must be considered as part of the cooling load calculation 
is the cooling system itself. Losses from the supply air fan, motor and drive system can 
contribute to the space cooling load. Heat transfer through the ductwork and air flow losses 
(or gains) due to leakage can be significant and must be accounted for in the cooling load 
estimate. 

Typical fan efficiencies range between 50% and 70%, with an average value of 65%. Thus 
35% of the energy required by the fan appears as instantaneous heat gain to the air being 
transported. Depending on the static pressure and system air flow rate, this will result in a 
slight (often less than 1 °F) rise in the air temperature. Depending on the type of system 
installed, this heat gain will affect the system differently. For example, if the fan is in front 
of the cooling coil (blow-through), then the coil will remove the energy immediately, but 
the space load will be unaffected. However, when the fan is after the cooling coil (draw
through), these losses become heat gains to the system. Either the supply air temperature 
must be reduced slightly, or the air flow through the system must be increased slightly to 
compensate for this energy gain. 

Supply and return air ducts usually do not contribute significantly to overall space cooling 
loads. Generally it is adequate to add about 1% to the overall sensible load to account for 
these energy gains. However, if the ductwork runs are extremely long, or have significant 
lengths through rigorous environmental conditions, then additional calculations must be 
performed to account for these conditions. Uninsulated supply ductwork running through 
ceiling return air plenums will result in high thermal losses, loss of space cooling capability 
by the supply air, and condensation difficulties during a warm startup. Avoid these prob
lems by always specifying insulated supply air ducts. 

Air leakage into or from the cooling distribution system can have dramatic effects on the 
overall system performance. Conditioned air that escapes before it is distributed to the space 
through the supply register or diffuser may not help meet the cooling load. If the leakage 
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occurs within the conditioned space but before the diffuser, control or noise could be a 
problem. However, if the leakage occurs before the air even gets to the conditioned space, 
the air flow through the cooling system must be increased to compensate for this leakage. 
Air leakage into the return system is usually not as serious, because it has not been condi
tioned yet. However, if the air is leaking in from beyond the conditioned space, there may 
be cooling capacity, air pressure and flow rate problems. 

A well-designed and properly installed duct system should not leak more than 1% to 3% of 
the total system air flow. HV AC equipment and volume control units connected into the 
duct system should be delivered from manufacturers with allowable leakage rates not ex
ceeding 1% or 2% of maximum air flow. Where duct systems are specified to be sealed and 
leak-tested, both low- and high-pressure types can be constructed and be required to fall 
into this range. Latent heat considerations are frequently ignored. 

Poorly designed or installed systems can have leakage rates of 10% to 30%. Leakage from 
low-pressure lighting troffer connections lacking proper taping and sealing runs up to 35% 
or more of the terminal air supply. Such extremes can ruin the validity of any load calcula
tion. 

10.6 Examples 

This section contains several solved problems to show you how to use the data tables con
tained in this chapter. Each problem will consist of several parts, to demonstrate a variety of 
aspects for each topic. 

EXAMPLE 10-1 {LIGHTING) 

Problem: A 1 Ox 12 ft private office with carpeted floors and gypsum walls has six 34-W 

fluorescent tubes on a 277 V circuit in unvented fixtures. The lights are turned on at 8 am, 
and remain on for eight hours. Estimate the sensible heat gains at 2:00 pm, 4:00 pm and 
6:00pm. 

Solution: From Table 9-4, the indicated zone type is B. The total installed wattage is 6 
(bulbs)·34 C'J{I bulb)= 204 W. (Note that the lighting allowance would be 204 W/ 120 ft2 = 
1.7 W/ ft2.) The use factor is 1.0 (all lights are on) and the special allowance factor is 1.2. 
The CLF from Table 10-1 for zone type B, 8 h on, 6 h after being turned on is 0.95. The 
values at 4 pm and 6 pm are 0.96 and 0.12, respectively. Therefore the sensible heat gains 
are as shown in the following table: 
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Btu/W w F., F (CLF.,) q., •• 

atlpm: 3.41 204 1 1.2 0.95 793 Btulh 
at4pm: 3.41 204 1 1.2 0.96 801 Btulh 
at6pm: 3.41 204 1 1.2 0.12 100 Btulh 

Note that the residual load from the lights is still over 10% of the 4 pm load two hours after 
the lights have been turned off. 

EXAMPLE 10-2 (MOTORS) 

Problem: Compare the rates of sensible heat gain for a 3-hp motor installed on a draw
through air-handling unit (AHU) fan that requires 2 hp. In the first case, the fan and motor 
are located within the conditioned air flow; in the second case, only the fan is within the air 
flow and the motor is outside the AHU. Finally, for the second case where the motor is 
external to the AHU, determine the motor heat gain to the mechanical room if this basement 
room has concrete floor, walls and ceiling. The motor is turned on at 7:00am and runs for 
14 hours each day. Estimate the sensible heat gains for the last case at 2:00 pm, 4:00pm and 

6:00pm. 

Solution: Refer to Table 10-3 for a 3-hp motor (assuming a 3 phase/1750 rpm motor at 81% 
efficiency). The value in column A (for both the motor and fan within the air flow) is 9430 
Btu/h. The value in column B (for the fan only within the air flow) is 7640 Btu/h. And the 
value in column C (motor only within the controlled space) is 1790 Btulh (the difference 
between the previous two values). The fan runs continuously, so FUM = 1.0. Because the fan 
only requires 2 hp, these values would be multiplied by F IM = 2/3 = 0.67. Note that no CLF 
delay is used in the first two cases, because there is little thermal storage in the sheet metal 
walls of the AHU. Therefore, if the fan and motor are within the air flow, the heat gain to the 
air flow is 9430x0.67 = 6318 Btu/h, and if the motor is outside, then the heat gain to the air 
flow is 7640x0.67 = 5119 Btu/h. 

For the third part of the problem, the motor heat loss goes directly to the mechanical room. 
Zone typeD applies to basement areas with concrete walls and uncarpeted floors. The CLFs 
from Table 10-2 for 14 hi day of operation and for 7, 9 and 11 hours after starting are 0.88, 
0.91 and 0.93, respectively. The remaining calculations are shown below: 

Btulhp-h p EM CLF FUM FLM q_ 

atl pm: 2545 3 0.81 0.88 1 0.67 5558 Btu/h. 
at4pm: 2545 3 0.81 0.91 1 0.67 5747 Btu/h 
at6pm: 2545 3 0.81 0.93 1 0.67 5873 Btu/h 
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EXAMPLE 10-3 (APPLIANCES) 

Problem: The office in Example 10-1 contains a personal computer with laser printer, a 
small copier and a coffeemak.er. Estimate the usage pattern and sensible heat gains for each 
of these at 2:00pm, 4:00pm and 6:00pm. 

Solution: Reasonable recommended values from Tables 10-5a and 10-5b for each of these 
items are shown in the table below for comparison. For this example, the values from Table 

1 0-5a have been selected; the values from Table 1 0-5b could just as easily been used. If this 
example had been a large open-plan office with many desktop computers instead of a pri
vate office with one unit, the values from Table 1 0-5b would probably have been a better 

selection. 

Microcomputer 

Printer 

Copier 

Coffeemak.er 

Table 10-5b 

133 Btu/h 

248 Btu/h 

181 Btu/h 

n/a 

Table 10-5a 

800 Btu/h 

1000 Btu/h 

3000 Btu!h 

3580 Btu!h (sensible)+ 1540 Btu!h (latent) 

Assume that the computer and printer are turned on at 8:00am, and stay on for eight hours. 
The copier is turned on at 10:00 am and is only on for the first two hours. The coffeemak.er 
is turned on only during the morning hours. (Note that any other reasonable set of assump
tions could have been made at this point.) Given the area is zone type B, then the CLFs from 
Table 10-2 and estimated cooling loads at each hour are: 

Heat Hours/ Start CLFat Cooling Load at 
Gain Day Time 2:00 4:00 6:00 2:00 4:00 6:00 

Microcomputer 800 8 8:00 0.91 0.95 0.22 728 700 176 

Printer 1000 8 8:00 0.91 0.95 0.22 910 950 220 
Copier 3000 2 10:00 0.11 0.06 0.04 330 180 120 

CotJeemaker 3580 4 8:00 0.17 0.1 0.06 600 358 215 
+ 1540 (latent) 

Sensible Total, Btulb 2577 2248 731 

Latent Total, Btulh (only occurs while on- 8:00 to 12:00) 0 0 0 
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EXAMPLE 10-4 {PEOPLE) 

Problem: A 1 00-seat school band room is used continuously from noon until 4:00pm each 
day. For the first two hours, it is at 50% capacity; during the last two hours, it is at 80% 
capacity. Estimate the sensible heat gain from people at 2:00 pm, 4:00 pm and 6:00 pm. 

Solution: Assuming the walls are concrete block with few windows and the floor is not 
carpeted, this could be a zone type C construction. The activity level might best be de
scribed as sedentary work, comparable to a restaurant. From Table 10-8, the total adjusted 
heat gain per person is 275 Btu/h sensible and 275 Btu/h latent. The CLF and sensible 
cooling loads are shown in the table below. At 2:00 pm, there are 50 people in the room, 
with another 30 just entering. The energy the new class generates will not occur until 3:00 
pm. Note that the latent load is always an instantaneous load. 

Heat 
Gain Hours/ Start CLFat Cooling Load at 

People (each) Day Time 2:00 4:00 6:00 2:00 4:00 6:00 

50 r15 4 12:00 0.68 0.79 0.18 9350 10863 2475 
30 rl5 2 2:00 0 0.68 0.11 0 5610 908 

rl5 (Latent) 13750 0 0 

Sensible Total, Btulb 9350 16473 3383 
Latent Total, Btulb 13750 0 0 
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The Next Step 

In the next chapter, we will use all of the materials learned in this course to estimate the 
cooling load on a small fast food restaurant. There are still a few concepts and techniques 
that must be discussed, but we will cover those as we do the example problem. 

Summary 

This chapter has dealt with all of the major internal sources that can contribute to the cool
ing load on a structure. While all of them are important, the most important one will depend 
on the application. For example, in commercial and office buildings, lighting is often the 
major contributor. However, in a laboratory, it might be the equipment and appliances that 
contribute the most heat gain to the space. At a sporting event, the cooling load will depend 
on the number of people attending. We also learned that the quantity of moisture or latent 
energy must be separately accounted for. This energy can come from processes, appliances, 
people and ventilation air. 

After studying Chapter 10, you should be able to: 

• Calculate the sensible heat gain from lighting, power, appliances and people, 
given the design details of a space. 

• Calculate the latent heat gain from appliances and people, given the design de
tails of a space. 

• Compare the heat gain from three different lighting systems. 

• Propose some alternative methods to deal with a typical internal load source. 
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Skill Development Exercises for Chapter 10 

Complete these questions by writing your answers on the worksheets at the back of this 

book. 

10-01. A high school computer classroom includes 15 workstations for 30 students plus 
two printers and an overhead projector in the 40x30 ft room. The interior room is 
carpeted and has concrete block walls. Classes begin at 8:00am and end at 3:00pm. 
This room is in use about 75% of each school day (three 40-minute classes, then a 

40-minute break). The normal lighting usage is 1500 W of indirect fluorescent bulbs. 
Find the heat gain for each of these three sources (lights, people and equipment) at 

noon, 2:00 pm and 4:00 pm. 

10-02. For the 30 students in the classroom for Exercise 10-01, determine the rate oflatent 

energy produced at noon. 

10-03. The cafeteria on one floor of an office building opens at 7:30am, closes at 5:30pm, 
and has an hourly occupation rate as shown in the table below. The hot food (from 

opening until 9:00 am and between the hours of 11 :00 am and 1 :00 pm) is served 
mainly from a 3x 15 ft unhooded food warmer. Estimate the sensible and latent heat 

gain from both sources at 10:00 am, noon and 2:00 pm. 

Hour 
People 

Average Cafeteria Hourly Occupancy Counts 
8 9 10 11 12 1 2 3 

18 8 8 44 80 62 24 14 
4 5 
9 8 

10-04. A retail shop owner is considering replacing the shop's present fluorescent fixtures 

(60 bulbs at 40 W each with magnetic ballast) with either new T-8 lamps (with 
electronic ballast) or 5000 W of incandescent bulbs to highlight the products. The 

shop is open from 9:00am until 9:00pm, seven days per week. Determine the 
sensible heat gain at 10:00 am, 3:00pm and 8:00pm for all three scenarios. Use this 
data to discuss briefly how each might affect the cooling load on the space, and 

make a recommendation to the owner from a thermal systems design perspective. 
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Instructions 

Read the material in Chapter 11. At the end of the chapter, complete the skill development 
exercises without consulting the text. Re-read parts of the text as needed to complete the 
exercises. 

Study Objectives of Chapter 11 

In this chapter, you will apply all the new knowledge learned in this course toward the 
thermal design load of a fast food restaurant. We will begin with a problem definition, then 
proceed in a step-by-step manner. As you become more proficient in making heating and 
cooling load calculations, your technique will become more fluid and integrated. However, 
to ensure that you understand each step of the process, we will use this sectional technique. 
In a way, this project represents your final exam for the course. (But we still have some new 
material waiting for you in Chapter 12.) 

After studying Chapter 11, you should be able to: 

• Estimate the heating load of a typical commercial building. 

• Estimate the ventilation requirements for a facility. 

• Calculate the cooling load at a given hour for a structure. 
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11.1 Sample Problem Definition 

The sample problem is a new fast food restaurant to be located in Maryland, just northeast 
of the beltway around Washington, DC. The building dimensions are shown on the floorplan 
in Figure 11-1 a, along with cross-sectional details of the walls and roof construction (Fig

ure 11-1 b). The dining area faces south, and there is a 5-ft roof overhang at the 1O-ft eleva
tion around the dining area only (between the main entrance and the drive-through win
dow). The terrazzo floor is a 5-in. thick slab-on-grade with perimeter insulation. 

The dining area window sections are all5.5 ft high (from 2.5 ft above the floor to the 8ft 
elevation) by 9.33 ft wide. This allows for 8-in. wide support columns, which are are diffi
cult to insulate and assumed to have a loss rate similar to the windows. The width of the 
south wall (30x 10 ft) is three glass sections except for the door. The east wall of the dining 
area contains two glass sections, one wall section and the main entrance. The thermal ef
fects of the entry airlock are ignored, and the entry section's glass and door areas combined 
are comparable to the dining area windows (9.33x5.5 ft). The drive-up window glass area is 
similar to the dining area windows (9.33x5.5 ft), and the wall area for the drive-up window 
"bump-out" can be included in the west wall area. 

There are three exterior doors: a 32x80 in. glass door on the south side, two 32x80 in. glass 
doors on the outside of the main entry, and a 36x80 in. insulated metal service door (with
out thermal breaks) on the north side. The glass doors are assumed equivalent to 0.25 in. 
acrylic/polycarbonate for aluminum frame double doors without thermal breaks. All win
dows are fixed, 0.25 in. clear double pane with 0.5 in. air space and fixed aluminum frames. 
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Figure 11-la. Restaurant Floorplan 
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Roof Detail 

Out 

L...------4" Face Brick 

Wall Detail 

Figure 11-lb. Restaurant Roof 
and Wall Cross-Sections 

Table 11-1. Kitchen Equipment 

Qty Description/Capacity 

1 
1 
2 
2 
2 
2 
4 
2 
4 
2 
4 
3 
2 
1 

8xl0 walk-in freezer 
8xl0 walk-in cooler 
10 ft3 chest freezers 
8 ft3 coolers 
Ice makers, 10 lb/h 
Soda drink dispensers 
Commercial microwave ovens 
36x36 in. gas broilers (1 back-up) 
High capacity deep fryers 
Steamers 
36 in. infrared food warmers 
Electronic cash registers 
12 cup commercial coffee makers 
120 gal water heater 

Table 11-2. Exhaust Fan Schedule 

Qty Location Capacity (each) 

2 Broilers (1 standby) 1600 cfm 

2 Fryers 900 cfm 

2 Steamers 600 cfm 
1 Rest rooms 500 cfm 

The reflected ceiling plan shows 25 fixtures in the dining area, 20 more in the kitchen area, 
two fixtures in each bathroom, plus one in the office and one in each storage room. Each 
fixture contains two 3 5 W fluorescent bulbs, and is recessed and unventilated. There are 
also ten 150 W accent lights under the exterior overhang and six 250 W security lights in the 

parking area. 

The plans and specifications indicate a number of energy producing devices in the kitchen 
area. These are summarized in Table 11-1. Note that only one of the two broilers is used; 
the other serves as a backup. The walk-in cooler and walk-in freezer both have their con
densing units located on the roof, but all other units are self-contained. There are also seven 
exhaust fans: one above each broiler, above each pair of fryers, above each steamer, plus 
one for the rest rooms. These are scheduled in Table 11-2. 
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11.2 Initial Data Collection and Assumptions 

Your first phone call is to the manager of the local franchise where you often eat lunch, 
because the buildings appear similar in size. When you mention that there are 60 seats in the 
dining area, the manager notes that her restaurant is comparable. You learn that she uses 
four rooftop units, two each in the dining and kitchen areas. (Multiple units are frequently 
specified, to ensure some comfort control when a system goes down.) You also get some 
useful information about the occupancy schedule and the normal daily operating schedule. 
These data are summarized in Table 11-3. 

Your next step is to get information on the environmental conditions expected on the inside 
and outside under design conditions. In Chapter 3 of the ASHRAE Handbook-HVAC Appli
cations under restaurants, the normal inside design temperature and humidity are: 1 

Winter: 70° to 74°F at 20% to 30% rh 

Summer: 74° to 78°F at 55% to 60% rh 

Table 11-3. People Schedule 

Hour Staff Patrons Hour Staff Patrons Hour 

0100 0 0 0900 5 10 1700 
0200 0 0 1000 6 12 1800 
0300 0 0 1100 6 28 1900 
0400 0 0 1200 6 45 2000 
0500 0 0 1300 6 42 2100 
0600 3 0 1400 4 26 2200 
0700 5 12 1500 4 18 2300 
0800 5 20 1600 5 22 2400 

Staff Patrons 

6 26 
6 50 
6 40 
4 34 
4 22 
3 12 
3 5 
2 0 

You will also need local outside design conditions, which can be found in Chapter 26 of the 
1997 ASHRAE Handbook-Fundamentals2 (see Table 11-4) or Figure 3-2. 

Table 11-4. Example Weather Data 

Project Name: Fast food Location: AndrewsAFB 
Latitude: 39~ Summer dry bulb: 91°F 
Longitude: 76°W Summer wet bulb: 74°F 
Winter dry bulb: 18°F Mean daily range: 18.7°F 
Recom. ventilation: 5100 cfm 
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Because there is no location that exactly matches this example, you must choose the nearest 
weather station. These data are for the 99% (winter) and 1% (summer) conditions at Andrews 
AFB in Camp Springs, MD. However, you also could have selected the 99.6% and 0.4% 
design conditions, or used the Baltimore BWI airport data if it appeared to better represent 
the location. In either case, your answers would be different, but not necessarily wrong. 
That is only the first of many assumptions that you will have to make to complete this 
chapter; just base your values on reasonable assumptions and they will be reasonably close 
to those given in this chapter. 

In Table 11-4, a value of1,320 cfin for the ventilation rate would be correct if the maximum 
number of people ( 60 patrons if every seat is taken plus 6 staff) were responsible for setting 
the ventilation rate. We are using 20 cfin per person in this course (as noted in Chapter 6) 
and the kitchen exhausts supplied their own makeup air (as required by some codes). How
ever in this case, the exhaust fans are drawing 5,100 cfin from the building under full opera
tion. (Remember that one of the broilers is for emergency use only, and its fan is off most of 
the time.) The ventilation system must provide an equal flow rate of outside air into the 
building for these systems to function properly. If the supply air flow is significantly less 
than the exhaust flow, every time a patron opens a door, there will be a tremendous influx of 
cold or hot air, blowing napkins and cups everywhere. And because the exhaust fans would 
be starved for air, the dining area would quickly fill up with greasy smoke and odors. 

Next, we will calculate the U-factors for the wall and roof sections. Refer to Figure 11-1, 
Chapter 4 and Appendix A for help in completing Table 11-5a. 

Wall type: 

1 

2 
3 
4 
5 

U-factor= 

Roof type: 

1 

2 
3 
4 
5 

U-factor= 

Table 11-Sa. Wall/Roof Exercise 

Brick/Insulation/Brick Component R-values 

Total R-value = 

1/R =1/ = 
tollll --

Built-up Component R-values 

Total R-value = 

1/R =1/ = 
101111 --

h•ft2•°F/Btu 

Btulh·ft2·°F 

h•ft2•°F/Btu 

Btulh·ft2·°F 
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Table 11-Sb. Wall/Roof Answers 

Wall type: Brick/Insulation/Brick Component R-values 

1 Outside air film 0.17 

2 4 in. face brick 0.44 

3 1 in. Expanded Polystyrene 5 
4 4 in. face brick 0.44 

5 Inside air film 0.68 

Total R-value = 6.73 h·ft2·°F/Btu 

U-factor = 1 I Rrota1 = 1 I 6.73 = 0.15 Btulh·ft2·°F 

Roof type: Built-up Component R-values 

1 Outside air film 0.17 

2 Built-up roofing 0.33 

3 2 in. EPS 10 

4 2 in. concrete 0.2 

5 Inside air film 0.61 

Total R-value = 11.31 h·ft2·°F/Btu 

U-factor = 1 I R10,aJ = 1 111.31 = 0.09 Btulh·ft2·°F 

The brick R-value assumed here was for a density of 150 lb/ft3• The tabled R-value of0.11 

h·°F·ft2/Btu·in. must be multiplied by 4, because each brick is 4 in. thick. Had you assumed 
alighterbrick(adensityoflOO lb/ft3), then the brickR-valuewouldhave been0.88 h·°F·ft2/ 

Btu instead of0.44 h·°F·ft2/Btu. The Rtotat for the wall would have been 7.61 h·°F·ft2/Btu, 
and the U -factor would have been 0.13 Btu/h · °F ·ft2• However, it is dangerous to assume that 
a contractor will always select the more energy efficient materials. Cost and availability are 
usually more important to the contractor. 

Similarly, the concrete roof deck was calculated assuming a density of 130 lb/ft3• If the 
specification had called for a lighter weight aggregate, the thermal performance could be 
improved somewhat. 

There are a few more component items to look up and some additional area calculations that 
must be made. Notice that the data for all four directions are required, and the floor and 
ceiling areas are split between the kitchen and the dining areas because these represent 
separate zones. Refer again to Chapters 2, 4, 5 and 9 as well as Figure 11-1 to complete 
Table 11-6a (round all areas to the nearest ft2). The answers will be given in Table 11-6b. 
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Floor U-factor 
Window U-factor 
Glass Door U-factor 
Metal Door U-factor 

Table 11-6a. Areas Exercise 

---- Btulh·ft·°F 
____ Btulh·ft2·°F 

---- Btulh·ft2·°F 
---- Btulh·ft2·°F 

DINING ROOM AREA 

11:7 

KITCHEN AREA 
Wall Area Net Wall Area Glass Doors Wall Area Net Wall Area Glass Doors 

North 
East 
South 
West 
Floor 
Ceiling 
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Floor U-factor 
Window U-factor 
Glass Door U-factor 
Metal Door U-factor 

Table 11-6b. Areas Answers 

0.81 Btulh·ft·°F 
0.64 Btu/h·ft2·°F 

1.14 Btulh·ft2·°F 
0.4 Btu/h·ft2·°F 

DINING ROOM AREA KITCHEN AREA 
Wall Area Net Wall Area Glass Doors Wall Area Net Wall Area Glass 

North heated space 0 0 0 30x10-20 280 0 
East 40x10-5.5x30 235 129 36 50x10-66 434 66 
South 30x2.5-32x30/144+30x2 128 154 18 heated space 0 0 
West 40x10-5.5x(9.33x2) 297 103 0 50x10+10x10-55 545 55 
Floor Perim. = 40+30+40 llOLF 0 0 Perim. = 60+30+50 140LF 0 
Ceiling 30x40 1200 0 0 50x30+5x10 1550 0 

Doors 

20 
0 
0 
0 
0 
0 

There is no north wall for the dining area because it interfaces the kitchen zone. The east 
wall. area was determined by taking the gross wall area and subtracting the gross window 
and door areas. A different method is demonstrated for the south wall, where the net wall 
area below the windows (minus the door area) is added to the net wall area above the win
dows. The west wall area was determined like the east wall area, but the glass areas do not 
include the poorly insulated columns. You can use any visualization process that yields 
reasonably accurate areas and accounts for the total gross wall area. 

Similarly, the kitchen wall areas are determined by subtracting the window or door areas 
from the gross area of that wall. The wall area of the drive-up window "bump-out" is in
cluded in the west wall area of the kitchen zone as an extra 10 ft section of wall. An extra 
roof area is included for the drive-up window. There is no south area for the kitchen because 
it is adjacent to the dining area. 

We found the perimeter of both floor areas. Note that the kitchen perimeter includes the 
drive-up window. We will assume the floor slab loses 0.81 Btulh·ft·°F for each foot of 
perimeter in each of the two areas. The values for the glass doors and windows are given in 
Table 9-1 as ID #2 and ID #5, respectively. The windows are assumed to have no thermal 
breaks. If you assumed thermal breaks were present, the door and window U-factors would 
be 0;96 Btulh·ft2·°F and 0.57 Btulh·ft2·°F, respectively. The insulated north door U-factor 
comes from Table 2-2. 
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11.3 Heating Load 

We now have all the information required to compute the winter heating load. Enter the 
above values into Table 11-7a below, and calculate the total heat loss. The answers are 
given in Table ll-7b. 

Table 11-7a. Zone Load Exercise 

Dining Area U-Factor Area TempDiff. Total Loss 
North 0 
East 235 
South 128 
West 297 
Windows 386 
Doors 54 
Ceiling 1200 
Floor 110 
Infilt/vent 2550 

Total Zone Loss = ___ Btulh 

Kitchen Area U-Factor Area TempDiff. Total Loss 
North 280 
East 434 
South 0 
West 545 
Windows 121 
Doors 20 
Ceiling 1550 
Floor 140 
Infilt/vent 2550 

Total Zone Loss = Btulh ---
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Dining Area 

North 

East 

South 

West 

Windows 

Doors 

Ceiling 

Floor 

Infilt/vent 

Kitchen Area 

North 

East 

South 

West 

Windows 

Doors 

Ceiling 

Floor 

Infilt/vent 

Table 11-7b. Zone Load Answers 

U-Factor Area TempDiff. 

0 0 47 
0.15 235 47 
0.15 128 47 
0.15 297 47 
0.64 386 47 
1.14 54 47 
0.09 1200 47 
0.81 110 47 
1.09 2550 47 

Total Zone Loss = 

U-Factor Area TempDiff. 

0.15 280 47 
0.15 434 47 

0 0 47 
0.15 545 47 
0.64 121 47 
0.4 20 47 
0.09 1550 47 
0.81 140 47 
1.09 2550 41 

Total Zone Loss = 

Total Loss 

0 
1657 
902 
2094 

11,611 
2893 
5076 
4188 

130,637 
159,058Btu/h 

Total Loss 

1974 
3060 

0 
3842 
3640 
376 
6557 
5330 

130,637 
155,416 Btulh 

Did you get close to these values? Remember that heating loads are calculated assuming an inside 
air temperature of 65°F . Notice that the ventilation load is equally distributed between the two 
zones and that it is 80% to 85% of the total heating load. Because all of the exhaust is from the 
kitchen zone, this will create a gentle air movement across the counter into the kitchen, trapping 
odors and maintaining good air quality in the dining area. The other option here is to recommend 
that the client install a kitchen hood with 90% outside makeup air provided directly to the hood, to 
save most of the heating energy that is only being exhausted. Following the energy cost ofheating 
the makeup air, the loss through the windows is most significant. Notice also that the heating loads 
for the dining area and kitchen are nearly the same. This might suggest that four identical rooftop 
units could be specified, thus reducing the quantity of spare parts that must be inventoried. In the 
process of specifying the heating capacity of this equipment, it might be good to add up to 10% 
spare capacity. Not only would this provide a margin of safety to your design calculations, but it 
would also provide extra heating capacity for startup on cold winter mornings and to quickly 
overcome losses if a door was propped open for an extended period of time. 
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11.4 Cooling Load 

Calculation of the cooling load for this example will be a little faster, because many of the 
values needed have already been determined. There will be four sections to our calculation 
for each of the two zones: 

• Conduction through roofs, walls and glass. 

• Solar gain through glass. 

• Internal gains from lights, power, appliances and people. 

• Ventilation and infiltration. 

Remember that the first two calculations will result in only sensible heat gains, but the last 
two will also contribute latent gains to the structure. We must also select an appropriate 
hour and month. Because maximum cooling loads normally occur during the late afternoon, 
we will assume 6 pm EDT (which is 1700 Eastern Standard Time, EST). During this hour, 
the sun will appear under the overhang, and it is also the peak number of people within the 
establishment. 

CONDUCTION 

Complete Table 11-8a for the roof, walls and glass. Use the U-factor and areas determined 
during the heat load calculation above. Find the CL TDs (remember to correct it) on Table 
8-3, Table 9-1 and Appendix C. 

Dining Area 
North 
East 
South 
West 
Windows 
Doors 
Roof 
Floor 

Kitchen Area 
North 
East 
South 
West 
Windows 
Doors 
Roof 
Floor 

Table 11-Sa. Cooling Load Exercise 

U-Factor Area TempDiff. Total Loss 

Total Skin Zone Gain = ___ Btu/h 

U-Factor Area TempDiff. Total Loss 

Total Skin Zone Gain = Btulh 
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Table 11-Sb. Cooling Load Answen 

Dining Area U-Factor Area Tem2Diff. Total Loss 
North 0 0 0 0 
East 0.15 235 28 987 
South 0.15 128 17 326 
West 0.15 297 14 624 
Windows 0.64 386 10 2470 
Doors 1.14 54 10 616 
Roof 0.09 1200 43 4644 
Floor 0.81 110 4 356 

Total Skin Zone Gain = 10,023 Btulh 

Kitchen Area U-Factor Area TempDiff. Total Loss 
North 0.15 280 10 420 
East 0.15 434 28 1823 
South 0 0 0 0 
West 0.15 545 14 1145 
Windows 0.64 121 10 774 
Doors 0.4 20 10 80 
Roof 0.09 1550 43 5999 
Floor 0.81 140 4 ~ 

Total Zone Skin Gain = 10,695 Btu/h 

We assume the roof mass is inside the insulation with an R-11.3 h·°F·ft2/Btu value and 
suspended ceiling. With 2 in. of concrete, this produces a roof number of 13. Assuming face 
brick (C4) with R-6.6 h·°F·ft2/Btu in Appendix B yields a type 16 wall. At this hour, the 
roof, north wall and glass CL TDs are 46°F, 13 °F and 13 °F, respectively. Each of these must 
be corrected for the outdoor temperature: (91-19/2)-85 = -3 op, yielding the values shown in 
the table. The average floor temperature difference is (91-19/2)-78 = 4 op. 

SoLAR GAIN 

To calculate the solar gain through the windows, we will have to apply the techniques from 
Chapter 9. Use the following to complete Table ll-9a: Tables 9-4a and 9-4b indicate the 
zone type for this construction, Table 9-5 is used to determine the design solar cooling load, 
and Table 9-3 offers a value for the Solar Heat Gain Coefficient (SHGC). You will also use 
Figure 9-9 for the solar altitude and azimuth angles needed to calculate the shadow lines. 
Try to complete Table ll-9a before turning the page for the answers. 
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Dining Area 
North 
East 
South 
West (shaded) 
West (sunlit) 

Kitchen Area 
North 
East 
South 
West (sunlit) 
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Table 11-9a. Solar Gain Exercise 

SHGC Area SCL Total Gain 

Total Solar Zone Gain = ___ Btu/h 

SHGC Area SCL Total Gain 

Total Solar Zone Gain = Btu/h 
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Table 11-9b. Solar Gain Answers 

Dining Area SHGC Area SCL Total Gain 
North 0.64 0 29 0 
East 0.64 129 37 3055 
South 0.64 154 33 3252 
West (shaded) 0.64 5 29 93 
West (sunlit) 0.64 98 156 9784 

Total Solar Zone Gain = 16,184 Btu/h 

Kitchen Area SHGC Area SCL Total Gain 
North 0.64 0 29 0 
East 0.64 66 37 1563 
South 0.64 0 33 0 
West (sunlit) 0.64 55 156 5491 

Total Solar Zone Gain = 7054 Btu/h 

Because there were three walls exposed in each zone, hard floor, block walls and no shad
ing, zone type C was selected for solar, people and lights. This value was used at 1700 hour 

in July to determine the SCL from Table 9-5. 

We also need to determine the shade angle. Using the solar altitude and azimuth angles of 
24° and 97° respectively from Table 9-9 for July at 0700 (which is the same as 1700) hour, 
we find that only the west windows are exposed. The SCL values for the east and south 

windows are significantly lower, and represent the residual effects of sunlight earlier in the 
day. The shadow height caused by a 5 ft wide overhang (PH= 60 in.) is given by: 

sH = P H·(tan n) = 60 tan [24°] = 60·0.445 = 27 in. 

Because the overhang is at the 10 ft elevation, and the windows terminate at the 8 ft eleva

tion, only the top 3 in. of the west windows are shaded at this hour. The remaining 95% of 
the west windows in the dining area are sunlit. The west window in the kitchen area is in the 

drive-up window area, which has no overhang. This window is fully sunlit. 
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INTERNAL GAINS 

The third phase of the cooling load calculation involves the internal gains from lighting, 

equipment and people. Turn back to the equipment listed in Table 11-1 and look up reason
able sensible and latent values for each component from Table 10-7 before checking the 
answers given in Table 11-10. The data and equations for calculating the lighting gain in 

Table 11-11 are also presented in Chapter 10. Estimate the sensible and latent contributions 
from people during this hour using Tables 10-2 and 10-8. 

Table 11-10. Internal Gains Data 

11:15 

Qty. Item Sensible Each Latent Each Tot. Sensible Tot. Latent 

1 8x10 walk-in freezer 0 0 0 
1 8x10 walk-in cooler 0 0 0 
2 10 ft3 chest freezers 1090 Btulh·(I0/18) ft3 0 1211 
2 8 ft3 coolers (refrigerators) 665 Btulh·(8/10) ft3 0 1064 
2 ice makers, 10 lb/h 9320 0 18640 
2 soda drink dispensers nla 0 0 
4 comm. microwave ovens 8970 0 35880 
1 36x36 in. gas broiler (1 backup) 5340/ftZ 0 48060* 
4 30 lb deep fryers 1900 0 7600* 
2 SO lb steamers 11/lb 0 1100* 
4 36 in. infrared food warmers 990/ft 0 11880 
3 electronic cash registers 160 0 480 
2 12-cup comm. coffeebrewers 3750 1910 7500 3820 
1 120 gal water heater 500 500 0 

Total Equipment Gains 133,91Sx0.96 3820 
*Hooded 

Table 11-11. Internal Gains Exercise 

Entry 
Time 

Dining Area 
Kitchen Area 

Total Number 
of people 

Lighting Load= ___ Btulh 
Lighting Load = Btulh 

New 
people 

Dining Area 
Hrs since Total 

entry (1700) hrs in 

Kitchen Area 

Fundamentllls of Heating and Coolillg Loads 

CLF 
CLF P Btu/each Total 

__ Btu/h Sensible Load 
Btu/h Latent Load 

__ Btu/h Sensible Load 
__ Btulh Latent Load 
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Table 11-12. Internal Gains Answers 

Dining Area 
Entry Total Number New Hrs since Total CLF 
Time of people people entry (1800) hrsin CLFP Btu/each Total 

1000 25 25 8 12 0.91 275 6256 
1800 50 25 1 2 0.6 275 4125 

10381 Btu/h Sensible Load 
1800 50 275 13750 Btulh Latent Load 

Kitchen Area 
700 6 0 11 16 0.94 275 1551 Btu/h Sensible Load 
1800 6 275 1650 Btulh Latent Load 

How did you do? The total lighting gain is given by the equation below, where the lights are 
assumed to be on 16 hid, and we are analyzing zone type C for 11 hours after the lights have 
been turned on. Two 35-W bulbs yield 70 total W, and 1.2 is assumed for the ballast gains. 
The CLF value comes from Table 10-1. Notice that the information on the exterior accent 
lights and security lights is not needed. 

qe1 = 3.41xWx(Fu/F JxCLFe1 

Dining = 3.4lx25x70(l.Oxl.2)x0.95 = 6803 Btu/h. 

Kitchen = 3.41x27x70(l.Ox1.2)x0.95 = 7347 Btu/h. 

The values shown in Table 11-10 are the recommended values for unhooded equipment 
except where noted. Notice that the walk-in freezer and cooler do not contribute to the 
internal load because their energy is discharged outside the building. The drink dispensers 
were listed, but contribute negligible heat gains because they are not associated with any 
refrigeration unit. The data for the cash registers is from Table 1 0-5a. Also, the water heater 
gain was estimated as 2ft diameter by 5 ft high with R-4 h·°F·ft2/Btu insulation and a 70°F 
temperature difference. Assuming hour 12 of an 18 hid operation, the CLF from Table 10-4 
is 0.96. 

The occupancy load is the most difficult to predict, because people are constantly going in 
and out. Table 11-12 shows one way of trying to estimate a reasonable value for the dining 
room occupancy. In this model, a base load of25 people is assumed from 10 am on, and an 
additional25 people are added at 6 pm. Notice that the stored energy from the breakfast and 
lunch crowds has essentially disappeared by late afternoon. The kitchen crew fortunately is 
much more stable at about 6 people. The occupant sensible and latent heat gains for restau
rants is given in Table 10-8 as 275 and 275 Btu/h., respectively. The latent heat gain must be 
removed immediately, but the CLF applies to the sensible values. 
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VENTILATION AND INFILTRATION 

The final step in the cooling load calculation process is to determine the heat gain due to 
ventilation and infiltration. The total exhaust air flow (5,100 cfm) must be replaced with 
outside air, and the energy in that air flow must be removed by the cooling system. But 
because that process occurs in the air handling unit (AHU) or the rooftop unit (RTU), that 
thermal load is technically not part of our space load. Refer back to Chapter 6 and see if you 
can calculate the sensible and latent loads due to ventilation. (If you are not familiar with 
the use of a psychrometric chart yet, here's a hint: the inside and outside humidity ratios are 

0.011lbmwate/ lbmct,air and 0.0142lbmwate/ lbmct,air' respectively.) 

= 

= 

As we did with the heating load, we will assume that the ventilation air is supplied equally 
by all four rooftop units (2,550 cfm each into dining and kitchen areas). Because the inside 
and outside design temperatures are 78°F and 91 °F, respectively, the sensible gain due to 
ventilation is given as: 

qsensible = 1.10 'Q' (to-t;} 
= 1.10·2550·(91-78) 

= 36,465 Btu/h 

To determine the latent gain due to ventilation, a psychrometric chart must be used to find 
the humidity ratio for the inside and outside air conditions. Given the design conditions of 
55% relative humidity inside and an outside wetbulb temperature of74°F, the inside and 
outside humidity ratios are 0.011 and 0.0142. The latent gain due to ventilation is given as: 

q1atent = 4840 · Q ·(Wo-w;) 
= 4840·(2550cfm)·{0.0142-0.011lbm, water /lbm,d!yair) 

= 39,494 Btulh 

Finally, we should summarize the heating, cooling and ventilation loads, as shown in Table 
11-13. The sensible and latent loads for both the dining area and the kitchen are given. 
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Table 11-13. Loads Summary 

Dining Area Kitchen Area 

Table Sensible Latent Sensible Latent 

11-7b Heating Loss 159,058 0 155,416 0 

Cooling Gains 
ll-8b Roof, walls, glass 10,023 0 10,695 0 
11-9b Solar gain 16,184 0 7,054 0 

Internal lighting 6,803 0 7,347 0 
11-11 Kitchen equipment 0 0 128,558 3,820 
11-12 People 10,381 13,750 1551 1,650 

Ventilation 36,465 39,494 36,465 39,494 

Total Cooling Loads (Btu/h) =79,856 53,244 191,670 44,964 

11.5 Review 

After the heating and cooling loads have been calculated, it is good practice to review the 
results to see where the larger loads are occurring and whether the values appear reason
able. In Table 11-13, most ofthe dining room cooling load is due to the ventilation air and 
from solar gain through the windows. The ventilation air flow is well defined, assuming 
that all exhaust fans are running during the dinner hour. Although the hour selected for 
analysis (6:00pm EDT or 1700 EST) was based primarily on the highest occupancy rate, it 
also had the greatest solar gain, because the shadow line was near the top of the window. 
One hour earlier, the sun would be higher in the sky and more of the west windows would 
have been shaded and the solar gain would have been much less. One hour later, the inten
sity of the SCL would have decreased significantly (from 156 to 128 in Table 9-5). 

It is fortuitous that in this case, the occupancy peak and solar peak occurred simultaneously; 
you will not always be so lucky. Usually, you will have to make several hourly calculations 
to ensUre that you have determined the maximum load condition. 

In the kitchen, most of the gain is due to the equipment load. You might want to double
check the size of the broiler, because it is the greatest contributor to the kitchen cooling 
load. You might also want to verify the capacity of the exhaust fans. A small change (in 
either direction) in their flow rate can have a dramatic effect on the design capacity of your 
rooftop units. Often in the early phase of design projects, estimated values are presented to 
allow the design to proceed. However, unless someone later asks the right question to the 
right person, revised values may never get included. 
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Finally, compare the overall cooling and heating load with previous experience. In this 
case, the total cooling load in the dining area (not including ventilation) is about 4 tons for 
1,200 ft2 of floor area, or 300 ft:2/ton. That value is in the expected range for dining areas. A 
quick call to your local franchise manager about the capacity of the rooftop units is another 
method to gain confidence in the reasonability of your values. 

The Next Step 

In the next chapter, you will learn how cooling loads are determined using the TFM and 
RTF concepts. These methods allow a wide variety of building types and construction de
tails to be modeled accurately. They can account for the time-delay that occurs from various 
wall and roof construction methods as well as account for the interaction between the space 
surfaces and the solar gain. The procedure lends itself well to the next level beyond heating 
and cooling load calculations: modeling the flow of energy into and out of a building con
tinuously. 

The disadvantage of this new method is that it requires the use of a computer to implement 
effectively. To keep the scope of this course within the range of a calculator, we will only 
skim the surface of this complex issue. However, you will still find the calculations chal
lenging for your calculator. 

Summary 

This chapter presented an opportunity to apply the heating and cooling load calculation 
methods to a small commercial building. While most parameters were clearly defined, there 
were several opportunities to use your own judgment in selecting reasonable values from 
the tables. 

After studying Chapter 11, you should be able to: 

• Estimate the heating load of a typical commercial building. 

• Estimate the ventilation requirements for a facility. 

• Calculate the cooling load at a given hour for a structure. 
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Skill Development Exercises for Chapter 11 

Complete these questions by writing your answers on the worksheets at the back of this 
book. 

11-01. Calculate the thermal loads at 6:00pm EDT in July if the building orientation is 
rotated 90° clockwise (north becomes east). 

11-02. Calculate the thermal loads of the original design at noon in July. 

11-03. Calculate the thermal loads of the original at 6:00pm EDT{= 1700 EST) in July if 
the restaurant is located in Detroit, MI. 
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Instructions 

Read the material in Chapter 12. At the end of the chapter, complete the skill development 
exercises without consulting the text. Re-read parts of the text as needed to complete the 
exercises. 

Study Objectives of Chapter 12 

The CL TD method discussed and applied in the previous chapters usually provides fairly 
accurate answers and is fairly easy to follow. However, the advent of the personal computer 
allows more accurate mathematical models to be used for routine design calculations. It 
also allows for analysis of the effect of various design modifications, control strategies and 
operating schedule changes on the performance of the systems and conditions on an hour
by-hour basis. 

The equations and data used in the Transfer Function Method (TFM) procedure will be 
discussed in this chapter. We will begin with basic wall and roof sections, which both 
follow a similar procedure. From there, we will discuss how thermal energy stored by the 
mass within the space affects the cooling load over time, and show how these values can be 
modeled using the Room Transfer Functions (RTF). 
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After studying Chapter 12, you will be able to: 

• Use TFM to determine hourly heat gains through given walls and roof sections. 

• Use RTF to determine cooling loads from heat gains through windows and wall 
sections and from equipment or lights. 
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12.1 Heat Gain by Conduction Through Exterior Walls and Roofs 

As noted in the earlier discussion of the CL TD method, the thermal energy that is stored 
within the building structure and contents shifts the timing of when the energy is released 
into the space air. The TFM process accounts for the density, thermal capacitance and ther
mal conductance of the building materials used and determines the instantaneous heat gain 
based on the thermal history of the structure. 

Obviously, the thermal history of a structural cross-section will depend strongly on the 
local weather conditions (temperature and solar energy) assumed. For this procedure, the 
sol-airtemperatures discussed in Chapter 8 and presented in Table 8-1 are used to represent 
the outdoor conditions. The indoor air temperature and both indoor and outdoor surface 
heat transfer coefficients are assumed constant. Thus, the heat gain through a wall or roof is 
given by: 

q,,e = {~?·~.,._., )-~ d.(q;·•) 1~ ~c.] (12-1) 

where, 

q =heat gain through wall or roo£ at calculation hour 8, Btu/h. e,e 

A = indoor surface area of a wall or roof, ft2 

e =time, h 

B = time interval, h 

n = summation index (each summation has as many terms as there are 
non-negligible values of coefficients) 

t = sol-air temperature at time 8-nB, °F e,O-nll 

t rc = constant indoor room temperature, °F 

b n' c n' dn = conduction transfer function coefficients 

The Conduction Transfer Function (CTF) coefficients presented here are calculated using 
combined indoor and outdoor heat transfer coefficients of h1 = 1.46 (Btulh·ft2·°F) and h0 = 
3.0 (Btulh·ft2·°F), respectively. For applications with different sol-airvalues or construction 
details, follow the procedure and computer program outlined in Mitalas and Arseneault1 or 
as discussed by the Cooling and Heating Load Calculation ManuaP and with the micro
computer software issued with that publication. 
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Harris and McQuiston investigated the thermal behavior of approximately 2600 walls and 
500 roofs to determine how they influenced transmission ofheat gain to conditioned spaces. 3 

Based on that study, 41 representative wall assemblies and 42 roof assemblies have been 
identified. These represent a wide range of construction components, insulating values and 
mass densities. The mass can be concentrated on the inside surface, the outside surface or 
uniformly distributed across the wall or roof section. These prototypical assemblies can be 
used to model the performance of most typical construction practices. 

These wall and roof sections are constructed from the selection of building materials listed 
in Table 12-1. The code letters A, B, C and E represent outside surface materials, light 
insulating materials, heavy non-insulating materials and inside surface materials, respec
tively. These groupings are basically for identification purposes only; the lettered compo
nents can be arranged in almost any reasonable sequence. However, notice that AO is al
ways the outside surface resistance, and EO is always the inside surface resistance. 

The representative roof group numbers are presented in Table 12-2. To determine the rep
resentative roof group number, select the appropriate section based on the existence of a 
suspended ceiling and/or roof terrace system. Next determine whether the roof mass is 
predominantly inside, outside or uniformly distributed (integral). Finally, select the appro
priate R-value range number based on the values in the footnote at the bottom of the table. 

EXAMPLE 12-1 

Problem: Determine the roof number for the restaurant example of Chapter 11. That roof 
consisted of 2 in. of insulation on top of 2 in. of concrete for a total resistance of R = 11.31 

h·ft2·°F/Btu. 

Solution: In this case, the mass is inside, and we will assume a suspended ceiling without a 
roof terrace system. The 2 in. concrete deck is represented by C 12 in Table 12-1. The R -value 
range in Table 12-2 is 3 for the given R-value. Line 5 therefore indicates that the appropri
ate roof group number for this construction is No. 13. 

The selected roof group number is then used in Tables 12-3 and 12-4 to determine the roof 
CTF coefficients. These values can then be used in Equation 12-1 above to calculate the 
rate of heat gain. Notice that in the above example, Roof Group 13 is assumed to be a 6 in. 
heavyweight concrete deck with 2 in. of insulation, which is somewhat different from the 
actual construction materials that we assumed in the example. Initially, it may be difficult to 
accept that such diverse systems can perform comparably from a thermal point of view. But 
these results have been validated experimentally many times. 
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Table 11-1. ThenDal Properties amd Cede Numbers 
ofLayen Used iB WaD aad RoofDeseriptiou4 

o.te 'l1llcb. ... '1'111rm81 .......... ,........ .,_,.,.... L A: p e, It Mali 
AO ~--.....,._ 0.0 0.0 0.0 0.0 0.33 0.0 
Af lla.S... O.ol33 0.4 116.0 0.20 0.21 9.7 
A2 418. .,.. llrlc:t 0.333 0.77 125:o 0.22 0.43 41.7 
A3 Slellllidlq 0.005 26.0 480.0 0.10 0.00 2.4 
M 1121a.SJiti 0.0417 0.11 70.0 0.40 0.38 2.2 
AS Oulllde--~ 0.0 0.0 0.0 0.0 0.33 0;0 
lt.6 Plllisb 0.0417 0.24 78.0 0.26 0.17 3.3 
A7 418. ,_ llrlc:t 0.331 0.77 12!'1.0 0.22 0.43 41.7 

Bl Air .... ~ 0.0 0.0 0.0 0.0 0.91 0.0 
B2 lin.~ 0.083 0.02!'1 2.0 0.2 3.33 0.2 
B3 . 2 in. laluladoa 0.167 0.02!'1 2.0 0.2 6.67 0.3 
B4 31a.IBIIutalioD 0.25 0.02!'1 2.0 0.2 1.19 0.5 
BS I ia. 1B11uta1ioD 0.0833 0.02!'1 5.7 0.2 3.33 0.5 
B6 2 ia. luulaliaR 0.167 0.02!'1 5.7 0.2 6.67 1.0 
B1 I ia. Wood 0.0833 0.67 37.0 0.6 1.19 3.1 
B8 2.5 in. Wood 0.2083 0.07 37.0 0.6 2.98 7.7 
89 4.iii.Wood 0.333 0.07 37.0 0.6 4.76 12.3 

818 2111. Wood 0.167 0.07 37.0 0.6 2.39 6.2 
Bll 318. Wood 0.25 0.07 37.0 0.6 3.57 9.3 
812 3 ia.IBIIutalioD 0.25 0.~ 5.7 0.2 10.0.0 1.4 
8,13 4 Ia. llllllladoa 0.333 0.02!'1 5.7 0.2 13.33 1.9 
814 5 Ia. r-dalioD 0.417 0.02!'1 5.7 0.2 16.67 2.4 
Bl5 6 Ia. ._._ 0.500 0.02!'1 5.7 0.2 20.00 2.9 
816 0.1518.._..,. 0.0126 0.02!'1 5.7 0.2 o.so 0.1 
Bl7 0.3 ia.llllllladoa 0.02!'12 0.02!'1 5.7 0.2 1.00 0.1 
818 0.45 Ia. lullaliml 0.0379 0.02!'1 5.7 0.2 I .SO 0.2 
819 0.61 ia. ltllulalioA o.osos 0.02!'1 5.7 0.2 2.00 0.3 
820 0.76 Ia. ._..,. 0.6631 0.025· 5.7 0.2 2.50 0.4 
821 1.36 ia. m.lalioa 0.1136 0.025 5.7 0.2 4.50 0.6 
822 1.67 Ia. luauJatioa 0.1388 0.025 5.7 0.2 5.50 0.8 
B23 2.42 in. llllllladoa 0.2019 0.025 5.7 0.2 8.00 1.2 
824 2.73111. 1-ratiaa 0.2272 0.025 5.1 0.2 9.00 1.3 
B2S 3.33111. (-'ado!~ 0.2777 0.025 5.7. 0.2 11.00 1.6 
826 3.64 in. lialllalioa 0.3029 0.025 S.7 0.2 12.00 1.7 
827 4.54 Ia. lalaladoR 0.3786 0.025 S.7 0.2 15.00 2.2 

Cl 4 in. Clay li1e 0.333 0.33 70.0 0.2 1.01 23.3 
C2 4 ia. LiPtweilllt-- bloek 0.333 0.22 38.0 0.2 I.SI 12.7 
C3 4111. ,._,....,....--bloc:k 0.333 0.47 61.0 0.2 0.71 20.3 
C4 4 ilL c--~~r~c:t 0.333 0.42 120.0 0.2 0.79 40.0 
cs 4 ilL llea¥peipt -- 0.333 1.0 140.0 0.2 0.33 46.7 
C6 I ia. Clay tile 0.667 0.33 70.0 0.2 2.00 46.7 
C7 lia.~CXIIICAltebloek 0.667 0.33 38.0 0.2 2.00 2!'1.3 
Cl 8 ilL ~--bllldc 0.667 0.6 61.0 0.2 1.11 40.7 
C9 8 ill. Calllal!llllrlc:t 0.667 Q.42 120.0 0.2 1.59 10.0 

CIO BilL~-- 0.667 i.o 140.0 0.2 0.67 93.4 
Cll 1218.~-- 1.0 J:o 140.0 0.2 1.00 140.0 
Cl2 2 ia.·He~v, ..... _. 0.167 1.0 140.0 0.2 0.17 23.3 
Cl3 61JL • ....,....,.... __ o.s 1.0 140.0 0.2 o.so 70.0 
Cl4 4 Ia. ............... Olllic:iPIIB 0.333 0.1 40.0 Q.2 3.33 13.3 
CIS 6ia.uptttlfallt-- 0.5 0.1 40.0 0.2 5.00 20.0 
Cl6 81JLUifltR--- 0.667 0.1 40.0 0.2 6.67 26.7 
Cl7 8 ilL ~--bloct (fiJied) 0.667 0.08 18.0 0.2 8.34 12.0 
CIS 8 ia. ~-- bloek (filled) 0.667 0.34 53.0 0.2 1.96 35.4 
Cl9 12 ill.~-- block (filled) 1.000 0.08 1!1.0 0.2 12.50 19.0 
C20 12 ilL Hea'lywellbt-- block (filled) 1.000 0.39 56.0 0.2 2.56 .56.0 

1!0 llllide _,_ lllilllal:e 0.0 0.0 0.0 0.0 0.69 0.0 
El 314 Ia. PJaaw or 1YJ1111111 0.062!'1 0.42 100.0 0.2 O.IS 6.3 
112 112 ill. SJ~tior .-. 0.0417 0.83 ss.o 0.40 o.os 2.3 
E3 3111 Ia. M alllllllllllllnM 0.0313 0.11 70.0 0.40 -().29 2.2 
134 Cellialalr~p~~:e 0.0 O.Q 0.0 o.o' i.oo O.Q 
BS ACQIII1IIic li1e 0.062!'1 0.035 30.0 0.2 1.79 1.9 

L•~ft polfllnlll,y,JIIIfi' R •lhemlol niialance, "F· ftZ·hllllu 
k·-..-I~.Bialb·ft·"F c, •lplci& .--. BIUIIb·"F Mauallllitmou.llllfi' 
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Table 12-2. Roof Group Numbers4 

Roul.MateriU" 

No. Caw 
I 87 
2 88 
3 89 
4 cs 
S Cl2 
6 Cl3' 
7 Cl4 
8 · CIS 
~ Cl6 

10 A3 

11 Attic 

12 Cl2-Cl2 
13 Cl2-CS 
14 Cl2-Cl3 
IS CS-Cl2 
16 CS-CS 
17 · CS-Ci3 

. 18 Cl3-Cl2 
19 Cl3-CS 
20 Cl3-C13 

No. Codes 

2 

3 
4 
s 
6 
7 
8 
g 

10 

87 
88 
89 
C5 
Cl2 
Cl3 
C14 
CIS 
Cl6 
A3 

II Attic 

12 Cl2-Cl2 
13 Cl2-CS 
14 Cl2-C13 
IS CS·Cl2 
16 CS-CS 
17 CS-CI3 

1 

6 
2 
7 

R·Value Rap NiuDbenl' 
2 3 4 5 . 6 

7 .7 10 10 
2 4 4 5 

12 13 13 20 
'4 .s 9 9 
s .. 10 18 18 18 
9 . 19 20 27 . X'( 

1 2 . 3 4 5 ' 

8 IS 18 18 23 
s 8 13 13 14 

18 24 2S 2S 
4 10 II 18 20 

10 18 21 21 28 
20 28 29 36 

1 2 3· 4. ·5 6 

I 2 .2 4 4 
4 5. . 9 .to 18 

19 21 27 27 28 
3 
2 
s 

. ,2 2 

4 
9 
I I 2 2 

I· 2 2·· 2 4 

'4 s 9 9 9 

6 11 12. t8 18 
11 20' 20 21 27 
.s 10 10 17 17 
lO 20 20 26' 26 
20 27 28 28 35 

·. 10 18 20 20 . 26 
18 27 2.7 . 28 3S 
21 29 30 36 36 

.1 2 3 4 5 6 

6 
3 

4 . s g 10 10 

g 20 . 21 22 28 
20 28 .30 37 38 

11 II 
4 
g 

18 
. :1 2' 2 4 

6 13 22 22 22 
10 21 23 24 31 
13 23 24 33 33 
10 20. 22 28 29 
13 23 32 32 33 

·21 32 34 . 40 

'18 Cl3-Cl2 . 12 28 30 31 37 

19 CI3-CS 
20 Ct3-Cl3 

•alauk.....,.. denote a rOof dial II IIIII poulble wilb lbe cb01011 COIIIbillo!i- of 
............. Nambon 121hrausb 20 1110111of- sy-. 1'"11'11 .-IIIII 
0111et Ja;er,leCOlld Dllletialll iBM' Ia,.... Mllllioe JIIIIOrial miiubOn ue:· 4. S, 6, 
'/;8,9, 12, 13, 14, I:S,i6, 17, 18, IP,ailll'20.~~iiilinllenuo: 
I, 2, 3, 10.11111 II. 

21 31 39 40 40 
'39 41' 41 42 42 

I 
2 

6 
2 
7 

s. 
7 

12 
5 

10 
20 
10 
20 
21 

MaD. Out 

2 3 4 5 6 

7 7 10 .11 
3 4 5 s 

12 13 13 20 
.4 s 9. 9 

S : 10· tO·.. 18 18 
9 18 . 20. 27 27 

s 7 9 9 
12 12 '12 . 20 
13 21 . 21 21 
10 11 11 18 
13 . 21 21 .. 21 
22 :22 22 .28 
13 20 29. 21 
22 22 28 28 
29 . 30 31 '36 

MauOut 

1 2 3.. 4 5 6 

7 7 '7· 10 10 
3 3 4 s 

12 13 13 20 
4 ··s . 9 9 11 
9 10 . 18 . L9 26 

lit :u; 27 27 

s 5 7 9 .9 
12 12 18 ·20 
13 21 .. 21 21 
10 . 12' 18· '18 
20 21 . 21 21 
22'22 28 28 
13 20 lO. 21 
22·22·28 28 
29 30 31 36 37 

·No. Range 

10 to IS ·.S ·20to2S 
4 1Sto.20 . . 6 2St030. 
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Table 12-3. Roof ConduetioD Transfer FuDetioD Coeftieients4 

t..,_ BO A3 B25 1!31!2 AO 
Steel deelt dll3.33 ill. ........ 

2. t..,. BO A3 814 Jl$112 AO 
Steeldeelt williS ill. ....... 

~ U,.. BO 8514 Ct21!312 AO 

.2ill. h.w. ~deelt ··~ llliiiJII. 
4 t..,_ BO Jl BlS 141'1 AO . 

Allip ~ dll.6 ill. ilaalallllall_ 
5 LaycnBOBI4C~I!31!2AO . . . 

· 5 ill.' ililulllioa wilt 2"iJI. h.w. llOIICRID clecli 
6 ·~..aJ~biOC5BI'HI31!2AO .. 

4 ia.IL\V. _... deelt w1t1a 0.3 ill. i1iau1a1ioa 
7 LapgEOB22C12B31!2C1·2AO . 

· i.67 ill. iaiiJ1aliD8 w1t1a 2111. h.w.-c:cJIICI1Ii8«TS · 
S. LajeDEO·I~Cl3SI2AO 

. 0.15 iJI..ialul. witll6 ill. li.W. c:ollllfllfe clec:t 
9 t..,_SOB584B12Cl41!312AO · · 

3 ill. iillul wl4 ill. L w. -. deelt aad iasp. c!J. 
JQ t..,_BOB584CJSBI61!312AO 

6 ill.l.w. c:oac. dlt 11!11).15 ill. inl. -~ clg. 
ll Layers BO CS 8151131!2 AO 

4 Ia. h.w. CCIIICRiedeelt'Widltl ia.lasuladOa 
12 t..,.BOC1~BI61!31!2CI2~ ..... 

6111. h.w.dect Wt'O.tSia. ills. aail2iD. b.w. RTS 
13 LayersBOCI3 B61!3B2AO .. 

. 6 ia. li.w. _... c1ec:t wit112ill. u.Jlllioll 
14 Lajaa B8 B5 84 Cl2 Bl3 B3 E2 AO 

. 2 in. }. w. COlle. clec:t wl4 in. lu. aad susp. clg. 
· 15 Layers SO B5 B4 CS Btl E3 B2 AO . 

I in. iDial. wl4 in. b.w. -. clec:k aad susp. clc· 
16 t..,_BOE584CI3B20B3B2AO 

6 in. li.w. deelt wl0.76 ill. '-1. 81111 susp. clg. 
17 LayeaBOJi!SB4BISCJ4B31!2AO 

6 ill. iDiul. w/4 ia.l.w. COliC. deCk liJIIIIIJSp. clg. 
IS Layea :SO Cl2 Bl5 B3 B2 CS AO 

· 2 ill. b.w.-. dlt w/6 ill. ills. 8111112 ia.lr.w. RTS 
19 Layers::SOCSB27B3B2CI2AO 

4 ia.ll.w. deelt w/4.54 in. IDB.IIIId 2 ill. h.w. RTS 
20 LayersliOB21CI6B3B2AO 

1.36 ill. inlllllliciD will! S ia.l.w. _. clec:k 
21 LaycnSOCI3BIUi3112Cl2AO 

.6 Ia. b.w. deelt wl3 ill. IDBul.lllld 2 ia.ll.w. RTS 
22 Liaytn EO B22 CS B3 B2 Cl3 AO 

1.67 ill. ills. w14ill.ll.w.deeltlllld6ia. b.w. RTS 
23 t..,_BOB584C11BI4B3B2CI2AO 

'$uap.cJ& 2ia. ll.w. elk, 5 ia. ills, 2ill.ILw. RTS 
24 Layea E&f!S 84 C5 831!12 B61U Cl2 AO 

Sulp.cJ&4 Ia. b.w:dk. 2 ia. io1, 2 Ia. ll.w. RTS 
25 ·t..,.BOB514CI3813B3Q2AO . 

6 Ia. b.w. coac. c1ec:t wl4 ill. ills. aad susp. ciJ. 
26 LayeriliOB5lB4B!SCI5E3B2AO 

6 ia.luul. wl6 ia.l.w. ·coae. deck lllld susp. clg. 
27 Layea:SOCI3BISB3B2CJ2AO 

6 Ia. b.w: deck w/6 ill; ills. aad 2 ill. b.w. RTS . 
2S Layers~ B9 814 B3 B2 AO . 

4 Ia. wood deelt wldt s ill. insuladoa 
29 t..,_ EID B5 84 Cl2 813 E3 B2 C5 AO 

.su.p. cPa, 2 ill. b. w. elk, 4 ill. ills. 4 ill. b. w. RTS 
30 Layers EO B5 84 B9 Btl B3 B2 AO . 

.4 Ia. wood deck wl2 llLialul.lllld IWip, ceiliaa 
31 t..,_BOB27CI3B3B2C13AO . 

4.541a. ills. w/6 Ia. b.w. deck aad 6!11. II.!!'. RTS 
32 ~BOB584C5B20B3B2Cl3AO . 

Sulp. de. 4 ID.Il.w. elk, 0.76 ill. IDs: 4 ID.Il;w. RTS 
33 LaYen EID f!5 84 Cl Bf3 B3 B2 C5 AO 

Sllsp. c1c. 4 Ia. b.w. elk, 4 Ia. iDs. 4 ill. ll.w: RTS 
34 t.ayers :SO B5 84 Cl3 B~ B3 B2 C5 AO 

Sulp. cJr,.6 la.ll.w.·dk, 2.42 ill. IDI, 4 in. b.w. RTS 

"· 0.00487 0.83474 0.81365 0.00036 0.001106 .· 0.00000 0.001106 
d, 1.00000 ~51 0.82267 -'O.OUOOS 0.00000 0.000110. 1),00000 
1>0 8.CIIIIlS6 0.01202 0.81282 · O.etl43 O.OOQ()I · 0.000110 .0.00000 
d, · 1.0111100 -O.Ci1106.$ 0.88602 -o.OOils 0.00000 0.00000 0.00000 
"• 0.08613 o.o39S3 0.01375 . O.ocl025 0.00000 0.00000 0.00000 
d, 1.011000 -0.75615 0.01439 . ...,o.cicoo6 0.011000 0.8IIIIOQ 0.00000 
"·· o;1101100 0.00065. O.et339 o.00240 o.~ .o:eoooo o.ooooo 
4 I.OUOOO -1.34651 . o.S9314 -il~ o.oci296 -0.0111101 .. o.Oiiooo 
"· 11.001106 o.Oft2S6 o.004'77 . o.ooioo · o:OOIII'l 0.0011110. o.ooooo 
4 1.011000 -1.10395 0.26 .. -o.0047S ·o.OIIOOI2 o.ooooo · .o.ooooo 
h0 0.00290 -G.03143 0.02114 · 0.00120 O.OIICICIQ 0.00000 0.00000 
d, 1.e110110 -0.979GS O.IW ~~ 0.0111100 0.00000 0.00000 
1>;, 0.00059 . 0.08867 0.006111 ·O.oooJ7· 0.00000 0.00000 0.00000 
d, . 1.00000 -l.lJ7fl6 0.23731 -o.:oocioa '0.0111100 . ~.00000 0.00000 

·. "• 0.00098 0.01938 O.o20S3" 0.00219 0.0111101 IUlOIIOO 0.001106 
d, UIOI'IOO -1.10135 0.20750 -'(1.00287 ·0.00000 · O.OOilQO 0.00000 
••. 0.00000 0.00024 0.00217 0.00251 . 0.011055 0.00002 0.00000 
d, 1.0111100 -J.406t)S .. 0.511114 -0.0!1034 O.G0444 -0,00006 0.00000 
1>0 0.011000 O.ll002S 0.00241 0,00303 0.00074 O.OIIQ04 0.00000 
d, . . -1.00000 -1.55701 0.73120 -0.11774. 0.:00600 -O.QOOOI 0.00000 
h. O~OOOOo O.ooOi3 0.00097 0.00102 O.ooo20 · 0.00001 · O.OOQOO 
d, 1.011000 -1.61467 0.79142 -0.13243 0.006U -0.00008 0.00000 
"· o.~ o.00356 Mtosa o.~ o.oooJ9 o.ooooo o.ooooo 
d, 1.00000 -1.59267 0.72160.-0.011275 .. 0.00029. O.GOOQO ' 0.00000 
"· 0.00002 0.00136 0.00373 0.00129 ·, 0.0111106 0.00000. 0.00000 
d, 1.011000 -1.34451 0.44285 -,4).()4344. 0;00016 0.00000 0.00000 
b0 O.ooooO O.ll0046 0.00143 0.00051· ,1).~ 0.00000 0.00000 
d, 1.011000 -1.33741 0.41454 -:4)Jm46 0.00031 0.00000 . 0.00000 
"··· 0.00001 0.001166 o.oot63 o.CllliM!f. o.~ o.ooooo o.ociooo 
tl. 1.011000 -1.24:MS o.2S742 .-0.01274 .0.00009 0.001106 0.00000 
"· o.oooot o:00060 o.00197 o.ooo86. o,~ · .0.001100 o.ooooo 
d• 1.011000 -1.39181 0.46~ -0.0471.. .O.OOOSB 0.00000 0.00000 
1>0 · 0.00000 O.oooOl 0.00011 0.00074 .0.~ O:OOOtO 0.00000 
.1-. 1.011000 -1.87317 1.209$0 -o.32904 ci.03'199 -o.oo169 0.00002 
"• 0.011000 0.00002 0.00027 O.OOOS2 0.00019 0.00002 0.00000 
.. 1.011000 -2.10921 1.50843 ~.40880 O.(J,J249 -0.000611 .. 0.00000 
"· . 0.00000 0.00009 0.00073 0.00078 0:00015 0.00000 0.00000 
d, 1.00000 -i.S28S I 1.02856 -0.17574 . 0.00556 ~.00003 . 0.00000 
"· 0.00000 0.00002 0.110044 .. 0.00103 0.00049 . o.oooo:s 0.00000 
d. 1.00000 -1.91, 1.21970" ~.30000 0.02630 -Q.00061 0.00000 
"· . . o.ooooo o.00009 o.cioo'n 0.00011 o.ooo1s . o.ooooo o.ooooo 
.d,. : 1.00000 -I.S4585 1.03238 -0.171$2; .0.00617 .-O.fl0Cl03 0.~ 
h. 0.00000 0.00014 0.00100 . O.OOOM 0.00015 0.00000 0.00000 
d, . 1.00000 -1.79981 o.947S6 -o.1»44 o.CIOMo _.,.().00001 o.Oiiooo 
"· o.011000 0.110002 o.00022 . o.ooo3a. o.OOOOil · o;oooilo o.ooooo 
"· 1.011000 -1.6903 1.13575 ..o~ o~om' ..o:oooi5 o.ooooo 
"• 0.00000 0.00008 0.00047 .OJJCI039 0.011006 . 0.00000 . 0.00000 
iJ,.. 1.00000 -1.73082 0.15611 -o:U614 ·· 0.00239 ~.oiioOi · 0.00000 
"• o.ooooo 0.00002 o.0002t ·o.0003i ·o.00009 · O.llOOOI o.CIOOOO 
d. 1.00000 -1.63446 0.7sa78 -0.14422.· 0.009<t0 ~ .. 00011 0.00000 
"• · 0.00000 0.0011110 0.00002 0.00014 0.00024 0.00011 O.OOQ02 

. d, . 1.011000 -2.29459 1.93694 -0.75'741 0.14252 ;.o,01251 · 0.00046 
"· . 0.00000 0.00000 0.00007 0.00024 0.00016 . : 0.00003 0.00000 
d. . 1.011000 -2.27813 l.S216% -0.6019!16 0.07696' -0.00246. 0.00001 
b,; . 0.00000 0.00000 0.00001 0.011010 0.00017 0.00009 . 0.00001 
d, 1.00000 -2.41915 2.1'1932 -0.93062 0.1!1140 . .,.0.02Ql2 0.00081 
"· 0.00000 0.00001 0.000111 0,00026 .0.00001· . 0.00000 . 0.00000 
·d, 1.011000 -1.99413 1.20218 -0.201191 0.01051· ~.00010- 0.00000 
"· 0.011000 0.00000 0.000113 0.011016 0.00018 0.00110,5 0.00000 
110 1.011000 -2.29665 1.86386 -().65731 0.10295 --0.0063i 0.00012 
"· 0.011000 0.00000 0.00003 0.00014 0.00014. l).ooOOJ 0.00000 
d. 1.00000 -2.29881 1.85733 -:0.64691 0.10024 ..o:il0593 0.011006 
"· o.ooooo o.ooooi o.Cioo24 o.ooo37 0.0001.1 Q.OQOOl o.ooooo 
!1. 1.00000 -2.119344 J.35ua ..:0.26478 0.01~1 ~.ooots o.ooooo 
~~~ 0.00000. 0.00000 0.00005 O.o00!3 . O.oocio7 IUlOOOl 0.00000 
d, 1.00000 -2.07156 1.33963" -0.27670 '0.020119 -0.00058 0.00000 
"• 0.00000 0.00000 O.oOoos 0.00013 0.00007 0.00001 0.00000 
d,. 1.00000 -2.13236 1.43448 ~.32023. 0.02188 :..0.00038 0.00000 
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Table 12-3. Roof Conduction Transfer Function Coefficients (cont.) 

Roof 
Group (Layer Sequence Left to Right= IDslde to Outside) 11=0 n=l 11"'1 11=3 ·n=4 11=5 11•·6 

. 35 Layers EO CS "IS E3 B2CI3 AO b;, 0.00000 0.00000 0.00002 0.00010 0.000 II · 0.00003 0.00000 
. 4 in. h.w. deck w/6·in. ins.lllld 6 in; h.w. R,TS d • 1.00000 -2.51234 2.25816 ~.87306 ·oJ4066· ~:001as 0.00016 

36 Layers EO Cl3 827 E3 E2 Cl'3 AO . ,. 0.00000 0.00000 0.00002 0.00009. 0.00011 0.00003 0.00000 
6 in. h. w. deck w/4.54 in. ins. and 6 in. h. w. RTS d, 1.00000 -2.50269 2.23944 ~.88012 0.15928. ~;OJ176 0.00018 

37 LayersEOES E4 BIS C13E1E2 Cl3 AO b •. 0.00000 0.00000 0.00000 0.00002 0.00005 0.00004 0.00001 
Susp. clg, 6 in. ins, 6 in: lr.w. dk, 6 in~ h.w. RTS · _dit 1.00000 -2.7SS3S · 2.88190" -1.44618 0.36631 ~.04636" 0.00269 

38 Layers EO ES E4 89 B IS E3 .B2 AO b •. 0.00000 0.00000 0.00000 0.00001 0.00003 0.00003 0.00001 
4 in. wood deck with 6 in. iiiSul.lllld susp. eeiling d, l.lljlOOO -2.81433 3.0S064 -1.62nt 0.45499 ~.06S69 0.004SS 

39 Layers EO ES E4 Cl3 820.E3 E2 CI3AO b •. 0.00000 0.00000 0.00007 0.00019 · O.OQOH 0.00001 0.00000 
Susp, ctJ, 6 in. h.w. dk. 0.76 in. ins, 6 in. h.)y. RTS 4. I .00000 -2.30711 i:71s8s ~.s2057 O.OS591 -Q.OOII8 . 0.00001 

40 Layers EO ES E4 CS B26 E3 E2 C13 AO b. 0.00000 . 0.00000 o.ooil02 0.00007 O.OOQOti 0.00001" 0.00000 
Susp. clg, 4 in. h.w. elk, 3.64 in. ins, 6 ii...h.w, RTS d. 1.00000 -2.26975 1.68337 ~.45628 . 0:04712 ~.00180 0.00002 

41 LayersEOESE4CI3 86E3 B2CI3 AO ~. 0.00000 0.00000 O.IXIOQ2 0.00007 0.00006 . 0.00001. . 0.00000 
Susp. clg, 6 in. h.w. deck, 2 in. ins, 6 in. h.w. RTS d. 1.00000" -2.35843 1.86626 ~.56900 0.06466 :...0.00157 0.00001 

42 LayersEOESE4C13814E3E2C13AO · b •. 0.00000 0.00000 0.000()0 0.00001 0.00002 . o.oooo1· 0.00000 
Susp. clg, 6 in. h.w. deck, Sin. ins, 6 in. h.w. RTS d. 1.00000 -2.68628 2.63091 -1.16847. 0.24692 :...0.02269 0.00062 
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Table 12-4. Roof Conduction Transfer Function Coefficients, 
Time Lag, U-Factors and Decrement Factors4 

Root 
Group re. TL,h u DF 

I Layers EO A3 825 B3 El AO 0.05362 l.63 0.080 ·o.97 
2 Layers EO A3 814 B3 E2 AO 0.02684 2.43 0.055 0.94 
3 Layers BO ES ·B4 Cl2 B3 E2 AO 0.05997 3.39 0.232 0.75 
4 LayersEOBI 8158487 AO 0.00673 4.8.5· 0.043 0.82 
s Layers. EO 814 CI2B3 E2 AO 0.00841 4.82 0.055. 0.68 
6 Layers EO C5 817 B3 B2 AO 0.05668 4.57 0.37.1 0.60 
7 Layers EO 822 CJ2B3 E2CI2AO 0.01652 5.00 0.138 o:56 
8 Layers EO 816 Cl3 ~ E2 AO 0.04340 5.45 0.4~ 0.47 
9 LayersEOESB481;lCI4B3B2AO . 0.00550 6.32 0.057 0.60 

10 Layers EO ES B4 Cl~ 816 B3 B2 AO 0.00647. . 7.14 0.104 0.49 
.11 Layers EO CS 815 B3 B2 AO 0.00232 7.39 0.046 0.43 

12· ~EOC13 816B3E2CI2AO 0.01841 7.08 0.396 0.40 
13 Layers EO C13 86 B3 E2 AO 0.00645. 6.73 0.117 0.33 
14 Layers BOESB4C12 813 B3 E2 AO 0.00250 7.06 0.057 0.26 
15 Layers EO ES B4 C5 86 B3 E2 AO 0.0~477 7.16 0.090 0.16 
16 Layers BOBS B4CI3 820 B3 E2 A'O 0.00349 . 7.54 0.140· 0.15 
17 Layers EO ES B4 815 C14 B3 E2 AO '.0.00159 8.23 0.036 o:so . 
1.8 Lajen EO C12 815 B3 E2 C5 AO 0.00101 9.21· 0.046 0.41 
19 Lajen EO CS 827 B3 B2 C12 AO 0.00176 8.42. 0.059 0.37 
20 . Layers EO 82. C16B3B2 AO · 0.00202 8.93 0.080 0.32 
21 LayenEOC13 812B3E2CI2AO 

'• 

0.00174 8.93 0.083 0.26 
22 L1Y.en EO 822 CS B3 B2 Cl3 AO . 0.00222 8.99 0~129 0.20 
23 Layeis EO ES B4 Cl2 814 B3 B2 Cl2 AO 0.00064 9.26 .. 0.047 0."16 
u' . LayenEOESE4C5B3E28681 CI2AO 0.00100 8.84 0.082 0,12 
2S LayenEOESB4CI3 813B3 B2AO 0.00063 8.77 0.056 0.09 
26 Layen EO ES B4 .815 Cl5 B3 E2 AO 0.00053 10.44 ,0.034 .0.30 
27 LayenEOC13815B3E2C12AO · . 0.00050 ·10.48 . 0.045 0.24 
28 Layers EO 89 81483 E2 AO 0.00038 11.18 ·o.044 0.19 
29 LayenEOESB4C12813B3B2C5AO 0.00053 10.57 0.056 0.16 
30 Layers EO ES B4 89 86 B3 E2 AO 0.00042 11.22 0.064. 0.13 
31 Layers EO 827 Cl3 B3 E2 Cl3 AO '0.00034 11.27 ~ •' ' 0.057 0.12 
32 Layers EO ES B4 CS 820 B3 E2 Cl3 AO' 0.00015 11.31· 0.133 O.Hl 
33 LRyersEOES B4CS 813 B3 E2CS AO · 0.00026 .1'1.47 0.055 0.08 

'34 LliyenEOESB4'C13 823B3B2CS AO 0.00026 11.63 0.077 0.06 
35 LayenEOCS815B3B2CI3 AO 0.00026 i2.'29 0.045 .0.18 
36 Layers EO Cl3 82783 E2 Cl3 AO 0.00025 l2.67 '0.057 0.13 
37 Layers EO ES B4 8 IS Cl3 B3 B2 C13.AO 0.00012 'J3:i)2 0.040 0.1·1 
38 Layea BOES.E4 89 BI5E3 B2AO 0.00008 13.33 o:o35 0.09 
39 Layers EO BS B4 Cl3 820 :1;3 E2 C}3 AO 0.00039 12.23 0.131 0.07 
40 Layers EO ES B4 CS 826Bl E2 C13 AO 0.00016 12.68 0.059 0.06 
41 LayenEOES B4CI3 86.B3B2CI3 AO O.POOI6 12.85 0.085 Q.05 
42 Layen EO ES B4 Cl3 8 14 B3 B2 Cl3 'AO 0.00005 14.17 0.046 0.03 
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Similar information for various wall groupings are provided in Tables 12-5, 12-6 and 12-7 

for designs with the insulation predominantly on the inside, integral and outside, respec
tively. Each line represents one of 17 R-value ranges. Select the most massive wall material 
from the list of25 Wall Material Layers presented in the abbreviated Table 11 on the bot
tom right of the two tables, and then select one of the three types of surface finish presented. 
The top of the table represents stucco or plaster finishes; the middle section represents steel 
or other thin surface materials; and the bottom section represents 4 in. face brick (or similar 
massive surfaces). 

EXAMPLE 12-2 

Problem: Determine the appropriate wall group for a wall section that consists of 4 in. 

brick, 2 in. insulation and 4 in. brick (inside) with a total R-value of 6.73 h·ft2·°F/Btu. 

Solution: Because the massive brick is evenly distributed, Table 12-6 is used for the inte
gral mass case. A brick surface is layer A2 or A7 indicated by column 2, and the R-value 
range is given on line 9 at the bottom of the table. The indicated wall group is 16. Referring 
to Table 12-8, this group is representative of 8 in. heavyweight filled concrete block with 
face brick. The thermal performance for both of these wall cross-sections is again compa
rable. 

Similar to the roof group, the wall group number is used to look up the CTFs in Tables 12-8 

and 12-9. The bn and dn values from Table 12-8 are coefficient multipliers for the tempera
ture and hourly heat flow, respectively. In both cases, the model is sensitive to the thermal 
history for up to six hours previously. Notice that for light construction walls (Wall Group 
1 in Table 12-8), there is very little interaction after n = 2. When the b n coefficients are very 
small or zero (for Wall Group 1 with n = 3 or greater), then they can usually be neglected 
and dropped from the calculations. Table 12-9 is used to obtain values for .Ecn and U. The 
fust term is substituted directly into Equation 12-1. The U-factor shown in the table was 
used to determine these coefficients. If the U-factor for your wall or roof is different than 
this value, then you must adjust the tabled values of b n by the ratio of ( U acoo/ U tobled ). The dn 
values are never corrected by this factor. 
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Table 12-5. Wall Group Numbers, 
Walls for Mass-In Case, Dominant Wall Material4 

R 1 2 3 4 5 6 7 I 9 ~ ll U D M H U 0 B D ~ n » n ~ ~ 

I * 
2 • 
3 • 
4 • 
s • 
6. • 
7 • 
8 • 
9 • 

10 * 
II * 
12 • 

13 ' 
14 • 

IS * 
16 • 
17 • 

• • • • • • 
s .. • • • • 
s • • • 3 .. 

s * • • 4 .2 
s • • • 4 2 
6 • • .. s 2 
6 • • .. s 2 
6 •. * • s 2 
6 • .. • s 4 
6 • • • s 4 
"6 • • •. s 4 
6 • • • s 4 

10 • • . . • 10 4 

10 • • • 10 s 
II * * * 10 S 
1"1 •. * * 10 9 

• • • • • • 

Comblaed with Wall MaterlaJ.Al, IU, fir Bolla . 
• • • • • • • ·II! • 2 • • • • • • . • • 

•.• s. .. .• 11*. 2 6 • • ·• • ,. •• 
2 s 6 • • s • "12 18· 2 6 • .• . • io • . • • 

2 's 6 • • . 6 12 12 19 2 7 • • • • • • • 

3 . 6 6 10 4 6 . 17 12 19 2 7 • * • • s • • 
4 6 6 II 5. 10 17 13 19 2. II '" * . * * 10 * 16 
4 6 6 11 s io 1a 13 20 2 11 2 • • • 10 • 16 
s 10 7 J2 s 11" 18. 13 26 . 2 12 2 • • 10 • 17 
5 II 7 16. 10 II f8 13 20 3 12 4 S . * * II. * Iii 
S II 7 17 10 II 18 13 20 3 12 4 9 10 • II * 18 
5 H 7 1"7- 10 11 19 13 27 3 12 4 10 IS 4 .J1 * 18 
S 11 II ·17 10 II 19 19 27 ·3 12 4 10 16 4 II ·,. 24 
S II II 17 10 II 19 .18 27 4 i2 S II 17 9 12 IS 25 
S II 11 18 II 12 25 19 '1.7 4 12 S 11 17 10 lli 16 25 
9 II 11 18 IS 16 26 19 28 4 12 S II 17 10 16 22 25 
9 16 II 18 IS 16 26 19 34 4 17 9 16 .23 10 16 23 2S 
* .;. * 24 16 * * • * • *·. 9 16 24 IS I? 24 2S 

c-blaed wltll Wall MacedaJ .Uor A6 · . 

. 1 * • * • * · * * * * * * * * * * • I • • ·* * * * * * 
2 • 3 • 
3 • s .• 
4 • s • 
s • s . • 
6 • 6 • 
7 • 6 • 
a· *· 6 • 
9 • ~ • 

10 • 6 • 
11 6 • 
12 • 6 • 

13 • 6 • 
14 .• 10 • 

IS •· 10 • 
16 • 11 • 
17 • • • 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• • • 
• 2 • 

• 3 
• 3 2 
• 4 2 
• s 2 

• s 2 

• s. 2 

• s 2 
• s. 2 
• s 2 
• s 2 
• 6 4 
• 10 4 
• 10 4 

• • 

2 3 
2 s 
2 s 
2. 5 
2 s 
2 "6 

3 6 
3 6 
3 6 

s • • 
3 • • 

5. • • 
s 6 3 
s 10 4 
6 II S 
6 II S 
6 11 s 
6 12 s 

* * II * 2 
s • 12 18 2 
5 11 12 19 2 
5 12 12 . 19 2 

6 12 12 19 2 

6 • • .• • 
6 • • • • 
7 • • •.• 
7 • • • • 
7 • . • • • 

6 17 13 20 2 7 2 • • 
6 18 13 20 2 7 2 • • • 
6 18 13 20 2 8 2 s • • 
6 18 14" 21 . 2 12· 2 s 10 • 

. .. . . . .. 
• • • 
5 • • 

5 • n 
6 • 12 
6 • 17 

10 • 17 

II * 17 
3 6 6 12 s 6 Ia 14 21 
3 6 7 12 "6 11 19 14 21 

3 12 
3 12 
3 12 
4 12 
4 12 
4 12 

4 5 II 4 II * 18 
4 10 16 4 II * 18 
5 10 17 5 II · 10 . 18 
S II 17 9 U 16 18 
5 11 17 10 (J 16 18 
9 11 18 Ill 16 17 24 
9 .16 24 !I 16 23 2S 

4 6 7 12 10 II 19 14 27 
4 10 7 17 10 II. 19 18 27 
4 10 II 17 10 II 25 18 28 
5 ·11 II 17 10 11 2S 18 -28 
• • • 17 10 • • • • 

·o.o -2.o 
2 ·2.0-2.S 
3. 2.S -3.0 
4. 3.0-3.5 

. s 3.S-4.0 
~ 4.0-4.75 
7 4.7S-S.S 
·8 s.s- 6.S 
9 6.5 -7.7S 

10 7.75-9.0 
II 9.0 - 10.75 
12 . 10.7S - 12.75 
13 .12;7-5 -15.0 

14 lS.O- 17.S 
IS 17 .S - 20.0 
16· 20.0-23.0 
17 23.0-27.0 

Wall MaterlU 
Layers (Table 11) · 

I Al,A3,A6, orB! 
2 A2orA7 
3 · B7 

4 BlO 
5 89 
6 Cl 
7 C2 
8 C3. 

9 C4" 
10 cs 
II C6 
12 C7 
13 C8 

14 C9 
IS CIO 

I * * * * ,.. * * * * * * * *' * * * * • * * * * * * • 16 Cll 
2 3 * * * * * * *, * 11· * * •I * * * 6 * * *· * * * * * 17 Cl2 
3 S II . * * * * * 6 II 12 * * * .* Ia * 6 12 * "* •· * * * * Ia Cl3 
4 S 12 S * * II * II 12 12 * * 12 * 19 26 7 13 * * •· • * • * · 19 · Cl4 
5 S · 12 "6 • * 12 6 12 12 13 * '* 12 24 . 19 27 7 14 *· * * * ·• * · 20 CIS 
6 6 13 6 10 * 13 10 12 -12 13 17 II 17 25 20 27 7 Ia * * • ·,. · 16 * 24 . 21 . Cl6 
7 6 ·. 13 6 II • IS II 12 13 13 18 16 17 26 20 2a ·7 19 II * • • 17 • · 2S 22 Cl~ 
a 6 13 6 II * 18 II 12 13 13 24 17 18 26 20 28 12 19 II * * * 1"7 * 2S 23 CIS 
9 6 13 6 11 24 18 II 13 18 13 . 2S 17 18 27 2o 29· 12 19 11 16 •· * 18 ._ 26 24 C19 

10 6 13 10 16. 25 19 11 13 18 13 25 17 18 27 26 35 12 19 II 17 23 • 18 * 26 ...;2S;;;_ _ _.,;C20:=. __ 
II 6 14 10 16 32 19 11 13 18 14 25 1.7 18 33 2i 3S ·. 12 19 16 23 24 16 18 • 33 
12· 6. 14 _tO 16 32 19 II 13 IIi 14 26 18 18 34 27 35 12 19 16 24 . 31 16 19 * 33 
13 6 18 II 16 33· 19 12. 13 Ia 18 26 18 Ia 34 27 . 36 12 20 17 24 32 "17 2S 30 33 
14 10 Ia II 17 33 19 12 13 18. 18 26 18 18 34 27 36 12 20 17 24 32 23 25 31 34 
IS 10 18 II 17 34 19 16 18 18 18 26 24 2S 34 27 36 12 20 17 2S 33 24 2$ 32 34 
16 II 19 15 23 39 26 16 18 24 19 32 24 25 . 34 27 36 17 26 23 31 33 24 25 32 34 
17 • • • 23 39 • 16 • • • 33 24 • 35 • • • • 23 32 38 24 2$ 38 3~ 

• .,._. awall DOl )lOIIi· 
ble wid! cll<*ll comblna
doo of..-amele!L 
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Table 12-6. Walls for Integral Mass Case, Dominant Wall Material4 

3 
3 
4 

* 
* 

• • 
• 
• 
* 

.. 
• 
• .. 

• 
2 
2 

'2 

• 
• 
2 

2 

Combblld. wltb WaD Matll'laiAl, El, or Both 

I 3 3 •· * II 2 
2· 4 4 * 5 * II 17 2 
2 4 4 * • s 10 12 17 4 

• • • 10 4 ·s to 17 • 
2 • • 4 * • • . 10 . 4 • 1.0 • • 

s 
s 
5 

• 

• 
• 
• 
* 

• 
• 

• 
• 
• 
• 

• 
• 

4 

• 
• 
• 
• 

• 
• 
• 

• • .. • • 4 • 10 

2. 

3 
4 

5 
6 
7 
8. 

9 
10 
II 
12 
13 
14 
IS 
16 
17 

• 2 •. * • * * 10 4 • .• • • • • 2 4 * 10 

• 12**·*** • • • .. • • • • 2 • 10 

• 2 4 10 • * • • .• • • • ·• .• • .·4 4 . • ·• • • 

* ~ 4 II • 
• 

·• * • 
• 
• 
• 
• 

... 
• 

* !II. II! • 
• 
• 
• 

* .. 
* 
* . . 

4 . .. *· • .. 
• 2• 4 16 • • • • 

• 
• 
• 
• 

.. .. • 
• 
• 

• • 9 . .. • 

I 

2 

2 

2 
2 

• 2 4 16 

* 2 s 17 
•. 2 5 17 

• 
• 

• 
• 

.. 
• 
• 

• .. 
.. 

• . .. 
• • 

• . .. 
• • 

• 
• 
• * 

• 
• 
• .. 

9 4 
4 
• 

• • .... 
• IS 

• 
• 
• 

• 2 s 17 .. .. • • .. .. • 
• 
• 
* 

* 
• 

• .. • * . .. • 15 

2 9 24 • • • ·* • ·• .. 

* 
* 4 9 24 
• • 9 24 

• 
• • 

* 
• 
• 

• 
• 

• 
• 
* 

* * 
• 

* 
* 

.. 
* * 

.. 
• 

• 
* 

* • 
• • 

• • 
* 

• • .. 
• 

• 
* 

I 3 
2 3 
3 . I 4. 
4 I. * 
s • 
"6 
7 .... 

8 I * 
9 • 

10 * 
II * 
12 • 
13 • 
14 • 

15. 1 * 
16 2 •. 

• • 
• • 

• 
• • 
2 • 
2 • 
2 • 
2 10 

I . 4 II 

2 4 16 
2 4 16 
2 4 17 
2 5 17 
2 s 17 
2 5 18 
4 9 24 

• 
2 
2 

4 
• 
• 
• 
• 
• 
• .. 
• 
* 
* 
• 
• 

• 
• 
·I 

I 
2 

• 
* 
• 
• 
• 

.. 
• 

CombiDed with Wall Matel'lal A3 or A& 

132***•*6* 
I 3 2 * * 3 6 12 
2 4 4 • 3 10 II 12 

• • • s 2 '4 10. • ·~ 
• • • s i • 10 • .. 

* • • 10 4 • * • • 
* . .. • !It • • 

• • • • • • 
• . .. • ·* .• .• . ~ . . . . • 

• 
* 

• • • • • • • • . .. . . . . • 
• * • • • ·* • • • 

• • • • • • • •• 
• • • • • • • •• • 
• • • • • •• • • • 

2 .. 
• .. 
* 
* 
• 
• 
• .. 
• 

• 
• 

5 
s 
s 
• 
• 

• 
• .. 
• 
• 
• 

.. . 
* • 
• • 
• • 

• 
·2 .• 
2 • 
4 4 

4 

• • 
• • 
• • 
• 
• • 
• . . . 

• • . . ~ 
• 

• .. 4 ... 
• • 4 • 
• • •4 • 

• • • • 
• • • 

• • • 
9. • • • 

9 2 • • 
. 4 • • 
• • 10 

* * * IS 
• • • • 

• • 

* 
• 
• 
• 
10 
10 
10 

• .. 
* • 
• 
• 
• .. 
• 

17 • .;. ... 9 24 • • • ... • • • • • • • • • • • • • • • 

·2 
3 

4 
s 
6 
7 
8 
9 

10 
II 

·~ 13 
14 
IS 
16 
17 

3 6 
3 10 
4.10 

* II 

* II 
* 11 
* .II 
• 16 

* 16 
• 16 
• 16 

* 16 
• 16 
• 17 
• 17 
• 23 

• • 

• • 
• 

s • 
5 • 

s 10 

* II 
• II 

* • 
• ·* 
• * .. . 
.. . 
• • 
• • 
* * 
* • .. . 

Colilbllled with Wall Materl!d .U or. A7 . 
••••• 6****** 311** . . . .. 
* * • 5 ·10 10 • • * 17 24 S H * * * * * * 
• 5 • 5 10 11 * 10 • 17. 25 s 16 * * • .. • • * 

* 10 5 5 I I II 15 10 10 17 18 26 5 17 * * .* 10 * * 
• 10 5 5 II 11 16 10 16· 23 18 26 5 17 • • 10 * * 
* 10 5 . 5 16 II 17 10 16 24 18 33 S . 17 * * * * ICi * 23 
• 10 s 10 16 16 17 10 16 25 .25 33 s 17 5 • • * 16 * 23 
22 10 9 10 16 II 17 .11 16 25 ·25 34 10 18 9 * • * 17 •· 24 
23 II 9 10 16 16· 24 16 16 26 25 34 .10 18 10 IS * * 17 • 25 
* IS 9 10 16 17 24 IS 16 26 26 34 10 18 10 15 22 * 17 * 25 
* 15 Ul 10 17 16 24 16 17 33 26 35 10 18 10 16 23 10 23 * 25 
• ~ w 10 n n 24 ~ n n 26 ~ 10 ~ 10 ~ 23 ~ 23 • n 
• ~ 10 10 n ~ 25 n n ".26 ~ 10 24 ~ 23 24 ~ 24 23 n 
* 16 10 15 23 17 31 23 24 :\3 -26 40 10 24 IS 23 31 16 23 30 .32 
* 16 IS IS 23 23 31 23 24 38 33 40 10 24 IS 24. 31 16 23 30 32 
• 22 15 16 24 24 32 23 24 3$ 33 41 . 15 2S lS 23 32 22 23 31 32 

• • ~- • • n n.• ~ • • • • 22 30 ~ 23 24 ~ ~ 

R·Value Ranpl, 
h·ftZ •01!'/Btu 

I 0:0-2.0 
2 2.0-2.S 
3 2.!1- 3.0 
4 3.0~ 3.5 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 

3.5-4.0 . 
'I.0-4.7S 

4.1S-S.!I 
S.S-6.!1 
6.5 -7.75· 

1.1S-9.0 

9.0-10.7S 
10.75- 12.75 
12.1s- is.o 

IS.O -17.5 
17.5-20.0 
20.0-23.0 
23.0-27.0 

WaUMaterlall . 
La:yen (Table 11) 

I AI,A3,A6,orBI 
2 A2orA7 
3 B7 
4 BID 
5 B9 

.6 Cl 

.7 C2 
. 8 ·C3 

9 C4 
10 cs 
II C6 
12" C7 

13 C8 

i4 C9 
IS CIO 
i6 Cll 
17 Cl2 
18 Cl3 
19 Cl4 
20 CIS 
21 Cl6 
22 Cl7 
23 CIS 
24 Cl9 

.2S C2D 

*Denoleo·a :waJI not poali
ble with cholea combina
don of ponmeten. 
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Table 12-7. Walls for Mass-Out Case, Dominant Wall Materia14 

a 1 z 3 4 s ' 1 a 9 ro n n n « " u u u ~ a n n n ~ ~ 

. ., " * * * * * * " ·• * • * .. ,. * • I * * * * * * * * I ··o.0-2.0 
2 * 3 * • * * 2 3 ' * * * . ., 6 * I 5 * * * * * * .. • ~ i.0-2.S 
3 • 3 * · * • 2 • 2 4 S • * S • II J8 2 5 • • * • * • • 3 · 2.5-3.0 
4 * 3 . * * * 2 2 '2 5 5 * • S 16 II 18 2 5 * * · • • * * · * 4 3·.0- 3.5 
5 • 3 ·• · • • 2 2 2 ·s · s 10 4 6 11 11 ·19 · 2 6 • • • • 5 • • s· 3,5-4.0 
6 • . 4 . • .. • . 4 2 1 s s 10 4 . 6'." i7 11 ill 2 6 • • • • 9 .. 16 . . 6 4.0-4.75 
7 .. . 4 • • • 4- 7- ·'2 5 6 11.. .s 10, 17 12 J9 2 6 2 • • • 10 • 16 .7 . 4.7$-5.5 

8 * 5 * *' • 4 ' 2 2 5 6 II 5 10 18 . II 20 2 6 4 * * 10 * 16 . 8 ·5.5- 6.5 
'9. s ... ·* 4·2 2 5· 611 5-·10 181126 2 6 4 9 ..... 10. 17 ... 9: 6.S-7.75 
to • s • · • · • s · 2 4 5 · 6 16 ·to to ·18 12 26 2 6 4. 9 15 • 10 • 11 to 7.1s-9.o · 
11 * S •· .,. * S 4. 4 ·s .6 I~ IO 10.'18 12 26 2 6 4 10 IS 4 ·u· * '18 II .9,.0-10.7S 
12 • 5 • • • S 4 4 10 6 16 10 IQ 18 12 .26 . 2 10 ·5 10 16 9 , II . • 18 12 10.75- 12.15 
13 * 5 • * . • 5 .·4 4 10 10 17· 10. II. 18 ,J2 26 2 10 S II 17 9 ·ll· IS. 24 ·13 12.7S-15.0 
14 • 5 . * • · * S . · 4 . 4 10 10 17 10 II ~ '18 26 2 10 9 IS 23 10 16· 16 24 14 15.0- 11.5 

'IS ·• S • '* • 9 4 '4 .10 .·10. 17 }0 IS 2S 18 26 2 10 9 IS, .n 10 ,Ill 22 ~ I!! .17.5-20.0 
16 * 9 • • * .. 9 9 9 IS 10 17 10 IS. 2S 18 33 4 11 9 16 24 IS. 16 23 24 i6 20.0-23.0 
17 • * . * * • • • •· ·*· 23 lS * •. • • • • 9 22._,24 IS It? 24 2S . . 11 23.0-27.0 

C..lllned wltll WaD Mlderlal .U·or A6 
1 ~ •. ·• * • . • ... • • • •.. • • • * • 1 ·• • . • • . • • .•.• 
2. • 3' .• 

3. . • 3. * 
4 * 3 • 
5 .. 3 • 
6. .• 3 . * 
7 •. 3 .• 

8 , .. * 4 • 
9 • . 4 • 

10 • s • 
II * 5. * 
12 • 5 .. 
13 • s :'1' 

14· • s· • 
15 • s • 
16 .• 9 • 
17 • . • • 

• • • • .2 l 2 • • • . • 6 .. 5 • • • • • • • 

• 
* *· .. * • .. 
• .. 
.. * .. 
.. 
.. .. 
.. * . . .. 
.. 
• • .. .. 
• .. 

WaD Matedall 
·LAJea·(Table 11) 
··I AI,A3,:A6, orE! 
·2 A2orA7 
.3 87 
4 810 
s 89 
6 Cl 
7 C2 
8 6 
9 C4 

10 cs 
lJ C6 
12 C7 
13 C8 
14 C9 

CamblaedwltiiW.UMiderlai.UorA7 15 CIO 

1 . * * " * * .• "·. ,.. * * * " . * * * * * * * * . * · * * * * 16 Cll 

2 3 * * * * * * ." ;. "· :..· H * * * * * S * " *. * • * • ~ 17 Ct2 
3 . 3 10 ·• • • • ·* . !! 10 H * · * • · · * 17 .• 5 12 • • • • • • · • 18 C13 
4' 3 II 5 * •· 10 * 5 II 11 * • 11 ·.~ • 18 26 6 12 * · * ·• • · •·· · * * * 19 C14 
S. :f II S • • ·10 S ·. ·6 II" II • .,. ·: II 24 18 26 6 13 * • • . * • · •· . · • 20 t:1S 
'6 3 11. 5 ·,o. ~ to ·5 .ro 1.1 .~1. t7 .. m: ·II 24 18 26 6 t3 • • • • t6 . .- 23 21 c16 
7 . 3, 12 5 . 10 * 10 . 9 10 11 .. 12 17 II· 16 · 2S 19 27 6 17 9 * *· * 16 * 23 22 Cl7 
8 . 4 12 . !! 10 • .JO . 10 10 12 .. 12 17 .IS 16 2S 19 2'7 6 17 10 * * * 16· · * 24 ··23 ·CIS 

·9 ·4 12 · 5 10 .n 11 10 10 12 12 n· 16 17 26' ·19 27 10 18 10 IS . •· * 16 •· 2!!' 24 · ·cl9 
10 S 12 5 15 24 II 10 10 .16 .12 24 ··16 17 · 26 ·19 34 10 18 10 16 22 * 17 " 2S 2!1 C20 
II S 12 9 IS 30. 11 I~. ·to .. 16 12 24 16·: 1'7 26. 19 ~- 10 18 10 16 23 IS 17 " 2S 
12 S 12 10 .IS 31 11 10·· 10 17. 12 24 16 .1f 26 2S 34 10 18 10 22. 24 ·IS 17 * 32 ~awaUDOtpasli· 
13· 5 11 10 16 32 II 'to U 17 -17 24 ' 16 17. ··26· 2S 34 II 18 IS 23 30 IS 23 23 · 32 blewitb.,_c:omlliDa-. . . ilon ofpal'lliiiii(CII. 
14 5 11 10 16 32. 15 10 II 1'1 17 25' 16 17 33 2S ·34 II 18 I~ 23 31 22 23 30 32. 
15 S 17 10 16 32 16 15 l!i i7 . 17 2S _,22 23 33 26 lS II 18 IS 23 ... 31 .. 22 23 30 3_2 
16 9 17 IS 1'6 32 '16 IS IS 23 17 ·31 22 23 33 26 40 IS· 24 IS 23 32 23 . ~ 31 . 3l 
17 .. .. .. 22 38 .. 15 .. • • 31 ~3 • ·33 .. • • . • 22 30 37 23 24 37 38 
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Table 12-8. Wall Conduction Transfer Coefficients4 

Group (Layer Sequence Left to Right'= IDslde to Oullllde) a=O n•l n=l 11=-3 ..... n..S """ I . Layers EO A3 81 813 A3 AO b. 0.00768 0.03498 0.00719 0.00006 0.00000 0.00000 0.00000 
Steel siding with 4 in. insillation d. 1.00000 -0.24072 0.00168 0.00000 0.00000 0.00000 0.00000 

2 Laye~EOEI 814AI AOAO b. 0.00016 0.00545 0.00961 0.00215 0.00005 0.00000 0.00000 
Frame wall with S ln. Insulation d. 1.00000· -0.93389 0.27396 -0.02561 0.00014 0.00000 0.00000 

3 Layers EO C3 85 A6 AO AO b. 0.00411 0.03230 0.01474 0.00047 0.00000 0.00000 0.00000 
4 in. h.w. concrete bloCk with nn. insulation d. 1.00000 -0.76963 0.040'14 -0.00042 0.00000 . 0.00000 0.00000 

4 LayersEOI!I 86C12AOAO b •. 0.00001 0.00108 0.00384 0.00187. 0.00013 0.00000 0.00000 
2 in. insulation with 2 in. b.w. concrete d. 1.00000 -1.37579· 0.61544 -0.09389 0.00221 0.00000 0.00000 

5 Layers EO A6 821 C7 AO AO b. 0.00008 o.<l0444 . 0.01018 0.00296 0.00010 0.00000 0.00000 
f.36 in. insulation with 8 in. l.w. concrete block d. 1.00000 - U6043 0.32547 -0.02746 0.00021 0.00000 0.00000 

6 LayersEOEI 82C5 AI AO b. 0.00051 0.00938 0.01057 0.00127 0.00001 0.00000 0.00000 
I in. insulation with 4 in. h.w. concrete d. 1.00000 -1.17580 0.30071 -0.01561 0.00001 0.00000 0.00000 

7 Layers EO A6 CS 83 A3 AO .b. 0.00099 0.00836 0.00361 0.00007 0.00000 0.00000 0.00000 
4 in. b.w. concrete with 2 in. insulation d. . 1.00000 -0.93970 0.04664 ,0.00000 0.00000 0.00000 0.00000 
Layers EO A2 C12 85 A6 AO b. 0.00014 0.00460 0.00733 0.00135 0.00002 0.00000 0.00000 
Face brick and 2 in. h.w. concrete with I in. insul. d' 1.00000 -1.20012 0.27937 -0.01039 0.00005 0.00000 0.00000 • 

9 · LayersEOA6815810AOAO b. 0.00000 0.00006 0.00086 0.00146 0.00051 . 0.00004 0.00000 
6 in. insulation with 2 in. wood d. 1.00000 ..: 1.63352 0.86971 -0.18121 o.IH445 -0.00031 0.00000 

10 Layers EO El C2 85 A2 AO b. 0.00001 0.00102 O.otl441 0.00260 0.00024 0.00000. 0.00000 
4 in. I. w. cone. block w/1 in. 'insul. and face brick d. 1.00000 -1.66358 0.'82440 -0.11098 0.00351 0.00000 0.00000 

1l Layers EO El C8 86 A I AO b. 0.00000 0.0006.1 0.00289 0.00183 O.oo018 0'.00000 0.00000 
Bin. h.w. concrete block with 2 in. insulation d. 1.00000 -1.52480 0.67146 -0.09844 0.00239 0.00000 0.00000 

12 LuyersEOEi 81 CIOAI AO b. 0.00002 0.00198 o.ilos 16 . o.00467 . 0.00044 0.00001 o.OOOiiO 
8 in. h.w. concrete d. 1.00000 -1.51658 0.64261 -0.08382 0.00289 -0.0000 I . 0.00000 

13 Layers EO A2 CS 819 A6 AO b 0.00003 0.00203 0.00601 0.00233 0.00013 0.00000 0.00000 • Pace brick and 4 in. h. w. concrete with 0.61 in. ins. d. 1.00000 -1.41349 0.48697 -0.03218 0.00057 0.00000 0.00000 
14 Layers EO A2 A2 86 A6 AO b. 0.00000 0.00030 0.00167 0.00123 0.00016 0.00000 0.00000 

Pace brick and tiK:e brick with 2 in. insulation d. 1.00000 . -1.52986 0.62059 4>.06329 0.00196 -0.00001 o.oooilo. 
!S · Layers EO A6 Cl7 Bl A7 AO b. 0.00000 0.00003 0.00060 0.00145 . 0.000'74 0.00009 0.00000 

8 in. I. w. concrete block (filled) and face brick d;. 1.00000 -1.99996 1.36804 -0.37388 0.03885 -0.00140 0.00002 
16 LayersEOA6 CIS ~I A7 AO . b. o.ooooo· 0,00014 0.00169 0.00270 0.00086 0.00006 0.00000 

8 in. h.w. concrete block (filled) and face brick 'd. 1.00000 -2.!10258 1.32887 -0.32486 0.02361 -0.00052 0.00000 
17 Layers EO A2 C2 B IS AO AO b. Q.OOOOO o;ooooo 0.00013 0.00044 0.00030. 0.00005 0.00000 

· Face brick and 4 in. 1. w. cone. b!Oc:k with 6 in. ins. ·J. 1.00000 -2.00875 1.37120 -0.37897 0.03962 -0.00165 0.00002 
18 Layers EO A6 B25 C9 AO AO b. 0.00000 0,00001 0.00026 0.000'71 0.00040 0.00005 0.00000 

3.33 in.lnsulalion with 8 in. conunon brick d. .1.00000 -1.92906 1.24412 ...,0.33029 0.03663 -0.00147 0.00002 
19 Layers EO C9 B6 A6 AO AO b. 0.00000 0.00005 0.00064 0.00099 0.00030 0.00002 0.00000 

8 in. common brick with 2 in. insulation d. 1.00000 -1.78165 0~96017 -0.16904 0.00958 -0.00016 0.00000 
20 LayersEOCil Bl9 A6AOAO b. 0.00000 0:00012 0.00119 o.oo1s4 · o.o<io38 0.00002. 0.00000 

12 in. h.w. Concrete with 0.61 in. insulation d 1.00000 -U6032 1.05927 -0.19508 . 0.01002 -0.00016' 0.00000 . 
21 Layers EO Cit B6AI AOAO b •. 0.00000 0.00001. 0.00019 0.00045 0.00022 0.00002 0.00000 

12 in. b.w. concrete with 2 in. insulation d. 1.00000 -2.12812 1.53974 -0.45512. 0.05298 -0.00158 0.00002 
22 LByersEOC14815 A2AO AO b. 0.00000 0.00000 0.00006 0.00026 0.00025 0.00006 0.00000 

4 in.l.w. concrete with 6'in. insul. and fa~:e brick d. 1.00000 -2;28714 1.85457 -0.63564 0.08859 -0.00463 o.Oooo9 
23 LayersEOBI 815 C7 A2 AO b. 0.00000 0.00000 0.00902 0,00912 . 0.00019 0.00008 0.00001 

6 in. insulation with 8 in. I. w. concrete block d, 1.00000 -2.54231 2.43767 -1.10744 0.24599 -0.02510 0.00101 
24 Layers EO A6 C20 8 I A7 AO bn 0.00000 0.00000. 0.00015 . 0.00066 0.00062 0.00015 0.00001 

12 in. h.w. concrete block (filled) and tiK:e brick . d. 1.00000 '-2.47997 2.22597 "'!>.87231 0.14275 -0.00850 0.00018 
2S Layers EO A2CI5 812 A6AO b. 0.00000 0.00000 0.00004 0.00019 0.00021 0.00006 0.00001 

Face brick and 6 in.l.w. cone. blk. w/3 in. insul. d, 1.00000 -2.28573 1.80756 -0.58999 0.08155 -0.00500 0.00013 
26 Layers EO A2 C6 B6 A6 AO b. 0.00000 0.00000 0.00010 0.00036 0.00027 0.00005 0.00000 

· Face brick and 8 in. clay tile with 2 in. insulation d. 1.00000 -2.18780 1.60930 -0.46185 0.0505 I -0.00218 0.00003 
27 LayersEOEI B14CH AI AO b 0.00000 0.00000 0.00001 0.00006 0.00011 o.oooos 0.00001 • 2.45942 -1.1255.1 5 in. insulation with 12 in. b.w. concrete d. 1.00000 -2.55944 0.25621 ~.02721 0.00107 
28 Layers EO El Cll 813 AI AO b. 0.00000 0.00000 0.00002 0.00010 O.oo012 0.00004 0.00000 

12 in. h.w. concrete with 4 in. insulation d. 1.00000 -2.37671 2.04312 -0.79860 0.14868 -0.01231 0~00037 
29 Lnyers BO A2 Cll BS A6 AO bn 0.00000. 0.00000 0.00004 0.00021 0.00021 0.00006 0.00000 

Face brick and 12 in. b.w. concrete with I in. insui. d. 1.00000 -2.42903. 2.08179 -0.75768 0.11461 -0.00674 0.00015 
30 LayersEOBI 819CI9A2AO b. 0.00000. 0.00000. 0.00001 O.QOP06 . 0.00015 0.00010 0.00002 

0.61 in. ins. w/12 in.1.w. blk. (fld.) mid face brick d. 1.00000. -2.83632 3.10377 -:-1.65731 0.45360 .-0.06212 0.00393 
31 LayersBOBl BISC15.A2AO b. 0.00000 0.00000 0.00000 0.00002 0.00007 0.00006 0.00002 

6 in. insul. with 61n. I. w. cone. and face brick dn 1.00000 -2.90291 3.28970 -1.85454 0.55033 -0.08384 0.00599 
32 Layers i!O Bl 823 B9 A2 AO b. 0.00000 0.00000. 0.00000 0.00005 0.00011 . 0.00007 0.00001 

2.421n. insulation with f~~~:e brick d· 1.00000 -2:82266. 3.04536 -1.58410 0.41423 -0.05186 0.00273 • 
33 Layers BO A2 C6 B 15 A6 AO b. 0.00000 0 .. 00000 0.00000 0.00002 0.00006 0,()0005 0.00001 

Face brick and 8 in. clay tile with 6 in .. insulation . d. 1.00000 -2.68945 2.71279 -1.28873 0.3005 I -0.03338 0.00175 
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Table 12-8. Wall Conduction Transfer Coefficie~ts (cont.) 

Group (Layer Sequeace Left to Right •llllide.·to Oulsicle) ..... a•l aool noi3 ..... n•5 n=li 

34 LayersEOCII 821 A2AOAO b, 0.00000 0.00000 0.00003 O.OOOLS Q.000-14 0.00003 0.00000 

12 in. b.w. cone. with 1.36 in. 111$111. and face brick d. 1.00000 -2.67076 2.58089 -1.07967 0.18237 -0.01057 0.00021 

35 LayenEOEI 814Cll AlAO b. 0.00000 0.00000 0.00000. ·0.00001 0.00003 O.DQ003 0.00001 

5 in. insul. willl121n. b.w. cone. and face brick d, 1.00000 -2.96850 3.4561~ -2.02882 0.64302 -0.10884 p.00906 
36 Layen EO A2 Cll 825 A6 AD' . b. o.OOI)Oo o.ooooo 0.00000 0Jl0004 o:Qiloo7 !J.()QO(M il.OOOOI 

FaCe brick and 12 in. ~.w. Cone. with 3.33 IIi. insUI. d. uxiooci -2.55121 2.36600 :..0.99023 0.19505 ..:0.01814 0.00075 

37 LayenEOBI 825 C19 A2AO b. o.OIJDOO o.lio!loo O.OOCioO 0.00001 o.ood03. 0.00oo3 o.cilioo2 
3.33 in. ins. w/12 in.l.w. blk. (tld.) .and face brick d, 1.00000 -3.17762 4:00458 ,~2.5~328 0.89048. -0.16764 .0.01638 

38 LayenEO.EI 815C2D.A2AO b. O,OQOO!) 0.00000 ~:~--~~ 
o.ilil002 . 0.00003 0.00001 

6in. ins. w/12 in. b.w. block (ftd.) and face brick d. 1.00000 . -3.14989 0.8943.8 -0.172.(19 0.01706 

39 Layers EO A2 Cl6 814 A6 AO b. 0.00000 o.oooilo 0.00000 0.00001 0.00002 0.00003 0.00001 

Face brick and 8 in. I. w. COIICrete with 5 in. insul. d. 1.00000. -2.99386 3.45884 -1.95834 0.51704 -0.081144 "0.00687 

40 Layers Eo A2 C20 815 A6 AO b. 0.00000 0.00000 0,00000 0.00001. 0.00002 0.00003 0.00001 

Face biick, 12 in. h.w. block (fld.). 6·in. insul. d. 1.00000 -2.97582 3.42244. -1.93318 0.56765 -0.08568 0.00652 

41 La'.yenEOE1 C11 814A2AO. b. 0.00000 0.00000 0.00000 . 0.00001 0.00002 0.00002 0.00001 

12 in. b.w. cone. with 5 in. insul. and face brick d. 1.00000 -3.08296 3.66615 -2.11991 0.62142 -0.08917 0.00561 
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Table 12-9. Wall Conduction Transfer Coefficients .Lc ,, 
Time Lag, U-Factors and Decrement Factors4 

Group Ie. :n.,h u DF 

I LayersEOA381 813A3AO 0.04990 1.30 0.066 0.98 

2 LayersEOEI 814AI AD AO D.DI743 3.21 D.D55 0.91 

3 Layers EO C3 85 A6 AD AD D.05162 3.33 &.191 D.78 

4 LayersEOEI 86CI2ADAO D.00694 4.76 0.047 D.81 

5 Lli.yers EO A6 821 C7 AD AD D.OI776 5.11 D.l29 D.64 

6 LayenEOEI 82C5 AI AD D.02174 5.28 Q.J99 D.54 

7 Layers EO A6 C5 83 A3 AD D.OI303 5.1'4 0.122 D.41 

8 Layers EO A2 Cl2 85 A6 AD O.DJ345 6.21 D.l95 D.35 

9 LayenEOA681581DAOAD. 0.00293 7.02 Q.042 D.S8 

10 I,ayers EO El C2 85 A2 AD D.il0828 7.D5 D.l55 D.53 

II LayenEOEI C886AJ AD ·D.OOSS2 7.11 0.109 D.37 

12 LayersEOEI 81 C.IDAI AD . D.DI528' 7.25 D.339 0.33 

13 Layers EO A2 C5 819 A6 AD 0.01053 7.i7 D:25'1 0.28 

14 Layen EO A2 A2 86 A6 AD D.00337 7.90 0.114 0.22 

15 LayenEOA6CI781 A7 AD D.00291 '8.64 '· . D.Q92 D.47 

16 LayersEOA6CI881 A7 AD D.OOS45 11.91' 0.222 D.38 

17 Layers EO. A2 C2 815 AD AD 0.00093 ~.~ D.043 D.30 

18 Layers EO A6 825 C9 AD AD ". D.00144 9~ 0.072 p.24 

·19 Layers EO C9 B6 A6 AD AD . " o.~oo. 8.97 D.I06 D.2P 

20 LayenEOCII 819A6ADAD 0.00326 ·9.27. . D.237 D.l6 

21 Layen EO C II B6 A I AD AD 0.00089 ·ID.~ D.lt2· D.l3 

22 LayenEOCI4815A2AOAD 0.00064 ID.36 D.040 0.36 

23. LayersEOBI 815C7 A2AD D.00042 11.17 0.042 0.28 

24 LayersEOA6C2081 A7'AO 0.00159. '11.29' .. OJ% 0.23 

.25 Layers EO A2 Cl5 ~12 A6 AO : D.00051 . 11.44 0.060 0.19 

26 Layen EO A2 C6 B6 A6 AD 0.00078. "10.99 o.o97 0.15 

27. LayenEOEI 814CII AI AD D.00024 11.82. D.D52. 0.12 

28 LayenEOBI CII 813 AI AD 0.00029 11.40 0.064 0.1D 

29 Layers EO A2 Cll 85 A6 AD 0.00052 12.06 D.168 D.08 

30 LllyenEOEI 819C19A2AD D.00034 12.65 0.062 0.24 

31 LayersEOEI 815.C15 A2AD D.OOOI7 12.97 D.D38 0.21 

32 Lajen EO El ~23' 89 A2 AD D.OII025 13.D5: D.069 D.16 

33 Layers EO A2 C6 815 i\6 AD 0.00015 12.96 D.042 D.l2 

34 Layen EO Cll 821 Ai· AG AD D.00035 12.85 D.143 D.09 

35. LayenEO·E1 814CIII,.2AD D.00009 13.69 D.O!I2 0.08. 

36 Layers EO A2 C11' B25 A6 AD 0.00016 ,12.82 D,073 0.06 

37 Layers EO El 825 C19 A2 AD 0.00008. 14.7D D.040 D.l4 

38 LayenEOE1 815C20A2AO D.00008 14.39 D.041 D.l2 

39 Layers EO A2 C16 814 A6 AD D.00007 14.64 D.04D D.ID 

40 Layers EO A2 C20.81S.A6 AD D.00007 14.38 D.041 0.08 

41 LayersEOE1CII 814AiAO D.OOOOS ·14.87 O.D52 D:06 
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The following format of Equation 12-1 demonstrates heat flow calculations through the 
wall: 

This arrangement indicates that the heat gain through the wall is the sum of three parts: 

• Sum of the products of b coefficients and sol-air temperature values. The current 
value of this temperature is multiplied by b0, the sol-air temperature of the previ

ous hour is multiplied by b 1, etc. 

• Sum of the products of d coefficients and the previously calculated values of 

hourly heat gain. Note that the first d used is dr Again, the order of values is the 
same as in the first term; for example, d1 is multiplied by the heat gain value that 
was calculated for the previous hour, d2 is multiplied by the value calculated for 

two hours back in time, etc. 

• A constant, because room air temperature is constant and needs to be calculated 
only once. 

Because no thermal history exists at the beginning of this procedure, significant error exists 
during this period. For good, repeatable results, it is usually necessary to simulate the hourly 
thermal performance over two or three days until consistent hourly values are observed. 

To verify that the model has converged to a periodic steady-state condition, compare the 
average of the last 24 values with the average heat flow. The latter value is given by the 
product of the U-factor and the difference between the average sol-air temperature and the 
room temperature. 

12: 17 
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EXAMPLE 12-3 

Problem: Determine the rate of heat transfer through the south-facing wall section dis
cussed in Example 12-2 above, and verify that a steady-state condition exists. The R-value 
is 6.73 h·ft2·°F/Btu. 

Solution: From Table 12-9 for Wall Group 16, the Icn and U-factors are 0.00545 and 0.222 
Btulh·ft2·°F, respectively. Because the U-factor for our problem is 116.73 = 0.1486 Btu/ 
h·ft2·°F, it is necessary to adjust the bn values by (0.1486/0.222 = 0.669) as shown in the 
third column below. The sol-air temperatures from Figure 8-1 for a south-facing wall are: 

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Temp 76 76 75 74 74 76 78 82 88 95 102 106 108 106 103 99 96 93 87 85 83 81 79 77 

The CTF coefficients of Wall Group 16 from Table 12-8 and the corrected band c coeffi
cients are listed in Table 12-10. 

Table 12-10. CTF Coefficients for Example 12-3 

Adjusted bD values 

b 0 = 0.00000 d 0 = 1.00000 b 0 = 0.00000 

b, = 0.00014 d, = -2.00258 b, = 0.00009 

bl = 0.00169 dl = 1.32887 bl = 0.00113 

b3 = 0.00270 d3 = -0.32486 b3=0.00181 

b4 = 0.00086 d4 = 0.02361 b4 = 0.00058 

b, = 0.00006 d, = -0.00052 b, = 0.00004 

b6 = 0.00000 d6 = 0.00000 b6 = 0.00000 

CD= 0.00545 Corrected CD= 0.00365 

The sequence of calculation using the numerical values of this example are then as follows 
(starting at time e = 1, expressing heat flux in Btu/{h·ft2), setting A= 1.0, and dropping the 
band d coefficients 5 and 6 as insignificant): 

+ 0.00000(76°F) (, ) 
+ 0.00009(77°F) - 2'00258\0 

qe,l = +0.00113(79°F) - +1.32887~~)) -[0.00365(75°F)] 

+0.00181(81°F) -0.32486i0) 
+0.02361\0 

+ 0.00058(83°F) 

= 0.017 Btulh·ft2 
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- 2.00258(0.017 Btu/h. ft2 ) 
+ 0.00000(76°F) 

+ 0.00009(76°F} 

q,,2 = +0.00113(77°F} 

+0.00181(79°F} 

+ 0.00058(81 °F) 

+ 1•32887(0} - [0.00365(75°F}] 
-0.32486(0) 

+0.02361(0) 

= 0.044 Btu/h · ft2 

The calculated r;:::===============================================il 
hourly values for q e 

are given in Table 
12-11 for four simu
lated days. The sec
ond column repeats 
the hourly sol-air 
temperatures. No
tice that for days 
three and four, each 
pair ofhourly values 
is consistent. This 
consistency implies 
convergence of the 
heat gain values to a 
periodic steady-state 

Table 12-11. Summary of Hourly Results for Example 12-3 

condition. 

A similar calcula
tion method can be 
used whenever a 
conditioned space is 
adjacent to other 
spaces at different 
temperatures. Sim
ply substitute the 
temperature of the 
adjacent space for 
the sol-air tempera
ture used in the pre
vious calculation. 

n= 
hour 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

sol-air 
T 

76 

76 

75 

74 

74 

76 

78 

82 

88 

95 

102 

106 

108 

106 

103 

99 

96 

93 

87 

85 

83 

81 

79 

77 

Fundamentllls of Heating fllld CooUng Loads 

n= 
'1. .. hour 

0.017 25 

0.044 26 

0.070 27 

0.088 28 

0.097 29 

0.095 30 

0.082 31 

0.064 32 

0.050 33 

0.051 34 

0.083 35 

0.163 36 

0.305 37 

0.516 38 

0.787 39 

1.098 40 

1.419 41 

1.721 42 

1.981 43 

2.185 44 

2.325 45 

2.396 46 

2.403 47 

2.357 48 

n= n= 
'1. .. hour '1. .. hour '1. .. 

2.267 49 2.348 73 2.350 

2.142 50 2.211 74 2.213 

1.990 51 2.049 75 2.051 

1.821 52 1.871 76 1.872 

1.643 53 1.686 77 1.687 

1.463 54 1.500 78 1.501 

1.285 55 1.317 79 1.318 

1.116 56 1.143 80 1.144 

0.966 57 0.990 81 0.990 

0.847 58 0.867 82 0.867 

0.772 59 0.789 83 0.789 

0.758 60 0.772 84 0.773 

0.818 61 0.831 85 0.831 

0.957 62 0.968 86 0.968 

1.167 63 1.176 87 1.176 

1.424 64 1.432 88 1.432 

1.700 65 1.706 89 1.706 

1.961 66 1.967 90 1.967 

2.187 67 2.191 91 2.192 

2.361 68 2.365 92 2.365 

2.476 69 2.479 93 2.479 

2.525 70 2.528 94 2.528 

2.514 71 2.517 95 2.517 

2.452 72 2.454 96 2.454 
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12.2 Conversion of Cooling Load from Heat Gain 

The cooling load of a space also depends on the interaction between sensible heat gains 
(such as sunlight, interior lights, appliances and equipment) and the location and mass of 
room objects that absorb that energy. For example, sunlight striking the fibers of a carpet 
releases energy to the space much more quickly than a similar quantity of solar energy 
striking a concrete floor. In the latter case, a significant fraction of the energy is absorbed by 
the more massive material and may not be released to the room for several hours. The 
thermal history of each source of room heat gain must be accounted for individually, and 
the sum of these various components at any time is the total cooling load at that time. 

One component of the cooling load that must always be considered instantaneously is the 
latent heat gain. However, depending on the type of air-conditioning system assumed, this 
load may or may not contribute to the room load. For example, if ventilation air is dehu
midified at a central location before distribution to individual zones, then those thermal 
loads will not contribute to the room load determined here. 

Stephenson and Mitalas, Mitalas and Stephenson, and Kimura and Stephenson related heat 
gain to the corresponding cooling load by a room transfer function (RTF), which depends 
on both the nature of the heat gain and on the heat storage characteristics of the space 
surfaces and contents. s-? The history of both heat gains and concurrent cooling loads must 
be considered in this method. Where the heat gain q 0 is given at equal time intervals, the 
corresponding cooling load Q0 at time e can be related to the current value of q 0 and the 
preceding values of cooling load (Qa-n) and heat gain (qa-n) by: 

Qo = :L(vo ·q" +v1 ·qtJ-tS +v2 ·q29-26 + ... )-(~ ·~ +w2 ·G-u + ... ) (12-2) 

where the terms v0, vr., wi, w2 ••• are the coefficients of the RTF: 
-1 -2 

K = v0 +v1z +v2z + ... 
!II 1 -1 -2 +w1z +w2z + ... 

(12-3) 

The above term mathematically relates the transformation of the corresponding parts of the 
cooling load and of the heat gain. The value of these coefficients depends on three param
eters: the time interval assumed (we will be using one hour); the nature of the heat gain 
(what fraction is in the form of radiation, and where is it absorbed); and the heat storage 
capacity of the room and its contents. 

While a mathematical series expansion is presented in the basic equation above, the effect 
of terms beyond vi and wi is negligible, and the values tabulated later in this section may 
generally be used with confidence. Also, a minor inaccuracy can be expected for the initial 
hour calculated, because a load history does not exist for that time interval. However, val
ues for all subsequent hours are realistic. 
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A series of ASHRAE-sponsored research projects resulted in numerous technical papers 
that collectively examined the various sensitivities and relationships among the wide range 
of design possibilities. The result was a list of 14 discrete screening parameters to describe 
an individual zone. Each parameter has between two and five levels of characterization, as 
shown in Tables 12-12 through 12-15. The research program calculated RTF values for all 
possible combinations of screening parameters levels, which represented a total of 200,640 
individual cases. Electronic access to these data is available through methods outlined in 
the Cooling and Heating Load Calculation ManuaJ.2To illustrate the process, a simplified 
method of RTF selection is presented in this chapter. 

Before presenting the process 
used to determine RTF values, 
some precautionary comments 
and preliminary assumptions 
must be discussed. First, while 
the values presented in the 
table are accurate for the exact 
design conditions specified, it 
can be difficult to obtain pre
cise construction details early 
in the design phase. Careful 
selection of the model values 
is required to ensure accuracy 
of the simulated results. (In 
computer simulation, this is 
"Garbage in = Garbage out"). 

The model also assumes a 24-
hour periodic cycle. All heat 
gained during that period will 
be converted to the cooling 
load within that period. Rarely 
will all of the heat gain be con
verted to cooling load during 
the same hour. Two notable 
exceptions to this general rule 
are continuous inputs (such as 
emergency lighting) and in 
very low mass construction, 
which releases radiant energy 
almost immediately. 

Table 12-12. Zone Parametric Level Defmitions4 

No. Parameter Meanlal Levels (in normal order) 

·I ZG Zone geometry 100ft X 20ft, 15ft X -15ft, 
100ft X 100ft 

2 ZH Zonel'leight 8ft; 10ft, 20ft 

3 NW No. exterior walls 1·, 2, 3, 4, 0 

4 IS Interior shade 100,50,0% 

5 FN Furniture With, Without 
6 EC Exterior wall 1, 2, 3, 4 (Table 21) 

construction 
1 PT Partition type: 518 in. gypsum board-air space S/8 in. 

gypsum board, 8 in. conc:retC block 
8 ZL Zone location Single-story, top floor, bottom floor, 

mid-floor 
9 MF Mid-floor tyP4' 8 in. concrete;2.5'in. concrete, 

I in. wOod 
10 ST Slab type Mid-floor type,~ ln. slab on 12 in. soil 

ll CT Ceiling type 314 in. acoustic tile and.air- space. 
w/o ceiling 

12 RT Roof type I, 2, 3, 4 (Table 23) 

13 FC Floor·cove.ring Carpet with rubber pad, vinyl tile 
14 ClL Glass percent 10,50,90 

Table 12-13. Exterior Wall Construction Types4 

Type Deseriptioa 

1 Outside surface resistance, I ·in. stucco; I in. insulation, 314 in. plaster 
or gypsum, inside surface resistance (AO, A I, 8 I, El, EO)• · 

2 Outside surface resistance, I in. stucco, 8 In. HW concrete, 3/4 in. 
plaster or gypsum; inside surface resistance (AO, AI, CIO, El, EO) 

3 Outside surface resistance, steel siding, 3 in. Insulation, steel siding, 
inside surface (AO, A3, 8 12, A~. EO)"' 

4 Outside surface resistance. 4 in. face brick, 2 in. insulation. 12 in. HW 
conciete. 314 in. pii!Stef or gypsum, inside surface resistance (AO, A2, 

. 8~,CII,EI,BO)• 
Nt~: Code 1etten are defined In l"able ·II. 
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Table 12-14. Floor and Ceiling Types Specified by Zone Location Parameter 

Zone Location Floor Celling 

Single story Slab-on-~rade Roof 

Top floor Mid-floor Roof 

Bottom floor Slab-on-grade Mid-floor 

Mid-floor Mid-floor Mid-floor 

Table 12-15. Roof Construction Types 

Type DeScription 

·t Outside surface resistance, 112 hi·. stag or stone, 3/8 in. felt membr~. 
1 in. insutatio.n, steel siding, inside surface resistance (AO, E2, B3, 84, 
A3,EO)* 

2 Outside surface resistance, 112 in. slag or stone, 3/8 in. felt membrane, 
6 in. LW concrete, inside surfa<:e resistance (AO, E2,.E3, CIS, EO)* 

3 Outside surface resistance. 1/2 hi. slag or .stone, 318 in. felt memb~. 
2 in. insulation, steel sidilig. Ceiling air space, acoustic til~. inside sur
face resistance (AO. E2, E3. 86, A3, E4, ES. EO)* 

4 Outside surface resistance, 1-12 in. slag or stone, 318 in. felt membr~e. 
8 in. L W concrete, ceiling air space, acoustic tile~ inside surface resis
tance (AO, E2, E3, Cl6, E4, ES, EO)* 

Nt~te: Code letters are de(incd in Table ·11. 

The model also was developed assuming a "constant interior space temperature." However, 
today's cost-conscious building energy managers will often turn air-conditioning systems 
off during unoccupied periods. The primary impact of this operating strategy is to shift the 
cooling load that would have occurred overnight to the first few hours of operation the 

following day. 

Finally, the TFM is based on the assumption that the cooling load for a space can be calcu
lated by simply adding together the individual components. Theoretically, the various sur
faces within a space will transfer radiant energy to each other when they are at slightly 
different temperatures, thus affecting how fast the energy is released to the space. Extensive 
studies by ASHRAE have shown that the error caused by ignoring these secondary effects 
is small and within the range of acceptable error that must be expected in any estimate of 
cooling load. 
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12.3 Use of Room Transfer Functions 

To determine appropriate room transfer function data for use in the RTF cooling load equa
tion above, first select the value of w1 from Table 12-16 for the approximate space envelope 
construction and range of air circulation. This w 1 value can be viewed as the fraction of 
storage energy released from the previous hour. Then select and/or calculate the values ofv0 

and v1 from Table 12-17 for the appropriate heat gain component and range of space con
struction mass. These values represent the fraction of the heat gain for the current and pre
vious hour, respectively, that contribute to the cooling load during the hour of calculation. 
Remember that latent heat gains from equipment, people and ventilation air must be re
moved immediately. Gains from solar and conduction heat gains through surfaces have 
some fraction of the instantaneous energy delayed, depending on the type of construction. 
The RTF coefficient for heat gains from lights depends on the furnishings, rate of air flow, 
and type of fixture. 

These values are applied to the following equation for each hour of the simulated day: 

Q8 = (vo . q(J +VI • q8-6 )- (WI • QB-6) (12-4) 

Table 12-16. Room Transfer Functions: w Coefficient" 

Room Air 
Cireulatlon• 

and SIR Type 

Low 

Medium 

High 

Very High 

Room Envelope.Canstruction11 

2-ln; 3-ln. 6-ln. 8-ln. 12-ln. 
Wood Concrete Conc:rete ·Concrete Concrete 
Floor Floor Floor Floor Floor 

Spedfte Mass per Unit Fl~r Area, I~ 

10 40 75 120 . 160 

-0.88 -0.92 -0.9S -0.97 -0.98 

-0.84 -0.90 -0.94 -0.96 -0.97 

-0.81 -0.83 -0.93 -0.95 -0.97 

-0.77 -0.85 · .. ..:0.92· .:.0.95 -0.97 

-0.73 -0.83 -0.91 -0.94 -0.96 

"Cin:ulalion rate- . 
Low: Minimum required to cope with cooling load from Jigbts.aad occupants in inte
rior zone. Supply through floor, w~l. or ceiling dift'uler .. ~ling space ,not Uled for 
return air, aad h =·0.4 BtuJb·ftl. "F (where h =inside surface ·convection coefficient 
uaecfin calculation of w1 wllie). 

Medium:- Supply through floor, waU, or ceiling diffuser .. Ceiling space not used for 
return air,lllld 0.6 BtuJb·fll·"F. 

High: Room air circulation induced by primary air of induction unit or by I'C!OID fan and 
coil unit. Ceiling space Uled for return air, and 0.8 Btulh·fll· "F. 

Very high: High room cin:ularion used nftnlnlmize temperature gradients in a room. 
Ceiling spac:e Uled for return air, and 0;8 Btulh·fll· "F. 
~Floor covered with CBqJet and -rubber pad; for 1 bare floor or if covered with floor tile, 
take next w1 wlue down tbe coluDHL 
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Table 12-17. Room Tnmsfer hBetioas: v ud v Coeffieie&ts4 
(I 1 

Solar ...... dJaa1alttt)tar Widt. 
110 imlltrior Dade; radiut heat from 
equiplliiii!M- people 

ConwctiYolleat ~by .·· 
ecp,lipmeat IIIII fiiiOPle, ~from. 
vendtalioaaad·~~ 

Air Supp~Jr' 
Fuailllllldu&*· ... ..... . : .. 

Ligllt 

Medium 

Heavy_ 

upt. 

Medium 

Heavy 

I.ipt 

Medium 
. Heavy 

~~of · · Ductld IIII8UmB .. v..-. ~ fme-
iUmituro. willa or dlrou&lltiibt · ·banPI iD air-
widlout carpet . filllUR!I stnlam willa 

dueted RIIIJml 

0.224 I +Wf'"""o 

0.197 l+w1·-v11 

0.187 I +w1-v0 

0.703 I +w,-~~o 

G.68l 1 +w1:...v0 

0.676 I + Wt - "o 

);000 n:o 
1.000 0.0 
1.000 0.0 

0.450 1 + w-1 - 110 

0.750 l +w1-11o 

"The lraDifer fiiJIIllilllll in dlilll!ble W..cabllled by.,.._.._ outlinlll ill Mi1alu 
lllld Sl iII P'la (1967) aDd areiii:CIIplllllie for- wiiR Ill heat pia --.y evea
bllly ..,.... .. cooJiiiS !old. Tlla ~ ...,._ IIIICid - clmllaped at the 
Nadoii8J ..... Coucll ~Cauclll. DhWoll ofBllildiq ~-

..,. ............ dnlan ilMcllliotetilet'ollowiiiJ: 
Uf}ll ~ 8IICia • tame -- wall, 2-ia. -- floor allb,lppiOld
....., 30 lbofllllllll!dal per llqllinfoor ofl'loor-
.,.,._ ~ 8IICia • 4-iJI..ClQIICNM ..nar-11, 4-iD. ClOIICNM ftoonlab, 
iijijiiVlli..-ly "10 lb ofbaildlq 1lllhldll per ..... foot of floor-
n_, Cllllllff'lll.': 8IICia • 6-111.' _. fdlior wall, 6-111. COIIIll1lle floor slab, 
~ 130 lb ofllaiJdlaa lllllldal per ... foot of floor-

"The lll.lCIIftcleal of ... trlllllillr 6uiCiioll - ... - _... blcliD solar heat 
pia......,.... ..... depelld on.,._ !lie .... _.., is lllloiW. If lhe. willdow is 
lllldedby IIDialide blllllor....,IJIIIIt.oftheiiQIIr_..,is....,._bytbelbede, 
... is ........... 10 the- by COilWICiloa ... tona--llllllatiGII in llbcllll the -pblpOrlioll. tbe heat phi ....... walis 111111 roofl; lbul tile-.... coef-
~app)J. •,· ... ·: . . 
"If- aupply llir is ........ ~~~rouP !lie space lbove tile ~.IIIIIIPis are 
....._, iucb. ilr a-o. .... heat ftua ihe ·11&1*. illat wOuld OriBeririee lillve 
--lllerooim. Tllil'-*lfallt heat is dl a loRd on !lie-u., pJalit lfilie air 
il aeckalislld, evell.dllluJIIitistiOt a p.toftbe -.heat pia ulllcii;TIIa·pen::eat 
of heat pia ....... in the -~ . .oallletypeof·JiPiiq fixbn, illl-.u-
in& and-the~ aiirftow. . . 

"Vii roOm'lliriiiPJIIy riles in dm/f(! of floor-. 
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EXAMPLE 12-4 

Problem: Consider a room having a clear double-glazed window with a 0.5 in. air space and 
fixed aluminum frame in a multistory office building of medium weight construction (ap
proximately 75lb/ft2 floor area) and medium air circulation. The building is located at 40°N 
latitude, the date is June 21, and the window orientation is northwest. Calculate the cooling 
load due to solar gain. 

Solution: Find the SHGC for this type of window in Table 9-3 as 0.64. Look up the Solar 
Heat Gain Factor (SHGF) in Table 9-6 for each hour of the day. Multiply the SHGF by 
1.15xSHGC to get the Solar Heat Gain (SHG) as shown in Table 12-18. 

The values of w1 and v0 are determined from Tables 12-16 and 12-17 respectively for a 
medium construction building. The value v1 is determined by the equation found in Table 

12-17. These values are summarized below: 

vo = 0.197 

W1 = -0.94 

v1 =1+w -v =-0.137 I 0 

The cooling load component due to solar radiation through glass at any time 9 is given by 
the equation: 

Q9 = (v0 ·SHG9 +v1 ·SHG9_6 )-(w1 ·Q9_6 ) (12-5) 

As in the earlier heat gain calculation example, the calculation is started by assuming that 
the previous Qs are zero. Furthermore, in this example, SHG = 0 for 9 = 1, 2, 3 and 4; 
therefore, Q5 and Q6 in Btulh·ft2 are as shown in Table 12-19. 

Values for Q9 for the remainder of the calculations are listed in Table 12-20. Four days (96 
hr) of calculations are presented to demonstrate that the hourly values successfully con
verge, canceling the effect of the assumed zero initial conditions. 
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Table 12-18. Hourly Input Values Table 12-20. Hourly Output Values 
for Example 12-4 for Example 12-4 

Hour SHGF SHG 
Hour Dayl Day2 Day3 Day4 

100 0 0.00 100 0 18.6025 22.8159 23.7703 

200 0 0.00 200 0 17.4863 21.447 22.3441 

300 0 0.00 300 0 16.4371 20.1602 21.0034 

400 0 0.00 
400 0 15.4509 18.9505 19.7432 
500 0.144992 14.6688 17.9585 18.7036 

500 1 0.74 
600 1.92036 15.5728 18.6651 19.3655 

600 13 9.57 700 3.53915 16.3724 19.2792 19.9375 
700 21 15.46 800 5.12411 17.1874 19.9197 20.5386 

900 6.73395 18.0734 20.6418 21.2236 
800 27 19.87 1000 8.17801 18.8371 21.2514 21.7982 
900 32 23.55 1100 9.6679 19.6875 21.9569 22.4709 

1200 10.7659 20.1843 22.3176 22.8008 
1000 35 25.76 1300 12.088 20.9413 22.9466 23.4008 
1100 38 27.97 1400 16.464 24.786 26.671 27.0979 

1500 25.6528 33.4756 35.2474 35.6487 
1200 38 27.97 1600 35.2375 42.5909 44.2565 44.6337 
1300 40 29.44 1700 42.3321 49.2443 50.8099 51.1645 

1800 43.1829 49.6804 51.1521 51.4854 
1400 63 46.37 1900 29.2178 35.3254 36.7088 37.0221 
1500 114 83.90 2000 25.3473 31.0884 32.3888 32.6833 

2100 23.8264 29.2231 30.4455 30.7223 
1600 156 114.82 2200 22.3968 27.4697 28.6187 28.879 
1700 172 126.59 2300 21.053 25.8216 26.9016 27.1463 

2400 19.7899 24.2723 25.2875 25.5175 
1800 143 105.25 

1900 21 15.46 

2000 0 0.00 

2100 0 0.00 

2200 0 0.00 

2300 0 0.00 

2400 0 0.00 

Table 12-19. Sample Hourly Calculation Process for Example 12-4 

Q, = v0* SHG, + v/ SHG,_1 w/ Q,_1 

Q, = 0.197 0.74 -0.137 0 -0.94 0 0.1450 
Q6= 0.197 9.57 -0.137 0.74 -0.94 0.1450 1.920 
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Example 12-5 

Problem: Consider the heat gain from 3 W /ft2 lights into the medium construction space 
above. The lights are recessed and unvented, and the space has ordinary furniture and me
dium air flow through ceiling diffusers. The lights operate continuously from 6 am until 9 
pm (until the beginning of hour 2100) and are off the rest of the daily cycle. Find the rate of 
hourly heat gain under these conditions. 

Solution: The w1 value remains the same at -0.94, because this is the same building. The v0 

and v1 values for lights are 0.55 and -0.49, respectively. The results for the first 96 hours are 
given in Table 12-21. The calculated results for the fourth day are also presented graphi
cally in Figure 12-1 to demonstrate how this heat gain is translated into a cooling load that 
builds slowly until the lights are turned off, then decays slowly until they are turned back on 
the following morning. 
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Figure 12-1. Graphical Results for Example 12-5 
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Table 12-21. Example 12-5 Results 

Hour Lighting Dayl Day2 Day3 Day4 
Btulh=3.41 *W 

100 0.00 0 2.1734 2.6657 2.7772 
200 0.00 0 2.043 2.5058 2.6106 
300 0.00 0 1.9204 2.3554 2.4539 

v0 = 0.55 400 0.00 0 1.8052 2.2141 2.3067 
500 0.00 0 1.6969 2.0813 2.1683 

w1=-0.94 600 10.23 5.6265 7.2216 7.5829 7.6647 
700 10.23 5.9027 7.4021 7.7417 7.8186 

v1= -0.49 800 10.23 6.1623 7.5718 7.891 7.9633 
900 10.23 6.4064 7.7313 8.0313 8.0993 
1000 10.23 6.6358 7.8812 8.1633 8.2272 
1100 10.23 6.8515 8.0221 8.2873 8.3473 
1200 10.23 7.0542 8.1546 8.4038 8.4603 
1300 10.23 7.2447 8.2791 8.5134 8.5665 
1400 10.23 7.4238 8.3962 8.6164 8.6663 
1500 10.23 7.5922 8.5062 8.7132 8.7601 
1600 10.23 7.7505 8.6096 8.8042 8.8483 
1700 10.23 7.8993 8.7068 8.8898 8.9312 
1800 10.23 8.0391 8.7982 8.9702 9.0091 
1900 10.23 8.1706 8.8841 9.0458 9.0824 
2000 10.23 8.2941 8.9649 9.1168 9.1512 
2100 0.00 2.7838 3.4143 3.5571 3.5895 
2200 0.00 2.6167 3.2094 3.3437 3.3741 
2300 0.00 2.4597 3.0169 3.1431 3.1716 
2400 0.00 2.3122 2.8359 2.9545 2.9813 
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Summary 

The TFM and RTF provide greater accuracy in the calculation of building thermal loads, 

but require more computational effort and the use of computer software to accomplish these 
calculations. It is not our intent here to make you proficient enough to author professional 

quality software. Rather, this chapter is intended to explain to you, as a software user, the 

process and equations that the computer is using to complete its estimate. 

After studying Chapter 12, you should be able to: 

• Use TFM to determine hourly heat gains through given walls and roof sections. 

• Use RTF to determine cooling loads from heat gains through windows and wall 
sections and from equipment and lights. 
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Skill Development Exercises for Chapter 12 

Complete these questions by writing your answers on the worksheets at the back of this 
book. 

12-01. Example 12-3 discussed a south-facing wall section. For the same wall facing north, 
use TFM to determine the rate of heat transfer for the first 24-hour period. 

12-02. For the office building discussed in Example 12-4, use RTF to determine the cool
ing load due to solar gain for the first 24-hour period with the following changed 
conditions: the date is August 21 and the window orientation is southwest. 

12-03. Compare the values that you calculated in Exercise 12-02 with the results deter
mined in Example 12-4 for the same time period. Explain what factors cause the 
differences between the values at these hours: 0600, 0900, 1200, 1500, 1800 and 
2100. 
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Appendix A: Thermal Properties 
of Building and Insulating Materials 

Condnetivityit 
Resistauee" ~R) 

Conductance Perlneb For Tbielmess 
(k), (C), Thickness (1/k), Listed Jl/C), 

Density, Btu·in Btu °F·ftl·h °F· ·b 
Description Iblft3 b•ftl•°F h•ft2•°F Btu·in Btu 
BUILDING BOARD 
Asbesros-cement board .................................................. 120 4.0 0.25 
Asbesros-cement board .................................... O.l25 in. 120 33.00 0.03 
AsbesiDS-cement board ...................................... 0.2S in. 120 16.SO 0.06 
Gypsum or plaster board .................................. 0.375 in. so 3.10 0.32 
Gypsum or plaster board ...................................... o.s in. so 2.22 0.45 
Gypsum or plaster board. ................................. 0.62S in. so 1.78 O.S6 
Plywood (Douglas Fir)d ................................................. 34 0.80 1.2S 
Plywood (Douglas Fir~ ...................................... 0.2S in. 34 3.20 0.31 
Plywood (Douglas Fir .................................... 0.37S in. 34 2.13 0.47 
Plywood (Douglas Fir). ........................................ o.s in. 34 1.60 0.62 
Plywood (Douglas Fir). .................................... 0.62S in. 34 1.29 0.77 
Plywood or wood panels. ................................... 0.7S in. 34 1.07 0.93 
Vegetable fiber board 

Sheathing, regular density" ........................... O.S in. 18 0.76 1.32 
.............................................................. 0.78125 in. 18 0.49 2.06 
Sheathing intermediate density" .................... o.s in. 22 0.92 1.09 
Nail-base sheathing" ..................................... 0.5 in. 25 0.94 1.06 
Shingle backer ........................................... 0.375 in. 18 1.06 0.94 
Shingle backer ......................................... 0.3125 in. 18 1.28 0.78 
Sound deadening board ................................ 0.5 in. IS 0.74 1.35 
Tile and lay-in panels, plain or acoustic ................. 18 0.40 2.50 

........ O.S in. 18 0.80 1.25 

...... 0.75 in. 18 O.S3 1.89 
Laminated paperboard .................................. 30 0.50 2.00 
Homogeneous board from repulped piiJICI ... 30 0.50 2.00 

Hardboard" 
Medium density ....................................................... so 0.73 1.37 
High density, service-tempered grade and SeiViCe 

grade ...................................................................... ss 0.82 1.22 
High density, standard-tempered grade ................... 63 1.00 1.00 

Particleboard" 
Low density .............................................................. 37 0.71 1.41 
Medium density ....................................................... so 0.94 1.06 
High density ............................................................. 62 .s 1.18 0.85 
Underlayment ............................................ 0.62S in. 40 1.22 0.82 

Wafcrboard .................................................................... 37 0.63 1.59 
Wood subfloor ................................................... 0.75 in. 1.06 0.94 
BUILDING MEMBRANE 
Vapor--permeable felt .................................................. 16.70 0.06 
Vapor-seal, 21aycrs of mopped I S-Ib felt .................. 8.3S 0.12 
Vapor-seal, plastic film ............................................... Negl. 
FINISH FLOORING MATERIALS 
Carpet and fibrous pad ................................................... 0.48 2.08 
Carpet and rubber pad. ................................................... 0.81 1.23 
Cork tile ........................................................... 0.12S in. 3.60 0.28 
Terrazzo .................................................................. 1 in. 12.50 0.08 
Tile-asphalt, linoleum, vinyl, rubber ........................... 20.00 o.os 

vinyl asbesros ........................................................... 
ceramic ..................................................................... 

Wood, hardwood finish ..................................... 0.7S in. 1.47 0.68 
INSULATING MATERIALS 
Blanlalt and Batf.S 
Mineral fiber, fibrous form processed 

from rock, slag, or glass 
approx. 3-4 in ..................................................... 0.4-2.0 0.091 11 
approx. 3.S in ..................................................... 0.4-2.0 0.077 13 
approx. 3.S in ..................................................... 1.2-1.6 0.067 IS 
approx. 5.5-6.5 in ............................................... 0.4-2.0 0.053 19 
approx. S.S in ..................................................... 0.6-1.0 0.048 21 
·approx. 6-7.5 in .................................................. 0.4-2.0 0.045 22 
approx. 8.25-10 in .............................................. 0.4-2.0 0.033 30 
approx. I 0-13 in ................................................. 0.4-2.0 0.026 38 

Board and Slabs 
Cellular glass ....................................................... 8.0 0.33 3.03 
Glass fiber, organic bonded ................................ 4.0-9.0 0.25 4.00 
Expanded perlite, organic bonded ....................... 1.0 0.36 2.78 
Expanded rubber (rigid). ..................................... 4.5 0.22 4.55 
Expanded polystyrene, extruded (smooth skin slll'fiK:e) 

(CFC-12 exp.) ............................................................. 1.8-3.5 0.20 5.00 

A:1 

Spedlie 
Heat, 
Btn 

lb·"F 

0.24 

0.26 

0.29 

0.29 

0.31 

0.31 
0.31 
0.31 

0.30 
0.14 

0.33 
0.28 

0.31 

0.32 
0.32 

0.31 
0.31 

0.29 

0.33 

0.34 
0.33 
0.48 
0.19 
0.30 
0.24 
0.19 

0.18 
0.23 
0.30 
0.40 
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Appendix. A: Thermal Properties 
of Building and Insulating Materials (cont.) 

Resiltaaee" @ 
Coaduetivityb Coaduetanee Per Inch ForThic:lmeu Specific 

(k), (C), Thic:lmes• (1/k), Lilted ~1/C), Heat, 
DeDBity, Btu·in Btu "F·ft2·b °F· ·h Btu 

Description lblft3 b•ft2•°F b•ft2•°F Btu·ln Btu lb·"F 
Expanded polystyrene, extruded (smooth skin surface) 

(HCFC-142b cxp.)b ..................................................... 1.8-3.5 0.20 s.oo 0.29 
Expanded polystyrene, molded beads ........................... 1.0 0.26 3.85 

1.25 0.25 4.00 
1.5 0.24 4.17 

1.75 0.24 4.17 
2.0 0.23 4.35 

Cellular polyurethanelpolyisocyanurateil 
(CFC-11 cxp.) (unfaced) ............................................. 1.5 0.16-0.18 6.25-5.56 0.38 

Cellular polyisocyanlD."IItd (CFC-11 cxp.) 
(Bas-permeable facers) ................................................ 1.5-2.5 0.16-0.18 6.25-5.56 0.22 

Cellular polyisocyanuratci (CFC-11 cxp.) 
(gas-impermeable facers) ............................................ 2.0 0.14 7.04 0.22 

Cellular phenolic (closed cell) (CFC-11, CFC-113 cxp.~ 3.0 0.12 8.20 
Cellular phenolic (open cell) ................................... 1.8-2.2 0.23 4.40 
Mineral fiber with resin binder ................................ 15.0 0.29 3.45 0.17 

Mineral fiberboard, wet felted 
Core or roof insulation ..•.......................................... 16-17 0.34 2.94 
Acoustical tile .............................•..•......................... 18.0 0.35 2.86 0.19 
Acoustical tile .......................................................... 21.0 0.37 2.70 

Mineral fiberboard, wet molded 
Acoustical tile' ........................•.•.............................. 23.0 0.42 2.38 0.14 

Wood or cane fiberboard 
Acoustical tile' ............................................... 0.5 in. 0.80 1.25 0.31 
Acoustical tile' ............................................. 0. 75 in. 0.53 1.89 

Interior finish (plank, tile) ........•...•...................... 1S.O 0.3S 2.86 0.32 
Cement fiber slabs (shredded wood with Portland 

cement binder) ..........•........•..•..................................... 25-27.0 0.50-0.53 2.0-1.89 
Cement fiber slabs (shredded wood with magnesia 

oxysulfide binder) ....................................................... 22.0 0.57 1.75 0.31 
Looae Fill 
Cellulosic insulation (milled paper or wood pulp) ..•..... 2.3-3.2 0.27-0.32 3.70-3.13 0.33 
Perlite, expanded ............................................................ 2.0-4.1 0.27-0.31 3.7-3.3 0.26 

4.1-7.4 0.31-0.36 3.3-2.8 
7.4-11.0 0.36-0.42 2.8-2.4 

Mineral fiber (rock, slag, or glass )I 
approx. 3. 15-S in" .................................................... 0.6-2.0 11.0 0.17 
approx. 6.5-8. 1S in ................................................... 0.6-2.0 19.0 
approx. 7.5-10 in ...................................•........•......... 0.6-2.0 22.0 
approx. 10.25-13.75 in ••.•...............................•........ 0.6-2.0 30.0 

Mineral fiber (rock, slag, or glass )I 
approx. 3.S in. (closed sidewall application). .......... 2.0-3.5 12.0-14.0 

Vermiculite, exfoliated ..............•••.....•........................... 7.0-8.2 0.47 2.13 0.32 
4.0-6.0 0.44 2.27 

Spray Applied 
Polyurethane fOam ......................................................... l.S-2.5 0.16-0.18 6.25-S.S6 
Ureatbnnaldehyde fOam •...••.•.•••.•.•.••••.•.......•..•...•.... ; ..•.. 0.7-1.6 0.22-0.28 4.55-3.57 
Cellulosic fiber ............................................................... 3.5-6.0 0.29-0.34 3.45-2.94 
Glass fiber ...........•.......................•.................................. 3.5-4.5 0.26-0.27 3.85-3.70 

&jkcttve lnmlation 
Reflective material(£< 0.5) in center of3/4 in. cavity 

forms two 3/8 in. vertical air spaces"' ......................... 0.31 3.2 

METALS 
(See Chapter 36, Table 3) 

ROOFING 
Asbestos-c:ement shingles ........•..................................... 120 4.76 0.21 0.24 
Asphalt roll roofing. .......•...•........................................... 70 6.SO 0.15 0.36 
Asphalt shingles ......•............•...•..•.................................. 70 2.27 0.44 0.30 
Built-up roofing ............................................... 0.375 in. 70 3.00 0.33 0.35 
Slate .....•...•.•....••........•....•.•.•...•.......•.... , ................ 0.5 in. 20.00 o.os 0.30 
Wood shingles, plain and plastic film faced ................. 1.06 0.94 0.31 

PLASTERING MATERIALS 
Cement plaster, sand aggregate ..................................... 116 5.0 0.20 0.20 

Sand aggregate ....•.•..••.............•...•.....•.•...... 0.375 in. 13.3 0.08 0.20 
Sand aggregate ............................................. 0.7S in. 6.66 0.15 0.20 
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Appendix A: Thermal Properties 
of Building and Insulating Materials (cont.) 

Resistance• (R) 
Conduetivityb Conduetanee Perlneb For Tbidmess Speeifie 

(k), (C), Tbiekness (1/k), Listed (1/C), Heat, 
Density, Btu•in Btu "F·ftl·h °F·ft2·h Btu 

Deseriptioa Ib!ftl h•ft2•°F h·ftl·"F Btu·in Btu lb·"F 
Gypsum plaster: 

Lightweight aggregate ................................... 0.5 in. 45 3.12 0.32 
Lightweight aggregate ............................... 0.625 in. 45 2.67 0.39 
Lightweight aggregate on metal lath ........... 0. 75 in. 2.13 0.47 

Perlite aggregate ............................................................ 45 1.5 0.67 0.32 
SBDd aggregate ......................................................... 105 5.6 0.18 0.20 
SBDd aggregate ............................................... 0.5 in. 105 11.10 0.09 
SBDd aggregate ........................................... 0.625 in. 105 9.10 0.11 
SBDd aagrcgate on mctallath ....................... 0. 75 in. 7.70 0.13 
Vermiculite aggregate .............................................. 45 1.7 0.59 

MASONRY MATERIAlS 
Masonry Units 
Briclc, fired clay ............................................................. 150 8.4-10.2 0.12-0.10 

140 7.4-9.0 0.14-0.11 
130 6.4-7.8 0.16-0.12 
120 5.6-6.8 0.18-0.15 0.19 
110 4.9-5.9 0.20-0.17 
100 4.2-5.1 0.24-0.20 
90 3.6-4.3 0.28-0.24 
80 3.0-3.7 0.33-0.27 
70 2.5-3.1 0.40-0.33 

Clay tile, hollow 
1 cell decp ............................................................ 3 in. 1.25 0.80 0.21 
1 ccll deep ........................................................... .4 in. 0.90 1.11 
2 cells dcep ........................................................... 6 in. 0.66 1.52 
2 cells deep ........................................................... 8 in. 0.54 1.85 
2 cells dcep ......................................................... 1 0 in. 0.45 2.22 
3 cells dcep ......................................................... 12 in. 0.40 2.50 

Concrete blocks., 0 

Limestone aggregate 
8 in., 361b, 138 lblft3 concrete, 2 cores. .................. 

Same with perlite filled cores ............................... 0.48 2.1 
12 in., 55 lb, 138 lblft3 conc:rcte, 2 cores. ................ 

Same with perlite filled c;ores ............................... 0.27 3.7 
Normal weight aggregate (S811d 8lld gravel) 

8 in., 33-36lb, 126-1361blft3 concrete, 2 or 3 cores 0.90-1.03 1.11-0.97 0.22 
Same with perlite filled cores .. : ............................ 0.50 2.0 
Same with vermiculite filled cores ....................... 0.52-0.73 1.92-1.37 

12 in., SO lb, 125 lblft3 conc:rete, 2 cores. ................ 0.81 1.23 0.22 
Medium weight aggregate (oombinadons of normal 
weight and lightweight ~ate) 

8 in., 2~·29 lb, 97·112 lbl concrete, 2 or 3 cores .. 0.58-0.78 1.71-1.28 
Same with perlite filled cores ............................... 0.27-0.44 3.7-2.3 
Same with vermiculite filled cores ....................... 0.30 3.3 
Same with molded EPS (beads) filled cores ......... 0.32 3.2 
Same with molded EPS inserts in cores. ............... 0.37 2.7 

Lightweight aggregate (expanded shale, clay, slate or 
slag, pumice) 

6 in., 16-17 lb 85-87 lbltf concrete, 2 or 3 cores .... 0.52-0.61 1.93-1.65 
Same with perlite filled cores ............................... 0.24 4.2 
Same with vermiculite filled cores ....................... 0.33 3.0 

8 in., 19-22 lb, 72-86 Jblft3 concrete. ....................... 0.32-0.54 3.2-1.90 0.21 
Same with perlite filled cores ............................... 0.15-0.23 6.8-4.4 
Same with vermiculite filled cores ....................... 0.19-0.26 5.3-3.9 
Same with molded EPS (beads) filled cores ......... 0.21 4.8 
Same with UF foam filled cores ........................... 0.22 4.5 
Same with molded EPS inserts in cores. ............... 0.29 3.5 

12 in., 32-36lb, 80-90 lbltf concrete, 2 or 3 cores ... 0.38-0.44 2.6-2.3 
Same with perlite filled cores ............................... 0.11-0.16 9.2-6.3 
Same with vermiculite filled cores ....................... 0.17 5.8 

Stone, lime, or sBDd .................................................... 180 72 0.01 
Quartzitic and S81ldstone 160 43 0.02 

140 24 0.04 
120 13 0.08 0.19 

Calcitic, dolomitic, limestone, marble, and granite .... 180 30 0~03 
160 22 0.05 
140 16 0.06 
120 11 0.09 0.19 
100 8 0.13 
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Appendix. A: Thermal Properties 
of Building and Insulating Materials (cont.) 

Resistanee• (R) 
Conduetivttyb Conduetanee Per Inch For Thickness Spedfie 

(k), (q, Thldmess (1/k), Listed ~1/C), Heat, 
Deasity, Btu·ln Btu °F·ftZ·h °F· ·h Q!J!. 

Description Ib!ft3 b•ftZ•°F b•ftZ•°F Btu·in Btu lb·"F 
Gypsum partition tile 

3 by 12 by 30 in., solid •........................................•.. 0.79 1.26 0.19 
3 by 12 by 30 in., 4 cells ..................................•....... 0.74 1.35 
4 by 12 by 30 in., 3 cells .......................................... 0.60 1.67 

Concretes" 
Sand and gravel or stone aggregate concretes (concretes ISO 10.0-20.0 0.10-0.0S 

with more than SO% quartz or quartzite sand have 140 9.0-18.0 0.11-0.06 0.19-0.24 
conductivities in die higher end of the range) ............ 130 7.0-13.0 0.14-0.08 

Limestone concretes ...................................................... 140 . 11.1 0.09 
120 7.9 0.13 
100 5.5 0.18 

Gypsum-fiber concrete (87.5% gypsum, 12.5% 
wood chips) ................................................................. 51 1.66 0.60 0.21 

Cement/lime, mortar, and stucco .................•................. 120 9.7 0.10 
100 6.7 0.15 
80 4.S 0.22 

Lightweight aggregate concretes 
Expanded shale, clay, or slate; expanded~; 120 6.4-9.1 0.16-0.11 
cinders; pumice (with density up to 100 I ); and 100 4.7-6.2 0.21-0.16 0.20 
scoria (sanded concretes have conductivities in the 80 3.3-4.1 0.30-0.24 0.20 
higher end of the range) ......................•....................... 60 2.1-2.5 0.48-0.40 

40 1.3 0.78 
Perlite, vermiculite, and polystyrene beads •.•.••.•..•••••. so 1.8-1.9 0.5S-O.S3 

40 1.4-l.S 0.71-0.67 0.15-0.23 
30 l.l 0.91 
20 0.8 1.25 

Foam concretes ...•.......................•.................................. 120 5.4 0.19 
100 4.1 0.24 
80 3.0 0.33 
70 2.S 0.40 

Foam concretes and cellular concretes 60 2.1 0.48 
40 1.4 0.71 
20 0.8 1.25 

SIDING MATERIALS (on Oat aurfaee) 
Shingles 

Asbestos-cement .............•................•.•....................•... 120 4.75 0.21 
Wood, 16 in., 7.5 exposure. .............•.......................... l.lS 0.87 0.31 
Wood, double, 16-in., 12-in. exposure ....................... 0.84 1.19 0.28 
Wood, plus ins. backer board, 0.312 in ...................... 0.71 1.40 0.31 

Siding 
Asbestos-cement, 0.25 in., lapped .............................. 4.76 0.21 0.24 
Asphalt roll siding. ..•................................................... 6.50 0.15 0.35 
Asphalt insulating siding (0.5 in. bed.} ...................... 0.69 1.46 0.35 
Hardboard siding, 0.4375 in •..............•....................... 1.49 0.67 0.28 
Wood, drop, l by 8 in ................................................. 1.27 0.79 0.28 
Wood, bevel, 0.5 by 8 in., lapped. .............................. 1.23 0.81 0.28 
Wood, bevel, 0.75 by 10 in., lapped. .................... , ..... 0.95 1.05 0.28 
Wood, plywood, 0.375 in., lapped ............................. 1.69 0.59 0.29 
Aluminum, steel, or vinyf• q' over sheathing 

Hollow-backed ......................................................... 1.64 0.61 0.2gq 
Insulating-board backed nominal 0.375 in ....•......... o.ss 1.82 0.32 
Insulating-board backed nominal 0.375 in., 

foil backed ............................................................. 0.34 2.96 
Architectural (soda-lime Boat) glass. ....................•..•..... 158 6.9 0.21 

WOODS (12% moisture eoatent)"" 
Hardwoods 0.39" 

Oak .............................................................................. 41.2-46.8 1.12-1.25 0.89-0.80 
Birch ............................................................................ 42.6-45.4 1.16-1.22 0.87-0.82 
Maple ..............................................•........................... 39.8-44.0 1.09-1.19 0.92-0.84 
Ash ..........•.•......................•...•...........................•.......... 38.4-41.9 1.06-1.14 0.94-0.88 

Softwoods 0.39" 
Southern Pine ........•..•..•....................•.............•..••..•.•... 35.6-41.2 1.00-1.12 1.00-0.89 
Douglas Fir-Larch .•.....•............................................... 33.5-36.3 0.95-1.01 1.06-0.99 
Soulhem Cypress .....•.••........•...................................... 31.4-32.1 0.90-0.92 1.11-1.09 
Hem-Fir, Spruce-P'me-Fir .....................••.................... 24.5-31.4 0.74-0.90 1.35-1.11 
West Coast Woods, Cedars. .•••••••.•.•.......•..•.•..•.•....•.•... 21.7-31.4 0.68-0.90 1.48-1.11 
California Redwood ..............................•..................... 24.5-28.0 0.74-0.82 1.35-1.22 
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Appendix B: Wall Types 
Mass Located Inside Insulation 

Secondary R-Vahae, 
Material ttl· "F•hiBtu Al 

Stucco 
and/or 
plaster 

Steel 
or other 

light
weight 
siding 

Face 
brick 

O.Oto 2.0 

2.0to2.5 

2.5 to 3.0 

3.0to 3.5 

3.5 to4.0 • 
4.0to 4.75 * 

4.75to5.5 • 

S.5to6.5 • 

6.5 to7.7S * 
7.7.5to9.0 * 
9.0 to I 0.75 * 

10.7.5 to 12.75 * 
12.75to IS.O 

IS.Oto 17.5 

17.5 to20.0 

20.0to23.0 

23.0 to 27.0 

0.0 to2.0 

2.0 to2.S 

2.5 to 3.0 

3.0 to 3.S 

3.S to4.0 

4.0to4.7S 

4.1StoS.S 

5.5 to6.5 

6_~ to 7.75 

7.75to9.0 

9.0 to 10.75 

10.75 to 12.7S 

12.7Sto 15.0 

15.0to 17.5 

17.5 to 20.0 

20.0to23.0 

23.0 to 27.0 

0.0 to 2.0 

* 
* 
• 
• 
• 
• 
* 
• 

* 
• 
• .. 
• 
• 
• 
• .. 
• 
• 
• 
• 

2.0to2.5 3 

2.Sto 3.0 5 

3.0to3.S 5 
3.5 to4.0 S 

4.0to4.7S 6 

4.7Sto5.5 6 

S.S to6.5 6 

6.5to7.7S 6 

7.75to9.0 6 

9.0to 10.75 6 

10.75 to 12.75 6 

12.75 to 15.0 6 

15.0 to 17.5 10 

17.5 to 20.0 10 

20.0 to 23.0 II 

23.0 to 27.0 * 

A2 

* 
s 
s 
5 

s 
6 

6 

6 

6 
6 

6 

6 
10 

10 

II 
II 

3 

s 
s 
5 

6 

6 

6 
6 

6 

6 

6 

6 

10 

10 

II 

• 
* 
• 

II 

12 

12 

13 

13 

13 

13 

13 

14 

14 

* 
* 
• 
• 
• 

87 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
* 
* 
* 
• 
• 

• 
• 
• 
• 
• 
• 
• 
* 
• 
• 
* 
* 
• 
* 

* 
• 
• 
• 
5 
6 

6 

6 
6 

6 

10 

10 

10 

II 

II 

II 
15 

• 

810 

• 
• 
* 
• 
• 
• 
• 

• 
• 

* 
* 

• 
• 
• 
• 
* 
• 
• 
• 
• 
• .. 
• .. 
* 
• 
* 
• 
• 
* 
• 
• 
• 
• 

10 

II 

II 

II 

16 

16 

16 

16 

• 
• 
• .. 

*DebOies a wall that is not possible with the chosen set of parameters. 
••See Table II for definition of Code lettcB 
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• 
• 
• 
• 

• 
• 

• 
• 
• 

• 
* 
* 
* 
• 

• 
• 
• 
* 
• 
• 

* 
* 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

* 

Principal WaD Material•• 

Cl Cl C3 C4 CS 

• 
• 
3 

4 

4 

5 

5 
5 

5 
s 
5 
5 

10 

10 

10 

10 

• 
2 

3 

3 

4 

s 
5 
s 
s 
5 
5 
5 
6 

10 

10 

• 
• 
• 
• 

II 

12 

13 

• 
• 
• 

.. 
• 
• 
• 
* 
• 

• 
• 
2 

2 

2 

2 

2 

4 

4 

4 

4 
4 

5 

s 
9 

• 
• .. 

I 

2 

2 

2 

2 

2 

2 
2 
2 

2 
4 
4 

4 

• 
• 
• 
• 
• 
6 

10 

II 
II 

II 

II 

II 
II 

12 

12 

16 

16 

16 

• 
• 
2 

2 

3 

4 

4 

s 
s 
5 

5 
5 
s 
5 
9 

9 

• 
2 

2 
2 

2 

2 
2 

3 
3 

3 

3 

3 

4 
4 

4 

5 

• 
• 
• 
6 

II 

12 

12 

12 

12 

13 

13 

13 

13 

13 

13 

• 
• 
• 

• 
• 
5 

5 

6 

6 

6 

10 

II 

II 

II 

II 

II 

II 

II 

16 

* 
• 
3 

5 
5 
5 

s 
6 

6 

6 

6 

6 
6 

6 

10 

10 

II 

• 
• 

II 

12 

12 

12 

13 

13 

• 
* 
• 
• 
• 
* 
• 
• 
• 

s 
6 

6 

6 

6 

6 
7 

7 

7 

7 

II 
II 
II 

II 

II 

* 
• 
5 

3 

s 
5 

s 
6 

6 

6 

6 

6 

7 

7 

7 

II 

II 

• 
• 

II 

12 

12 

13 

13 

13 

13 

13 

13 

14 

14 

• 
* 
* 
* 
• 

C6 

* 
* 
• 
* 

10 

II 

II 
12 

16 

* 

• 
* 
• 
* 
• 
• 
• 
• 
• 
• 
6 

10 

II 

II 
II 

12 

12 

12 

12 

• 
• 
* 
• 
• 
• 
* 
• 
• 
• 
• 
• 

• 
• 
* 
* 
* 
• 
* 
* 

C7 

• 
• .. 
.. 
4 

s 
s 
s 

10 

10 

10 

10 

10 

II 

IS 

IS 

16 

• 

3 

4 

5 

!I 

5 

s 
s 
6 

10 

10 

10 

10 

10 

• 
• 
• 
* 
• 

II 
16 

* 
• 
• 
• 
• 
• 
• 
• 
• 
• 

C8 

• 
* 
s 
6 

6 

10 

10 

II 

II 

II 

II 

II 

II 

12 

16 

16 

• 
• 
• 
5 
5 

5 

6 

6 

6 

6 

6 
6 

II 

II 

II 

II 
II 

* 
• 
• 
* 

12 

12 

• 
• 
* 

• 
• 
• 
• 
* 
* 
* 

B: 1 

C17 CIS 

• 

* 
• 
• 
* 

* 
* 
* 
4 

4 
9 

10 

10 

10 

IS 

• 
* 
• 
* 

• 
* 
• 
* 
* 
4 

4 

s 
9 

10 

10 

II 

• .. 
• 
* 
• 
• 
• 

• 
• 

16 

16 

• 
• 

• 

• 
• 
• 
• 
s 

10 

10 

10 

II 

II 

II 

II 

12 

16 

16 

16 

* 
• 
• 
* .. 
5 

5 
6 

6 

10 

II 

II 

II 
II 

II 

II 

16 

16 

.. 
• 
* 

16 

• 
• 
• 
.. 

* 
* 
• 
• 
• 
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Appendix B: Wall Types 
Mass Evenly Distributed 

Secondary R-Value, 
Material ftl. "F•h/Btu Al 

Stucco 
and/or 
plaster 

Steel 
or other 
light
weight 
siding 

Face 
brick 

O.Oto2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0to 3.5 
3.5 to4.0 
4.0to4.75 

4.75to5.5 
5.5to6.5 
6.5 to7.75 

7.75to9.0 

9.0to 10.75 
10.75 to 12.75 
12.75tol5.0 2 

15.0 to 17.5 2 

17.5 to 20.0 2 
20.0 to 23.0 2 

23.0to27.0 * 
O.Oto2.0 
2.01o2.5 
2.510 3.0 

3.010 3.5 
3.5to4.0 
4.0104.75 

4.75to5.5 

5.5 to6.5 
6.5 to 7.75 

7.751o9.0 

9.0 to 10.75 
10.75 to 12.75 
12.75tol5.0 

15.0to 17.5 
17.5to 20.0 I 

20.0 to 23.0 2 
23.0to 27.0 

O.Oto2.0 
2.0to 2.5 

2.5 to3.0 
3.0to3.5 

3.5 to4.0 
4.0to4.75 

4.75to5.5 
5.51o6.5 
6.5to7.75 

* 
3 

3 
4 

* 
• 
• 
• 

7.7Sto9.0 * 
9.0 to 10.7S * 

10.75 lO 12.75 * 
12.75to 15.0 • 

IS.O to 17.5 • 
17.5 to 20.0 * 
20.0to 23.0 

23.0 to 27.0 
• 
• 

A2 

3 

3 

4 .. 
• 

* .. 
* .. 
.. 
• 
* 
• .. 
• 
• 
3 

3 
4 

.. 
• 
* 
* 
• 
• 
* 

* 
* 
* 
* 
* 
6 

10 

10 

II 

II 

II 

II 
16 

16 
16 

16 
16 
16 

• .. 
• 
• 

B7 

* 

2 

2 

2 

2 

2 

2 

2 

2 

4 

• 
* 

2 

2 

2 

2 

2 
2 

4 

• .. 

5 

5 

5 

* 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

BIO 

• 
• .. 
2 

2 

2 

4 

4 

4 

4 

5 
5 
5 

9 
9 

9 

* 
* 
* 
* 
2 

2 
2 

2 

4 

4 

4 

4 

5 
5 
5 

9 

9 

• 
• 

10 
II 
11 

• 
• 

• 
• 
* 
• 
• 
• 
* 

*Denotes a wall that is nor poaible with tbc chosen set of pararncten. 
**Sec Table II for definition of Code lettwa 

B9 

• 
• 
* 
• 
* 
• 

10 

II 
16 
16 

• 
• 
• 

• 
* 
* 
* 
* 

• 

• 
10 
II 
16 

16 

• 
• 
* 
• 
* 
• 
• 
* 
• 
• 
• 
• 
* 

• 
* 
* 
* 

• 
• 
* 

PrineiJIIII WaD Material** 

Cl C2 CJ C4 CS 

* I 3 3 
2 • 2 4 4 
2 2 2 4 4 
2 

* 
• 
* 
* 
• .. 
.. 
• .. 
.. 
* 

• 
2 
2 

4 

• 

• 
• 
• 
* 

* 
* 
• 
* 
• 
• 

5 
10 

10 

10 

10 

10 

11 

15 

15 
16 

16 
16 

16 

• 
* 

2 

4 

• 
• 
• .. 
* .. 
.. 
• 

• 
• 
* 
• 
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Appendix B: Wall Types 
Mass Located Outside Insulation 
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2.S to 3.0 

3.0to 3.5 

3.5to4.0 

4.0to4.75 

4.1Sto S.S 

5.Sto6.S 

6.5 to 7.7S 

1.1S to9.0 
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10.75 to 12.75 
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• 
*Denotes a wall that is not possible with the chosen set or parameters. 
••see 'Dible 11 for definilion or Code letters. 
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Fundamentals of Heatlng and CooUng Loads Appendix C July CLTD 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All righ
ts reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



C: 2 

Appendix C: July CLTD for Calculating Cooling Load (cont.) 
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Appendix C: .July CLTD for Calculating Cooling Load (cont.) 
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Skill Development Exercises for Chapter 1 

Nmne -----------------------------------------------------------

CornpanynDepanrnnent 

Admess ____________________________________________________ __ 

Cicy ____________________________ ___ State ____ _ Zip ______ __ 

Telephone ____________ __ Fax __________________ __ 

E-mail Admess 

Student Number 

1-01. Explain the cype of heat transfer in each of the following situations: a gas water 
heater; the wall of an oven; a whistling teakettle; a light bulb; a hair dryer; a sealed 
thermos bottle; and an electric baseboard heater. 
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1-01. (cont.) 
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1-02. If fiberglass insulation has a thermal conductivity of0.33 (Btu·inlh·ft2·°F), find the 
R-value of a 5.5-in.-thick batt. 

1-03. A building has a roof with continuous rigid insulation rated at R-26. Neglecting air 
films and the roof structure, what is the approximate U-factor of this roof? 
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1-04. A water heater measures 24 in. in diameter and 48 in. high. The outside wall is 
covered with fiberglass insulation rated at R -3. The shell of the water heater is 130°F 
and the outside is 75°F. Find the rate of heat loss through the wall of the unit. 

1-05. Some people argue that night setback thermostats are worthless, because the furnace 
has to run so long in the morning to make up the difference in temperature for the 
space. With your knowledge of heat capacitance and heat conduction as a function 
of temperature, how would you answer that argument? 

Chapter 1 Heat Transfer and Load Calculation Fundamentals of Heating and Cooling Loads 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All righ
ts reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



2: 1 

Skill Development Exercises for Chapter 2 
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2-01. Calculate the heat loss from the bedroom of the example cabin. 
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2-02. Decrease the outside temperature to -5°F, and repeat the calculation for both rooms 

of the cabin. 
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2-03. If the door was moved to the east wall, explain if and how the rate of heat loss from 

the cabin would be affected. 

2-04. If the building was rotated on its axis, or mirrored end-to-end, explain if and how the 
rate of heat loss from the cabin would be affected. 

2: 3 

Fundamentals of Heating and Cooling Loads Chapter 2 Simple Heat Loss Calculation Procedure 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All righ
ts reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



2:4 

2-05. If you wanted to reduce the rate of heat loss from the cabin, explain what changes 
you might make. 
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2-06. Suppose a 20,000 Btulh heating system is installed in the front room of the cabin 
with a 4,800 Btu/h design heating load. The total mass of the cabin and its contents 
is 5,000 lb, with an average specific heat of0.25 Btu/lb·°F. How long would it take 
to raise the cabin temperature by 1 0°F under design conditions? How long would it 
take to raise this temperature if the outdoor temperature is 32°F? 
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2-07. Given the mass and specific heat of the cabin and its contents in Exercise 2-06, 
how large must the heating system capacity be (in Btu/h) to raise the temperature 
of the space from 65°F to 70°F in 20 minutes. Remember that your heating 
system must also provide the heat losses that occur during that time period. 
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3-01. Assume you are working for a mobile home manufacturer that ships to all of the 
states shown in Figure 3-2. In which state would you expect the highest heating 
load? The highest cooling load? Explain which data columns you used to make your 

selection. 
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3-02. In Massachusetts, Boston and Worcester are only 25 miles apart. How would you 
explain the large difference in their winter design temperatures? 
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3-03. In Michigan, Grand Rapids and Muskegon are only 30 miles apart. How would you 
explain the difference in their summer design temperatures? 
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3-04. Discuss how the wind speed at a typical single-family house with trees and other 

vegetation around it might compare with the recorded wind speeds. How would the 
local terrain (hills and valleys) affect the actual wind speed at a site? How would the 
recorded wind speed compare to the actual wind speed at the top floor of the tallest 
office building in town? 
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4-01. The sample wall section shown below consists of2x6 wood studs on 24 in. centers 
with R -19 insulation. Assuming 10% of the wall area is framing, calculate the effec

tive U-factor. 

4" Face 5 112" Fiberglass Insulation 
3/4" Polyisocyanurate 
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4-01. (cont.) 
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4-02. For the roof detail section shown below, calculate the effective net U-factor, assum
ing a 20% framing factor. 

Asphalt shingles 

\ 5/s" Plywood sheathing 
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4-03. Closing the drapes on a single-pane window effectively adds a 4 in. dead air space 
(assuming a perfect seal). If the emissivities of the drapery material and glass sur
face are 0.9 and 0.8 respectively, determine the difference in the rate of heat loss 
through a 5x9 ft single-pane window with the drapes open and closed. Assume neg
ligible R-value for the glazing material itself, and a temperature difference of 60°F. 

Chapter 4 Thermal Properties of Materials Fundamentals of Heating and Cooling Loads 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All righ
ts reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



4-04. Explain why the air film coefficient (h;) for horizontal swfaces is higher for upward 

heat flows than for downward heat flows. 
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Skill Development Exercises for Chapter 5 
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5-01. Calculate the heat loss through the 24x8 ft wall section shown below (less the two 
30x42 in. windows rated at U=0.6 Btulh·ft2·°F each) when the inside temperature is 
72°F and the outside design temperature is 21 °F. 

4" Face 
Brick --

t-lh" Extruded 
Polystyrene 
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5-01. (cont.) 
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5-02. Determine the temperature in the 36x28 ft unheated attic shown below when the 
inside temperature is 72°F and the outside design temperature is 21 °F. The attic 
floor and roof have effective U-factors of 0.06 Btulh·ft2·°F and 0.2 Btulh·ft2·°F re
spectively, and the roof pitch is 4:12. Assume 1.0 ACH through the attic. 

28'-0" 
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5-03. Determine the heat loss through a 26x3 8 ft slab-on-grade floor with R-5.4 h· ft2• op !Btu 
in a cold climate. Assume a design temperature difference of75°F. 
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5-04. Determine the rate of heat loss through the floor area in Exercise 5-03 ifit is located 

above an unvented crawlspace and the 24 in. of exposed wall is insulated down to 3 

ft below grade with R -5.4 h·ft2• op /Btu. Assume outside design temperature is -1 0°F. 
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5-05. Determine the rate of heat loss from the dormer shown below when the inside and 
outside temperatures are 74°F and 37°F, respectively. The 30x40 in. thermopane 
window is rated at U=0.6 Btulh·ft2•

0 F. The effective U-factors for the dormer walls 

and ceiling are 0.07 and 0.05 Btulh·ft2·°F, respectively. 
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6-01. For the exrunple house discussed in Chapter 5, determine the total infiltration rate 
(in ft3/h) using the air change method, assuming 0.5 ACH for each room. 
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6-02. For the same house in Baltimore, MD, determine the total rate infiltration (in fe/h) 
using the effective leakage area method. Include five double-hung windows (with 
weatherstripping) with caulked wood framing, both doors (weatherstripped in caulked 
wood framing), 20 electrical outlets, gas water heater and dryer, kitchen and bath
room vents with dampers, and appropriate crawlspace (no ductwork) and caulked 
joint details. Discuss the difference between the calculated values from using both 
methods. 
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6-02. (cont.) 
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6-02. (cont.) 
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6-03. Convert both of the above air flow estimates to energy flows if the inside and outside 
temperatures are 75°F and l5°F, respectively. 
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6-04. Estimate the forced ventilation required in a 1 00-seat restaurant. If the grill and 
restroom exhaust fans remove 1,400 cfm and 400 cfm respectively, how much out
side air must be brought into the building? 
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7-01. Name several differences between cooling load calculations and heating load calcu

lations. 
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7-02. Describe the four basic building heat flows used in cooling load calculations. 
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7-03. List six initial design considerations and explain how each can affect a cooling load 
calculation. 
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7-04. Describe three different methods used to calculate cooling loads and give the advan
tages and disadvantages of each. 
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8-01. A building in Baltimore, Maryland with identical dimensions to Figure 8.2, Sample 
Building, has a different roofing detail and is rotated 90° counterclockwise (north 

becomes west). The new roof cross-section is a membrane roof on 2 in. of R-5.4 
h·ft2·°F/Btu per in. insulation, a steel deck, and 3.5 in. of fiberglass batts between the 
joists and without a suspended ceiling. Determine the appropriate roof number and 
heat gain through the roof at noon in July. 
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8-01. (cont.) 
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8-02. The rotated building in Baltimore, MD, used in Exercise 8-01 also has a different 
wall detail, although the dimensions remain the same. The new wall cross-section 
includes (from the inside): 0.5 in. gypsum, 3.5 in. fiberglass between metal studs, 4 
in. heavyweight concrete block, 1 in. air space, and 4 in. face brick. Determine the 
appropriate wall type and heat gain through the walls in July at noon. 
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Skill Development Exercises for Chapter 9 
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Telephone _____________________ _ Fax ____________ _ 
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Student Number 

9-01. For a fixed window in a vinyl frame with double glazing, 0.5 in. air space, and two 
0.25 in. panes of glass, determine the total window SHGC and VT for: bronze glass, 
low-e of 0.2 on surface 3; and high performance green, low-e of 0.2 on surface 3. 
Discuss which is better for reducing solar gain, and which is better for daylighting. 
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9-01. (cont.) 
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9-02. Determine the solar cooling load at 10:00 am EDT in July through a southeast
facing retail store window (clear double 0.25 in. pane and 0.5 in. air space with fixed 
aluminum frame) that is 12 ft tall and 40 ft wide and has a continuous 6 ft overhang 
for weather protection located 12 in. above the window. Local latitude is 40°N. 
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9-03. If the overhang in Exercise 9-02 was increased to 10ft wide, explain how the solar 
heat gain would be affected throughout the day in July and again in January. Show 
your calculations. 
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9-04. For a one-story carpeted office with gypsum walls and vertical blinds, determine the 
solar cooling load and conduction heat gain through a 10 ft wide by 6 ft high win
dow (clear double 0.25 in. pane and 0.5 in. air space with low-e of 0.1 on surface 3) 

in July at 9 am, noon and 3 pm. The window faces south-southeast. 
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Skill Development Exercises for Chapter 10 
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Cizy ------------------------------- State __ Zip-------

Telephone _____________________ _ Fax -------------------------

E-mail Address 

Student Number 

10-01. A high school computer classroom includes 15 workstations for 30 students plus 
two printers and an overhead projector in the 40x30 :ft room. The interior room is 
carpeted and has concrete block walls. Classes begin at 8:00am and end at 3:00pm. 
This room is in use about 75% of each school day (three 40-minute classes, then a 
40-minute break). The normal lighting usage is 1500 W of indirect fluorescent bulbs. 
Find the heat gain for each of these three sources (lights, people and equipment) at 
noon, 2:00pm and 4:00pm. 
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10-02. For the 30 students in the classroom for Exercise 10-01, determine the rate oflatent 
energy produced at noon. 
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10-03. The cafeteria on one floor of an office building opens at 7:30 am, closes at 5 :30 pm, 
and has an hourly occupation rate as shown in the table below. The hot food (from 
opening until 9:00 am and between the hours of 11 :00 am and 1 :00 pm) is served 
mainly from a 3 x 15 ft unhooded food warmer. Estimate the sensible and latent heat 
gain from both sources at 10:00 am, noon and 2:00pm. 

Hour 
People 

Average Cafeteria Hourly Occupancy Counts 
8 9 10 11 12 1 2 3 

18 8 8 44 80 62 24 14 
4 5 
9 8 
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10-04. A retail shop owner is considering replacing the shop's present fluorescent fixtures 
(60 bulbs at 40 W each with magnetic ballast) with either new T-8 lamps (with 
electronic ballast) or 5000 W of incandescent bulbs to highlight the products. The 
shop is open from 9:00 am until 9:00 pm, seven days per week. Determine the sen
sible heat gain at 10:00 am, 3:00pm and 8:00pm for all three scenarios. Use this 
data to discuss briefly how each might affect the cooling load on the space, and 
make a recommendation to the owner from a thermal systems design perspective. 
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11-01. Calculate the thermal loads at 6:00 pm EDT in July if the building orientation is 
rotated 90° clockwise (north becomes east). 
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11-02. Calculate the thermal loads of the original design at noon in July. 

Fundamentals of Heating and CooUng Loads Chapter 11 Example Load Calculation 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All righ
ts reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



11:4 

11-02. (cont.) 

Chapter 11 Example Load Calculation Fundamentllls of Heating and Cooling Loads 

Copyrighted material licensed to Lori Brown on 2018-08-20 for licensee's use only.  All righ
ts reserved. No further reproduction or distribution is permitted. Distributed by Techstreet for ASHRAE, www.techstreet.com



11-03. Calculate the thermal loads of the original at 6:00pm EDT(= 1700 EST) in July if 
the restaurant is located in Detroit, MI. 
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12-01. Example 12-3 discussed a south-facing wall section. For the same wall facing north, 

use TFM to determine the rate of heat transfer for the first 24-hour period. 
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12-02. For the office building discussed in Example 12-4, use RTF to determine the cooling 
load due to solar gain for the first 24-hour period with the following changed condi
tions: the date is August 21 and the window orientation is southwest. 
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12-03. Compare the values that you calculated in Exercise 12-02 with the results deter
mined in Example 12-4 for the same time period. Explain what factors cause the 
differences between the values at these hours: 0600, 0900, 1200, 1500, 1800 and 
2100. 
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