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HIS chapter presents three methods of calculating air-condi-Ttioning cooling load for sizing cooling equipment and a general
procedure for calculating heating load, for nonresidential applica-
tions. In addition, the fundamental principles for calculating heating
loads are presented as a counterpart to cooling load calculation. For
residential applications, consult Chapter 27. For information on
cooling and/or heating equipment energy use, consult Chapter 30.

The heat balance approach is a fundamental concept in calculat-
ing cooling loads. While generally cumbersome for widespread or
routine use, this underlying concept is the basis for each of the three
simplified procedures outlined for varying purposes.

The cooling calculation procedure most closely approximating
the heat balance concept is the transfer function method (TFM), first
introduced in the 1972 ASHRAE Handbook of Fundamentals. This
computer-based procedure takes place in two steps, first establish-
ing the heat gain from all sources and then determining the conver-
sion of such heat gain into cooling load. Developed as an hour-by-
hour calculation procedure oriented to simulate annual energy use,
its normalizing characteristics make it particularly appropriate for
that application.

A simplified version of the TFM, which can be used with certain
types of buildings for which application data are available, was
presented in the 1977 ASHRAE Handbook of Fundamentals. This
one-step procedure uses cooling load temperature differences
(CLTD), solar cooling load factors (SCL), and internal cooling load
factors (CLF), to calculate cooling loads as an approximation of the
TFM. Where applicable, this method may be suitable for hand cal-
culation use.

An alternative simplification of the heat balance technique uses
total equivalent temperature differential values and a system of
time-averaging (TETD/TA) to calculate cooling loads. Also a com-
puter-based, two-step procedure (heat gain, then cooling load), first
introduced in the 1967 ASHRAE Handbook of Fundamentals, this
method gives valid broad-range results to experienced users.

COOLING LOAD PRINCIPLES
The variables affecting cooling load calculations are numerous,

often difficult to define precisely, and always intricately inter-
related. Many cooling load components vary in magnitude over a
wide range during a 24-h period. Since these cyclic changes in load

components are often not in phase with each other, each must be
analyzed to establish the resultant maximum cooling load for a
building or zone. A zoned system (a system of conditioning equip-
ment serving several independent areas, each with its own temper-
ature control) need recognize no greater total cooling load capacity
than the largest hourly summary of simultaneous zone loads
throughout a design day; however, it must handle the peak cooling
load for each zone at its individual peak hour. At certain times of the
day during the heating or intermediate seasons, some zones may
require heating while others require cooling.

Calculation accuracy. The concept of determining the cooling
load for a given building must be kept in perspective. A proper cool-
ing load calculation gives values adequate for proper performance.
Variation in the heat transmission coefficients of typical building
materials and composite assemblies, the differing motivations and
skills of those who physically construct the building, and the man-
ner in which the building is actually operated are some of the vari-
ables that make a numerically precise calculation impossible. While
the designer uses reasonable procedures to account for these factors,
the calculation can never be more than a good estimate of the actual
cooling load.

Heat flow rates. In air-conditioning design, four related heat
flow rates, each of which varies with time, must be differentiated:
(1) space heat gain, (2) space cooling load, (3) space heat extraction
rate, and (4) cooling coil load.

Space heat gain. This instantaneous rate of heat gain is the rate
at which heat enters into and/or is generated within a space at a
given instant. Heat gain is classified by (1) the mode in which it
enters the space and (2) whether it is a sensible or latent gain.

Mode of entry. The modes of heat gain may be as (1) solar radi-
ation through transparent surfaces; (2) heat conduction through exte-
rior walls and roofs; (3) heat conduction through interior partitions,
ceilings, and floors; (4) heat generated within the space by occu-
pants, lights, and appliances; (5) energy transfer as a result of venti-
lation and infiltration of outdoor air; or (6) miscellaneous heat gains.

Sensible or latent heat. Sensible heat gain is directly added to the
conditioned space by conduction, convection, and/or radiation.
Latent heat gain occurs when moisture is added to the space (e.g.,
from vapor emitted by occupants and equipment). To maintain a con-
stant humidity ratio, water vapor must condense on cooling appara-
tus at a rate equal to its rate of addition into the space. The amount of
energy required to offset the latent heat gain essentially equals the
product of the rate of condensation and the latent heat of condensa-
tion. In selecting cooling apparatus, it is necessary to distinguish

The preparation of this chapter is assigned to TC 4.1, Load Calculation
Data and Procedures.
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between sensible and latent heat gain. Every cooling apparatus has a
maximum sensible heat removal capacity and a maximum latent heat
removal capacity for particular operating conditions.

Space cooling load. This is the rate at which heat must be
removed from the space to maintain a constant space air tempera-
ture. The sum of all space instantaneous heat gains at any given time
does not necessarily (or even frequently) equal the cooling load for
the space at that same time.

Radiant heat gain. Space heat gain by radiation is not immedi-
ately converted into cooling load. Radiant energy must first be
absorbed by the surfaces that enclose the space (walls, floor, and
ceiling) and the objects in the space (furniture, etc.). As soon as
these surfaces and objects become warmer than the space air, some
of their heat is transferred to the air in the space by convection.
The composite heat storage capacity of these surfaces and objects
determines the rate at which their respective surface temperatures
increase for a given radiant input, and thus governs the relationship
between the radiant portion of heat gain and its corresponding part
of the space cooling load (Figure 1). The thermal storage effect is
critically important in differentiating between instantaneous heat
gain for a given space and its cooling load for that moment. Pre-
dicting the nature and magnitude of this elusive phenomenon in
order to estimate a realistic cooling load for a particular combina-
tion of circumstances has long been a subject of major interest to
design engineers. The bibliography lists some of the early work on
the subject.

Space Heat Extraction Rate
The rate at which heat is removed from the conditioned space

equals the space cooling load only to the degree that room air tem-
perature is held constant. In conjunction with intermittent operation
of the cooling equipment, the control system characteristics usually
permit a minor cyclic variation or swing in room temperature.
Therefore, a proper simulation of the control system gives a more
realistic value of energy removal over a fixed time period than using
the values of the space cooling load. This concept is primarily
important for estimating energy use over time (see Chapter 30);
however, it is not needed to calculate design peak cooling load for
equipment selection. Space heat extraction rate calculation is dis-
cussed later in this chapter; see also Mitalas (1972).

Cooling Coil Load
The rate at which energy is removed at the cooling coil that

serves one or more conditioned spaces equals the sum of the instan-
taneous space cooling loads (or space heat extraction rate if it is
assumed that the space temperature does not vary) for all the spaces
served by the coil, plus any external loads. Such external loads
include heat gain by the distribution system between the individual
spaces and the cooling equipment, and outdoor air heat and mois-
ture introduced into the distribution system through the cooling
equipment.

SPACE COOLING LOAD 
CALCULATION TECHNIQUES

Heat Balance Fundamentals
The estimation of cooling load for a space involves calculating a

surface-by-surface conductive, convective, and radiative heat bal-
ance for each room surface and a convective heat balance for the
room air. Sometimes called “the exact solution,” these principles
form the foundation for all other methods described in this chapter.

To calculate space cooling load directly by heat balance proce-
dures requires a laborious solution of energy balance equations
involving the space air, surrounding walls and windows, infiltration
and ventilation air, and internal energy sources. To demonstrate the
calculation principle, consider a sample room enclosed by four
walls, a ceiling, and a floor, with infiltration air, ventilation air, and
normal internal energy sources. The calculations that govern energy
exchange at each inside surface at a given time are:

(1)

where

m = number of surfaces in room (6 in this case)
qi,θ = rate of heat conducted into surface i at inside surface at time θ
Ai = area of surface i
hci = convective heat transfer coefficient at interior surface i
gij = radiation heat transfer factor between interior surface i and

interior surface j
ta,θ = inside air temperature at time θ
ti,θ = average temperature of interior surface i at time θ
tj,θ = average temperature of interior surface j at time θ

RSi,θ = rate of solar energy coming through windows and absorbed
by surface i at time θ

RLi,θ = rate of heat radiated from lights and absorbed by surface i at time θ
REi,θ = rate of heat radiated from equipment and occupants and absorbed 

by surface i at time θ

Conduction transfer functions. The equations governing conduc-
tion within the six surfaces cannot be solved independently of Equa-
tion (1), since the energy exchanges occurring within the room
affect the inside surface conditions, in turn affecting the internal
conduction. Consequently, the above mentioned six formulations of
Equation (1) must be solved simultaneously with the governing
equations of conduction within the six surfaces in order to calculate
the space cooling load. Typically, these equations are formulated as
conduction transfer functions in the form

(2)

where

q = rate of heat conducted into a specific surface at a specific hour
in = inside surface subscript
k = order of CTF

m = time index variable
M = number of nonzero CTF values
o = outside surface subscript
t = temperature
θ = time
x = exterior CTF values
Y = cross CTF values
Z = interior CTF values

Fm = flux (heat flow rate) history coefficients

Fig. 1 Origin of Difference Between Magnitude of 
Instantaneous Heat Gain and Instantaneous Cooling Load
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Space air energy balance. Note that the interior surface temper-
ature, ti,θ in Equation (1) and tin,θ in Equation (2), requires simulta-
neous solution. In addition, Equation (3) representing an energy
balance on the space air must also be solved simultaneously

(3)

where

ρ = air density
C = air specific heat

VL,θ = volume flow rate of outdoor air infiltrating into room at time θ
to,θ = outdoor air temperature at time θ
Vv,θ = volume rate of flow of ventilation air at time θ
tv,θ = ventilation air temperature at time θ

RSa,θ = rate of solar heat coming through windows and convected into 
room air at time θ

RLa,θ = rate of heat from lights convected into room air at time θ
REa,θ = rate of heat from equipment and occupants and convected into 

room air at time θ

Note that the ventilation air component in Equation (3) is assumed
to enter the space directly, rather than through any associated cool-
ing apparatus. Note also that the space air temperature is allowed to
float. By fixing the space air temperature, the cooling load need not
be determined simultaneously.

This rigorous approach to calculating space cooling load is
impractical without the speed at which some computations can be
done by modern digital computers. Computer programs in use
where instantaneous space cooling loads are calculated in this
exact manner are primarily oriented to energy use calculations
over extended periods because hourly outdoor temperatures are
normalized increments rather than peak design temperature
profiles (Mitalas and Stephenson 1967, Buchberg 1958, Walton
1982).

The transfer function concept is a simplification to the strict
heat balance calculation procedure. In the transfer function con-
cept, Mitalas and Stephenson (1967) used room thermal response
factors. In their procedure, room surface temperatures and cool-
ing load were first calculated by the rigorous method just
described, for several typical constructions representing offices,
schools, and dwellings of heavy, medium, and light construction.
In these calculations, components such as solar heat gain, con-
duction heat gain, or heat gain from the lighting, equipment, and
occupants were simulated by pulses of unit strength. The transfer
functions were then calculated as numerical constants represent-
ing the cooling load corresponding to the input excitation pulses.
Once these transfer functions were determined for typical con-
structions they were assumed independent of input pulses, thus
permitting cooling loads to be determined without the more rig-
orous calculation. Instead, the calculation requires simple multi-
plication of the transfer functions by a time-series representation
of heat gain and subsequent summation of these products, which
can be carried out on a small computer. The same transfer func-
tion concept can be applied to calculating heat gain components
themselves, as explained later.

Total Equivalent Temperature Differential Method
In the total equivalent temperature differential (TETD) method,

the response factor technique is used with a number of representa-
tive wall and roof assemblies from which data are derived to calcu-
late TETD values as functions of sol-air temperature and
maintained room temperature. Various components of space heat
gain are calculated using associated TETD values, and the results

are added to internal heat gain elements to get an instantaneous total
rate of space heat gain. This gain is converted to an instantaneous
space cooling load by the time-averaging (TA) technique of averag-
ing the radiant portions of the heat gain load components for the cur-
rent hour with related values from an appropriate period of
immediately preceding hours. This technique provides a rational
means to deal quantitatively with the thermal storage phenomenon,
but it is best solved by computer because of its complexity. Its fun-
damental weakness is that simple averaging of radiant load compo-
nents is a poor approximation of the actual physics involved, and
choosing an appropriate averaging period is subjective and depends
on user experience.

Transfer Function Method

Although similar in principle to TETD/TA, the transfer func-
tion method (TFM) (Mitalas 1972) applies a series of weighting
factors, or conduction transfer function (CTF) coefficients to the
various exterior opaque surfaces and to differences between sol-
air temperature and inside space temperature to determine heat
gain with appropriate reflection of thermal inertia of such sur-
faces. Solar heat gain through glass and various forms of internal
heat gain are calculated directly for the load hour of interest. The
TFM next applies a second series of weighting factors, or coeffi-
cients of room transfer functions (RTF), to heat gain and cooling
load values from all load elements having radiant components, to
account for the thermal storage effect in converting heat gain to
cooling load. Both evaluation series consider data from several
previous hours as well as the current hour. RTF coefficients relate
specifically to the spatial geometry, configuration, mass, and
other characteristics of the space so as to reflect weighted varia-
tions in thermal storage effect on a time basis rather than a
straight-line average.

Transfer Functions. These coefficients relate an output func-
tion at a given time to the value of one or more driving functions at
a given time and at a set period immediately preceding. The CTF
described in this chapter is no different from the thermal response
factor used for calculating wall or roof heat conduction, while the
RTF is the weighting factor for obtaining cooling load components
(ASHRAE 1975). The bibliography lists reports of various exper-
imental work that has validated the predictive accuracy of the
TFM. While the TFM is scientifically appropriate and technically
sound for a specific cooling load analysis, several immediately pre-
vious 24-h periods are assumed to be the same as the load hour of
interest. Also, a computer is required for effective application in a
commercial design environment.

CLTD/SCL/CLF Method

Rudoy and Duran (1975) compared the TETD/TA and TFM. As
part of this work, data obtained by using the TFM on a group of
applications considered representative were then used to generate
cooling load temperature differential (CLTD) data, for direct one-
step calculation of cooling load from conduction heat gain through
sunlit walls and roofs and conduction through glass exposures (see
Bibliography). Cooling load factors (CLF) for similar one-step cal-
culation of solar load through glass and for loads from internal
sources were also developed. More recent research (McQuiston
1992) developed an improved factor for solar load through glass,
the solar cooling load (SCL) factor, which allows additional influ-
encing parameters to be considered for greater accuracy. CLTDs,
SCLs, and CLFs all include the effect of (1) time lag in conductive
heat gain through opaque exterior surfaces and (2) time delay by
thermal storage in converting radiant heat gain to cooling load. This
simplification allows cooling loads to be calculated manually; thus,
when data are available and are appropriately used, the results are
consistent with those from the TFM, thus making the method pop-
ular for instruction.
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Application Experience

The CLTD and CLF tables published in previous editions of the
Fundamentals volume and in the original Cooling and Heating
Load Calculation Manual (ASHRAE 1979) are normalized data,
based on applications of the original TFM data presented in the
1972 Fundamentals volume. Subsequent studies investigating the
effects of 1981 to 1985 RTF data indicated results generally less
conservative than those computed with the 1972 data. More recent
research, however, suggests otherwise (McQuiston 1992), and the
revised values for 1993, including the new SCLs, are currently con-
sidered more realistic for design load purposes.

CLTD Data. The originally developed CLTD data were so volu-
minous that they were first limited to 13 representative flat roof
assemblies (with and without ceilings, for 26 total cases) and 7 wall
groups (into which 41 different wall assemblies can be categorized).
Twenty-four hourly CLTD values were tabulated for each of the 26
roof cases and each of the 7 wall groups, broken down for walls into
8 primary orientations. Adjustments were then required for specific
north latitude and month of calculation. Reliability of adjustments
was reasonably consistent during summer months but became much
less realistic for early and late hours during traditionally noncooling
load months.

Solar Heat Gain Data. Solar heat gain through glass required
similar data compression to present a corresponding range of con-
ditions. Tables of maximum solar heat gain factors (SHGF) were
listed for every 4° of north latitude between 0 and 64°, for each
month and by 16 compass directions and horizontal. Cooling load
factors (CLF), decimal multipliers for SHGF data, were tabulated
for unshaded glass in spaces having carpeted or uncarpeted floors
and for inside-shaded glass with any room construction. Unshaded
CLFs were presented for each of 24 hours by 8 compass directions
plus horizontal, further categorized by light, medium, or heavy room
construction. Inside-shaded CLFs disregarded construction mass
but included 16 orientations plus horizontal. The product of the
selected CLTD and CLF values represented cooling load per unit
area as a single process. CLF values published in the Handbook were
derived for the period May through September as normally the hot-
test months for load calculation purposes. As with CLTDs, the reli-
ability of CLF data deteriorated rapidly for applications during early
and late hours of months considered “noncooling load” periods.

ASHRAE Sponsored Research. For some space geometries
and building constructions, the tabulated CLTD and CLF data pub-
lished through 1989 were found also to be too restrictive or limited.
The weighting factors used to generate these data, based on repre-
sentative spaces in schools, offices, and dwellings at the time of the
original research, did not reflect current design and construction
practices. ASHRAE research investigated the sensitivity of the
weighting factors to variations in space construction, size, exposure,
and related conditions to update the tabular data. However, the
investigators discovered that the range and amplitude of this sensi-
tivity was much broader than previously thought, rendering even
more impractical the generation of enough tabular material to cover
the majority of normal applications. Accordingly, two significant
changes in direction have occurred:

1. The section describing the CLTD/CLF in the 1985 and 1989 edi-
tions of the Fundamentals volume recommended caution in appli-
cation of this procedure for general practice, and this cautionary
notice was also added as an insert to the Cooling and Heating
Load Calculation Manual (McQuiston and Spitler 1992).

2. The system itself was modified for more specific tabulation of
data, abandoning the maximum SHGF concept and incorporat-
ing solar cooling load (SCL) factors for estimating cooling load
from glass.

The main thrust of ASHRAE sponsored research between 1989
and 1993 was to update the Cooling and Heating Load Calculation

Manual, published in revised form in 1993. Information from earlier
research was used to revise the original factors by incorporating addi-
tional parameters, including separating solar load through glass from
the CLF category and creating more appropriate SCL factors for that
component. Still faced with too much tabular data, information was
tabulated only for limited use and representative examples, but it was
accompanied by instructions for customizing similar data for specific
application; a microcomputer database was also provided to facilitate
such calculations. Certain limitations resulting from normalization of
data remain, for which anticipated error ranges are listed to aid in
evaluating results. The section in this chapter describing the
CLTD/SCL/CLF method has incorporated this latest 1993 research,
but it does not provide the microcomputer program.

Dissatisfaction with the limitations of CLTD/SCL/CLF led to a
reappraisal of prospects for improvement. Because adding flexibil-
ity mandated massive extrapolation of tabular material and/or the
computational equivalent, the ASHRAE technical committee for
load calculations (TC 4.1) decided to leave this method at its present
level of development and to direct future research effort toward
more promising goals.

TFM Method. Like the CLTD/SCL/CLF method, the TFM
method represents, compared to fundamental heat balance princi-
ples, a significant compromise with several important physical con-
cepts. Also, the complex computations required of the heat balance
method can now be handled by today’s desktop computers. For
these reasons, ASHRAE is supporting research to clarify heat bal-
ance procedures for more general use. Results of this research will
appear in the next edition of this Handbook.

TETD/TA Method. Prior to introduction of the CLTD/CLF,
most users had turned to computer-based versions of the time-aver-
aging technique, proven successful and practical in ten years of
heavy use. Most users, however, recognized the subjectivity of
determining the relative percentages of radiant heat in the various
heat gain components and selecting the number of hours over which
to average such loads—both of which must rely on the individual
experience of the user rather than on research or support in the sci-
entific literature. Harris and McQuiston (1988) developed decre-
ment factors and time lag values. In this chapter, these factors have
been keyed to typical walls and roofs. All other tabular data pertain-
ing to this method has been deleted, so that since 1989, information
has been confined to basic algorithms intended for continued com-
puter applications.

The lack of scientific validation of the time-averaging process
led to suspension of further development of TETD/TA. But the need
to retain a more simplified computation than heat balance alone led
to a study of Radiant Time Series (RTS) coefficients to convert radi-
ant heat gain components to cooling load. Some preliminary results
of the relative percentages of various kinds and types of radiant heat
gain as compared to convective are included in this chapter.

Alternative Procedures. TFM, CLTD/SCL/CLF and TETD/TA
procedures, tables, and related data will continue to be appropriate
and dependable when applied within the limits discussed in this
chapter. Users will likely incorporate heat balance relationships
when developing custom CLTD/SCL/CLF or TETD/TA tabular data
for specific projects.

INITIAL DESIGN CONSIDERATIONS

To calculate a space cooling load, detailed building design infor-
mation and weather data at selected design conditions are required.
Generally, the following steps should be followed:

Data Assembly
1. Building characteristics. Obtain characteristics of the build-

ing. Building materials, component size, external surface col-
ors and shape are usually determined from building plans and
specifications.
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2. Configuration. Determine building location, orientation and
external shading from building plans and specifications. Shad-
ing from adjacent buildings can be determined by a site plan or
by visiting the proposed site, but should be carefully evaluated as
to its probable permanence before it is included in the calcula-
tion. The possibility of abnormally high ground-reflected solar
radiation (i.e., from adjacent water, sand, or parking lots), or
solar load from adjacent reflective buildings should not be over-
looked.

3. Outdoor design conditions. Obtain appropriate weather data
and select outdoor design conditions. Weather data can be
obtained from local weather stations or from the National Cli-
matic Center, Asheville, NC 28801. For outdoor design condi-
tions for a large number of weather stations, see Chapter 26.
Note, however, that the scheduled values for the design dry-bulb
and mean coincident wet-bulb temperatures can vary consider-
ably from data traditionally used in various areas. Use judgment
to ensure that results are consistent with expectations. Also, con-
sider prevailing wind velocity and the relationship of a project
site to the selected weather station.

4. Indoor design conditions. Select indoor design conditions,
such as indoor dry-bulb temperature, indoor wet-bulb tempera-
ture, and ventilation rate. Include permissible variations and
control limits.

5. Operating schedules. Obtain a proposed schedule of lighting,
occupants, internal equipment, appliances, and processes that
contribute to the internal thermal load. Determine the probability
that the cooling equipment will be operated continuously or shut
off during unoccupied periods (e.g., nights and/or weekends).

6. Date and time. Select the time of day and month to do the cool-
ing load calculation. Frequently, several different times of day
and several different months must be analyzed to determine the
peak load time. The particular day and month are often dictated
by peak solar conditions, as tabulated in Tables 15 through 21 in
Chapter 29. For southern exposures in north latitudes above 32°
having large fenestration areas, the peak space cooling load usu-
ally occurs in December or January. To calculate a space cooling
load under these conditions, the warmest temperature for the
winter months must be known. These data can be found in the
National Climatic Center’s Climatic Atlas of the United States.

Use of Data. Once the data are assembled, the space cooling load
at design conditions may be calculated as outlined in the following
sections of this chapter.

Additional Considerations
The proper design and sizing of all-air or air-and-water central

air-conditioning systems require more than calculation of the cool-
ing load in the space to be conditioned. The type of air-conditioning
system, fan energy, fan location, duct heat loss and gain, duct leak-
age, heat extraction lighting systems, and type of return air system
all affect system load and component sizing. Adequate system
design and component sizing require that system performance be
analyzed as a series of psychrometric processes. Chapter 3 of the
2000 ASHRAE Handbook—Systems and Equipment describes some
elements of this technique in detail, while others are delineated in
this chapter.

HEAT GAIN CALCULATION CONCEPTS

Heat Gain through Fenestration Areas
The primary weather-related variable influencing the cooling

load for a building is solar radiation. The effect of solar radiation is
more pronounced and immediate in its impact on exposed non-
opaque surfaces. The calculation of solar heat gain and conductive
heat transfer through various glazing materials and associated
mounting frames, with or without interior and/or exterior shading

devices, is discussed in Chapter 29. This chapter covers the appli-
cation of such data to the overall heat gain evaluation and the con-
version of the calculated heat gain into a composite cooling load for
the conditioned space.

Heat Gain through Exterior Surfaces
Heat gain through exterior opaque surfaces is derived from the

same elements of solar radiation and thermal gradient as that for
fenestration areas. It differs primarily as a function of the mass and
nature of the wall or roof construction, since those elements affect
the rate of conductive heat transfer through the composite assembly
to the interior surface.

Sol-Air Temperature
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
surroundings, and convective heat exchange with the outdoor air.

Heat Flux into Exterior Sunlit Surfaces. The heat balance at a
sunlit surface gives the heat flux into the surface q/A as

(4)

where
α = absorptance of surface for solar radiation
It = total solar radiation incident on surface, Btu/(h·ft2)

ho = coefficient of heat transfer by long-wave radiation and convec-
tion at outer surface, Btu/(h·ft2· °F)

to = outdoor air temperature, °F
ts = surface temperature, °F
ε = hemispherical emittance of surface

∆R = difference between long-wave radiation incident on surface from 
sky and surroundings and radiation emitted by blackbody at out-
door air temperature, Btu/(h·ft2)

Assuming the rate of heat transfer can be expressed in terms of
the sol-air temperature te

(5)

and from Equations (4) and (5)

(6)

Horizontal Surfaces. For horizontal surfaces that receive long-
wave radiation from the sky only, an appropriate value of ∆R is
about 20 Btu/(h·ft2), so that if ε = 1 and ho = 3.0 Btu/(h·ft2· °F), the
long-wave correction term is about −7°F (Bliss 1961).

Vertical surfaces. Because vertical surfaces receive long-wave
radiation from the ground and surrounding buildings as well as from
the sky, accurate ∆R values are difficult to determine. When solar
radiation intensity is high, surfaces of terrestrial objects usually have
a higher temperature than the outdoor air; thus, their long-wave radi-
ation compensates to some extent for the sky’s low emittance. There-
fore, it is common practice to assume ∆R = 0 for vertical surfaces.

Tabulated Temperature Values. The sol-air temperatures in
Table 1 have been calculated based on ε∆R/ho being 7°F for hori-
zontal surfaces and 0°F for vertical surfaces; total solar intensity
values used for the calculations were the same as those used to eval-
uate the solar heat gain factors (SHGF) for July 21 at 40°N latitude
(Chapter 29). These values of It incorporate diffuse radiation from a
clear sky and ground reflection, but make no allowance for reflec-
tion from adjacent walls.

Surface Colors. Sol-air temperature values are given for two val-
ues of the parameter α/ho (Table 1); the value of 0.15 is appropriate for
a light-colored surface, while 0.30 represents the usual maximum

q A⁄ αIt ho to ts–( ) ε∆R–+=

q A⁄ ho te ts–( )=

te to αIt+ ho⁄ ε∆R– ho⁄=
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value for this parameter (i.e., for a dark-colored surface, or any surface
for which the permanent lightness can not reliably be anticipated).

Air Temperature Cycle. The air temperature cycle used to cal-
culate the sol-air temperatures is given in Column 2, Table 1. Sol-air
temperatures can be adjusted to any other air temperature cycle sim-
ply by adding or subtracting the difference between the desired air
temperature and the air temperature value given in Column 2.

Adjustments. Sol-air temperature cycles can be estimated for
other dates and latitudes by using the data in Tables 15 through 21,
Chapter 29. For any of the times, dates, and wall orientations listed
in those tables, the value of It is approximately 1.15 × SHGF. How-
ever, the 1.15 factor is approximate and only accounts for the solar
energy excluded by a single sheet of ordinary window glass. For
surfaces with other orientations or slope angles of other than 0°, and
for more accurate estimates at incident angles above 50° (particu-
larly critical for southern exposures), the solar intensity can be
found by the method outlined in Chapter 29.

Average Sol-Air Temperature. The average daily sol-air tem-
perature tea can be calculated for any of the situations covered by
Tables 15 through 21 of Chapter 29:

(7)

where IDT is the sum of two appropriate half-day totals of solar heat
gain in Btu/(h·ft2). For example, the average sol-air temperature for
a wall facing southeast at 40°N latitude on August 21 would be

The daily solar heat gain of double-strength sheet glass is 956 +
205 Btu/(h·ft2) in a southeast facade at this latitude and date (Table

18, Chapter 29); and ε∆R/ho is assumed to be zero for this vertical
surface.

Hourly Air Temperatures. The hourly air temperatures in Col-
umn 2, Table 1 are for a location with a design temperature of 95°F
and a range of 21°F. To compute corresponding temperatures for
other locations, select a suitable design temperature from Table 1 of
Chapter 26 and note the outdoor daily range. For each hour, take the
percentage of the daily range indicated in Table 2 of this chapter and
subtract from the design temperature.

Example 1. Air temperature calculation. Calculate the summer dry-bulb
temperature at 1200 h for Reno, Nevada.

Solution: From Table 1, Chapter 26, the daily range is 37.3°F and the
1% design dry-bulb temperature is 95°F. From Table 2, the percentage
of the daily range at 1200 hours is 23%. Thus, the dry-bulb temperature
at 1200 is Design dry-bulb − (Percentage fraction × Daily range) = 95 −
(0.23 × 37.3) = 86.4°F.

Data limitations. The outdoor daily range is the difference between
the average daily maximum and average daily minimum temperatures
during the warmest month. More reliable results could be obtained by
determining or estimating the shape of the temperature curve for typi-
cal hot days at the building site and considering each month separately.

Table 1 Sol-Air Temperatures  for July 21, 40°N Latitude

te = to + αIt /ho − ε∆R/ho

Time

Air 
Temp.t

o , °F
Light Colored Surface, α/ho = 0.15

Time

Air 
Temp.t

o, °F
Dark Colored Surface, α/ho = 0.30

N NE E SE S SW W NW HOR N NE E SE S SW W NW HOR

1 76 76 76 76 76 76 76 76 76 69 1 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 75 75 75 75 75 75 75 75 75 68 3 75 75 75 75 75 75 75 75 75 68
4 74 74 74 74 74 74 74 74 74 67 4 74 74 74 74 74 74 74 74 74 67
5 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 85 112 115 94 77 77 77 77 77
7 75 80 99 106 94 78 78 78 78 81 7 75 84 124 136 113 81 81 81 81 94
8 77 81 99 109 101 82 81 81 81 92 8 77 85 121 142 125 86 85 85 85 114
9 80 85 96 109 106 88 85 85 85 102 9 80 90 112 138 131 96 89 89 89 131

10 83 88 91 105 107 95 88 88 88 111 10 83 94 100 127 131 107 94 94 94 145
11 87 93 93 99 106 102 93 93 93 118 11 87 98 99 111 125 118 100 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 94 105 105 105 105 118 142 138 111 156
15 95 100 100 100 100 103 121 124 111 117 15 95 105 104 104 104 111 146 153 127 146
16 94 98 98 98 98 99 118 126 116 109 16 94 102 102 102 102 103 142 159 138 131
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 94 111 132 129 94
19 87 87 87 87 87 87 87 87 87 80 19 87 87 87 87 87 87 87 88 88 80
20 85 85 85 85 85 85 85 85 85 78 20 85 85 85 85 85 85 85 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

Avg. 83 86 88 90 90 87 90 90 88 90 Avg. 83 89 94 99 97 93 97 99 94 104

Note: Sol-air temperatures are calculated based on ε∆R/ho = 7°F for horizontal surfaces and 0°F for vertical surfaces.

tea toa
α
ho
-----

IDT

24
-------- 

  ε∆R
ho

----------–+=

tea toa
α
ho
----- 1.15 956 205+( )

24
----------------------------------------+=

Table 2 Percentage of Daily Range

Time, h % Time, h % Time, h %

1 87 9 71 17 10

2 92 10 56 18 21

3 96 11 39 19 34

4 99 12 23 20 47

5 100 13 11 21 58

6 98 14 3 22 68

7 93 15 0 23 76

8 84 16 3 24 82
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Peak cooling load is often determined by solar heat gain through fenes-
tration; this peak may occur in winter months and/or at a time of day
when outside air temperature is not at its peak.

Heat Gain through Fenestration
The sections that include Equations (39) through (47) in Chapter

29 describe one method used to calculate space cooling load result-
ing from heat transfer through fenestration. The solar heat gain pro-
files listed in Chapter 29 are for fenestration areas with no external
shading. The equations for calculating shade angles (Chapter 29)
can be used to determine the shape and area of moving shadow fall-
ing across a given window from external shading elements during
the course of a design day. Thus, a subprofile of heat gain for that
window can be created by separating its sunlit and shaded areas for
each hour; modifying multipliers for inside shading devices can also
be included.

Exterior Shading. Nonuniform exterior shading, caused by roof
overhangs, side fins, or building projections, require separate hourly
calculations for the externally shaded and unshaded areas of the win-
dow in question, with the SC still used to account for any internal
shading devices. The areas, shaded and unshaded, depend on the
location of the shadow line on a surface in the plane of the glass. Sun
(1968) developed fundamental algorithms for analysis of shade pat-
terns. McQuiston and Spitler (1992) provide graphical data to facil-
itate shadow line calculation, and the north exposure SHGF may be
taken for shaded glass (with some loss of accuracy at latitudes less
than 24° north).

An alternate, more accurate, method suggested by Todorovic and
Curcija (1984) first calculates cooling loads as if the external shad-
ing were absent, then adjusts (reduces) the result to account for the
shading effect. This correction applies a “negative cooling load fac-
tor,” calculated in much the same way as a conventional cooling
load but using the time-varying area of the shaded portion of the
glass as the heat gain element. Todorovic (1987) describes the solu-
tion of the moving shade line problem in the context of consequent
cooling load.

Temperature Considerations. To estimate the conduction of
heat through fenestration at any time, applicable values of the out-
door and indoor dry-bulb temperatures must be used. Chapter 26
gives design values of summer outdoor dry-bulb temperatures for
many locations. These are generally mid-afternoon temperatures; for
other times, local weather stations or NOAA can supply temperature
data. Winter design temperatures should not be used in Equation
(15), since such data are for heating design rather than coincident
conduction heat gain with sunlit glass during the heating season.

Heat Gain through Interior Surfaces
Whenever a conditioned space is adjacent to a space with a dif-

ferent temperature, transfer of heat through the separating physical
section must be considered. The heat transfer rate is given by

(8)

where
q = heat transfer rate, Btu/h
U = coefficient of overall heat transfer between adjacent and 

conditioned space, Btu/(h·ft2· °F)
A = area of separating section concerned, ft2

tb = average air temperature in adjacent space, °F
ti = air temperature in conditioned space, °F

Values of U can be obtained from Chapter 24. Temperature tb
may range widely from that in the conditioned space. The tempera-
ture in a kitchen or boiler room, for example, may be as much as 15
to 50°F above the outdoor air temperature. Actual temperatures in
adjoining spaces should be measured when possible. Where nothing
is known, except that the adjacent space is of conventional construc-
tion, contains no heat sources, and itself receives no significant solar

heat gain, tb − ti may be considered the difference between the out-
door air and conditioned space design dry-bulb temperatures minus
5°F. In some cases, the air temperature in the adjacent space will
correspond to the outdoor air temperature or higher.

Floors. For floors directly in contact with the ground, or over an
underground basement that is neither ventilated nor conditioned,
heat transfer may be neglected for cooling load estimates.

HEAT SOURCES IN CONDITIONED SPACES

People

Table 3 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. Even for short-term occupancy, the extra heat and moisture
brought in by people may be significant. Chapter 8 should be
referred to for detailed information; however, Table 3 summarizes
design data representing conditions commonly encountered.

The conversion of sensible heat gain from people to space cool-
ing load is affected by the thermal storage characteristics of that
space and is thus subject to application of appropriate room transfer
functions (RTF). Latent heat gains are considered instantaneous.

Lighting
Since lighting is often the major space load component, an accu-

rate estimate of the space heat gain it imposes is needed. Calculation
of this load component is not straightforward; the rate of heat gain
at any given moment can be quite different from the heat equivalent
of power supplied instantaneously to those lights.

Only part of the energy from lights is in the form of convective
heat, which is picked up instantaneously by the air-conditioning
apparatus. The remaining portion is in the form of radiation, which
affects the conditioned space only after having been absorbed and
rereleased by walls, floors, furniture, etc. This absorbed energy con-
tributes to space cooling load only after a time lag, with some part
of such energy still present and reradiating after the lights have been
switched off (Figure 2).

There is always significant delay between the time of switching
lights on and a point of equilibrium where reradiated light energy
equals that being instantaneously stored. Time lag effect must be
considered when calculating cooling load, since load felt by the
space can be considerably lower than the instantaneous heat gain
being generated, and peak load for the space may be affected
significantly.

Instantaneous Heat Gain from Lighting. The primary source
of heat from lighting comes from light-emitting elements, or lamps,
although significant additional heat may be generated from associ-
ated appurtenances in the light fixtures that house such lamps. Gen-
erally, the instantaneous rate of heat gain from electric lighting may
be calculated from

q UA tb ti–( )=

Fig. 2 Thermal Storage Effect in Cooling Load from Lights
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(9)

where

qel = heat gain, Btu/h
W = total light wattage

Ful = lighting use factor
Fsa = lighting special allowance factor

The total light wattage is obtained from the ratings of all lamps
installed, both for general illumination and for display use.

The lighting use factor is the ratio of the wattage in use, for the
conditions under which 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 is for fluorescent fixtures and/or
fixtures that are either ventilated or installed so that only part of
their heat goes to the conditioned space. For fluorescent fixtures, the
special allowance factor accounts primarily for ballast losses, and
can be as high as 2.19 for 32 W single lamp high-output fixtures on
277 V circuits. Rapid-start, 40 W lamp fixtures have special allow-
ance factors that vary from a low of 1.18 for two lamps at 277 V to
a high of 1.30 for one lamp at 118 V, with a recommended value of
1.20 for general applications. Industrial fixtures other than fluores-
cent, such as sodium lamps, may have special allowance factors
varying from 1.04 to 1.37, depending on the manufacturer, and
should be dealt with individually.

For ventilated or recessed fixtures, manufacturers’ or other data
must be sought to establish the fraction of the total wattage that may
be expected to enter the conditioned space directly (and subject to
time lag effect), versus that which must be picked up by return air or
in some other appropriate manner.

Light Heat Components. Cooling load caused by lights
recessed into ceiling cavities is made up of two components: one
part comes from the light heat directly contributing to the space heat
gain, and the other is the light heat released into the above-ceiling
cavity, which (if used as a return air plenum) is mostly picked up by
the return air that passes over or through the light fixtures. In such

a ceiling return air plenum, this second part of the load (sometimes
referred to as heat-to-return) never enters the conditioned space. It
does, however, add to the overall load and significantly influences
the load calculation.

Even though the total cooling load imposed on the cooling coil
from these two components remains the same, the larger the fraction
of heat output picked up by the return air, the more the space cooling
load is reduced. The minimum required airflow rate for the condi-
tioned space is decreased as the space cooling load becomes less.
Supply fan power reduces accordingly, which ultimately results in
reduced energy consumption for the system, and, possibly reduced
equipment size as well.

For ordinary design load estimation, the heat gain for each com-
ponent may simply be calculated as a fraction of the total lighting
load by using judgment to estimate heat-to-space and heat-to-return
percentages (Mitalas and Kimura 1971).

Return Air Light Fixtures. Two generic types of return air light
fixture are available—those that allow and those that do not allow
return air to flow through the lamp chamber. The first type is some-
times called a heat-of-light fixture. The percentage of light heat
released through the plenum side of various ventilated fixtures can
be obtained from lighting fixture manufacturers. For representative
data, see Nevens et al. (1971). Even unventilated fixtures lose some
heat to plenum spaces; however, most of the heat ultimately enters
the conditioned space from a dead-air plenum or is picked up by
return air via ceiling return air openings. The percentage of heat to
return air ranges from 40 to 60% for heat-to-return ventilated fix-
tures or 15 to 25% for unventilated fixtures.

Plenum Temperatures. As heat from lighting is picked up by the
return air, the temperature differential between the ceiling space and
the conditioned space causes part of that heat to flow from the ceiling
back to the conditioned space. Return air from the conditioned space
can be ducted to capture light heat without passing through a ceiling
plenum as such, or the ceiling space can be used as a return air ple-
num, causing the distribution of light heat to be handled in distinctly
different ways. Most plenum temperatures do not rise more than 1 to
3°F above space temperature, thus generating only a relatively small

Table 3 Rates of Heat Gain from Occupants of Conditioned Spaces

Degree of Activity

Total Heat, Btu/h Sensible 
Heat,
Btu/h

Latent 
Heat,
Btu/h

% Sensible Heat that is 
Radiantb

Adult
Male

Adjusted, 
M/Fa Low V High V

Seated at theater Theater, matinee 390 330 225 105
Seated at theater, night Theater, night 390 350 245 105 60 27
Seated, very light work Offices, hotels, apartments 450 400 245 155

Moderately active office work Offices, hotels, apartments 475 450 250 200
Standing, light work; walking Department store; retail store 550 450 250 200 58 38
Walking, standing Drug store, bank 550 500 250 250
Sedentary work Restaurantc 490 550 275 275

Light bench work Factory 800 750 275 475
Moderate dancing Dance hall 900 850 305 545 49 35
Walking 3 mph; light machine work Factory 1000 1000 375 625

Bowlingd Bowling alley 1500 1450 580 870
Heavy work Factory 1500 1450 580 870 54 19
Heavy machine work; lifting Factory 1600 1600 635 965
Athletics Gymnasium 2000 1800 710 1090

Notes:
1. Tabulated values are based on 75°F room dry-bulb temperature. For 80°F room

dry bulb, the total heat remains the same, but the sensible heat values should be
decreased by approximately 20%, and the latent heat values increased accord-
ingly.

2. Also refer to Table 4, Chapter 8, for additional rates of metabolic heat generation.
3. All values are rounded to nearest 5 Btu/h.
aAdjusted heat gain is based on normal percentage of men, women, and children
for the application listed, with the postulate that the gain from an adult female is
85% of 

85% of that for an adult male, and that the gain from a child is 75% of that for an
adult male.
b Values approximated from data in Table 6, Chapter 8, where  is air velocity with
limits shown in that table.
cAdjusted heat gain includes 60 Btu/h for food per individual (30 Btu/h sensible and
30 Btu/h latent).
d Figure one person per alley actually bowling, and all others as sitting (400 Btu/h) or
standing or walking slowly (550 Btu/h).

qel 3.41WFulFsa=
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thermal gradient for heat transfer through plenum surfaces but a rel-
atively large percentage reduction in space cooling load. (Many
engineers believe that a major reason for plenum temperatures not
becoming more elevated is due to leakage into the plenum from sup-
ply air duct work normally concealed there, but consideration of this
elusive factor is beyond the scope of this chapter.)

Energy Balance. Where the ceiling space is used as a return air
plenum, an energy balance requires that the heat picked up from the
lights into the return air (1) becomes a part of the cooling load to the
return air (represented by a temperature rise of the return air as it
passes through the ceiling space), (2) is partially transferred back
into the conditioned space through the ceiling material below,
and/or (3) may be partially “lost” (from the space) through the floor
surfaces above the plenum. In a multistory building, the conditioned
space frequently gains heat through its floor from a similar plenum
below, offsetting the loss just mentioned. The radiant component of
heat leaving the ceiling or floor surface of a plenum is normally so
small that all such heat transfer is considered convective for calcu-
lation purposes.

Figure 3 shows a schematic diagram of a typical return air ple-
num. Equations (10) through (14), using the sign convention as
shown in Figure 3, represent the heat balance of a return air plenum
design for a typical interior room in a multifloor building, as

(10)

(11)

(12)

(13)

(14)

where

q1 = heat gain to space from plenum through ceiling, Btu/h
q2 = heat loss from plenum through floor above, Btu/h
q3 = heat gain “pickup” by return air, Btu/h
Q = return airflow, cfm

qlp = light heat gain to plenum via return air, Btu/h
qlr = light heat gain to space, Btu/h
qf = heat gain from plenum below, through floor, Btu/h

qw = heat gain from exterior wall, Btu/h
qr = space cooling load, Btu/h, including appropriate treatment of qlr, 

qf , and/or qw
tp = plenum temperature, °F
tr = space temperature, °F

tfa = space temperature of floor above, °F
ts = supply air temperature, °F

By substituting Equations (10), (11), (12), and (14) into heat bal-
ance Equation (13), tp can be found as the resultant return air tem-
perature or plenum temperature, by means of a quadratic equation.
The results, although rigorous and best solved by computer, are
important in determining the cooling load, which affects equipment
size selection, future energy consumption, and other factors.

Equations (10) through (14) are simplified to illustrate the heat
balance relationship. Heat gain into a return air plenum is not limited
to the heat of lights alone. Exterior walls directly exposed to the ceil-
ing space will transfer heat directly to or from the return air. For sin-
gle-story buildings or the top floor of a multistory building, the roof
heat gain or loss enters or leaves the ceiling plenum rather than enter-
ing or leaving the conditioned space directly. The supply air quantity
calculated by Equation (14) is for the conditioned space under con-
sideration only, and is assumed equal to the return air quantity.

The amount of airflow through a return plenum above a condi-
tioned space may not be limited to that supplied into the space under
consideration; it will, however, have no noticeable effect on plenum
temperature if the surplus comes from an adjacent plenum operating
under similar conditions. Where special conditions exist, heat bal-
ance Equations (10) through (14) must be modified appropriately.
Finally, even though the building’s thermal storage has some effect,
the amount of heat entering the return air is small and may be con-
sidered as convective for calculation purposes.

Power
Instantaneous heat gain from equipment operated by electric

motors within a conditioned space is calculated as

(15)

where

qem = heat equivalent of equipment operation, Btu/h
P = motor power rating, horsepower

EM = motor efficiency, as decimal fraction < 1.0
FUM = motor use factor, 1.0 or decimal fraction < 1.0
FLM = motor load factor, 1.0 or decimal fraction < 1.0

The motor use factor may be applied when motor use is known
to be intermittent with significant nonuse during all hours of oper-
ation (e.g., overhead door operator). For conventional applications,
its value would be 1.0.

The motor load factor is the fraction of the rated load being
delivered under the conditions of the cooling load estimate. In
Equation (15), it is assumed that both the motor and the driven
equipment are within the conditioned space. If the motor is outside
the space or airstream

(16)

When the motor is inside the conditioned space or airstream but
the driven machine is outside

(17)

Equation (17) also applies to a fan or pump in the conditioned
space that exhausts air or pumps fluid outside that space.

Average efficiencies, and related data representative of typical
electric motors, generally derived from the lower efficiencies
reported by several manufacturers of open, drip-proof motors, are
given in Tables 4 and 5. These reports indicate that TEFC (totally
enclosed fan-cooled) are slightly more efficient. For speeds lower or
higher than those listed, efficiencies may be 1 to 3% lower or higher,
depending on the manufacturer. Should actual voltages at motors be
appreciably higher or lower than rated nameplate voltage, efficien-
cies in either case will be lower. If electric motor load is an appre-
ciable portion of cooling load, the motor efficiency should beFig. 3 Heat Balance of Typical Ceiling Return Plenum

q1 UcAc tp tr–( )=

q2 Uf Af  tp tfa–( )=

q3 1.1Q tp tr–( )=

qlp q2– q1– q3– 0=

Q
qr q1+

1.1 tr ts–( )
--------------------------=

qem 2545 P EM⁄( )FUMFLM=

qem 2545PFUMFLM=

qem 2545P
1.0 EM–

Em
--------------------- 

  FUMFLM=
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obtained from the manufacturer. Also, depending on design, the
maximum efficiency might occur anywhere between 75 to 110% of
full load; if underloaded or overloaded, the efficiency could vary
from the manufacturer’s listing.

Overloading or Underloading. Heat output of a motor is gen-
erally proportional to the motor load, within the overload limits.
Because of typically high no-load motor current, fixed losses, and
other reasons, FLM is generally assumed to be unity, and no adjust-
ment should be made for underloading or overloading unless the sit-
uation is fixed, can be accurately established, and the reduced load
efficiency data can be obtained from the motor manufacturer.

Radiation and Convection. Unless the manufacturer’s techni-
cal literature indicates otherwise, the heat gain normally should be
equally divided between radiant and convective components for the
subsequent cooling load calculations.

Appliances

In a cooling load estimate, heat gain from all appliances—elec-
trical, gas, or steam—should be taken into account. Because of the

variety of appliances, applications, schedules, use, and installations,
estimates can be very subjective. Often, the only information avail-
able about heat gain from equipment is that on its nameplate. For
electric office equipment in particular, Wilkins (1994) found name-
plate data to be very misleading, overstating actual normal usage as
much as 400%.

Cooking Appliances. These appliances include common heat-
producing cooking equipment found in conditioned commercial
kitchens. Marn (1962) concluded that appliance surfaces contributed
most of the heat to commercial kitchens and that when installed under
an effective hood, the cooling load was independent of the fuel or
energy used for similar equipment performing the same operations.

Gordon et al. (1994) and Smith et al. (1995) found that gas appli-
ances may exhibit slightly higher heat gains than their electric coun-
terparts under wall-canopy hoods operated at typical ventilation
rates. This is due to the fact that the heat contained in the combus-
tion products exhausted from a gas appliance may increase temper-
atures of the appliance and surrounding surfaces as well as the hood
above the appliance more than that of its electric counterpart. These
higher-temperature surfaces radiate heat to the kitchen, adding
moderately to the radiant gain directly associated with the appliance
cooking surface.

Marn (1962) confirmed that where the appliances are installed
under an effective hood, only radiant gain adds to the cooling load;
convected and latent heat from the cooking process and combustion
products are exhausted and do not enter the kitchen. Gordon et al.
(1994) and Smith et al. (1995) substantiated these findings.

Calculating Sensible Heat Gain for Hooded Cooking Appli-
ances. To establish a heat gain value, actual nameplate energy input
ratings may should be used with appropriate usage and radiation
factors. Where specific rating data are not available (nameplate
missing, equipment not yet purchased, etc.) or as an alternative
approach, recommended heat gains tabulated in this chapter for a
wide variety of commonly encountered equipment items may be
used. In estimating the appliance load, probabilities of simultaneous
use and operation for different appliances located in the same space
must be considered.

The radiant heat gain from hooded cooking equipment can range
from 15 to 45% of the actual appliance energy consumption (Talbert
et al. 1973, Gordon et al. 1994, Smith et al. 1995). This ratio of heat
gain to appliance energy consumption may be expressed as a radia-
tion factor. It is a function of both appliance type and fuel source.
The radiant factor, FR, is applied to the average rate of appliance
energy consumption, determined by applying FU to the nameplate
or rated energy input. Marn (1962) found that radiant heat temper-
ature rise can be substantially reduced by shielding the fronts of
cooking appliances. Although this approach may not always be
practical in a commercial kitchen, radiant gains can aso be reduced
by adding side panels or partial enclosures that are integrated with
the exhaust hood.

Heat Gain from Meals. For each meal served, the heat transferred
to the dining space is approximately 50 Btu/h, of which 75% is sen-
sible and 25% is latent.

Heat Gain for Electric and Steam Appliances. The average rate
of appliance energy consumption can be estimated from the name-
plate or rated energy input qinput by applying a duty cycle or usage
factor FU . Thus the sensible heat gain qsensible for generic types of
electric, steam and gas appliances installed under a hood can be esti-
mated using the following equation.

(18)

or

(19)

where FL is defined as the ratio of sensible heat gain to the manu-
facturers rated energy input.

Table 4 Heat Gain from Typical Electric Motors

Motor 
Name-
plate

or 
Rated 
Horse-
power

Motor
Type

Nominal 
rpm

Full 
Load 

Motor 
Effi-

ciency,
%

Location of Motor and Driven 
Equipment with Respect to

Conditioned Space or Airstream

A B C

Motor
in,

Driven 
Equip-

ment in, 
Btu/h

Motor 
out, 

Driven 
Equip-

ment in, 
Btu/h

Motor
in,

Driven 
Equip-

ment out, 
Btu/h

0.05 Shaded pole 1500 35 360 130 240
0.08 Shaded pole 1500 35 580 200 380
0.125Shaded pole 1500 35 900 320 590
0.16 Shaded pole 1500 35 1160 400 760
0.25 Split phase 1750 54 1180 640 540
0.33 Split phase 1750 56 1500 840 660
0.50 Split phase 1750 60 2120 1270 850
0.75 3-Phase 1750 72 2650 1900 740
1 3-Phase 1750 75 3390 2550 850
1.5 3-Phase 1750 77 4960 3820 1140
2 3-Phase 1750 79 6440 5090 1350
3 3-Phase 1750 81 9430 7640 1790
5 3-Phase 1750 82 15,500 12,700 2790
7.5 3-Phase 1750 84 22,700 19,100 3640

10 3-Phase 1750 85 29,900 24,500 4490
15 3-Phase 1750 86 44,400 38,200 6210
20 3-Phase 1750 87 58,500 50,900 7610
25 3-Phase 1750 88 72,300 63,600 8680
30 3-Phase 1750 89 85,700 76,300 9440
40 3-Phase 1750 89 114,000 102,000 12,600
50 3-Phase 1750 89 143,000 127,000 15,700
60 3-Phase 1750 89 172,000 153,000 18,900
75 3-Phase 1750 90 212,000 191,000 21,200

100 3-Phase 1750 90 283,000 255,000 28,300
125 3-Phase 1750 90 353,000 318,000 35,300
150 3-Phase 1750 91 420,000 382,000 37,800
200 3-Phase 1750 91 569,000 509,000 50,300
250 3-Phase 1750 91 699,000 636,000 62,900

Table 5 Typical Overload Limits with Standard Motors

Horsepower 0.05-0.25 0.16-0.33 0.67-0.75 1 and up

AC open 1.4 1.35 1.25 1.15
AC TEFCa and DC — 1.0 1.0 1.0

Note: Some shaded pole, capacitor start, and special purpose motors have a service fac-
tor varying from 1.0 up to 1.75.

aSome totally enclosed fan-cooled (TEFC) motors have a service factor above 1.0.

qsensible qinputFUFR=

qsensible qinputFL=
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Table 6 lists usage factors, radiation factors, and load factors
based on appliance energy consumption rate for typical electrical
and steam appliances under standby or idle conditions (Alereza
and Breen 1984, Fisher 1996); Table 7 lists usage factors, radia-
tion factors, and load factors for comparable gas equipment
(Fisher 1996).

Unhooded Equipment. For all cooking appliances not installed
under an exhaust hood or directly vent-connected and located in the
conditioned area, the heat gain may be estimated as 50% (usage fac-
tor = 0.50) or the rated hourly input, regardless of the type of energy
or fuel used. On average, 34% of the heat may be assumed to be
latent and the remaining 66% sensible heat. Note that cooking appli-
ances ventilated by “ductless” hoods should be treated as unhooded
appliances from the perspective of estimating heat gain. In other
words, all energy consumed by the appliance and all moisture pro-
duced by the cooking process is introduced to the kitchen as a sen-
sible or latent cooling load.

Recommended Heat Gain Values. As an alternative procedure,
Table 8 lists recommended rates of heat gain from typical com-
mercial cooking appliances (Alereza and Breen 1984, Fisher
1996). The data in the “with hood” columns assume installation
under a properly designed exhaust hood connected to a mechani-
cal fan exhaust system.

Hospital and Laboratory Equipment. Hospital and laboratory
equipment items are major sources of heat gain in conditioned
spaces. Care must be taken in evaluating the probability and duration
of simultaneous usage when many components are concentrated in
one area, such as laboratory, operating room, etc. Commonly, heat
gain from equipment in a laboratory ranges from 15 to 70 Btu/(h·ft2)
or, in laboratories with outdoor exposure, as much as four times the
heat gain from all other sources combined.

Office Appliances. Electric typewriters, calculators, checkwrit-
ers, teletype units, posting machines, etc., can generate 3 to 4
Btu/(h·ft2) for general offices or 6 to 7 Btu/(h·ft2)  for purchasing
and accounting departments. However, in offices having computer
display terminals at most desks, heat gains range up to 15
Btu/(h·ft2)  (Table 9A).

A commonly encountered office environment includes a desktop
computer and monitor at each workstation, along with a variety of

shared devices such as printers, scanners, copy machines, and fac-
simile (FAX) machines. Nameplate ratings of such equipment
should be significantly discounted. Diversity in usage patterns must
be considered separately, as peak use of all equipment is unlikely to
occur simultaneously. Table 9B summarizes average test results for
270,000 ft2 of office space measured in five different buildings, in
which the average electrical appliance heat gain was approximately
1 W/ft2 (Wilkins 1994).

Diversity of usage will vary significantly with various types of
equipment and the work habits of the occupants. Additionally, ear-
lier models of microcomputers and monitors show little difference
in heat generation whether in use or idle, while contemporary units
normally have “Power Saver” features that significantly reduce
power consumption when idle.

Environmental variations can also have an effect on the heat gain
from appliances, primarily with regard to the percent of heat gain
that is radiative versus convective. Table 9C illustrates typical mea-
sured data for several appliances (Wilkins 1994).

Computer rooms housing mainframe or minicomputer equip-
ment must be considered individually. Computer manufacturers
have data pertaining to various individual components. Additional
insight should be sought from data processing managers as to
schedules, near-term future planning, etc. Heat gain rates from dig-
ital computer equipment range from 75 to 175 Btu/(h·ft2). While
the trend in hardware development is toward less heat release on a
component basis, the associated miniaturization tends to offset
such unitary reduction by a higher concentration of equipment.
Chapter 16 of the 1999 ASHRAE Handbook—Applications gives
further information on the air conditioning of data processing
areas.

INFILTRATION AND VENTILATION HEAT GAIN

Ventilation
Outdoor air must be introduced to ventilate conditioned spaces.

Chapter 25 suggests minimum outdoor air requirements for repre-
sentative applications, but the minimum levels are not necessarily
adequate for all psychological attitudes and physiological
responses. Where maximum economy in space and load is essential,
as in submarines or other restricted spaces, as little as 1 cfm of out-
door air per person can be sufficient, provided that recirculated air
is adequately decontaminated (Consolazio and Pecora 1947).

Local codes and ordinances frequently specify ventilation
requirements for public places and for industrial installations. For
example, minimum requirements for safe practice in hospital oper-
ating rooms are given in NFPA Standard 99. Although 100% out-
door air is sometimes used in operating rooms, this standard does
not require it, and limiting the outdoor air to 6 to 8 changes per hour
is finding increasing acceptance.

ASHRAE Standard 62 recommends minimum ventilation rates
for most common applications. For general applications, such as
offices, 20 cfm per person is suggested.

Ventilation air is normally introduced at the air-conditioning
apparatus rather than directly into the conditioned space, and thus
becomes a cooling coil load component instead of a space load
component. Calculations for estimating this heat gain are dis-
cussed later.

Reducing heat gain from outdoor air by using filtered recircu-
lated air in combination with outdoor air should be considered.
Recirculated air can also be treated to control odor (see Chapter 13
of this volume and Chapter 44 of the 1999 ASHRAE Handbook—
Applications).

Infiltration
The principles of estimating infiltration in buildings, with empha-

sis on the heating season, are discussed in Chapter 25. For the cooling

Table 6 Heat Gain Factors of Typical Electric Appliances 
Under Hood

Appliance

Usage
Factor

FU

Radiation 
Factor

FR

Load Factor 
FL = FUFR 
Elec/Steam

Griddle 0.16 0.45 0.07
Fryer 0.06 0.43 0.03
Convection oven 0.42 0.17 0.07
Charbroiler 0.83 0.29 0.24
Open-top range

without oven 0.34 0.46 0.16
Hot-top range

without oven 0.79 0.47 0.37
with oven 0.59 0.48 0.28

Steam cooker 0.13 0.30 0.04

Table 7 Heat Gain Factors of Typical Gas Appliances
Under Hood

Appliance
Usage Factor

FU

Radiation Factor
FR

Load Factor
FL = FUFR Gas

Griddle 0.25 0.25 0.06
Fryer 0.07 0.35 0.02
Convection oven 0.42 0.20 0.08
Charbroiler 0.62 0.18 0.11
Open-top range

without oven 0.34 0.17 0.06
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Table 8 Recommended Rate of Heat Gain from Restaurant Equipment Located in Air-Conditioned Areas

Appliance Size

Energy Rate,
Btu/h

Recommended Rate of Heat Gain,a Btu/h

Without Hood With Hood

Rated Standby Sensible Latent Total Sensible

Electric, No Hood Required

Barbeque (pit), per pound of food capacity 80 to 300 lb 136 — 86  50 136   42
Barbeque (pressurized), per pound of food capacity 44 lb 327 — 109 54 163 50
Blender, per quart of capacity 1 to 4 qt 1550 — 1000 520 1520 480
Braising pan, per quart of capacity 108 to 140 qt 360 — 180 95 275 132
Cabinet (large hot holding) 16.2 to 17.3 ft3 7100 — 610 340 960 290
Cabinet (large hot serving) 37.4 to 406 ft3 6820 — 610 310 920 280
Cabinet (large proofing) 16 to 17 ft3 693 — 610 310 920 280
Cabinet (small hot holding) 3.2 to 6.4 ft3 3070 — 270 140 410 130
Cabinet (very hot holding) 17.3 ft3 21000 — 1880 960 2830 850
Can opener 580 — 580 — 580 0
Coffee brewer 12 cup/2 brnrs 5660 — 3750 1910 5660 1810
Coffee heater, per boiling burner 1 to 2 brnrs 2290 — 1500 790 2290 720
Coffee heater, per warming burner 1 to 2 brnrs 340 — 230 110 340 110
Coffee/hot water boiling urn, per quart of capacity 11.6 qt 390 — 256 132 388 123
Coffee brewing urn (large), per quart of capacity 23 to 40 qt 2130 — 1420 710 2130 680
Coffee brewing urn (small), per quart of capacity 10.6 qt 1350 — 908 445 1353 416
Cutter (large) 18 in. bowl 2560 — 2560 — 2560 0
Cutter (small) 14 in. bowl 1260 — 1260 — 1260 0
Cutter and mixer (large) 30 to 48 qt 12730 — 12730 — 12730 0
Dishwasher (hood type, chemical sanitizing), per 100 dishes/h 950 to 2000 dishes/h 1300 — 170 370 540 170
Dishwasher (hood type, water sanitizing), per 100 dishes/h 950 to 2000 dishes/h 1300 — 190 420 610 190
Dishwasher (conveyor type, chemical sanitizing), per 100 dishes/h5000 to 9000 dishes/h 1160 — 140 330 470 150
Dishwasher (conveyor type, water sanitizing), per 100 dishes/h 5000 to 9000 dishes/h 1160 — 150 370 520 170
Display case (refrigerated), per 10 ft3 of interior 6 to 67 ft3 1540 — 617 0 617 0
Dough roller (large) 2 rollers 5490 — 5490 — 5490 0
Dough roller (small) 1 roller 1570 — 140 — 140 0
Egg cooker 12 eggs 6140 — 2900 1940 4850 1570
Food processor 2.4 qt 1770 — 1770 — 1770 0
Food warmer (infrared bulb), per lamp 1 to 6 bulbs 850 — 850 — 850 850
Food warmer (shelf type), per square foot of surface 3 to 9 ft2 930 — 740 190 930 260
Food warmer (infrared tube), per foot of length 39 to 53 in. 990 — 990 — 990 990
Food warmer (well type), per cubic foot of well 0.7 to 2.5 ft3 3620 — 1200 610 1810 580
Freezer (large) 73 4570 — 1840 — 1840 0
Freezer (small) 18 2760 — 1090 — 1090 0
Griddle/grill (large), per square foot of cooking surface 4.6 to 11.8 ft2 9200 — 615 343 958 343
Griddle/grill (small), per square foot of cooking surface 2.2 to 4.5 ft2 8300 — 545 308 853 298
Hot dog broiler 48 to 56 hot dogs 3960 — 340 170 510 160
Hot plate (double burner, high speed) 16720 — 7810 5430 13240 6240
Hot plate (double burner, stockpot) 13650 — 6380 4440 10820 5080
Hot plate (single burner, high speed) 9550 — 4470 3110 7580 3550
Hot water urn (large), per quart of capacity 56 qt 416 — 161 52 213 68
Hot water urn (small), per quart of capacity 8 qt 738 — 285 95 380 123
Ice maker (large) 220 lb/day 3720 — 9320 — 9320 0
Ice maker (small) 110 lb/day 2560 — 6410 — 6410 0
Microwave oven (heavy duty, commercial) 0.7 ft3 8970 — 8970 — 8970 0
Microwave oven (residential type) 1 ft3 2050 to 4780 — 2050 to 4780 —2050 to 4780 0
Mixer (large), per quart of capacity 81 qt 94 — 94 — 94 0
Mixer (small), per quart of capacity 12 to 76 qt 48 — 48 — 48 0
Press cooker (hamburger) 300 patties/h 7510 — 4950 2560 7510 2390
Refrigerator (large), per 10 ft3 of interior space 25 to 74 ft3 753 — 300 — 300 0
Refrigerator (small), per 10 ft3 of interior space 6 to 25 ft3 1670 — 665 — 665 0
Rotisserie 300 hamburgers/h 10920 — 7200 3720 10920 3480
Serving cart (hot), per cubic foot of well 1.8 to 3.2 ft3 2050 — 680 340 1020 328
Serving drawer (large) 252 to 336 dinner rolls 3750 — 480 34 510 150
Serving drawer (small) 84 to 168 dinner rolls 2730 — 340 34 380 110
Skillet (tilting), per quart of capacity 48 to 132 qt 580 — 293 161 454 218
Slicer, per square foot of slicing carriage 0.65 to 0.97 ft2 680 — 682 — 682 216
Soup cooker, per quart of well 7.4 to 11.6 qt 416 — 142 78 220 68
Steam cooker, per cubic foot of compartment 32 to 64 qt 20700 — 1640 1050 2690 784
Steam kettle (large), per quart of capacity 80 to 320 qt 300 — 23 16 39 13
Steam kettle (small), per quart of capacity 24 to 48 qt 840 — 68 45 113 32
Syrup warmer, per quart of capacity 11.6 qt 284 — 94 52 146 45
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Toaster (bun toasts on one side only) 1400 buns/h 5120 —  2730 2420 5150 1640
Toaster (large conveyor) 720 slices/h 10920 — 2900 2560 5460 1740
Toaster (small conveyor) 360 slices/h 7170 — 1910 1670 3580 1160
Toaster (large pop-up) 10 slice 18080 — 9590 8500 18080 5800
Toaster (small pop-up) 4 slice 8430 — 4470 3960 8430 2700
Waffle iron 75 in2 5600 — 2390 3210 5600 1770

Electric, Exhaust Hood Required
Broiler (conveyor infrared), per square foot of cooking area/minute2 to 102 ft2 19230 — — — — 3840
Broiler (single deck infrared), per square foot of broiling area 2.6 to 9.8 ft2 10870 — — — — 2150
Charbroiler, per linear foot of cooking surface 2 to 8 linear ft 11,000 9300 — — — 2800
Fryer (deep fat) 35 - 50 lb oil 48,000 2900 — — — 1200
Fryer (pressurized), per pound of fat capacity 13 to 33 lb 1565 — — — — 59
Oven (full-size convection) 41,000 4600 — — — 2900
Oven (large deck baking with 537 ft3 decks), 

per cubic foot of oven space 15 to 46 ft3 1670 — — — — 69
Oven (roasting), per cubic foot of oven space 7.8 to 23 ft3 27350 — — — — 113
Oven (small convection), per cubic foot of oven space 1.4 to 5.3 ft3 10340 — — — — 147
Oven (small deck baking with 272 ft3 decks), 

per cubic foot of oven space 7.8 to 23 ft3 2760 — — — — 113
Open range top, per 2 element section 2 to 6 elements 14,000 4600 — — — 2100
Range (hot top/fry top), per square foot of cooking surface 4 to 8 ft2 7260 — — — — 2690
Range (oven section), per cubic foot of oven space 4.2 to 11.3 ft3 3940 — — — — 160
Griddle, per linear foot of cooking surface 2 to 8 linear feet 19,500 3100 — — — 1400

Gas, No Hood Required
Broiler, per square foot of broiling area 2.7 ft2 14800 660b 5310 2860 8170 1220
Cheese melter, per square foot of cooking surface 2.5 to 5.1 ft2 10300 660b 3690 1980 5670 850
Dishwasher (hood type, chemical sanitizing), per 100 dishes/h 950 to 2000 dishes/h 1740 660b 510 200 710 230
Dishwasher (hood type, water sanitizing), per 100 dishes/h 950 to 2000 dishes/h 1740 660b 570 220 790 250
Dishwasher (conveyor type, chemical sanitizing), per 100 dishes/h5000 to 9000 dishes/h 1370 660b 330 70 400 130
Dishwasher (conveyor type, water sanitizing), per 100 dishes/h 5000 to 9000 dishes/h 1370 660b 370 80 450 140
Griddle/grill (large), per square foot of cooking surface 4.6 to 11.8 ft2 17000 330 1140 610 1750 460
Griddle/grill (small), per square foot of cooking surface 2.5 to 4.5 ft2 14400 330 970 510 1480 400
Hot plate 2 burners 19200 1325b 11700 3470 15200 3410
Oven (pizza), per square foot of hearth 6.4 to 12.9 ft2 4740 660b 623 220 843 85

Gas, Exhaust Hood Required
Braising pan, per quart of capacity 105 to 140 qt 9840 660b — — — 2430
Broiler, per square foot of broiling area 3.7 to 3.9 ft2 21800 530 — — — 1800
Broiler (large conveyor, infrared), per square foot 
of cooking area/minute 2 to 102 ft2 51300 1990 — — — 5340
Broiler (standard infrared), per square foot of broiling area 2.4 to 9.4 ft2 1940 530 — — — 1600
Charbroiler (large), per linear foot of cooking area 2 to 8 linear feet 36,000 22,000 — — — 3800
Fryer (deep fat) 35 to 50 oil cap. 80,000 5600 — — — 1900
Oven (bake deck), per cubic foot of oven space 5.3 to 16.2 ft3 7670 660b — — — 140
Oven (convection), full size 70,000 29,400 — — — 5700
Oven (pizza), per square foot of oven hearth 9.3 to 25.8 ft2 7240 660b — — — 130
Oven (roasting), per cubic foot of oven space 9 to 28 ft3 4300 660b — — — 77
Oven (twin bake deck), per cubic foot of oven space 11 to 22 ft3 4390 660b — — — 78
Range (burners), per 2 burner section 2 to 10 brnrs 33600 1325 — — — 6590
Range (hot top or fry top), per square foot of cooking surface 3 to 8 ft2 11800 330 — — — 3390
Range (large stock pot) 3 burners 100000 1990 — — — 19600
Range (small stock pot) 2 burners 40000 1330 — — — 7830
Griddle, per linear foot of cooking surface 2 to 8 linear feet 25,000 6300 1600
Range top, open burner (per 2 burner section) 2 to 6 elements 40,000 13,600 2200

Steam
Compartment steamer, per pound of food capacity/h 46 to 450 lb 280 — 22 14 36 11
Dishwasher (hood type, chemical sanitizing), per 100 dishes/h 950 to 2000 dishes/h 3150 — 880 380 1260 410
Dishwasher (hood type, water sanitizing), per 100 dishes/h 950 to 2000 dishes/h 3150 — 980 420 1400 450
Dishwasher (conveyor, chemical sanitizing), per 100 dishes/h 5000 to 9000 dishes/h 1180 — 140 330 470 150
Dishwasher (conveyor, water sanitizing), per 100 dishes/h 5000 to 9000 dishes/h 1180 — 150 370 520 170
Steam kettle, per quart of capacity 13 to 32 qt 500 — 39 25 64 19
aIn some cases, heat gain data are given per unit of capacity. In those cases, the heat
gain is calculated by:  q = (recommended heat gain per unit of capacity) * (capacity)

bStandby input rating is given for entire appliance regardless of size.

Table 8 Recommended Rate of Heat Gain from Restaurant Equipment Located in Air-Conditioned Areas (Concluded)

Appliance Size

Energy Rate,
Btu/h

Recommended Rate of Heat Gain,a Btu/h

Without Hood With Hood

Rated Standby Sensible Latent Total Sensible



28.14 1997 ASHRAE Fundamentals Handbook

Table 9A Rate of Heat Gain from Selected Office Equipment

Appliance Size
Maximum Input
Rating, Btu/h

Standby Input
Rating, Btu/h

Recommended Rate 
of Heat Gain, Btu/h

Check processing workstation 12 pockets 16400 8410 8410
Computer devices

Card puncher — 2730 to 6140 2200 to 4800 2200 to 4800
Card reader — 7510 5200 5200
Communication/transmission — 6140 to 15700 5600 to 9600 5600 to 9600
Disk drives/mass storage — 3410 to 34100 3412 to 22420 3412 to 22420
Magnetic ink reader — 3280 to 16000 2600 to 14400 2600 to 14400
Microcomputer 16 to 640 Kbytea 340 to 2050 300 to 1800 300 to 1800
Minicomputer — 7500 to 15000 7500 to 15000 7500 to 15000
Optical reader — 10240 to 20470 8000 to 17000 8000 to 17000
Plotters — 256 128 214

Printers
Letter quality 30 to 45 char/min 1200 600 1000
Line, high speed 5000 or more lines/min 4300 to 18100 2160 to 9040 2500 to 13000
Line, low speed 300 to 600 lines/min 1540 770 1280
Tape drives — 4090 to 22200 3500 to 15000 3500 to 15000
Terminal — 310 to 680 270 to 600 270 to 600

Copiers/Duplicators
Blue print — 3930 to 42700 1710 to 17100 3930 to 42700
Copiers (large) 30 to 67a copies/min 5800 to 22500 3070 5800 to 22500
Copiers (small) 6 to 30a copies/min 1570 to 5800 1020 to 3070 1570 to 5800
Feeder — 100 — 100
Microfilm printer — 1540 — 1540
Sorter/collator — 200 to 2050 — 200 to 2050

Electronic equipment
Cassette recorders/players — 200 — 200
Receiver/tuner — 340 — 340
Signal analyzer — 90 to 2220 — 90 to 2220

Mailprocessing
Folding machine — 430 — 270
Inserting machine 3600 to 6800 pieces/h 2050 to 11300 — 1330 to 7340
Labeling machine 1500 to 30000 pieces/h 2050 to 22500 — 1330 to 14700
Postage meter — 780 — 510

Wordprocessors/Typewriters
Letter quality printer 30 to 45 char/min 1200 600 1000
Phototypesetter — 5890 — 5180
Typewriter — 270 — 230
Wordprocessor — 340 to 2050 — 300 to 1800

Vending machines
Cigarette — 250 51 to 85 250
Cold food/beverage — 3920 to 6550 — 1960 to 3280
Hot beverage — 5890 — 2940
Snack — 820 to 940 — 820 to 940

Miscellaneous
Barcode printer — 1500 — 1260
Cash registers — 200 — 160
Coffee maker 10 cups 5120 — 3580 sens., 1540 latent
Microfiche reader — 290 — 290
Microfilm reader — 1770 — 1770
Microfilm reader/printer — 3920 — 3920
Microwave oven 1 ft3 2050 — 1360
Paper shredder — 850 to 10240 — 680 to 8250
Water cooler 32 qt/h 2390 — 5970

aInput is not proportional to capacity.

Table 9B Heat Gain Versus Nameplate Rating From Electrical Office Equipment

Equipment Tested
Nameplate Rating, 

W

Measured Total 
Power Consump-

tion, W
Radiant Power,

 W
Radiant Power,

 %
Convective Power, 

%

15 in. monitor energy 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 25.9 14.3 85.7
Personal computer (Brand 1) and 17 in. monitor 

(white screen)
575 133 29.7 22.3 77.7

Personal computer (Brand 2) and 17 in. monitor 
(white screen)

420 125 35.7 28.6 71.4
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season, infiltration calculations are usually limited to doors and win-
dows. Air leakage through doors can be estimated using the informa-
tion in Chapter 25. Table 3, Chapter 25, adjusted for the average wind
velocity in the locality, may be used to compute infiltration for win-
dows. In calculating window infiltration for an entire structure, the
total window area on all sides of the building is not involved, since
wind does not act on all sides simultaneously. In any case, infiltration
from all windows in any two adjacent wall exposures should be
included. A knowledge of the prevailing wind direction and velocity
is helpful in selecting exposures.

When economically feasible, sufficient outdoor air should be
introduced as ventilation air through the air-conditioning equipment
to maintain a constant outward escape of air, and thus eliminate the
infiltration portion of the gain. The pressure maintained must over-
come wind pressure through cracks and door openings. When the
quantity of outside air introduced through the cooling equipment is
not sufficient to maintain the required pressure to eliminate infiltra-
tion, the entire infiltration load should be included in the space heat
gain calculations.

Standard Air Defined
Because the specific volume of air varies appreciably, calcula-

tions will be more accurate when made on the basis of air mass
instead of volume. However, volume values are often required for
selection of coils, fans, ducts, etc., in which cases volume values
based on measurement at standard conditions may be used for accu-
rate results. One standard value is 0.075 lb (dry air)/ft3 (13.33
ft3/lb). This density corresponds to about 60°F at saturation, and
69°F dry air (at 14.7 psia). Because air usually passes through the
coils, fans, ducts, etc. at a density close to standard, the accuracy
desired normally requires no correction. When airflow is to be mea-
sured at a particular condition or point, such as at a coil entrance or
exit, the corresponding specific volume can be read from the psy-
chrometric chart.

Example 2. Standard air calculations. Assume outdoor air at standard
conditions is flowing at 1000 cfm. What is the flow rate when the out-
door air is at 95°F dry-bulb and 75°F wet-bulb (14.3 ft3/lb)? The mea-
sured rate at that condition should be 1000(14.3/13.33) = 1070 cfm.

Solution: Air-conditioning design often requires calculation of:

1. Total heat
Total heat gain corresponding to the change of a given standard

flow rate Qs through an enthalpy difference ∆h

(20)

where 60 = min/h and 0.075 = lb (dry air)/ft3.

2. Sensible heat
Sensible heat gain corresponding to the change of dry-bulb temper-

ature ∆t for given airflow (standard conditions) Qs, or sensible heat
change qs, in Btu/h, is

(21)

where

0.24 = specific heat of dry air, Btu/(lb· °F)
W = humidity ratio, lb (water)/lb (dry air)

0.45 = specific heat of water vapor, Btu/(lb· °F)

The specific heats are for a range from about −100 to 200°F. When
W = 0, the value of 60× 0.075(0.24 + 0.45W ) = 1.08; when W = 0.01,
the value is 1.10; when W = 0.02, the value is 1.12; and when W = 0.03,
the value is 1.14. Thus, because a value of W = 0.01 approximates con-
ditions found in many air-conditioning problems, the sensible heat
change (in Btu/h) can normally be found as

(22)

3. Latent heat
Latent heat gain corresponding to the change of humidity ratio

(∆W) for given air flow (standard conditions) Qs is

(23)

where 1076 is the approximate heat content of 50% rh vapor at 75°F,
less the heat content of water at 50°F. The 50% rh at 75°F is a common
design condition for the space, and 50°F is normal condensate tempera-
ture from cooling and dehumidifying coils.

The constants 4.5, 1.10, and 4840 are useful in air-conditioning
calculations at sea level (14.7 psia) and for normal temperatures and
moisture ratios. For other conditions, more precise values should be
used. For an altitude of 5000 ft (12.2 psia), appropriate values are
3.73, 0.92, and 4020.

Latent Heat Gain from Moisture through 
Permeable Building Materials

The diffusion of moisture through all common building materials
is a natural phenomenon that is always present. Chapters 22 and 23
cover the principles and specific methods used to control moisture.
Moisture transfer through walls is often neglected in the usual com-
fort air-conditioning application, because the actual rate is quite
small, and the corresponding latent heat gain is insignificant. The
permeability and permeance values for various building materials
are given in Table 9, Chapter 24. Vapor retarders are frequently
installed to keep moisture transfer to a minimum.

Special Conditions. Certain industrial applications call for a low
moisture content to be maintained in a conditioned space. In such
cases, the latent heat gain accompanying moisture transfer through
walls may be greater than any other latent heat gain. This gain is
computed by

(24)

where
qm = latent heat gain, Btu/h
M = permeance of wall assembly in perms, or grains/(ft2·h·in Hg)

7000 = grains/lb
A = area of wall surface, ft2

∆pv = vapor pressure difference, in. Hg
hg = enthalpy at room conditions, Btu/lb
hf = enthalpy of water condensed at cooling coil, Btu/lb

= 1076 Btu/lb when room temperature is 75°F and condensate off 
coil is 50°F

Table 9C Environmental Effects on Radiant-Convective Split 
of 15 in. Energy Saver Monitor

(Nominal measured total power consumption = 80 W,
Nameplate rating = 220 W)

I. Room Air Velocity and Temperature Effects

Radiative Power, %
 60°F room air 70°F room air 80°F room air

Normal air velocity 35.6 40.7 45
Reduced air velocity 36 37.1 45.7

II. Room Air Temperature Fluctuation Effects
(±6°F about mean room of 70°F)

Radiative Power, %
With air temp. 

fluctuation
Without air temperature

fluctuation
Normal air velocity 37.7 40.7
Reduced air velocity 38.2 37.1

III. Room Wall Temperature Effects (Room air at 70°F)
Radiative Power, %

With uniform 
wall temperature

With nonuniform wall temperature 
(one wall heated)

Reduced air velocity 37.1 27

Total heat change 60 0.075Qs h∆×=

 4.5Qs h∆=

qs 60 0.075 0.24 0.45W+( )Qs t∆×=

qs 1.10Qs t∆=

ql 60 0.075× 1076Qs W∆×=

 4840Qs W∆=

qm M 7000⁄( )A pv hg hf–( )∆=



28.16 1997 ASHRAE Fundamentals Handbook

Heat Gain from Miscellaneous Sources

The calculation of the cooling load is affected by such factors as
(1) type of HVAC system, (2) effectiveness of heat exchange sur-
faces, (3) fan location, (4) duct heat gain or loss, (5) duct leakage,
(6) heat-extraction lighting systems, (7) type of return air system,
and (8) sequence of controls. System performance needs to be ana-
lyzed as a sequence of individual psychrometric processes. The
most straightforward method first defines all known (or desired)
state points on a psychrometric chart. Next, the actual entering and
leaving dry- and wet-bulb conditions are calculated for such com-
ponents as the cooling and/or heating coils (based on zone or space
load), the amount of outside air introduced into the system through
the equipment, and the amount of heat gain or loss at various points.

This overall process must verify that the space conditions origi-
nally sought can actually be met by the designed system by consid-
ering all sensible and latent heat changes to the air as it travels from
the space conditions through the return air system and equipment
back to the conditioned space. If the design is successful (i.e., within
the degree of correctness of the various design assumptions), appro-
priate equipment components can safely be selected. If not, the
designer must judge if the results will be “close enough” to satisfy
the needs of the project, or if one or more assumptions and/or design
criteria must first be modified and the calculations rerun.

Heat Gain from Fans. Fans that circulate air through HVAC
systems add energy to the system by one or all of the following
processes:

• Temperature rise in the airstream from fan inefficiency. Depend-
ing on the equipment, fan efficiencies generally range between 50
and 70%, with an average value of 65%. Thus, some 35% of the
energy required by the fan appears as instantaneous heat gain to
the air being transported.

• Temperature rise in the airstream as a consequence of air static
and velocity pressure. The “useful” 65% of the total fan energy
that creates pressure to move air spreads out throughout the entire
air transport system in the process of conversion to sensible heat.
Designers commonly assume that the temperature change equiv-
alent of this heat occurs at a single point in the system, depending
on fan location as noted below.

• Temperature rise from heat generated by motor and drive ineffi-
ciencies. The relatively small gains from fan motors and drives are
normally disregarded unless the motor and/or drive are physically
located within the conditioned airstream. Equations (15), (16),
and (17) may be used to estimate heat gains from typical motors.
Belt drive losses are often estimated as 3% of the motor power rat-
ing. Conversion to temperature rise is calculated by Equation (22).

The location of each fan relative to other elements (primarily the
cooling coil), and the type of system (e.g., single zone, multizone,
double-duct, terminal reheat, VAV) along with the concept of equip-
ment control (space temperature alone, space temperature and rela-
tive humidity, etc.) must be known before the analysis can be
completed. A fan located upstream of the cooling coil (blowthrough
supply fan, return air fan, outside air fan) adds the heat equivalent of
its inefficiency to the airstream at that point; thus, a slightly elevated
entering dry-bulb temperature to the cooling coil results. A fan
located downstream of the cooling coil raises the dry-bulb temper-
ature of air leaving the cooling coil. This rise can be offset by reduc-
ing the cooling coil temperature, or alternatively, by increasing
airflow across the cooling coil as long as its impact on space condi-
tions is considered.

Duct Heat Gain and Leakage. Unless return air duct systems
are extensive or subjected to rigorous conditions, only the heat
gained or lost by supply duct systems is significant; it is normally
estimated as a percentage of space sensible cooling load (usually
about 1%) and applied to the dry-bulb temperature of the air leaving
the coil in the form of an equivalent temperature reduction.

Duct Leakage. Air leakage out of (or into) duct work can have
much greater impact than conventional duct heat gain or loss, but it
is normally about the same or less. Outward leakage from supply
ducts is a direct loss of cooling and/or dehumidifying capacity and
must be offset by increased airflow (sometimes reduced supply air
temperatures) unless it enters the conditioned space directly. Inward
leakage to return ducts causes temperature and/or humidity varia-
tions, but these are often ignored under ordinary circumstances due
to the low temperature and pressure differentials involved. Chapter
32 has further details on duct sealing and leakage.

A well-designed and installed duct system should not leak more
than 1 to 3% of the total system airflow. All HVAC equipment and
volume control units connected into a duct system are usually deliv-
ered from manufacturers with allowable leakage not exceeding 1 or
2% of maximum airflow rating. Where duct systems are specified to
be sealed and leak tested, both low and medium pressure types can
be constructed and required to fall within this range, and designers
normally assume this loss to approximate 1% of the space load, han-
dled in a similar manner to that for duct heat gain. Latent heat con-
siderations are frequently ignored.

Poorly designed or installed duct systems can have leakage rates
of 10 to 30%. Leakage from low-pressure lighting troffer connec-
tions lacking proper taping and sealing can be 35% or more of the
terminal air supply. Improperly sealed high-pressure systems can
leak as much as 10% or more from the high-pressure side alone,
before considering the corresponding low-pressure side of such sys-
tems. Such extremes destroy the validity of any load calculation
procedures. Although not always affecting overall system loads
enough to cause problems, they will, however, always adversely
impact required supply air quantities for most air-conditioning sys-
tems. Also, using uninsulated supply duct work running through
return air plenums results in high “thermal leakage,” thus loss of
space cooling capability by the supply air, and potential condensa-
tion difficulties during a warm startup.

HEATING LOAD PRINCIPLES
Techniques for estimating design heating load for commercial, insti-
tutional, and industrial applications are essentially the same as for
those estimating design cooling loads for such uses, except that (1)
temperatures outside the conditioned spaces are generally lower than
the space temperatures maintained; (2) credit for solar heat gains or
for internal heat gains is not included; and (3) the thermal storage
effect of building structure or content is ignored. Heat losses (nega-
tive heat gains) are thus considered to be instantaneous, heat transfer
essentially conductive, and latent heat treated only as a function of
replacing space humidity lost to the exterior environment.

Justification of this simplified approach derives from the pur-
pose of a heating load estimate, as identification of “worst case”
conditions that can reasonably be anticipated during a heating sea-
son. Traditionally this is considered as the load that must be met
under design interior and exterior conditions, including infiltration
and/or ventilation, but in the absence of solar effect (at night or
cloudy winter days) and before the periodic presence of people,
lights, and appliances can begin to have an offsetting effect. The pri-
mary orientation is thus toward identification of adequately sized
heating equipment to handle the normal worst-case condition.

Safety Factors and Load Allowances. Before mechanical cool-
ing of buildings became a usual procedure, buildings included
much less insulation, large operable windows, and generally more
infiltration-prone assemblies than the energy-efficient and much
tighter buildings typical of post-1975 design. Allowances of 10 to
20% of the net calculated heating load for piping losses to unheated
spaces, and 10 to 20% more for a warm-up load were common prac-
tice, along with occasional other safety factors reflecting the expe-
rience and/or concern of the individual designer. Such measures are
infrequently used in estimating heating loads for contemporary
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buildings, with the uncompensated net heating load normally con-
sidered as having an adequate margin for error.

Cooling Needs During Noncooling Months. Perimeter spaces
exposed to high solar heat gain often justify mechanical cooling dur-
ing sunlit portions of traditional heating months, as will completely
interior spaces with significant internal heat gain. These conditions
require special attention by the system designer for proper accom-
modation as needed, but such spaces can also represent significant
heating loads during nonsunlit hours or after periods of nonoccu-
pancy when adjacent spaces have been allowed to cool below inte-
rior design temperatures. The loads involved can be estimated
conventionally for the purpose of designing the means to offset or to
compensate for them and prevent overheating, but they have no
direct relationship to design heating loads for the spaces in question.

Other Considerations. Calculation of design heating load esti-
mates for this general category of applications has essentially become
a subset of the more involved and complex estimation of cooling loads
for such spaces. Chapter 30 discusses using the heating load estimate
to predict or analyze energy consumption over time. Special provi-
sions to deal with atypical problems are relegated to appropriate chap-
ters in the Systems and Equipment and Applications volumes.

TRANSFER FUNCTION METHOD 
CALCULATION PROCEDURE

BASIC COOLING LOAD ANALYSIS

The basic procedures for estimating the maximum design cooling
load for a conditioned space were developed when all design calcu-
lations were performed manually. For this reason, extensive design
analysis was not part of the primary load estimate. Today, with com-
puters used for routine design calculations, the individual load ele-
ments may be evaluated more thoroughly and a comprehensive
design analysis can be included with the results. The TFM method
makes it possible to estimate the cooling load for a conditioned space
on an hour-by-hour basis and to predict resultant conditions that can
be expected in that space for various system types, control strategies,
and operating schedules. The equations and sequence of the TFM
Procedure in general are summarized in Table 10.

HEAT GAIN BY CONDUCTION THROUGH 
EXTERIOR WALLS AND ROOFS

Sensible Heat Gain
The transfer function method (TFM) is particularly well suited

for use with a computer. This method is a special case of the calcu-
lation of heat flow through building components outlined in Chapter
22. This approach uses (1) sol-air temperature to represent outdoor
conditions, and (2) an assumed constant indoor air temperature.
Furthermore, both indoor and outdoor surface heat transfer coeffi-
cients are assumed constant (Mitalas 1968). Thus, the heat gain
through a wall or roof is given by

(25)

where

 qe,θ = heat gain through wall or roof, at calculation hour θ
A = indoor surface area of a wall or roof
θ = time
δ = time interval
n = summation index (each summation has as many terms as there are 

non-negligible values of coefficients)
te, θ−nδ = sol-air temperature at time θ − nδ

trc = constant indoor room temperature
bn,cn ,dn = conduction transfer function coefficients

Conduction Transfer Function Coefficients. Conduction
transfer function (CTF) coefficients are usually calculated using
combined outdoor heat transfer coefficient ho = 3.0 Btu/(h·ft2· °F),
indoor coefficient hi = 1.46 Btu/(h·ft2· °F), and the wall or roof con-
structions, as may be appropriate. The use of ho = 3.0 limits the
application of these coefficients to cases with similarly calculated
sol-air temperature values. Specific CTF coefficients for different
constructions can be calculated using the procedure and computer
program outlined in Mitalas and Arseneault (1970) or as discussed
by McQuiston and Spitler (1992) and with the microcomputer soft-
ware issued with that publication.

Representative Walls and Roofs. Harris and McQuiston (1988)
investigated the thermal behavior of approximately 2600 walls and
500 roofs as they influenced transmission of heat gain to condi-
tioned spaces. This work identified 41 representative wall assem-
blies and 42 roof assemblies with widely varying components,
insulating values, and mass, and with the predominant mass concen-
trated near the inside surface (mass in), outside surface (mass out),
or essentially homogeneous (mass integral) with the overall con-
struction. These prototypical assemblies can be used to reflect the
overall range of conditions. The CTF and associated data pertaining
to these conditions are listed in Tables 11 through 19.

Approximate values of CTF coefficients can be obtained by
selecting a set of data from Tables 13 and 14 for a roof construction
or Tables 18 and 19 for a wall that is nearly the same as the roof or
wall under consideration, and multiplying the s and s by the ratio of
the U-factor of the roof or wall under consideration over the U-fac-
tor of the selected representative roof or wall.

The physical and thermal properties of the various layers that
make up roof and wall assemblies are listed in Table 11. Group num-
bers for various arrangements of layers with differing insulation R
value and placement for roofs are listed in Table 12 and those for
walls are listed in Tables 15, 16 and 17. Data from these tables iden-
tify prototypical roof or wall CTFs and associated data tabulated in
Tables 13, 14, 18, and 19.

Example 3. Heat gain through wall. A light-colored wall is constructed of
4 in. heavy concrete, 2 in. insulation (2.0 lb/ft3, R = 6.667 h·ft2· °F/Btu),
3/4 in. indoor plaster, and with outdoor and indoor surface resistances of
0.333 and 0.68 h·ft2· °F/Btu, respectively. There is an air space between
the plaster and the insulation. Find the heat gain through 1 ft2 of the wall
area (i.e., A = 1.0 ft2) with sol-air temperature as listed in Table 1 for July
21, 40°North latitude, West, α/h0 = 0.15, a room temperature of 75°F,
and assuming that the daily sol-air temperature cycle is repeated on sev-
eral consecutive days.

Solution: The calculation of heat gain for a particular time requires sol-
air temperature values at that and preceding times, as well as the heat
flow at preceding times. Heat flow is assumed as zero to start the calcu-
lations. The effect of this assumption becomes negligible as the calcu-
lation is repeated for successive 24-h cycles.

Sol-Air Temperatures (from Table 1)
qe θ,  =

A bn te θ nδ–,( )
dn qe θ nδ–,( )

A
------------------------------ trc–

n=1
∑ cn

n 0=
∑–

n=0
∑

Time, h te, °F Time, h te, °F

1 76 13 110
2 76 14 121
3 75 15 129
4 74 16 131
5 74 17 127
6 75 18 114
7 78 19  87
8 81 20  85
9 85 21  83

10 89 22  81
11 93 23  79
12 97 24  77

For θ > 24, te, θ = te, θ−24.
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Table 10 Summary of TFM Load Calculation Procedures

External Heat Gain N = number of people in space, from best available source. 
Sensible and latent heat gain from occupancy—Table 
3, or Chapter 8; adjust as required.(6)

(7) Lights
qel = 3.41WFulFsa (9)

where where
te = sol-air temperature W = watts input from electrical plans or lighting fixture data
to = current hour dry-bulb temperature, from design db 

(Chapter 26) adjusted by Table 2 daily range % values
Ful = lighting use factor, from the first section, as appropriate
Fsa = special allowance factor, from first section, as appropriate

Power
α = absorptance of surface for solar radiation qp = 2545PEF (15), (16), (17)

α/ho = surface color factor = 0.026 for light colors, 0.052 for dark where

It = total incident solar load = 1.15 (SHGF), with SHGF per 
Chapter 29, Tables 15 through 21

P = power rating from electrical plans or 
manufacturer’s data

ε∆R/ho = long-wave radiation factor =  −7°F for horizontal sur-
faces, 0°F for vertical

EF = efficiency factors and arrangements to suit 
circumstances

te = 24-h average sol-air temperature Appliances
toa = 24-h average dry-bulb temperature

where qsensible = qinputFUFR (18)
IDT = total daily solar heat gain (Chapter 29, Tables 15 

through 21)
or qsensible = qinputFL (19)

Roofs and Walls

(28)

qinput = rated energy input from appliances—Tables 5 to 9, or 
manufacturer’s data (set latent heat = 0, if appliance is 
under exhaust hood)

where
b and d = conduction transfer coefficients—roof, Table 13; wall, 

Table 18 FU, FR, FL = usage factors, radiation factors, and load factors
c and Utable = conduction transfer coefficients—roof, Table 14; wall, 

Table 19
Uactual = design heat transfer coefficient for roof or wall, from 

Chapter 24, Table 4
Ventilation and Infiltration Air

qsensible = 1.10Q(to − ti) (22)

qlatent = 4840Q(Wo − Wi) (23)

qtotal = 4.5Q(Ho − Hi) (20)

Adjust b and c coefficients by ratio Uactual/Utable.

Roofs

Identify layers of roof construction from Table 11. With R-value of 
dominant layer, identify R-value Range number R and Roof Group num-
ber from Table 12. Proceed to Table 13.

Q = ventilation airflow—ASHRAE Standard 62;
infiltration cfm—Chapter 25

to, ti = outside, inside air temperature, °F
Walls Wo, Wi = outside, inside air humidity ratio, lb (water)/lb (da)

Identify layers of wall construction from Table 11. With R-value of 
dominant layer, identify R-value Range number  and Wall Group number 
from Table 15, 16, or 17. Proceed to Table 14.

Ho, Hi = outside, inside air enthalpy, Btu/lb (dry air)

Cooling Load
θ = hour for which calculation is made Sensible Qθ = Qrf + Qsc
δ = time interval (1 h)

(28)

n = number of hours for which  and  values are significant
e = element under analysis, roof or wall assembly
A = area of element under analysis

(30)Glass
Convective q = UA(to − ti)
Solar q = A(SC)(SHGF) Qtf = sensible cooling load from heat gain elements having 

convective and radiant componentsU = design heat transfer coefficients, glass—Chapter 29
SC = shading coefficient—Chapter 29 v and w = room transfer function coefficients, Tables 24 and 25; 

select per element type, circulation rate, mass, and/or 
fixture type

SHGF = solar heat gain factor by orientation, north latitude, hour, 
and month—Chapter 29, Tables 15 to 21.

qθ = each of i heat gain elements having a radiant compo-
nent; select appropriate fractions for processing, per 
Tables 24, 25, and 42

Partitions, Ceilings, Floors

q = UA (tb − ti) (8)
δ = time interval (1 h)

tb = temperature in adjacent space Qsc = sensible cooling load from heat gain elements having 
only convective componentsti = inside design temperature in conditioned space

qc = each of j heat gain elements having only convective 
componentInternal Heat Gain

People
qsensible = N(Sensible heat gain)

qlatent = N(Latent heat gain) qc = each of n latent heat gain elements

te to αIt ho⁄ ε∆R ho⁄–+=

tea toa α ho⁄ IDT 24⁄( ) ε∆R ho⁄–+=

qe θ, A bn te θ nδ–,( )
n = 0
∑ dn qe θ nδ–,( ) A⁄[ ] trc–

n = 1
∑– cn

n = 0
∑–=

Qtf v0qθ i, v1qθ i δ–, v2qθ i 2δ–, …+ + +( )
i =1
∑=

 w1Qθ δ– w2Qθ 2δ– …+ +( )–

Qsc qc j,( )
j =1
∑=

Latent Ql qc n,( )
n =1
∑=



Nonresidential Cooling and Heating Load Calculations 28.19

Table 11 Thermal Properties and Code Numbers of Layers Used in Wall and Roof Descriptions for Tables 12 and 13

Code 
Number Description

Thickness and Thermal Properties

L k ρ cp R Mass

A0 Outside surface resistance 0.0 0.0 0.0 0.0 0.33 0.0
A1 1 in. Stucco 0.0833 0.4 116.0 0.20 0.21 9.7
A2 4 in. Face brick 0.333 0.77 125.0 0.22 0.43 41.7
A3 Steel siding 0.005 26.0 480.0 0.10 0.00 2.4
A4 1/2 in. Slag 0.0417 0.11 70.0 0.40 0.38 2.2
A5 Outside surface resistance 0.0 0.0 0.0 0.0 0.33 0.0
A6 Finish 0.0417 0.24 78.0 0.26 0.17 3.3
A7 4 in. Face brick 0.333 0.77 125.0 0.22 0.43 41.7

B1 Air space resistance 0.0 0.0 0.0 0.0 0.91 0.0
B2 1 in. Insulation 0.083 0.025 2.0 0.2 3.33 0.2
B3 2 in. Insulation 0.167 0.025 2.0 0.2 6.67 0.3
B4 3 in. Insulation 0.25 0.025 2.0 0.2 10.0 0.5
B5 1 in. Insulation 0.0833 0.025 5.7 0.2 3.33 0.5
B6 2 in. Insulation 0.167 0.025 5.7 0.2 6.67 1.0
B7 1 in. Wood 0.0833 0.07 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
B9 4 in. Wood 0.333 0.07 37.0 0.6 4.76 12.3

B10 2 in. Wood 0.167 0.07 37.0 0.6 2.39 6.2
B11 3 in. Wood 0.25 0.07 37.0 0.6 3.57 9.3
B12 3 in. Insulation 0.25 0.025 5.7 0.2 10.00 1.4
B13 4 in. Insulation 0.333 0.025 5.7 0.2 13.33 1.9
B14 5 in. Insulation 0.417 0.025 5.7 0.2 16.67 2.4
B15 6 in. Insulation 0.500 0.025 5.7 0.2 20.00 2.9
B16 0.15 in. Insulation 0.0126 0.025 5.7 0.2 0.50 0.1
B17 0.3 in. Insulation 0.0252 0.025 5.7 0.2 1.00 0.1
B18 0.45 in. Insulation 0.0379 0.025 5.7 0.2 1.50 0.2
B19 0.61 in. Insulation 0.0505 0.025 5.7 0.2 2.00 0.3
B20 0.76 in. Insulation 0.0631 0.025 5.7 0.2 2.50 0.4
B21 1.36 in. Insulation 0.1136 0.025 5.7 0.2 4.50 0.6
B22 1.67 in. Insulation 0.1388 0.025 5.7 0.2 5.50 0.8
B23 2.42 in. Insulation 0.2019 0.025 5.7 0.2 8.00 1.2
B24 2.73 in. Insulation 0.2272 0.025 5.7 0.2 9.00 1.3
B25 3.33 in. Insulation 0.2777 0.025 5.7 0.2 11.00 1.6
B26 3.64 in. Insulation 0.3029 0.025 5.7 0.2 12.00 1.7
B27 4.54 in. Insulation 0.3786 0.025 5.7 0.2 15.00 2.2

C1 4 in. Clay tile 0.333 0.33 70.0 0.2 1.01 23.3
C2 4 in. Lightweight concrete block 0.333 0.22 38.0 0.2 1.51 12.7
C3 4 in. Heavyweight concrete block 0.333 0.47 61.0 0.2 0.71 20.3
C4 4 in. Common brick 0.333 0.42 120.0 0.2 0.79 40.0
C5 4 in. Heavyweight concrete 0.333 1.0 140.0 0.2 0.33 46.7
C6 8 in. Clay tile 0.667 0.33 70.0 0.2 2.00 46.7
C7 8 in. Lightweight concrete block 0.667 0.33 38.0 0.2 2.00 25.3
C8 8 in. Heavyweight concrete block 0.667 0.6 61.0 0.2 1.11 40.7
C9 8 in. Common brick 0.667 0.42 120.0 0.2 1.59 80.0

C10 8 in. Heavyweight concrete 0.667 1.0 140.0 0.2 0.67 93.4
C11 12 in. Heavyweight concrete 1.0 1.0 140.0 0.2 1.00 140.0
C12 2 in. Heavyweight concrete 0.167 1.0 140.0 0.2 0.17 23.3
C13 6 in. Heavyweight concrete 0.5 1.0 140.0 0.2 0.50 70.0
C14 4 in. Lightweight concrete 0.333 0.1 40.0 0.2 3.33 13.3
C15 6 in. Lightweight concrete 0.5 0.1 40.0 0.2 5.00 20.0
C16 8 in. Lightweight concrete 0.667 0.1 40.0 0.2 6.67 26.7
C17 8 in. Lightweight concrete block (filled) 0.667 0.08 18.0 0.2 8.34 12.0
C18 8 in. Heavyweight concrete block (filled) 0.667 0.34 53.0 0.2 1.96 35.4
C19 12 in. Lightweight concrete block (filled) 1.000 0.08 19.0 0.2 12.50 19.0
C20 12 in. Heavyweight concrete block (filled) 1.000 0.39 56.0 0.2 2.56 56.0

E0 Inside surface resistance 0.0 0.0 0.0 0.0 0.69 0.0
E1 3/4 in. Plaster or gypsum 0.0625 0.42 100.0 0.2 0.15 6.3
E2 1/2 in. Slag or stone 0.0417 0.83 55.0 0.40 0.05 2.3
E3 3/8 in. Felt and membrane 0.0313 0.11 70.0 0.40 0.29 2.2
E4 Ceiling air space 0.0 0.0 0.0 0.0 1.00 0.0
E5 Acoustic tile 0.0625 0.035 30.0 0.2 1.79 1.9

L = thickness, ft
k = thermal conductivity, Btu/h·ft·°F

ρ = density, lb/ft3

cp = specific heat, Btu/lb·°F
R = thermal resistance, °F·ft2·h/Btu
Mass = unit mass, lb/ft2
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Table 12 Roof Group Numbers

Roofs without Suspended Ceilings

Roof Materialsa Mass In Integral Mass Mass Out

No. Codes

R-Value Range Numbersb R-Value Range Numbersb R-Value Range Numbersb

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

1 B7 1 2 2 4 4
2 B8 4 5 9 10 18
3 B9 19 21 27 27 28
4 C5 6 7 7 10 10 3 6 7 7 10 11
5 C12 2 2 4 4 5 2 2 3 4 5 5
6 C13 7 12 13 13 20 5 7 12 13 13 20
7 C14 4 5 9 9 2 2 4 5 9 9
8 C15 5 10 18 18 18 4 5 10 10 18 18
9 C16 9 19 20 27 27 9 9 18 20 27 27

10 A3 1 1 1 2 2
11 Attic 1 2 2 2 4

Roof Terrace Systems

12 C12-C12 4 5 9 9 9 5 5 7 9 9
13 C12-C5 6 11 12 18 18 7 12 12 12 20
14 C12-C13 11 20 20 21 27 12 13 21 21 21
15 C5-C12 5 10 10 17 17 5 10 11 11 18
16 C5-C5 10 20 20 26 26 10 13 21 21 21
17 C5-C13 20 27 28 28 35 20 22 22 22 28
18 C13-C12 10 18 20 20 26 10 13 20 29 21
19 C13-C5 18 27 27 28 35 20 22 22 28 28
20 C13-C13 21 29 30 36 36 21 29 30 31 36

Roofs with Suspended Ceilings

Roof Materialsa Mass In Integral Mass Mass Out

No. Codes

R-Value Range Numbersb R-Value Range Numbersb R-Value Range Numbersb

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

1 B7 4 5 9 10 10
2 B8 9 20 21 22 28
3 B9 20 28 30 37 38
4 C5 8 15 18 18 23 6 7 7 7 10 10
5 C12 5 8 13 13 14 3 3 3 4 5
6 C13 18 24 25 25 11 11 12 13 13 20
7 C14 4 10 11 18 20 4 4 5 9 9 17
8 C15 10 18 21 21 28 9 9 10 18 19 26
9 C16 20 28 29 36 18 18 26 27 27

10 A3 1 1 2 2 4
11 Attic

Roof Terrace Systems

12 C12-C12 6 13 22 22 22 5 5 7 9 9
13 C12-C5 10 21 23 24 31 12 12 18 20
14 C12-C13 13 23 24 33 33 13 21 21 21
15 C5-C12 10 20 22 28 29 10 12 18 18
16 C5-C5 13 23 32 32 33 20 21 21 21
17 C5-C13 21 32 34 40 22 22 28 28
18 C13-C12 12 28 30 31 37 13 20 20 21
19 C13-C5 21 31 39 40 40 22 22 28 28
20 C13-C13 39 41 41 42 42 29 30 31 36 37

aBlank spaces denote a roof that is not possible with the chosen combinations of
parameters. Numbers 12 through 20 are roof terrace systems. First material is
outer layer, second material is inner layer. Massive material numbers are: 4, 5, 6,
7, 8, 9, 12, 13, 14, 15, 16, 17, 18, 19, and 20. Nonmassive material numbers are:
1, 2, 3, 10, and 11.

bR-Value ranges in h· ft2·°F/Btu are:

No. Range No. Range No. Range
1 0 to 5 3 10 to 15 5 20 to 25
2 5 to 10 4 15 to 20 6 25 to 30
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Table 13 Roof Conduction Transfer Function Coefficients (b and d Factors)

Roof 
Group (Layer Sequence Left to Right = Inside to Outside) n = 0 n = 1 n = 2 n = 3 n = 4 n = 5 n = 6

1 Layers E0 A3 B25 E3 E2 A0 bn 0.00487 0.03474 0.01365 0.00036 0.00000 0.00000 0.00000
Steel deck with 3.33 in. insulation dn 1.00000 −0.35451 0.02267 −0.00005 0.00000 0.00000 0.00000

2 Layers E0 A3 B14 E3 E2 A0 bn 0.00056 0.01202 0.01282 0.00143 0.00001 0.00000 0.00000
Steel deck with 5 in. insulation dn 1.00000 −0.60064 0.08602 −0.00135 0.00000 0.00000 0.00000

3 Layers EO E5 E4 C12 E3 E2 A0 bn 0.00613 0.03983 0.01375 0.00025 0.00000 0.00000 0.00000
2 in. h.w. concrete deck with suspended ceiling dn 1.00000 −0.75615 0.01439 −0.00006 0.00000 0.00000 0.00000

4 Layers E0 E1 B15 E4 B7 A0 bn 0.00000 0.00065 0.00339 0.00240 0.00029 0.00000 0.00000
Attic roof with 6 in. insulation dn 1.00000 −1.34658 0.59384 −0.09295 0.00296 −0.00001 0.00000

5 Layers E0 B14 C12 E3 E2 A0 bn 0.00006 0.00256 0.00477 0.00100 0.00002 0.00000 0.00000
5 in. insulation with 2 in. h.w. concrete deck dn 1.00000 −1.10395 0.26169 −0.00475 0.00002 0.00000 0.00000

6 Layers E0 C5 B17 E3 E2 A0 bn 0.00290 0.03143 0.02114 0.00120 0.00000 0.00000 0.00000
4 in. h.w. concrete deck with 0.3 in. insulation dn 1.00000 −0.97905 0.13444 −0.00272 0.00000 0.00000 0.00000

7 Layers E0 B22 C12 E3 E2 C12 A0 bn 0.00059 0.00867 0.00688 0.00037 0.00000 0.00000 0.00000
1.67 in. insulation with 2 in. h.w. concrete RTS dn 1.00000 −1.11766 0.23731 −0.00008 0.00000 0.00000 0.00000

8 Layers E0 B16 C13 E3 E2 A0 bn 0.00098 0.01938 0.02083 0.00219 0.00001 0.00000 0.00000
0.15 in. insul. with 6 in. h.w. concrete deck dn 1.00000 −1.10235 0.20750 −0.00287 0.00000 0.00000 0.00000

9 Layers E0 E5 E4 B12 C14 E3 E2 A0 bn 0.00000 0.00024 0.00217 0.00251 0.00055 0.00002 0.00000
3 in. insul. w/4 in. l.w. conc. deck and susp. clg. dn 1.00000 −1.40605 0.58814 −0.09034 0.00444 −0.00006 0.00000

10 Layers E0 E5 E4 C15 B16 E3 E2 A0 bn 0.00000 0.00025 0.00241 0.00303 0.00074 0.00004 0.00000
6 in. l.w. conc. dk w/0.15 in. ins. and susp. clg. dn 1.00000 −1.55701 0.73120 −0.11774 0.00600 −0.00008 0.00000

11 Layers E0 C5 B15 E3 E2 A0 bn 0.00000 0.00013 0.00097 0.00102 0.00020 0.00001 0.00000
4 in. h.w. concrete deck with 6 in. insulation dn 1.00000 −1.61467 0.79142 −0.13243 0.00611 −0.00008 0.00000

12 Layers E0 C13 B16 E3 E2 C12 A0 bn 0.00005 0.00356 0.01058 0.00404 0.00019 0.00000 0.00000
6 in. h.w. deck w/0.15 in. ins. and 2 in. h.w. RTS dn 1.00000 −1.59267 0.72160 −0.08275 0.00029 0.00000 0.00000

13 Layers E0 C13 B6 E3 E2 A0 bn 0.00002 0.00136 0.00373 0.00129 0.00006 0.00000 0.00000
6 in. h.w. concrete deck with 2 in. insulation dn 1.00000 −1.34451 0.44285 −0.04344 0.00016 0.00000 0.00000

14 Layers E0 E5 E4 C12 B13 E3 E2 A0 bn 0.00000 0.00046 0.00143 0.00057 0.00003 0.00000 0.00000
2 in. l.w. conc. deck w/4 in. ins. and susp. clg. dn 1.00000 −1.33741 0.41454 −0.03346 0.00031 0.00000 0.00000

15 Layers E0 E5 E4 C5 B6 E3 E2 A0 bn 0.00001 0.00066 0.00163 0.00049 0.00002 0.00000 0.00000
1 in. insul. w/4 in. h.w. conc. deck and susp. clg. dn 1.00000 −1.24348 0.28742 −0.01274 0.00009 0.00000 0.00000

16 Layers E0 E5 E4 C13 B20 E3 E2 A0 bn 0.00001 0.00060 0.00197 0.00086 0.00005 0.00000 0.00000
6 in. h.w. deck w/0.76 in. insul. and susp. clg. dn 1.00000 −1.39181 0.46337 −0.04714 0.00058 0.00000 0.00000

17 Layers E0 E5 E4 B15 C14 E3 E2 A0 bn 0.00000 0.00001 0.00021 0.00074 0.00053 0.00010 0.00000
6 in. insul. w/4 in. l.w. conc. deck and susp. clg. dn 1.00000 −1.87317 1.20950 −0.32904 0.03799 −0.00169 0.00002

18 Layers E0 C12 B15 E3 E2 C5 A0 bn 0.00000 0.00002 0.00027 0.00052 0.00019 0.00002 0.00000
2 in. h.w. conc. dk w/6 in. ins. and 2 in. h.w. RTS dn 1.00000 −2.10928 1.50843 −0.40880 0.03249 −0.00068 0.00000

19 Layers E0 C5 B27 E3 E2 C12 A0 bn 0.00000 0.00009 0.00073 0.00078 0.00015 0.00000 0.00000
4 in. h.w. deck w/4.54 in. ins. and 2 in. h.w. RTS dn 1.00000 −1.82851 1.02856 −0.17574 0.00556 −0.00003 0.00000

20 Layers E0 B21 C16 E3 E2 A0 bn 0.00000 0.00002 0.00044 0.00103 0.00049 0.00005 0.00000
1.36 in. insulation with 8 in. l.w. concrete deck dn 1.00000 −1.91999 1.21970 −0.30000 0.02630 −0.00061 0.00000

21 Layers E0 C13 B12 E3 E2 C12 A0 bn 0.00000 0.00009 0.00072 0.00077 0.00015 0.00000 0.00000
6 in. h.w. deck w/3 in. insul. and 2 in. h.w. RTS dn 1.00000 −1.84585 1.03238 −0.17182 0.00617 −0.00003 0.00000

22 Layers E0 B22 C5 E3 E2 C13 A0 bn 0.00000 0.00014 0.00100 0.00094 0.00015 0.00000 0.00000
1.67 in. ins. w/4 in. h.w. deck and 6 in. h.w. RTS dn 1.00000 −1.79981 0.94786 −0.13444 0.00360 −0.00001 0.00000

23 Layers E0 E5 E4 C12 B14 E3 E2 C12 A0 bn 0.00000 0.00002 0.00022 0.00031 0.00008 0.00000 0.00000
Susp. clg, 2 in. h.w. dk, 5 in. ins, 2 in. h.w. RTS dn 1.00000 −1.89903 1.13575 −0.23586 0.01276 −0.00015 0.00000

24 Layers E0 E5 E4 C5 E3 E2 B6 B1 C12 A0 bn 0.00000 0.00008 0.00047 0.00039 0.00006 0.00000 0.00000
Susp. clg, 4 in. h.w. dk, 2 in. ins, 2 in. h.w. RTS dn 1.00000 −1.73082 0.85681 −0.11614 0.00239 −0.00001 0.00000

25 Layers E0 E5 E4 C13 B13 E3 E2 A0 bn 0.00000 0.00002 0.00021 0.00031 0.00009 0.00001 0.00000
6 in. h.w. conc. deck w/4 in. ins. and susp. clg. dn 1.00000 −1.63446 0.78078 −0.14422 0.00940 −0.00011 0.00000

26 Layers E0 E5 E4 B15 C15 E3 E2 A0 bn 0.00000 0.00000 0.00002 0.00014 0.00024 0.00011 0.00002
6 in. insul. w/6 in. l.w. conc. deck and susp. clg. dn 1.00000 −2.29459 1.93694 −0.75741 0.14252 −0.01251 0.00046

27 Layers E0 C13 B15 E3 E2 C12 A0 bn 0.00000 0.00000 0.00007 0.00024 0.00016 0.00003 0.00000
6 in. h.w. deck w/6 in. ins. and 2 in. h.w. RTS dn 1.00000 −2.27813 1.82162 −0.60696 0.07696 −0.00246 0.00001

28 Layers E0 B9 B14 E3 E2 A0 bn 0.00000 0.00000 0.00001 0.00010 0.00017 0.00009 0.00001
4 in. wood deck with 5 in. insulation dn 1.00000 −2.41915 2.17932 −0.93062 0.19840 −0.02012 0.00081

29 Layers E0 E5 E4 C12 B13 E3 E2 C5 A0 bn 0.00000 0.00001 0.00018 0.00026 0.00007 0.00000 0.00000
Susp. clg, 2 in. h.w. dk, 4 in. ins, 4 in. h.w. RTS dn 1.00000 −1.99413 1.20218 −0.20898 0.01058 −0.00010 0.00000

30 Layers E0 E5 E4 B9 B6 E3 E2 A0 bn 0.00000 0.00000 0.00003 0.00016 0.00018 0.00005 0.00000
4 in. wood deck w/2 in. insul. and susp. ceiling dn 1.00000 −2.29665 1.86386 −0.65738 0.10295 −0.00631 0.00012

31 Layers E0 B27 C13 E3 E2 C13 A0 bn 0.00000 0.00000 0.00003 0.00014 0.00014 0.00003 0.00000
4.54 in. ins. w/6 in. h.w. deck and 6 in. h.w. RTS dn 1.00000 −2.29881 1.85733 −0.64691 0.10024 −0.00593 0.00006

32 Layers E0 E5 E4 C5 B20 E3 E2 C13 A0 bn 0.00000 0.00002 0.00024 0.00037 0.00011 0.00001 0.00000
Susp. clg, 4 in. h.w. dk, 0.76 in. ins, 4 in. h.w. RTS dn 1.00000 −2.09344 1.35118 −0.26478 0.01281 −0.00018 0.00000

33 Layers E0 E5 E4 C5 B13 E3 E2 C5 A0 bn 0.00000 0.00000 0.00005 0.00013 0.00007 0.00001 0.00000
Susp. clg, 4 in. h.w. dk, 4 in. ins, 4 in. h.w. RTS dn 1.00000 −2.07856 1.33963 −0.27670 0.02089 −0.00058 0.00000

34 Layers E0 E5 E4 C13 B23 E3 E2 C5 A0 bn 0.00000 0.00000 0.00005 0.00013 0.00007 0.00001 0.00000
Susp. clg, 6 in. h.w. dk, 2.42 in. ins, 4 in. h.w. RTS dn 1.00000 −2.13236 1.43448 −0.32023 0.02188 −0.00038 0.00000
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35 Layers E0 C5 B15 E3 E2 C13 A0 bn 0.00000 0.00000 0.00002 0.00010 0.00011 0.00003 0.00000
4 in. h.w. deck w/6 in. ins. and 6 in. h.w. RTS dn 1.00000 −2.51234 2.25816 −0.87306 0.14066 −0.00785 0.00016

36 Layers E0 C13 B27 E3 E2 C13 A0 bn 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 dn 1.00000 −2.50269 2.23944 −0.88012 0.15928 −0.01176 0.00018

37 Layers E0 E5 E4 B15 C13 E3 E2 C13 A0 bn 0.00000 0.00000 0.00000 0.00002 0.00005 0.00004 0.00001
Susp. clg, 6 in. ins, 6 in. h.w. dk, 6 in. h.w. RTS dn 1.00000 −2.75535 2.88190 −1.44618 0.36631 −0.04636 0.00269

38 Layers E0 E5 E4 B9 B15 E3 E2 A0 bn 0.00000 0.00000 0.00000 0.00001 0.00003 0.00003 0.00001
4 in. wood deck with 6 in. insul. and susp. ceiling dn 1.00000 −2.81433 3.05064 −1.62771 0.45499 −0.06569 0.00455

39 Layers E0 E5 E4 C13 B20 E3 E2 C13 A0 bn 0.00000 0.00000 0.00007 0.00019 0.00011 0.00001 0.00000
Susp. clg, 6 in. h.w. dk, 0.76 in. ins, 6 in. h.w. RTS dn 1.00000 −2.30711 1.77588 −0.52057 0.05597 −0.00118 0.00001

40 Layers E0 E5 E4 C5 B26 E3 E2 C13 A0 bn 0.00000 0.00000 0.00002 0.00007 0.00006 0.00001 0.00000
Susp. clg, 4 in. h.w. dk, 3.64 in. ins, 6 in. h.w. RTS dn 1.00000 −2.26975 1.68337 −0.45628 0.04712 −0.00180 0.00002

41 Layers E0 E5 E4 C13 B6 E3 E2 C13 A0 bn 0.00000 0.00000 0.00002 0.00007 0.00006 0.00001 0.00000
Susp. clg, 6 in. h.w. deck, 2 in. ins, 6 in. h.w. RTS dn 1.00000 −2.35843 1.86626 −0.56900 0.06466 −0.00157 0.00001

42 Layers E0 E5 E4 C13 B14 E3 E2 C13 A0 bn 0.00000 0.00000 0.00000 0.00001 0.00002 0.00001 0.00000
Susp. clg, 6 in. h.w. deck, 5 in. ins, 6 in. h.w. RTS dn 1.00000 −2.68628 2.63091 −1.16847 0.24692 −0.02269 0.00062

Table 14 Roof Conduction Transfer Function Coefficients Σcn, Time Lag, U-Factors, and Decrement Factors

Roof 
Group Σcn TL, h U DF

1 Layers E0 A3 B25 E3 E2 A0 0.05362 1.63 0.080 0.97
2 Layers E0 A3 B14 E3 E2 A0 0.02684 2.43 0.055 0.94
3 Layers EO E5 E4 C12 E3 E2 A0 0.05997 3.39 0.232 0.75
4 Layers E0 E1 B15 E4 B7 A0 0.00673 4.85 0.043 0.82
5 Layers E0 B14 C12 E3 E2 A0 0.00841 4.82 0.055 0.68
6 Layers E0 C5 B17 E3 E2 A0 0.05668 4.57 0.371 0.60
7 Layers E0 B22 C12 E3 E2 C12 A0 0.01652 5.00 0.138 0.56
8 Layers E0 B16 C13 E3 E2 A0 0.04340 5.45 0.424 0.47
9 Layers E0 E5 E4 B12 C14 E3 E2 A0 0.00550 6.32 0.057 0.60

10 Layers E0 E5 E4 C15 B16 E3 E2 A0 0.00647 7.14 0.104 0.49
11 Layers E0 C5 B15 E3 E2 A0 0.00232 7.39 0.046 0.43
12 Layers E0 C13 B16 E3 E2 C12 A0 0.01841 7.08 0.396 0.40
13 Layers E0 C13 B6 E3 E2 A0 0.00645 6.73 0.117 0.33
14 Layers E0 E5 E4 C12 B13 E3 E2 A0 0.00250 7.06 0.057 0.26
15 Layers E0 E5 E4 C5 B6 E3 E2 A0 0.01477 7.16 0.090 0.16
16 Layers E0 E5 E4 C13 B20 E3 E2 A0 0.00349 7.54 0.140 0.15
17 Layers E0 E5 E4 B15 C14 E3 E2 A0 0.00159 8.23 0.036 0.50
18 Layers E0 C12 B15 E3 E2 C5 A0 0.00101 9.21 0.046 0.41
19 Layers E0 C5 B27 E3 E2 C12 A0 0.00176 8.42 0.059 0.37
20 Layers E0 B21 C16 E3 E2 A0 0.00202 8.93 0.080 0.32
21 Layers E0 C13 B12 E3 E2 C12 A0 0.00174 8.93 0.083 0.26
22 Layers E0 B22 C5 E3 E2 C13 A0 0.00222 8.99 0.129 0.20
23 Layers E0 E5 E4 C12 B14 E3 E2 C12 A0 0.00064 9.26 0.047 0.16
24 Layers E0 E5 E4 C5 E3 E2 B6 B1 C12 A0 0.00100 8.84 0.082 0.12
25 Layers E0 E5 E4 C13 B13 E3 E2 A0 0.00063 8.77 0.056 0.09
26 Layers E0 E5 E4 B15 C15 E3 E2 A0 0.00053 10.44 0.034 0.30
27 Layers E0 C13 B15 E3 E2 C12 A0 0.00050 10.48 0.045 0.24
28 Layers E0 B9 B14 E3 E2 A0 0.00038 11.18 0.044 0.19
29 Layers E0 E5 E4 C12 B13 E3 E2 C5 A0 0.00053 10.57 0.056 0.16
30 Layers E0 E5 E4 B9 B6 E3 E2 A0 0.00042 11.22 0.064 0.13
31 Layers E0 B27 C13 E3 E2 C13 A0 0.00034 11.27 0.057 0.12
32 Layers E0 E5 E4 C5 B20 E3 E2 C13 A0 0.00075 11.31 0.133 0.10
33 Layers E0 E5 E4 C5 B13 E3 E2 C5 A0 0.00026 11.47 0.055 0.08
34 Layers E0 E5 E4 C13 B23 E3 E2 C5 A0 0.00026 11.63 0.077 0.06
35 Layers E0 C5 B15 E3 E2 C13 A0 0.00026 12.29 0.045 0.18
36 Layers E0 C13 B27 E3 E2 C13 A0 0.00025 12.67 0.057 0.13
37 Layers E0 E5 E4 B15 C13 E3 E2 C13 A0 0.00012 13.02 0.040 0.11
38 Layers E0 E5 E4 B9 B15 E3 E2 A0 0.00008 13.33 0.035 0.09
39 Layers E0 E5 E4 C13 B20 E3 E2 C13 A0 0.00039 12.23 0.131 0.07
40 Layers E0 E5 E4 C5 B26 E3 E2 C13 A0 0.00016 12.68 0.059 0.06
41 Layers E0 E5 E4 C13 B6 E3 E2 C13 A0 0.00016 12.85 0.085 0.05
42 Layers E0 E5 E4 C13 B14 E3 E2 C13 A0 0.00005 14.17 0.046 0.03

Table 13 Roof Conduction Transfer Function Coefficients (b and d Factors) (Concluded)

Roof 
Group (Layer Sequence Left to Right = Inside to Outside) n = 0 n = 1 n = 2 n = 3 n = 4 n = 5 n = 6
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Table 15 Wall Group Numbers, Walls for Mass-In Case—Dominant Wall Material

R 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

R-Value Ranges,
h·ft2 ·°F/BtuCombined with Wall Material A1, E1, or Both

1 * * * * * * * * * * * * * * * * 2 * * * * * * * * 1 0.0 - 2.0

2 * 5 * * * * * * * 5 * * * * 11 * 2 6 * * * * * * * 2 2.0 - 2.5

3 * 5 * * * 3 * 2 5 6 * * 5 * 12 18 2 6 * * * * * * * 3 2.5 - 3.0

4 * 5 * * * 4 2 2 5 6 * * 6 12 12 19 2 7 * * * * * * * 4 3.0 - 3.5

5 * 5 * * * 4 2 3 6 6 10 4 6 17 12 19 2 7 * * * * 5 * * 5 3.5 - 4.0

6 * 6 * * * 5 2 4 6 6 11 5 10 17 13 19 2 11 * * * * 10 * 16 6 4.0 - 4.75

7 * 6 * * * 5 2 4 6 6 11 5 10 18 13 20 2 11 2 * * * 10 * 16 7 4.75 - 5.5 

8 * 6 * * * 5 2 5 10 7 12 5 11 18 13 26 2 12 2 * * * 10 * 17 8 5.5 - 6.5

9 * 6 * * * 5 4 5 11 7 16 10 11 18 13 20 3 12 4 5 * * 11 * 18 9 6.5 - 7.75

10 * 6 * * * 5 4 5 11 7 17 10 11 18 13 20 3 12 4 9 10 * 11 * 18 10 7.75 - 9.0 

11 * 6 * * * 5 4 5 11 7 17 10 11 19 13 27 3 12 4 10 15 4 11 * 18 11  9.0 - 10.75

12 * 6 * * * 5 4 5 11 11 17 10 11 19 19 27 3 12 4 10 16 4 11 * 24 12 10.75 - 12.75

13 * 10 * * * 10 4 5 11 11 17 10 11 19 18 27 4 12 5 11 17 9 12 15 25 13 12.75 - 15.0 

14 * 10 * * * 10 5 5 11 11 18 11 12 25 19 27 4 12 5 11 17 10 16 16 25 14 15.0 - 17.5

15 * 11 * * * 10 5 9 11 11 18 15 16 26 19 28 4 12 5 11 17 10 16 22 25 15 17.5 - 20.0

16 * 11 * * * 10 9 9 16 11 18 15 16 26 19 34 4 17 9 16 23 10 16 23 25 16 20.0 - 23.0

17 * * * * * * * * * * 24 16 * * * * * * 9 16 24 15 17 24 25 17 23.0 - 27.0

Combined with Wall Material A3 or A6
1 * * * * * * * * * * * * * * * * 1 * * * * * * * *

2 * 3 * * * * * 2 3 5 * * * * 11 * 2 6 * * * * * * *

3 * 5 * * * 2 * 2 5 3 * * 5 * 12 18 2 6 * * * * * * * Wall Materials
Layers (Table 11)4 * 5 * * * 3 1 2 5 5 * * 5 11 12 19 2 7 * * * * * * *

5 * 5 * * * 3 2 2 5 5 6 3 5 12 12 19 2 7 * * * * 5 * * 1 A1,A3,A6, or 
E1

6 * 6 * * * 4 2 2 5 5 10 4 6 12 12 19 2 7 * * * * 5 * 11 2 A2 or A7

7 * 6 * * * 5 2 2 6 6 11 5 6 17 13 20 2 7 2 * * * 6 * 12 3 B7 

8 * 6 * * * 5 2 3 6 6 11 5 6 18 13 20 2 7 2 * * * 6 * 17 4 B10

9 * 6 * * * 5 2 3 6 6 11 5 6 18 13 20 2 8 2 5 * * 10 * 17 5 B9

10 * 6 * * * 5 2 3 6 6 12 5 6 18 14 21 2 12 2 5 10 * 11 * 17 6 C1

11 * 6 * * * 5 2 3 6 6 12 5 6 18 14 21 3 12 4 5 11 4 11 * 18 7 C2

12 * 6 * * * 5 2 3 6 7 12 6 11 19 14 21 3 12 4 10 16 4 11 * 18 8 C3

13 * 6 * * * 5 2 4 6 7 12 10 11 19 14 27 3 12 5 10 17 5 11 10 18 9 C4

14 * 10 * * * 6 4 4 10 7 17 10 11 19 18 27 4 12 5 11 17 9 11 16 18 10 C5

15 * 10 * * * 10 4 4 10 11 17 10 11 25 18 28 4 12 5 11 17 10 11 16 18 11 C6

16 * 11 * * * 10 4 5 11 11 17 10 11 25 18 28 4 12 9 11 18 10 16 17 24 12 C7

17 * * * * * * * * * * 17 10 * * * * * * 9 16 24 11 16 23 25 13 C8

Combined with Wall Material A2 or A7
14 C9

15 C10

1 * * * * * * * * * * * * * * * * * * * * * * * * * 16 C11

2 3 * * * * * * * * 11 * * * * * * 6 * * * * * * * * 17 C12

3 5 11 * * * * * 6 11 12 * * * * 18 * 6 12 * * * * * * * 18 C13

4 5 12 5 * * 11 * 11 12 12 * * 12 * 19 26 7 13 * * * * * * * 19 C14

5 5 12 6 * * 12 6 12 12 13 * * 12 24 19 27 7 14 * * * * * * * 20 C15

6 6 13 6 10 * 13 10 12 12 13 17 11 17 25 20 27 7 18 * * * * 16 * 24 21 C16

7 6 13 6 11 * 18 11 12 13 13 18 16 17 26 20 28 7 19 11 * * * 17 * 25 22 C17

8 6 13 6 11 * 18 11 12 13 13 24 17 18 26 20 28 12 19 11 * * * 17 * 25 23 C18

9 6 13 6 11 24 18 11 13 18 13 25 17 18 27 20 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 11 17 23 * 18 * 26 25 C20

11 6 14 10 16 32 19 11 13 18 14 25 17 18 33 21 35 12 19 16 23 24 16 18 * 33

12 6 14 10 16 32 19 11 13 18 14 26 18 18 34 27 35 12 19 16 24 31 16 19 * 33 *Denotes a wall not possi-
ble with chosen combina-
tion of parameters.

13 6 18 11 16 33 19 12 13 18 18 26 18 18 34 27 36 12 20 17 24 32 17 25 30 33

14 10 18 11 17 33 19 12 13 18 18 26 18 18 34 27 36 12 20 17 24 32 23 25 31 34

15 10 18 11 17 34 19 16 18 18 18 26 24 25 34 27 36 12 20 17 25 33 24 25 32 34

16 11 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 25 38 39
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Table 16 Walls for Integral Mass Case—Dominant Wall Material

R 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

R-Value Ranges,
h·ft2 ·°F/BtuCombined with Wall Material A1, E1, or Both

1 1 3 * * * * * 1 3 3 * * * * 11 * 2 5 * * * * * * * 1 0.0 - 2.0

2 1 3 1 * * 2 * 2 4 4 * * 5 * 11 17 2 5 * * * * * * * 2 2.0 - 2.5

3 1 4 1 * * 2 2 2 4 4 * * 5 10 12 17 4 5 * * * * * * * 3 2.5 - 3.0

4 1 * 1 * * 2 2 * * * 10 4 5 10 * 17 * * * * * * 4 * * 4 3.0 - 3.5

5 1 * 1 2 * * 4 * * * 10 4 * 10 * * * * * * * * 4 * 10 5 3.5 - 4.0

6 1 * 1 2 * * * * * * 10 4 * * * * * * 2 * * * 4 * 10 6 4.0 - 4.75

7 1 * 1 2 * * * * * * * * * * * * * * 2 * * * * * 10 7 4.75 - 5.5 

8 1 * 2 4 10 * * * * * * * * * * * * * 4 4 * * * * * 8 5.5 - 6.5

9 1 * 2 4 11 * * * * * * * * * * * * * * 4 * * * * * 9 6.5 - 7.75

10 1 * 2 4 16 * * * * * * * * * * * * * * * 9 * * * * 10 7.75 - 9.0 

11 1 * 2 4 16 * * * * * * * * * * * * * * * 9 4 * * * 11  9.0 - 10.75

12 1 * 2 5 17 * * * * * * * * * * * * * * * * 4 * * * 12 10.75 - 12.75

13 2 * 2 5 17 * * * * * * * * * * * * * * * * * * 15 * 13 12.75 - 15.0 

14 2 * 2 5 17 * * * * * * * * * * * * * * * * * * 15 * 14 15.0 - 17.5

15 2 * 2 9 24 * * * * * * * * * * * * * * * * * * * * 15 17.5 - 20.0

16 2 * 4 9 24 * * * * * * * * * * * * * * * * * * * * 16 20.0 - 23.0

17 * * * 9 24 * * * * * * * * * * * * * * * * * * * * 17 23.0 - 27.0

Combined with Wall Material A3 or A6
1 1 3 * * * * * 1 3 2 * * * * 6 * 1 5 * * * * * * *

2 1 3 1 * * 2 * 1 3 2 * * 3 * 6 12 1 5 * * * * * * *

3 1 4 1 * * 2 1 2 4 4 * * 3 10 11 12 2 5 * * * * * * * Wall Materials
Layers (Table 11)4 1 * 1 * * 4 1 * * *  5 2 4 10 * 12 * * * * * * 4 * *

5 1 * 1 2 * * 2 * * *  5 2 * 10 * * * * * * * * 4 * 10 1 A1,A3,A6, or 
E1

6 1 * 1 2 * * * * * * 10 4 * * * * * * 2 * * * 4 * 10 2 A2 or A7

7 1 * 1 2 * * * * * * * * * * * * * * 2 * * * * * 10 3 B7 

8 1 * 1 2 10 * * * * * * * * * * * * * 4 4 * * * * * 4 B10

9 1 * 1 4 11 * * * * * * * * * * * * * * 4 * * * * * 5 B9

10 1 * 2 4 16 * * * * * * * * * * * * * * * 9 * * * * 6 C1

11 1 * 2 4 16 * * * * * * * * * * * * * * * 9 2 * * * 7 C2

12 1 * 2 4 17 * * * * * * * * * * * * * * * * 4 * * * 8 C3

13 1 * 2 5 17 * * * * * * * * * * * * * * * * * * 10 * 9 C4

14 1 * 2 5 17 * * * * * * * * * * * * * * * * * * 15 * 10 C5

15 1 * 2 5 18 * * * * * * * * * * * * * * * * * * * * 11 C6

16 2 * 4 9 24 * * * * * * * * * * * * * * * * * * * * 12 C7

17 * * * 9 24 * * * * * * * * * * * * * * * * * * * * 13 C8

Combined with Wall Material A2 or A7
14 C9

15 C10

1 3  6 * * * * * * *  6 * * * * * *  3 11 * * * * * * * 16 C11

2 3 10 * * * * *  5 10 10 * * * * 17 24  5 11 * * * * * * * 17 C12

3 4 10 5 * *  5 *  5 10 11 * * 10 * 17 25  5 16 * * * * * * * 18 C13

4 * 11 5 * * 10  5  5 11 11 15 10 10 17 18 26  5 17 * * * * 10 * * 19 C14

5 * 11 5 10 * 10  5  5 11 11 16 10 16 23 18 26  5 17 * * * * 10 * * 20 C15

6 * 11 * 11 * 10  5 5 16 11 17 10 16 24 18 33  5 17 * * * * 16 * 23 21 C16

7 * 11 * 11 * 10  5 10 16 16 17 10 16 25 25 33  5 17  5 * * * 16 * 23 22 C17

8 * 16 * * 22 10  9 10 16 11 17 11 16 25 25 34  10 18  9 * * * 17 * 24 23 C18

9 * 16 * * 23 11  9 10 16 16 24 16 16 26 25 34 10 18 10 15 * * 17 * 25 24 C19

10 * 16 * * * 15  9 10 16 17 24 15 16 26 26 34 10 18 10 15 22 * 17 * 25 25 C20

11 * 16 * * * 15 10 10 17 16 24 16 17 33 26 35 10 18 10 16 23 10 23 * 25

12 * 16 * * * 16 10 10 17 17 24 16 17 33 26 35 10 18 10 16 23 15 23 * 32 *Denotes a wall not possi-
ble with chosen combina-
tion of parameters.

13 * 16 * * * 16 10 10 17 16 25 17 17 33 26 35 10 24 15 23 24 15 24 23 32

14 * 17 * * * 16 10 15 23 17 31 23 24 33 26 40 10 24 15 23 31 16 23 30 32

15 * 17 * * * 16 15 15 23 23 31 23 24 38 33 40 10 24 15 24 31 16 23 30 32

16 * 23 * * * 22 15 16 24 24 32 23 24 38 33 41 15 25 15 23 32 22 23 31 32

17 * * * * * * 15 * * * 32 23 * 39 * * * * 22 30 32 23 24 32 38
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Table 17 Walls for Mass-Out Case—Dominant Wall Material

R 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

R-Value Ranges,
h·ft2 ·°F/BtuCombined with Wall Material A1, E1, or Both

1 * * * * * * * * * * * * * * * * 1 * * * * * * * * 1 0.0 - 2.0

2 * 3 * * * * * 2 3 5 * * * * 6 * 1 5 * * * * * * * 2 2.0 - 2.5

3 * 3 * * * 2 * 2 4 5 * * 5 * 11 18 2 5 * * * * * * * 3 2.5 - 3.0

4 * 3 * * * 2 2 2 5 5 * * 5 16 11 18 2 5 * * * * * * * 4 3.0 - 3.5

5 * 3 * * * 2 2 2 5 5 10 4 6 17 11 19 2 6 * * * * 5 * * 5 3.5 - 4.0

6 * 4 * * * 4 2 2 5 5 10 4 6 17 11 19 2 6 * * * * 9 * 16 6 4.0 - 4.75

7 * 4 * * * 4 2 2 5 6 11 5 10 17 12 19 2 6 2 * * * 10 * 16 7 4.75 - 5.5 

8 * 5 * * * 4 2 2 5 6 11 5 10 18 11 20 2 6 4 * * * 10 * 16 8 5.5 - 6.5

9 * 5 * * * 4 2 2 5 6 11 5 10 18 11 26 2 6 4 9 * * 10 * 17 9 6.5 - 7.75

10 * 5 * * * 5 2 4 5 6 16 10 10 18 12 26 2 6 4 9 15 * 10 * 17 10 7.75 - 9.0 

11 * 5 * * * 5 4 4 5 6 16 10 10 18 12 26 2 6 4 10 15 4 11 * 18 11  9.0 - 10.75

12 * 5 * * * 5 4 4 10 6 16 10 10 18 12 26 2 10 5 10 16 9 11 * 18 12 10.75 - 12.75

13 * 5 * * * 5 4 4 10 10 17 10 11 18 12 26 2 10 5 11 17 9 11 15 24 13 12.75 - 15.0 

14 * 5 * * * 5 4 4 10 10 17 10 11 24 18 26 2 10 9 15 23 10 16 16 24 14 15.0 - 17.5

15 * 5 * * * 9 4 4 10 10 17 10 15 25 18 26 2 10 9 15 23 10 16 22 24 15 17.5 - 20.0

16 * 9 * * * 9 9 9 15 10 17 10 15 25 18 33 4 11 9 16 24 15 16 23 24 16 20.0 - 23.0

17 * * * * * * * * * * 23 15 * * * * * * 9 22 24 15 16 24 25 17 23.0 - 27.0

Combined with Wall Material A3 or A6
1 * * * * * * * * * * * * * * * * 1 * * * * * * * *

2 * 3 * * * * * 2 3 2 * * * * 6 * 1 5 * * * * * * *

3 * 3 * * * 2 * 2 3 2 * * * * 10 17 1 5 * * * * * * * Wall Materials
Layers (Table 11)4 * 3 * * * 2 1 2 4 3 * * 4 11 11 17 1 5 * * * * * * *

5 * 3 * * * 2 2 2 4 3 5 2 5 11 11 18 1 6 * * * * 4 * * 1 A1,A3,A6, or 
E1

6 * 3 * * * 2 2 2 4 3 10 3 5 12 11 18 2 6 * * * * 5 * 10 2 A2 or A7

7 * 3 * * * 2 2 2 5 3 10 4 5 12 11 18 2 6 2 * * * 5 * 11 3 B7 

8 * 4 * * * 2 2 2 5 3 10 4 5 12 11 18 2 6 2 * * * 5 * 12 4 B10

9 * 4 * * * 2 2 2 5 4 11 5 5 17 11 18 2 6 2 5 * * 6 * 16 5 B9

10 * 5 * * * 2 2 2 5 4 11 5 5 17 11 19 2 6 2 5 10 * 6 * 17 6 C1

11 * 5 * * * 2 2 2 5 4 11 5 5 17 12 19 2 6 4 5 11 4 10 * 17 7 C2

12 * 5 * * * 4 2 2 5 5 11 5 5 17 12 19 2 6 4 10 15 4 10 * 17 8 C3

13 * 5 * * * 4 2 2 5 5 11 5 10 18 12 19 2 10 4 10 16 5 10 10 17 9 C4

14 * 5 * * * 4 2 4 5 5 16 9 10 18 12 25 2 10 4 10 17 9 10 16 17 10 C5

15 * 5 * * * 4 4 4 9 5 16 9 10 18 16 25 2 10 5 11 17 10 10 16 18 11 C6

16 * 9 * * * 4 4 4 9 9 16 10 10 24 17 25 4 10 5 11 17 10 11 17 18 12 C7

17 * * * * * * * * * * 16 10 * * * * * * 9 16 23 10 15 23 24 13 C8

Combined with Wall Material A2 or A7
14 C9

15 C10

1 * * * * * * * * * * * * * * * * * * * * * * * * * 16 C11

2 3 * * * * * * * * 11 * * * * * * 5 * * * * * * * * 17 C12

3 3 10 * * * * * 5 10 11 * * * * 17 * 5 12 * * * * * * * 18 C13

4 3 11 5 * * 10 * 5 11 11 * * 11 * 18 26 6 12 * * * * * * * 19 C14

5 3 11 5 * * 10 5 6 11 11 * * 11 24 18 26 6 13 * * * * * * * 20 C15

6 3 11 5 10 * 10 5 10 11 11 17 10 11 24 18 26 6 13 * * * * 16 * 23 21 C16

7 3 12 5 10 * 10 9 10 11 12 17 11 16 25 19 27 6 17 9 * * * 16 * 23 22 C17

8 4 12 5 10 * 10 10 10 12 12 17 15 16 25 19 27 6 17 10 * * * 16 * 24 23 C18

9 4 12 5 10 23 11 10 10 12 12 23 16 17 26 19 27 10 18 10 15 * * 16 * 25 24 C19

10 5 12 5 15 24 11 10 10 16 12 24 16 17 26 19 34 10 18 10 16 22 * 17 * 25 25 C20

11 5 12 9 15 30 11 10 10 16 12 24 16 17 26 19 34 10 18 10 16 23 15 17 * 25

12 5 12 10 15 31 11 10 10 17 12 24 16 17 26 25 34 10 18 10 22 24 15 17 * 32 *Denotes a wall not possi-
ble with chosen combina-
tion of parameters.

13 5 17 10 16 32 11 10 11 17 17 24 16 17 26 25 34 11 18 15 23 30 15 23 23 32

14 5 17 10 16 32 15 10 11 17 17 25 16 17 33 25 34 11 18 15 23 31 22 23 30 32

15 5 17 10 16 32 16 15 15 17 17 25 22 23 33 26 35 11 18 15 23 31 22 23 30 32

16 9 17 15 16 32 16 15 15 23 17 31 22 23 33 26 40 15 24 15 23 32 23 24 31 32

17 * * * 22 38 * 15 * * * 31 23 * 33 * * * * 22 30 37 23 24 37 38
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Table 18 Wall Conduction Transfer Function Coefficients (b and d Factors)

Wall 
Group (Layer Sequence Left to Right = Inside to Outside) n =0 n =1 n =2 n =3 n =4 n =5 n =6

1 Layers E0 A3 B1 B13 A3 A0 bn 0.00768 0.03498 0.00719 0.00006 0.00000 0.00000 0.00000
Steel siding with 4 in. insulation dn 1.00000 −0.24072 0.00168 0.00000 0.00000 0.00000 0.00000

2 Layers E0 E1 B14 A1 A0 A0 bn 0.00016 0.00545 0.00961 0.00215 0.00005 0.00000 0.00000
Frame wall with 5 in. insulation dn 1.00000 −0.93389 0.27396 −0.02561 0.00014 0.00000 0.00000

3 Layers E0 C3 B5 A6 A0 A0 bn 0.00411 0.03230 0.01474 0.00047 0.00000 0.00000 0.00000
4 in. h.w. concrete block with 1 in. insulation dn 1.00000 −0.76963 0.04014 −0.00042 0.00000 0.00000 0.00000

4 Layers E0 E1 B6 C12 A0 A0 bn 0.00001 0.00108 0.00384 0.00187 0.00013 0.00000 0.00000
2 in. insulation with 2 in. h.w. concrete dn 1.00000 –1.37579 0.61544−0.09389 0.00221 0.00000 0.00000

5 Layers E0 A6 B21 C7 A0 A0 bn 0.00008 0.00444 0.01018 0.00296 0.00010 0.00000 0.00000
1.36 in. insulation with 8 in. l.w. concrete block dn 1.00000 –1.16043 0.32547−0.02746 0.00021 0.00000 0.00000

6 Layers E0 E1 B2 C5 A1 A0 bn 0.00051 0.00938 0.01057 0.00127 0.00001 0.00000 0.00000
1 in. insulation with 4 in. h.w. concrete dn 1.00000 –1.17580 0.30071−0.01561 0.00001 0.00000 0.00000

7 Layers E0 A6 C5 B3 A3 A0 bn 0.00099 0.00836 0.00361 0.00007 0.00000 0.00000 0.00000
4 in. h.w. concrete with 2 in. insulation dn 1.00000 −0.93970 0.04664 0.00000 0.00000 0.00000 0.00000

8 Layers E0 A2 C12 B5 A6 A0 bn 0.00014 0.00460 0.00733 0.00135 0.00002 0.00000 0.00000
Face brick and 2 in. h.w. concrete with 1 in. insul. dn 1.00000 –1.20012 0.27937−0.01039 0.00005 0.00000 0.00000

9 Layers E0 A6 B15 B10 A0 A0 bn 0.00000 0.00006 0.00086 0.00146 0.00051 0.00004 0.00000
6 in. insulation with 2 in. wood dn 1.00000 –1.63352 0.86971−0.18121 0.01445−0.00031 0.00000

10 Layers E0 E1 C2 B5 A2 A0 bn 0.00001 0.00102 0.00441 0.00260 0.00024 0.00000 0.00000
4 in. l.w. conc. block w/1 in. insul. and face brick dn 1.00000 –1.66358 0.82440−0.11098 0.00351 0.00000 0.00000

11 Layers E0 E1 C8 B6 A1 A0 bn 0.00000 0.00061 0.00289 0.00183 0.00018 0.00000 0.00000
8 in. h.w. concrete block with 2 in. insulation dn 1.00000 –1.52480 0.67146−0.09844 0.00239 0.00000 0.00000

12 Layers E0 E1 B1 C10 A1 A0 bn 0.00002 0.00198 0.00816 0.00467 0.00044 0.00001 0.00000
8 in. h.w. concrete dn 1.00000 –1.51658 0.64261−0.08382 0.00289−0.00001 0.00000

13 Layers E0 A2 C5 B19 A6 A0 bn 0.00003 0.00203 0.00601 0.00233 0.00013 0.00000 0.00000
Face brick and 4 in. h.w. concrete with 0.61 in. ins. dn 1.00000 –1.41349 0.48697−0.03218 0.00057 0.00000 0.00000

14 Layers E0 A2 A2 B6 A6 A0 bn 0.00000 0.00030 0.00167 0.00123 0.00016 0.00000 0.00000
Face brick and face brick with 2 in. insulation dn 1.00000 –1.52986 0.62059−0.06329 0.00196−0.00001 0.00000

15 Layers E0 A6 C17 B1 A7 A0 bn 0.00000 0.00003 0.00060 0.00145 0.00074 0.00009 0.00000
8 in. l.w. concrete block (filled) and face brick dn 1.00000 –1.99996 1.36804−0.37388 0.03885−0.00140 0.00002

16 Layers E0 A6 C18 B1 A7 A0 bn 0.00000 0.00014 0.00169 0.00270 0.00086 0.00006 0.00000
8 in. h.w. concrete block (filled) and face brick dn 1.00000 –2.00258 1.32887−0.32486 0.02361−0.00052 0.00000

17 Layers E0 A2 C2 B15 A0 A0 bn 0.00000 0.00000 0.00013 0.00044 0.00030 0.00005 0.00000
Face brick and 4 in. l.w. conc. block with 6 in. ins. dn 1.00000 –2.00875 1.37120−0.37897 0.03962−0.00165 0.00002

18 Layers E0 A6 B25 C9 A0 A0 bn 0.00000 0.00001 0.00026 0.00071 0.00040 0.00005 0.00000
3.33 in. insulation with 8 in. common brick dn 1.00000 –1.92906 1.24412−0.33029 0.03663−0.00147 0.00002

19 Layers E0 C9 B6 A6 A0 A0 bn 0.00000 0.00005 0.00064 0.00099 0.00030 0.00002 0.00000
8 in. common brick with 2 in. insulation dn 1.00000 –1.78165 0.96017−0.16904 0.00958−0.00016 0.00000

20 Layers E0 C11 B19 A6 A0 A0 bn 0.00000 0.00012 0.00119 0.00154 0.00038 0.00002 0.00000
12 in. h.w. concrete with 0.61 in. insulation dn 1.00000 –1.86032 1.05927−0.19508 0.01002−0.00016 0.00000

21 Layers E0 C11 B6 A1 A0 A0 bn 0.00000 0.00001 0.00019 0.00045 0.00022 0.00002 0.00000
12 in. h.w. concrete with 2 in. insulation dn 1.00000 –2.12812 1.53974−0.45512 0.05298−0.00158 0.00002

22 Layers E0 C14 B15 A2 A0 A0 bn 0.00000 0.00000 0.00006 0.00026 0.00025 0.00006 0.00000
4 in. l.w. concrete with 6 in. insul. and face brick dn 1.00000 –2.28714 1.85457−0.63564 0.08859−0.00463 0.00009

23 Layers E0 E1 B15 C7 A2 A0 bn 0.00000 0.00000 0.00002 0.00012 0.00019 0.00008 0.00001
6 in. insulation with 8 in. l.w. concrete block dn 1.00000 –2.54231 2.43767 –1.10744 0.24599−0.02510 0.00101

24 Layers E0 A6 C20 B1 A7 A0 bn 0.00000 0.00000 0.00015 0.00066 0.00062 0.00015 0.00001
12 in. h.w. concrete block (filled) and face brick dn 1.00000 –2.47997 2.22597−0.87231 0.14275−0.00850 0.00018

25 Layers E0 A2 C15 B12 A6 A0 bn 0.00000 0.00000 0.00004 0.00019 0.00021 0.00006 0.00001
Face brick and 6 in. l.w. conc. blk. w/3 in. insul. dn 1.00000 –2.28573 1.80756−0.58999 0.08155−0.00500 0.00013

26 Layers E0 A2 C6 B6 A6 A0 bn 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 dn 1.00000 –2.18780 1.60930−0.46185 0.05051−0.00218 0.00003

27 Layers E0 E1 B14 C11 A1 A0 bn 0.00000 0.00000 0.00001 0.00006 0.00011 0.00005 0.00001
5 in. insulation with 12 in. h.w. concrete dn 1.00000 –2.55944 2.45942 –1.12551 0.25621−0.02721 0.00107

28 Layers E0 E1 C11 B13 A1 A0 bn 0.00000 0.00000 0.00002 0.00010 0.00012 0.00004 0.00000
12 in. h.w. concrete with 4 in. insulation dn 1.00000 –2.37671 2.04312−0.79860 0.14868−0.01231 0.00037

29 Layers E0 A2 C11 B5 A6 A0 bn 0.00000 0.00000 0.00004 0.00021 0.00021 0.00006 0.00000
Face brick and 12 in. h.w. concrete with 1 in. insul. dn 1.00000 –2.42903 2.08179−0.75768 0.11461−0.00674 0.00015

30 Layers E0 E1 B19 C19 A2 A0 bn 0.00000 0.00000 0.00001 0.00006 0.00015 0.00010 0.00002
0.61 in. ins. w/12 in. l.w. blk. (fld.) and face brick dn 1.00000 –2.83632 3.10377 –1.65731 0.45360−0.06212 0.00393

31 Layers E0 E1 B15 C15 A2 A0 bn 0.00000 0.00000 0.00000 0.00002 0.00007 0.00006 0.00002
6 in. insul. with 6 in. l.w. conc. and face brick dn 1.00000 –2.90291 3.28970 –1.85454 0.55033−0.08384 0.00599

32 Layers E0 E1 B23 B9 A2 A0 bn 0.00000 0.00000 0.00000 0.00005 0.00011 0.00007 0.00001
2.42 in. insulation with face brick dn 1.00000 –2.82266 3.04536 –1.58410 0.41423−0.05186 0.00273

33 Layers E0 A2 C6 B15 A6 A0 bn 0.00000 0.00000 0.00000 0.00002 0.00006 0.00005 0.00001
Face brick and 8 in. clay tile with 6 in. insulation dn 1.00000 –2.68945 2.71279 –1.28873 0.30051−0.03338 0.00175



Nonresidential Air-Conditioning Cooling and Heating Load 28.27

34 Layers E0 C11 B21 A2 A0 A0 bn 0.00000 0.00000 0.00003 0.00015 0.00014 0.00003 0.00000
12 in. h.w. conc. with 1.36 in. insul. and face brick dn 1.00000 –2.67076 2.58089 –1.07967 0.18237−0.01057 0.00021

35 Layers E0 E1 B14 C11 A2 A0 bn 0.00000 0.00000 0.00000 0.00001 0.00003 0.00003 0.00001
5 in. insul. with 12 in. h.w. conc. and face brick dn 1.00000 –2.96850 3.45612 –2.02882 0.64302−0.10884 0.00906

36 Layers E0 A2 C11 B25 A6 A0 bn 0.00000 0.00000 0.00000 0.00004 0.00007 0.00004 0.00001
Face brick and 12 in. h.w. conc. with 3.33 in. insul. dn 1.00000 –2.55127 2.36600−0.99023 0.19505−0.01814 0.00075

37 Layers E0 E1 B25 C19 A2 A0 bn 0.00000 0.00000 0.00000 0.00001 0.00003 0.00003 0.00002
3.33 in. ins. w/12 in. l.w. blk. (fld.) and face brick dn 1.00000 –3.17762 4.00458 –2.56328 0.89048−0.16764 0.01638

38 Layers E0 E1 B15 C20 A2 A0 bn 0.00000 0.00000 0.00000 0.00001 0.00002 0.00003 0.00001
6 in. ins. w/12 in. h.w. block (fld.) and face brick dn 1.00000 –3.14989 3.95116 –2.53790 0.89438−0.17209 0.01706

39 Layers E0 A2 C16 B14 A6 A0 bn 0.00000 0.00000 0.00000 0.00001 0.00002 0.00003 0.00001
Face brick and 8 in. l.w. concrete with 5 in. insul. dn 1.00000 –2.99386 3.45884 –1.95834 0.57704−0.08844 0.00687

40 Layers E0 A2 C20 B15 A6 A0 bn 0.00000 0.00000 0.00000 0.00001 0.00002 0.00003 0.00001
Face brick, 12 in. h.w. block (fld.), 6 in. insul. dn 1.00000 –2.97582 3.42244 –1.93318 0.56765−0.08568 0.00652

41 Layers E0 E1 C11 B14 A2 A0 bn 0.00000 0.00000 0.00000 0.00001 0.00002 0.00002 0.00001
12 in. h.w. conc. with 5 in. insul. and face brick dn 1.00000 –3.08296 3.66615 –2.11991 0.62142−0.08917 0.00561

Table 19 Wall Conduction Transfer Function Coefficients Σcn, Time Lag, U-Factors, and Decrement Factors

Wall 
Group Σcn TL, h U DF

1 Layers E0 A3 B1 B13 A3 A0 0.04990 1.30 0.066 0.98
2 Layers E0 E1 B14 A1 A0 A0 0.01743 3.21 0.055 0.91
3 Layers E0 C3 B5 A6 A0 A0 0.05162 3.33 0.191 0.78
4 Layers E0 E1 B6 C12 A0 A0 0.00694 4.76 0.047 0.81
5 Layers E0 A6 B21 C7 A0 A0 0.01776 5.11 0.129 0.64
6 Layers E0 E1 B2 C5 A1 A0 0.02174 5.28 0.199 0.54
7 Layers E0 A6 C5 B3 A3 A0 0.01303 5.14 0.122 0.41
8 Layers E0 A2 C12 B5 A6 A0 0.01345 6.21 0.195 0.35
9 Layers E0 A6 B15 B10 A0 A0 0.00293 7.02 0.042 0.58

10 Layers E0 E1 C2 B5 A2 A0 0.00828 7.05 0.155 0.53
11 Layers E0 E1 C8 B6 A1 A0 0.00552 7.11 0.109 0.37
12 Layers E0 E1 B1 C10 A1 A0 0.01528 7.25 0.339 0.33
13 Layers E0 A2 C5 B19 A6 A0 0.01053 7.17 0.251 0.28
14 Layers E0 A2 A2 B6 A6 A0 0.00337 7.90 0.114 0.22
15 Layers E0 A6 C17 B1 A7 A0 0.00291 8.64 0.092 0.47
16 Layers E0 A6 C18 B1 A7 A0 0.00545 8.91 0.222 0.38
17 Layers E0 A2 C2 B15 A0 A0 0.00093 9.36 0.043 0.30
18 Layers E0 A6 B25 C9 A0 A0 0.00144 9.23 0.072 0.24
19 Layers E0 C9 B6 A6 A0 A0 0.00200 8.97 0.106 0.20
20 Layers E0 C11 B19 A6 A0 A0 0.00326 9.27 0.237 0.16
21 Layers E0 C11 B6 A1 A0 A0 0.00089 10.20 0.112 0.13
22 Layers E0 C14 B15 A2 A0 A0 0.00064 10.36 0.040 0.36
23 Layers E0 E1 B15 C7 A2 A0 0.00042 11.17 0.042 0.28
24 Layers E0 A6 C20 B1 A7 A0 0.00159 11.29 0.196 0.23
25 Layers E0 A2 C15 B12 A6 A0 0.00051 11.44 0.060 0.19
26 Layers E0 A2 C6 B6 A6 A0 0.00078 10.99 0.097 0.15
27 Layers E0 E1 B14 C11 A1 A0 0.00024 11.82 0.052 0.12
28 Layers E0 E1 C11 B13 A1 A0 0.00029 11.40 0.064 0.10
29 Layers E0 A2 C11 B5 A6 A0 0.00052 12.06 0.168 0.08
30 Layers E0 E1 B19 C19 A2 A0 0.00034 12.65 0.062 0.24
31 Layers E0 E1 B15 C15 A2 A0 0.00017 12.97 0.038 0.21
32 Layers E0 E1 B23 B9 A2 A0 0.00025 13.05 0.069 0.16
33 Layers E0 A2 C6 B15 A6 A0 0.00015 12.96 0.042 0.12
34 Layers E0 C11 B21 A2 A0 A0 0.00035 12.85 0.143 0.09
35 Layers E0 E1 B14 C11 A2 A0 0.00009 13.69 0.052 0.08
36 Layers E0 A2 C11 B25 A6 A0 0.00016 12.82 0.073 0.06
37 Layers E0 E1 B25 C19 A2 A0 0.00008 14.70 0.040 0.14
38 Layers E0 E1 B15 C20 A2 A0 0.00008 14.39 0.041 0.12
39 Layers E0 A2 C16 B14 A6 A0 0.00007 14.64 0.040 0.10
40 Layers E0 A2 C20 B15 A6 A0 0.00007 14.38 0.041 0.08
41 Layers E0 E1 C11 B14 A2 A0 0.00005 14.87 0.052 0.06

Table 18 Wall Conduction Transfer Function Coefficients (b and d Factors) (Concluded)

Wall 
Group (Layer Sequence Left to Right = Inside to Outside) n =0 n =1 n =2 n =3 n =4 n =5 n =6



28.28 1997 ASHRAE Fundamentals Handbook

CTF Coefficients (Tables 11 and 15 through 19)

Outside surface resistance = A0
4 in. high density concrete = C5

2 in. insulation = B3
Air space resistance = B1

3/4 in. plaster = E1
Inside surface resistance = E0

The appropriate arrangement of layers in the wall can be found in
Table 17. The dominant wall layer C5 is at the outside surface (“mass
out”), and has a Wall Material column number of 10; combined with an
E1 layer, this dictates use of the upper array of code numbers for wall
assembly groups. Entering this array with an R-value range of 9 (R =
6.667), column 10 indicates that Wall Group 6 most nearly represents
the wall under consideration.

The CTF coefficients of Wall Group 6 as listed in Table 18 are:

From Table 19, the U-factor of the wall is 0.199 and 

Heat Flow Calculations. The following format of Equation (25)
demonstrates heat flow calculations through the wall:

This arrangement indicates that the heat gain through the wall is the
sum of three parts:

1. 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 one step in time earlier is multiplied by b1, etc.

2. Sum of the products of d coefficients and the previous values of heat
gain. Note that the first d used is d1. Again, the order of values is the
same as in the first term, i.e., d1 is multiplied by the heat gain value
that was calculated for the previous step in time, d2 is multiplied by
the value calculated for two steps back in time, etc.

3. A constant, since room air temperature is constant and needs to be
calculated only once.

The sequence of calculation using numerical values of this example
are then as follows (starting at time θ = 1, expressing heat flux in
Btu/(h·ft2), setting A = 1.0, and dropping b and d coefficients 4 through
6 as insignificant):

The values for qe for this example are given in the summary table.

The convergence of the heat gain values to a periodic steady-state
condition is indicated by comparing the average of the last 24 values
with the average heat flow. The latter is given by the product of the U-
factor and the difference between the average sol-air and room temper-
ature. Thus

The average of the last 24 values of heat gain tabulated in the sum-
mary table is given by: 

Heat Gain through Interior Partitions, 
Floors, and Ceilings

Whenever a conditioned space is adjacent to other spaces at dif-
ferent temperatures, the transfer of heat through the partition can be
calculated by:

(26)

where

A = area, ft2

tb = air temperature of adjacent space, °F
b, c, d = CTF coefficients derived from Tables 11 through 19, considering 

partitions as walls and floors or ceilings as roofs

Heat Gain from Adjacent Spaces. When tb is constant or at
least the variations of tb are small compared to the difference (tb −
trc), qp,θ is given by the simple steady-state expression

(27)

where U = coefficient of overall heat transfer between the adjacent
and the conditioned spaces (see Tables 14 or 19 or Chapter 24).

b0 =0.00051 d0 = 1.0000
b1 =0.00938 d1 =−1.17580
b2 =0.01057 d2 = 0.30071
b3 =0.00127 d3 =−0.01561
b4 =0.00001 d4 = 0.00001
b5 =0.00000 d5 = 0.00000
b6 =0.00000 d6 = 0.00000

cn 0.02174.=
n=0
∑

qe θ, A⁄

  b0 te θ,( )

 b1 te θ δ–,( )+

 b2 te θ 2δ–,( )+

 . 

 .  

 .  

  d1 qe θ δ–,( ) A⁄[ ]

 d2 qe θ 2δ–,( ) A⁄[ ]+

 . 

 .  

 .  

 .   

– trc cn
n=0
∑–=

qe 1,

+0.00051 76( )
+0.00938 77( )
+0.01057 79( )
+0.00127 81( )

1.17580 0( )–

+0.30071 0( )
0.01561 0( )–

– 0.02174 75( )–=

0.068=

qe 2,

+0.00051 76( )
+0.00938 76( )
+0.01057 77( )
+0.00127 79( )

1.17580 0.068( )–

+0.30071 0( )
0.01561 0( )–

– +1.6305–=

0.117=

 Summary of Calculations for Example 3

n qe,n n qe,n n qe,n n qe,n

 1 0.068 25 3.688 49 3.744 73 3.745
 2 0.117 26 3.174 50 3.221 74 3.221
 3 0.139 27 2.712 51 2.751 75 2.751
 4 0.141 28 2.303 52 2.335 76 2.336
 5 0.117 29 1.933 53 1.961 77 1.961
 6 0.077 30 1.603 54 1.626 78 1.626
 7 0.048 31 1.329 55 1.348 79 1.349
 8 0.065 32 1.141 56 1.157 80 1.157
 9 0.156 33 1.060 57 1.073 81 1.073
10 0.333 34 1.092 58 1.103 82 1.103
11 0.599 35 1.237 59 1.246 83 1.246
12 0.948 36 1.483 60 1.491 84 1.491
13 1.372 37 1.821 61 1.828 85 1.828
14 1.945 38 2.322 62 2.328 86 2.328
15 2.746 39 3.063 63 3.068 87 3.068
16 3.731 40 3.997 64 4.002 88 4.002
17 4.773 41 4.997 65 5.000 89 5.000
18 5.702 42 5.890 66 5.892 90 5.892
19 6.320 43 6.478 67 6.480 91 6.480
20 6.388 44 6.520 68 6.522 92 6.522
21 5.974 45 6.085 69 6.087 93 6.087
22 5.401 46 5.495 70 5.496 94 5.496
23 4.810 47 4.888 71 4.889 95 4.889
24 4.236 48 4.302 72 4.303 96 4.303

Note: n is in hours and qe,n is in Btu/(h·ft2).

qavg 0.199 91.54 75.00–( ) 3.291 Btu h ft
2⋅( )⁄= =

qe avg, qe i,
i 73=

96

∑
 
 
 
 

24⁄ 78.954
24

---------------- 3.29Btu/h ft
2⋅= = =

qe θ, A⁄  =

bn te θ nδ–,( )
dn qe θ nδ–,( )

A
------------------------------ trc–

n=1
∑ cn

n 0=
∑–

n= 0
∑

qp θ, UA tb trc–( )=
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The same expression gives the mean values for qp,θ, when a
mean value of tb is used even though tb varies. When qp,θ, is rela-
tively small compared to the other room heat gain components, it
may be considered constant at its mean value. If this component of
heat gain is large, the temperature in the adjacent space should be
calculated.

Note the common values qp,θ , A, tb, and trc in Equations (26)
and (30), illustrating the general functional equivalency of CTF
coefficients b, c, and d in dynamic heat transfer over time to the
steady-state heat transfer coefficient U, thus setting the rationale
for adjustment of tabular CTF values by ratio of Uactual /Utable .

Conversion of Cooling Load from Heat Gain
The cooling load of a space depends on the magnitude and the

nature of the sensible heat gain (i.e., heat conduction through walls,
direct and diffuse solar radiation, energy input to lights, etc.) and on
the location and mass of room objects that absorb the radiant heat.
For example, the cooling load profile resulting from a unit pulse of
solar radiation absorbed by window glass is quite different from that
absorbed by a floor surface. Thus, each component of the room heat
gain gives rise to a distinct component of cooling load, and the sum
of these various components at any time is the total cooling load at
that time.

Unlike other components, the latent heat gain component of the
cooling load may or may not be part of room load depending on the
type of air-conditioning system, i.e., ventilation air may be dehu-
midified at a central location rather than in each room.

Cooling Load by Room Transfer Function. Stephenson and
Mitalas (1967), Mitalas and Stephenson (1967), and Kimura and
Stephenson (1968) related heat gain to the corresponding cooling
load by a room transfer function (RTF), which depends on the
nature of the heat gain and on the heat storage characteristics of the
space (i.e., of the walls, floor, etc., that enclose the space, and of the
contents of that space). Where the heat gain qθ is given at equal time
intervals, the corresponding cooling load Qθ at time θ can be related
to the current value of qθ and the preceding values of cooling load
and heat gain by:

(28)

where i is taken from 1 to the number of heat gain components and
δ = time interval. The terms v0, v1 ..., w1, w2 ... are the coefficients
of the RTF

(29)

which relates the transform of the corresponding parts of the cooling
load and of the heat gain. These coefficients depend on (1) the size
of the time interval δ between successive values of heat gain and
cooling load, (2) the nature of the heat gain (how much is in the form
of radiation and where it is absorbed), and (3) on the heat storage
capacity of the room and its contents. Therefore, different RTFs are
used to convert each distinct heat gain component to cooling load.

While the basic form of Equation (31) anticipates a series of vn
and wn coefficients, the effect of past v1 and w1 is negligible, and
data tabulated may generally be used with confidence. A slight inac-
curacy does occur in the calculation for the first hour that internal
loads begin; up through the second before the hour for which the
calculation is made, such load does not exist, and the value gener-
ated by the transfer functions is not reached until the end of that
hour. The convective component of such load is instantaneous, and

the growth of the radiant component (combined with the convective
element by the transfer coefficients) as it is absorbed and released
by the building mass and contents is realistic throughout the rest of
the load period.

Sensitivity of Parameters—Nontypical Applications
The concept of evaluating the thermal storage performance of a

given space by means of RTF coefficients is based on the essential
similarity of enclosing surfaces, spacial geometry, and related
characteristics of that space to corresponding parameters of the
space for which the data were calculated. ASHRAE research
projects 359-RP [(Chiles and Sowell 1984), (Sowell and Chiles
1984a), (Sowell and Chiles 1984b)], 472-RP [(Harris and McQuis-
ton 1988), (Sowell 1988a), (Sowell 1988b), (Sowell 1988c)], and
626-RP [(Falconer et al. 1993), (Spitler and McQuiston 1993),
(Spitler et al. 1993)] investigated the unexpected sensitivity of
such attributes and other counterintuitive phenomena regarding ap-
parent responsiveness of relative masses in the storage and rejec-
tion of heat, and identified 14 discrete screening parameters with
two to five levels of characterization each (Tables 20 through 23)
by which to select representative data and to modify factors

Qθ voqθ v1qθ d– v2qθ 2δ– …+ + +( )
i=1
∑=

   w1Qθ δ– w2Qθ 2δ– …+ +( )–

K z( )
v0 v1z

1–
v2z

2– …+ + +

1 w1z
1–

w2z
2– …+ + +

--------------------------------------------------------=

Table 20 Zone Parametric Level Definitions

No. Parameter Meaning Levels (in normal order)

1 ZG Zone geometry 100 ft × 20 ft, 15 ft × 15 ft, 
100 ft × 100 ft

2 ZH Zone height 8 ft, 10 ft, 20 ft
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 

construction
1, 2, 3, 4 (Table 21)

7 PT Partition type 5/8 in. gypsum board-air space 5/8 in. 
gypsum board, 8 in. concrete block

8 ZL Zone location Single-story, top floor, bottom floor, 
mid-floor

9 MF Mid-floor type 8 in. concrete, 2.5 in. concrete, 
1 in. wood

10 ST Slab type Mid-floor type, 4 in. slab on 12 in. soil
11 CT Ceiling type 3/4 in. acoustic tile and air space, 

w/o ceiling
12 RT Roof type 1, 2, 3, 4 (Table 23)
13 FC Floor covering Carpet with rubber pad, vinyl tile
14 GL Glass percent 10, 50, 90

Table 21 Exterior Wall Construction Types

Type Description

1 Outside surface resistance, 1 in. stucco, 1 in. insulation, 3/4 in. plaster 
or gypsum, inside surface resistance (A0, A1, B1, E1, E0)*

2 Outside surface resistance, 1 in. stucco, 8 in. HW concrete, 3/4 in. 
plaster or gypsum, inside surface resistance (A0, A1, C10, E1, E0)

3 Outside surface resistance, steel siding, 3 in. insulation, steel siding, 
inside surface (A0, A3, B12, A3, E0)*

4 Outside surface resistance, 4 in. face brick, 2 in. insulation. 12 in. HW 
concrete, 3/4 in. plaster or gypsum, inside surface resistance (A0, 
A2, B3, C11, E1, E0)*

Note: Code letters are defined in Table 11.

Table 22 Floor and Ceiling Types Specified by
Zone Location Parameter

Zone Location Floor Ceiling

Single story Slab-on-grade Roof

Top floor Mid-floor Roof

Bottom floor Slab-on-grade Mid-floor

Mid-floor Mid-floor Mid-floor
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appropriately for specific applications. While these selection pa-
rameters are arranged so that errors due to deviations are minimal
and conservative, careful use is required in situations differing sig-
nificantly from one or more specific parameters.

Peak Heat Gain Versus Peak Cooling Load. The RTF proce-
dure distributes all heat gained during a 24-h period throughout that
period in the conversion to cooling load. Thus, individual heat gain
components rarely appear at full value as part of the cooling load
unless representing a constant 24-h input (such as a continuously
burning light fixture), or in very low mass construction that releases
stored radiant heat relatively quickly. This concept is further com-
plicated by the premise of “constant interior space temperature”
(i.e., operation of an HVAC system 24 h a day, seven days a week
with fixed control settings), which practice is far less prevalent
today than in the past. The effect of intermittent system operation is
seen primarily during the first hours of operation for a subsequent
day, as discussed in the section Heat Extraction Rate, and can
impact equipment size selection significantly.

Superposition of Load Components. Finally, a presupposition
of the TFM is that total cooling load for a space can be calculated
by simple addition of the individual components. For example,
radiation heat transfer from individual walls or roofs is assumed to
be independent of the other surfaces, which is slightly incorrect in
a theoretical sense. However, means for compensation for these

limitations fall within the range of acceptable error that must be
expected in any estimate of cooling load.

The previously mentioned research calculated RTF values for all
possible combinations of screening parameter levels for a total of
200,640 individual cases. Access to these data is available electron-
ically by techniques outlined in the Cooling and Heating Load Cal-
culation Manual (McQuiston and Spitler 1992). A simplified

Table 23 Roof Construction Types

Type Description

1 Outside surface resistance, 1/2 in. slag or stone, 3/8 in. felt membrane, 
1 in. insulation, steel siding, inside surface resistance (A0, E2, E3, 
B4, A3, E0)*

2 Outside surface resistance, 1/2 in. slag or stone, 3/8 in. felt membrane, 
6 in. LW concrete, inside surface resistance (A0, E2, E3, C15, E0)*

3 Outside surface resistance, 1/2 in. slag or stone, 3/8 in. felt membrane, 
2 in. insulation, steel siding, ceiling air space, acoustic tile, inside 
surface resistance (A0, E2, E3, B6, A3, E4, E5, E0)*

4 Outside surface resistance, 1/2 in. slag or stone, 3/8 in. felt membrane, 
8 in. LW concrete, ceiling air space, acoustic tile, inside surface 
resistance (A0, E2, E3, C16, E4, E5, E0)*

Note: Code letters are defined in Table 11.

Table 24 Room Transfer Functions:  Coefficient

Room Air
Circulationa

and S/R Type

Room Envelope Constructionb

2-in. 
Wood 
Floor

3-in.
Concrete 

Floor

6-in.
Concrete 

Floor

8-in.
Concrete 

Floor

12-in. 
Concrete 

Floor

Specific Mass per Unit Floor Area, lb/ft2

10 40 75 120 160

Low −0.88 −0.92 −0.95 −0.97 −0.98

Medium −0.84 −0.90 −0.94 −0.96 −0.97

High −0.81 −0.88 −0.93 −0.95 −0.97

Very High −0.77 −0.85 −0.92 −0.95 −0.97

−0.73 −0.83 −0.91 −0.94 −0.96
aCirculation rate—
Low: Minimum required to cope with cooling load from lights and occupants in inte-
rior zone. Supply through floor, wall, or ceiling diffuser. Ceiling space not used for
return air, and h = 0.4 Btu/h·ft2· °F (where h = inside surface convection coefficient
used in calculation of w1 value).

Medium: Supply through floor, wall, or ceiling diffuser. Ceiling space not used for
return air, and  0.6 Btu/h·ft2· °F.

High: Room air circulation induced by primary air of induction unit or by room fan and
coil unit. Ceiling space used for return air, and  0.8 Btu/h·ft2· °F.

Very high: High room circulation used to minimize temperature gradients in a room.
Ceiling space used for return air, and  0.8 Btu/h·ft2· °F.

bFloor covered with carpet and rubber pad; for a bare floor or if covered with floor tile,
take next w1 value down the column.

Table 25 Room Transfer Functions: v0 and v1 Coefficients

Heat Gain Component
Room Envelope 
Constructionb

v0 v1

Dimensionless

Solar heat gain through glassc with 
no interior shade; radiant heat from 
equipment and people

Light 0.224 1 + w1 − v0

Medium 0.197 1 + w1 − v0

Heavy 0.187 1 + w1 − v0

Conduction heat gain through 
exterior walls, roofs, partitions, 
doors, windows with blinds or 
drapes

Light 0.703 1 + w1 − v0

Medium 0.681 1 + w1 − v0

Heavy 0.676 1 + w1 − v0

Convective heat generated by 
equipment and people, and from 
ventilation and infiltration air

Light 1.000 0.0

Medium 1.000 0.0
Heavy 1.000 0.0

Heat Gain from Lightsd

Furnishings
Air Supply
and Return

Type of  Light 
Fixture v0 v1

Heavyweight 
simple furnishings, 
no carpet

Low rate; supply 
and return below 
ceiling (V ≤ 0.5)e

Recessed, 
not vented

0.450 1 + w1 − v0

Ordinary 
furnishings, 
no carpet

Medium to high 
rate, supply and 
return below or 
through ceiling
(V ≥ 0.5)e

Recessed, 
not vented

0.550 1 + w1 − v0

Ordinary 
furnishings, with 
or without carpet 
on floor

Medium to high 
rate, or induction 
unit or fan and coil, 
supply and return 
below, or through 
ceiling, return air 
plenum (V ≥ 0.5)e

Vented

0.650 1 + w1 − v0

Any type of 
furniture, with or 
without carpet

Ducted returns 
through light 
fixtures

Vented or free-
hanging in air-
stream with 
ducted returns 0.750 1 + w1 − v0

aThe transfer functions in this table were calculated by procedures outlined in Mitalas
and Stephenson (1967) and are acceptable for cases where all heat gain energy even-
tually appears as cooling load. The computer program used was developed at the
National Research Council of Canada, Division of Building Research.

bThe construction designations denote the following:
Light construction: such as frame exterior wall, 2-in. concrete floor slab, approxi-
mately 30 lb of material per square foot of floor area.

Medium construction: such as 4-in. concrete exterior wall, 4-in. concrete floor slab,
approximately 70 lb of building material per square foot of  floor area.

Heavy construction: such as 6-in. concrete exterior wall, 6-in. concrete floor slab,
approximately 130 lb of building material per square foot of floor area.

cThe coefficients of the transfer function that relate room cooling load to solar heat
gain through glass depend on where the solar energy is absorbed. If the window is
shaded by an inside blind or curtain, most of the solar energy is absorbed by the shade,
and is transferred to the room by convection and long-wave radiation in about the
same proportion as the heat gain through walls and roofs; thus the same transfer coef-
ficients apply.

dIf room supply air is exhausted through the space above the ceiling and lights are
recessed, such air removes some heat from the lights that would otherwise have
entered the room. This removed light heat is still a load on the cooling plant if the air
is recirculated, even though it is not a part of the room heat gain as such. The percent
of heat gain appearing in the room depends on the type of lighting fixture, its mount-
ing, and the exhaust airflow.

eV is room air supply rate in cfm/ft2 of floor area.
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method of RTF selection is presented in this chapter with RTF coef-
ficients for various types and configurations of room construction
and room air circulation rates given in Tables 24 and 25.

Use of Room Transfer Functions

To obtain appropriate room transfer function data for use in
Equation (28), (1) select the value of w1 from Table 24 for the
approximate space envelope construction and range of air circula-
tion, and (2) select and/or calculate the values of v0 and v1 from
Table 25 for the appropriate heat gain component and range of space
construction mass.

Example 4. Cooling load due to solar radiation through glass. Consider a
room having a 1/2 in. air space double-glazed window (shading coeffi-
cient = 0.83) in a multistory office building of heavyweight construc-
tion (approximately 120 lb/ft2 floor area). The building is located at
40°N latitude, the date is June 21, and the window orientation is NW.
The U-factor for the window is 0.56 Btu/(h·ft2· °F). Assume the floor
to be carpeted, the air circulation rate “medium” (hi = 0.6
Btu/(h·ft2· °F), and the ceiling space not ventilated. Calculate the cool-
ing load due to solar radiation through glass. Solar heat gain (SHG) to
the room through the window is given as SHG = SHGF × Shading
Coefficient = SHGF × 0.83.

Solution: The room transfer function coefficients for 120 lb/ft2 con-
struction, solar radiation input, medium air circulation rate, and the
condition of “no heat loss for the room” are (see Tables 24 and 25):

 

The cooling load component due to solar radiation through glass at
any time θ is given by Equation (28). The calculations can be set up as
follows:

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 θ = 1, 2, 3, and 4; therefore, Qs in Btu/(h·ft2) are:

Values of Qθ for the remainder of the calculations are listed in the
following table. The calculations of Qθ are terminated at θ = 96 h,
because by that time, the effect of the assumed zero initial conditions
has decreased to negligible proportions.  

Cooling Load from Nonradiant Heat Gain
Sensible cooling load from strictly convective heat gain ele-

ments is instantaneous, added directly to the results of those gains
processed by CTF and RTF coefficients, per the following equation.

(30)

where

 Qsc = sensible cooling load from heat gain elements having only 
convective components

qc = each of j heat gain elements having only such convective 
component

Heat Extraction Rate and Room Temperature
Discussion to this point has concentrated on estimating design

cooling load for a conditioned space, assuming the maintenance of
a constant interior temperature and the hourly total removal of all
cooling load entering the space; and allowing the delaying action of
building mass and contents to run its course. Certain minor factors
have been ignored, such as the relatively indeterminate radiant heat
loss to the outside of the building.

The basic principles of the TFM are also useful in estimating
dynamic cooling load requirements over an extended period (see
Chapter 30). In such cases, however, the goal is no longer to seek the
peak load for equipment selection purposes, and the ebb and flow of
heat into and out of the building assume much greater importance;
thus, any loss back to the environment must be considered. This
concept is also critical in predicting temperature swings in the space
and the ability of cooling equipment to extract heat when operated
in a building with extended off cycles (nights and weekends).

The cooling loads determined by the TFM serve as input data for
estimating the resultant room air temperature and the heat extraction
rate with a particular type and size of cooling unit, or set of operating

Time, h SHGF SHG Time, h SHGF SHG

0100 0 0 1300 40 33
0200 0 0 1400 63 52
0300 0 0 1500 114 95
0400 0 0 1600 156 129
0500 1 1 1700 172 143
0600 13 11 1800 143 119
0700 21 17 1900 21 17
0800 27 22 2000 0 0
0900 32 27 2100 0 0
1000 35 29 2200 0 0
1100 38 32 2300 0 0
1200 38 32 2400 0 0

Daily total 917 753
Note: SHGF from Table 18, Chapter 29. Units are Btu/h·ft2

Q5 v, w Hour SHG Prev. Qs Factor

0.187 5 1 0.187
−0.147 4 0 0.000

0.96 4 0 0.000
Q5 = 0.187

Q6 v, w Hour SHG Prev. Qs Factor

0.187 6 11 0.187
−0.147 5 1 −0.147

0.96 5 0.187 0.180
 Q6 = 2.090

v0 0.187=  w0 1.000 (in all cases)=

v1 0.147–= w1 0.960–=

Qθ

v0 SHGθ( )

 v1 SHGθ δ–( )+

 w1 Qθ δ–( )–

=

Values of Qθ for Example 4

 θ  Qθ  θ  Qθ  θ  Qθ  θ  Qθ

1 = 0.000 25 = 17.041 49 = 23.440 73 = 25.842
2 = 0.000 26 = 16.359 50 = 22.502 74 = 24.808
3 = 0.000 27 = 15.705 51 = 21.602 75 = 23.816
4 = 0.000 28 = 15.077 52 = 20.738 76 = 22.863
5 = 0.187 29 = 14.661 53 = 20.095 77 = 22.135
6 = 2.090 30 = 15.985 54 = 21.201 78 = 23.160

7 = 3.568 31 = 16.908 55 = 21.915 79 = 23.796
8 = 5.040 32 = 17.847 56 = 22.653 80 = 24.459
9 = 6.653 33 = 18.948 57 = 23.562 81 = 25.296

10 = 7.841 34 = 19.644 58 = 24.074 82 = 25.738
11 = 9.248 35 = 20.579 59 = 24.832 83 = 26.429
12 = 10.158 36 = 21.036 60 = 25.119 84 = 26.652

13 = 11.219 37 = 21.662 61 = 25.581 85 = 27.053
14 = 15.643 38 = 25.669 62 = 29.431 86 = 30.844
15 = 25.138 39 = 34.763 63 = 38.375 87 = 39.731
16 = 34.290 40 = 43.530 64 = 46.998 88 = 48.300
17 = 40.696 41 = 49.567 65 = 52.896 89 = 54.146
18 = 40.300 42 = 48.816 66 = 52.012 90 = 53.212

19 = 24.374 43 = 32.549 67 = 35.618 91 = 36.770
20 = 20.900 44 = 28.748 68 = 31.694 92 = 32.800
21 = 20.064 45 = 27.598 69 = 30.426 93 = 31.488
22 = 19.261 46 = 26.494 70 = 29.209 94 = 30.228
23 = 18.491 47 = 25.434 71 = 28.041 95 = 29.019
24 = 17.751 48 = 24.417 72 = 26.919 96 = 27.858

Note: Values carried to 3 decimals to illustrate degree of convergence.

Qsc qc j,( )
j=1
∑=
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conditions, or both. In addition, the characteristics of the cooling unit
(i.e., heat extraction rate versus room air temperature), the schedule
of operation, and a space air transfer function (SATF) for the room
that relates room air temperature and heat extraction rate must also
be included to run these calculations.

The heat extraction characteristics of the cooling unit can be
approximated by a linear expression of the form

(31)

where

ERθ = rate of heat removal from space at time θ
trθ = the air temperature in space at time θ

W, S = parameters characterizing performance of specific types of 
cooling equipment

This linear relationship only holds when trθ is within the throt-
tling range of the control system. When trθ lies outside of this range,
ERθ has the value of either ERmax or ERmin, depending on whether
the temperature trθ is above or below the throttling range. The value
of S is the difference ERmax − ERmin divided by the width of the
throttling range, and Wθ is the value ERθ would have if the straight-
line relationship between it and trθ held at tr1 equals zero. This inter-
cept depends on the set point temperature of the control system,
which may be taken as the temperature at the middle of the throt-
tling range. Thus,

(32)

where is the thermostat set point temperature at time θ.

Space Air Transfer Function
The heat extraction rate and the room air temperature are related

by the space air transfer function (SATF):

(33)

where g1 and p1 are the SATF coefficients, and Q is the calculated
cooling load for the room at time θ, based on an assumed constant
room temperature of trc. Normalized values of g and p are given in
Table 26 for light, medium, and heavy construction.

Thermal Conductance to Surroundings. In calculating the
design cooling load components previously described, it was
assumed that all energy transferred into the space eventually
appears as space cooling load. However, this is not quite true over
an extended period, because a fraction of the input energy can
instead be lost back to the surroundings. This fraction Fc depends on
the thermal conductance between the space air and the surroundings
and can be estimated as

(34)

where Kθ is the unit length conductance between the space air and
surroundings given by

(35)

where

LF = length of space exterior wall, ft
U = U-factor of space enclosure element (subscript R for roof, W for 

window, OW for outside wall, and P for partition, should such be 
adjacent to an unconditioned area), Btu/(h·ft2· °F)

A = area of space enclosure element, ft2

The units of Kθ are Btu/(h·ft· °F). Therefore, if Fc is to be dimen-
sionless, the multiplier is 0.02 h·ft· °F/Btu.

Adjustment of Load Components. To adjust the space cooling
loads calculated in the previous sections, multiply the value of the
following components by the factor Fc from Equation (34):

• Sensible cooling load from heat gain by conduction through exte-
rior roofs and walls

• Sensible cooling load from conduction and solar heat gain
through fenestration areas

• Sensible cooling load from heat gain through interior partitions,
ceilings, and floors

• Sensible cooling load from radiant portion of heat gain from
lights, people, and equipment

Adjustments to g* Coefficients. To obtain the SATF coeffi-
cients for Equation (36), first select the values of p0, p1, g0*, g1*,
and g2* from Table 26 for the appropriate space envelope construc-
tion. Since the * coefficients in Table 26 are for a space with zero
heat conductance to surrounding spaces and are normalized to a unit
floor area, it is necessary to adjust the 0 and 1 values. To get the g0
and g1 coefficients for a space with a floor area A, total conductance
Kθ [by Equation (35)] between space air surroundings, ventilation
rate, and infiltration rate, the relationships are:

(36)

(37)

Note that Equation (37) has no second term when calculating
g2,θ, since p2 has no value.

Heat Extraction Rate. For either condition (heat loss to sur-
roundings or not, and using the appropriate values of g), Equations
(31) and (32) can be solved simultaneously for ERθ

(38)

where

(39)

If the value of ERθ calculated by Equation (38) is greater than
ERmax, it is made equal to ERmax; if it is less than ERmin, it is made
equal to ERmin. Then trθ is calculated from the expression

(40)

Table 26 Normalized Coefficients of Space
Air Transfer Functionsa

Room Envelope 
Construction

g0
* g1

* g2
* p0 p1

Btu/h·ft· °F Dimensionless

Light 1.68 −1.73 0.05 1.0 −0.82

Medium 1.81 −1.89 0.08 1.0 −0.87

Heavy 1.85 −1.95 0.10 1.0 −0.93
aFor simplified procedure for calculating space air transfer function coefficients, see
ASHRAE (1975).

bThe designations Light, Medium, and Heavy denote the same meanings as those foot-
noted for Table 25.
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Example 5. Calculation of room air temperature and heat extraction
rate. A room is of heavy construction with a floor area of 400 ft2. The
total room cooling load calculated on the basis of trc = 70°F is given as: 

The cooling unit has a maximum heat extraction capability of 7500
Btu/h and a minimum of zero. The throttling range is 3°F wide.
Assume no ventilation and no infiltration, and heat loss to the exterior
surroundings at the rate of 100 Btu/(h· °F). Calculate room air tempera-
ture and heat extraction rate for:

Schedule A. The control thermostat is set at 77°F from 0700 to
1800 h; during the rest of the time, it is set up to 85°F.

Schedule B. The control thermostat is set at 77°F all the time.

Solution:

(a) Space Air Transfer Functions.

The SATF coefficients for a 400 ft2 room of heavy construction are
[from Table 26 and Equations (36) and (37) with V and V1 dropping out]: 

(b) Cooling Unit Characteristics.

when  = 77.0°F,

and when = 85.0°F,

(c) Calculation of ERθ and trθ.

Some prior values for ERθ and trθ must be assumed to begin the
computation process. The computation is repeated until the results for
successive days are the same. At that time, the results are independent
of the values assumed initially.

To get the calculation started, assume all previous values of ER = 0
and tr = 80°F. Thus:

As this is less than ERmin, ER1 = ERmin = 0

and tr1 = (1/840)(67,052 − 0.0) = 79.8°F

As this also is less than ERmin, Er2 = ERmin = 0 and tr2 = (1/840)
(66,939 − 0) =79.7°F, and so on.

The effect of the assumed initial ERθ and trθ values has decreased to
negligible proportions by the time θ = 145, i.e., tr145 = tr169 = 82.6°F.
The complete set of results for operating schedules A and B is given in
Table 27.

EXAMPLE COOLING LOAD CALCULATION

Example 6. Cooling load calculation of small office building. A one-
story small commercial building (Figure 4) is located in the eastern
United States near 40°N latitude. The adjoining buildings on the north
and west are not conditioned, and the air temperature within them is
approximately equal to the outdoor air temperature at any time of day.

θ, h Qθ, Btu/h θ, h Qθ, Btu/h θ, h Qθ, Btu/h

1 2200 9 2180 17 7630

2 2030 10 2330 18 6880

3 1850 11 2650 19 5530

4 1730 12 3580 20 4380

5 1680 13 4880 21 3630

6 1750 14 6180 22 3130

7 1880 15 7150 23 2730

8 2030 16 7680 24 2450

g0,θ 400(+1.85) + 100(+1.0) = 840.00

g1,θ 400(−1.95) + 100(−0.93) = −873.00

g2,θ 400(+0.10) = 40.00

= 7.00gi
i=0

2
∑

ERmax 7500 Btu/h=

ERmin 0=

ttr 3°F throttling range=

S 7500 0–( ) 3⁄ 2500 Btu h °F⋅( )⁄= =

trθ
*

Wθ 7500 0–( ) 2⁄[ ] 2500 77.0( )– 188,750 Btu/h–= =

trθ
*

Wθ 7500 0–( ) 2⁄[ ] 2500 85.0( )– 208,750 Btu/h–= =

I1 70.0 7.0( )  873 80( )–

 40 80( ) +
–  1.0 2200( )  +

 0.93 2450( )–
 0.93 0.0( )––+=

67,052 Btu/h=

ER1
208,750 840×–
2500 840+

-------------------------------------- 67,052 2500×
2500 840+

----------------------------------+=

 52,500– 50,189+ 2311–  Btu/h= =

Table 27 Room Air Temperature and Heat Extraction Rates 
for Example 6

Time, 
h

Schedule A Schedule B

(Control thermostat set at 77°F 
from 0800 to 1800, and

at 85°F at all other times)

(Control thermostat
set at 77°F
at all times)

Room Air 
Temperature 

tr, °F

Heat
Extraction 
ER, Btu/h

Room Air 
Temperature 

tr, °F

Heat
Extraction 
ER, Btu/h

0100 82.0 0 76.3 1956

0200 81.9 0 76.2 1806

0300 81.8 0 76.2 1649

0400 81.7 0 76.1 1535

0500 81.7 0 76.1 1474

0600 81.8 0 76.1 1505

0700 82.0 0 76.1 1584

0800 77.2 4235 76.2 1680

0900 77.1 4051 76.2 1780

1000 77.1 4025 76.3 1881

1100 77.2 4138 76.3 2113

1200 77.4 4720 76.6 2807

1300 77.7 5602 77.0 3794

1400 78.1 6507 77.4 4799

1500 78.4 7184 77.7 5571

1600 78.6 7500 77.9 6019

1700 78.5 7477 77.9 6032

1800 78.3 6876 77.7 5513

1900 83.8 786 77.3 4528

2000 83.6 268 77.0 3669

2100 83.3 0 76.7 3099

2200 82.8 0 76.6 2710

2300 82.5 0 76.5 2393

2400 82.3 0 76.4 2164

Totals 63369 72061

I2 70.0 7.0( )  873 79.8( )–

 40 80( )  +
–  1.0 2030( )  +

 0.93 2200( )–
 0.93 0.0( )––+=

66,939 Btu/h=

ER2
208,750 840×–
2500 840+

-------------------------------------- 66,939 2500×
2500 840+

----------------------------------+=

 52,500– 50,104+ 2396–  Btu/h= =



28.34 1997 ASHRAE Fundamentals Handbook

Building Data:
South wall construction. 4-in. light-colored face brick, 8-in. common
brick, 0.625-in. plaster, 0.25-in. plywood panel glued on plaster (Sum-
mer U = 0.24 Btu/h·ft2· °F, or R = 4.14).

East wall and outside north wall construction. 8-in. light-colored
heavy concrete block, 5/8-in. plaster on walls (Summer U = 0.48
Btu/h·ft2· °F, or R = 2.083).

West wall and adjoining north party wall construction. 13-in. solid
brick (color n/a), no plaster: with U for a 12-in. brick interior wall =
0.26, R for that wall = 1/0.26 = 3.84; subtracting two still air film coef-
ficients with Rfc = 0.68 each leaves Rb = 2.486; thus for this wall:

Roof construction. 4-1/2-in. (nominal) flat roof of 2-in. gypsum
slab on metal roof deck, 2-in. rigid roof insulation, surfaced with two
layers of mopped 15-lb felt vapor-seal built-up roofing having dark-
colored gravel surface, and with no false ceiling below underside of
roof deck; (Summer U = 0.09 Btu/h·ft2· °F, or R = 11.11).

Floor construction. 4-in. concrete on ground.
Fenestration. 3 ft by 5 ftnonoperable windows of regular plate glass

with light colored venetian blinds [Summer U = 0.81 Btu/h·ft2· °F ].
Door construction. Light-colored 1.75-in. steel door with solid ure-

thane core and thermal break (Summer U = 0.19 Btu/h·ft2· °F or R =
5.26 for exterior doors, and U = 0.18 Btu/h·ft2· °F or R = 5.56 for inte-
rior doors).

Front doors. Two 30 in. by 7 ft
Side doors. Two 30 in. by 7 ft
Rear doors. Two 30 in. by 7 ft (interior)

Note: U-factors for all exterior surfaces assume a summer wind
velocity of 7.5 mph. Those for party walls and other interior surfaces
assume still air.

Summer outdoor design conditions. Dry bulb = 94°F, daily range = 20°F,
wet bulb = 77°F, Wo = 0.0161 lb (water)/lb (dry air)0.0159 kg
(water)/kg (dry air), ho = 40.3 Btu/lb (dry air)

Winter outdoor design conditions. Dry bulb = 10°F
Summer indoor design conditions. Dry bulb = 75°F, wet bulb = 62.5°F,

Wi = 0.0092 lb (water)/lb (dry air), hi = 28.07 Btu/lb (dry air)
Winter indoor design conditions. Dry bulb = 75°F
Occupancy. 85 office workers from 0800 to 1700 h

Lights. 17,500 W, fluorescent, operating from 0800 to 1700 hours
daily; along with 4000 W, tungsten, operated continuously. Light-
ing fixtures are non-ventilated type.

Power equipment and appliances. For this example, none are assumed.
Ventilation. A ventilation rate of 15 cfm/person is selected as represen-

tative of a drugstore or hardware store. With 85 people, the total
ventilation air quantity is thus 1275 cfm. Floor area of 4000 ft2 with
a 10 ft ceiling height gives a space volume of 40,000 ft3, corre-
sponding to (1275 cfm × 60)/40,000 = 1.91 air changes per hour . In
practice, ventilation air is normally conditioned to some extent by
the air conditioning equipment before being admitted to the condi-
tioned space. However, the variety of such arrangements and the
varying impact felt by the load calculation process are not covered
by this chapter and should be evaluated as part of a system analysis
procedure. For this example, assume the ventilation air is intro-
duced directly into the space and included as part of the space cool-
ing load, but only during scheduled operating hours of the cooling
equipment.

Infiltration. Window infiltration is considered zero, since the windows
are sealed. Infiltration through wall surfaces is also neglected as
insignificant, particularly with plastered interior surfaces. Calcula-
tion of door infiltration however, requires some judgement. The
pressure of 1.91 air changes/h in the form of positive ventilation
could be sufficient to prevent door infiltration, depending on the
degree of simultaneous door openings and the wind direction and
velocity. For this example, assume that outside and inside doors are
frequently opened simultaneously, and that door infiltration should
be included as part of the cooling load, estimating 100 ft3 per per-
son per door passage. Further estimating outside door use at 10 per-
sons hour, and inside doors (to unconditioned space, previously
estimated to be at ambient temperature and humidity) at 30 persons
per hour, generates the following infiltration rate:

Thermal responsiveness of building and contents. For this example,
mass of building construction and contents is “medium.”

Conditioning equipment location. Conditioning equipment is in an
adjoining structure to the north, thus having no direct impact on
heat gain.

Find:

1. Sensible cooling load.
2. Latent cooling load.
3. Total cooling load.
4. Capacity of system to maintain:

(a) Fixed temperature: 75°F indoor temperature, 24-hour
“on” period.

(b) 2°F throttling range: Indoor temperature in the range
75 to 77°F, 24-hour “on” period.

(c) 4°F throttling range: Indoor temperature in the range
75 to 79°F, 24-hour “on” period.

(d) 2°F throttling range: Indoor temperature in the range
75 to 77°F, 10-hour “on” period, 0800 to 1700.

(e) 4°F throttling range: Indoor temperature in the range
75 to 79°F, 12-hour “on” period, 0600 to 1700.

Solution by Transfer Function Method

1. Daily load cycle: Estimated thermal loads are calculated by the TFM
once per hour for a 24-h daily cycle.

2. Hourly heat gain components: The methodology using CTF coeffi-
cients is used to calculate heat gain components through walls and roof.

3. Thermal storage: The heat storage effect of the building and contents
is accounted for by RTF coefficients.

4. Room temperature and heat extraction: TFM approximates resultant
room air temperature and heat extraction rates for a specified sched-
ule of thermostat set-points and/or cooling unit operating periods, by
applying SATF coefficients to sensible cooling loads, including con-
sideration for heat loss to surroundings. This process can be used to
predict the capability of a particular size and type of cooling equip-
ment, its control, and its operating schedule to maintain room air
temperature within a specified range.

5. Summary: The data and summary of results using TFM are tabulated
in Table 28. The following describes the calculation procedure used
to determine the values for this table:

Note: The small commercial building shown in this figure has been in
the ASHRAE literature for several decades to illustrate cooling load
procedures. In this example, some materials have been updated to
reflect currently available products and associated U-factors; the
calculation month has been changed to July for better comparison
with newer data. Otherwise, all other characteristics of this example
remain unchanged.

Fig. 4 Plan of One-Story Office Building

Rw 0.68 2.486 13 12⁄×( ) 0.68+ + 4.053= =

and       Uw 1 4.053⁄ 0.247 say U, 0.25Btu h ft
2 °F⋅ ⋅( )⁄= = =

Qinf 40 100 60⁄× 67 cfm= =
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1. Sensible cooling load

(a) General
Line 1, Time of day in hours: Various temperatures and heat flow

rates were calculated for every hour on the hour, assuming that
hourly values are sufficient to define the daily profile.

Line 2, Outside air temperatures: Hourly values derived by the
abovementioned procedure, using the specified maximum dry bulb
temperature of 94°F and daily range of 20°F.

(b) Solar Heat Gain Factors
Lines 3, 4, 5, and 6, Solar heat gain through opaque surfaces:

SHGF values from Table 18, Chapter 29 for July 21 at 40°N latitude.
These values are used to calculate sol-air temperatures of various
outside surfaces, and solar heat gain through windows.

Values for June might have been used, since the solar irradiation of
horizontal surface (e.g., a roof) is maximum at that time of year and
since the heat gain through the roof appears to be the major compo-
nent of exterior heat gain in this problem. The difference between
June and August values is relatively small however, compared to the
large percentage increase in solar heat gain through south glass in
August versus June at this latitude, thus indicating that August
might be the better choice. For this example, data for July were
selected as reasonable, and to provide better comparison with the
results from other techniques for which tabular data are limited. To
determine the month when the maximum building load will occur,
the relative loads of various surfaces should first be evaluated and
compared for several months.

(c) Sol-Air Temperatures
Lines 7, 8, 9, and 10, Sol-air temperatures at opaque surfaces:

Sol-air temperatures, calculated by Equation (6), of the various
opaque surfaces. These values are used in calculations of heat gain
through the roof and outside walls.

(d) Instantaneous Sensible Heat Gain
Line 11, Roof heat gain: Instantaneous heat gain through the roof,

calculated by CTF coefficients.

From Table 11, the major element of the roof (that layer with the
most mass) is the gypsum slab (code number C14). Other elements are
the metal deck (A3), rigid insulation (B3), built-up roofing (E3), and
gravel surface (E2). Entering Table 12 with these code values, the C14
roof slab designates column 7, and the R-value 11.11 calls for R = 3.
From the “mass-in” part of the table and the condition of being “w/o
ceiling,” the table identifies Roof Group 5 as that whose CTF coeffi-
cients will best represent the roof in question.

The CTF coefficients (b, d, and ) are then obtained from
Tables 13 and 14, by selecting roof group 5 and adjusting the tabulated
bn and  by the Uexample/Utable = 0.09/0.055 = 1.636.

The adjusted bn and  are:  

The d values (used without modification) are:

The heat gain through the roof is calculated by Equation (25), using
the sol-air temperature cycle given in line 7 and trc = 75°F. The calcula-
tions are extended for five daily cycles at which time the daily periodic
steady state is effectively reached. The last daily cycle is used as the
heat gain through the roof. (Note: Three daily cycles are sufficiently
accurate in this case, but since calculations do not converge for the

more massive wall components before the 93rd hour, all calculations
are run to hour 120.)

Lines 12, 13, 14, and 15, Wall heat gain. The instantaneous heat
gains through the various walls are calculated by the same approach as
that used for the roof. The CTF coefficients selected from Tables 11
and 15 to 19 are:

North and East Exterior Walls
Dominant element C8, or col. 13 in Integral Mass table (Table 16);
Interior finish E1;
R-value indicating R of 2 in Table 16;
Select Wall Group 5 in Tables 18 and 19 for representative factors.

South Wall
Dominant element C9, or col. 14 in Table 16;
Exterior layer A2 or A7;
Interior layer E1 (plywood panel ignored as trivial);
R-value indicating R of 6;
Select Wall Group 24 for representative factors.

North and West Party Walls
With no specific data for a 13 in. brick wall, use a layer of 8 in. 

common brick (C9) and a layer of 4 in. face brick (A2 or A7) as 
an approximation; thus:

Dominant element C9, or column 14 in Table 16;
Exterior layer A2 or A7;
R-value indicating R of 6;
Select Wall Group 24 in Table 16 for representative factors.

The bn and  require multiplication by the U-factor ratio to

account for the difference in U-factors. The heat gain is then calculated
by Equation (25), using corresponding wall CTF coefficients and sol-
air temperatures for south, east, and north walls, and the outside air
temperature cycle for north and west party walls.

Lines 16, 17, and 18, Door heat gain: Heat storage of the doors
could be assumed negligible, in which case the heat gain would be cal-
culated by Equation (16) as

where

UD = 0.19 Btu/h·ft2·°F, U-factor of doors (0.18 for interior doors)
AD = 35 ft2 , area of a door

ti = 75°F, inside temperature
tDθ = outside temperature at door, at time θ

For the door in the north party wall, tDθ equals outside air tempera-
ture. For the doors in east and south walls tDθ equals the east and south
wall sol-air temperatures, respectively.

The foregoing would be a reasonable approach for estimating the
minor loads involved. For the purpose of this example however, the rel-
atively brief storage effect of the solid core doors has been considered
by use of Equation (25), in accordance with:

Dominant element B7, or column 3 in Table 16;
Interior finish A6;
R value indicating R of 8;
Select Wall Group 1 for representative factors.

Lines 19, 20, and 21, Window heat gain: The air to air heat gain
(line 19):

where

Uw = 0.81, U-factor of window
Aw = 90ft2 , area of windows
toθ = outside air temperature at time θ

The solar radiation heat gain (lines 20 and 21) through south and
north windows:

where

SHGFθ = Solar heat gain factors given in line 5 for south and line 4 for 
north.

SC = 0.55; shading coefficient for clear window with light colored 
curtain or blind

b0 = 0.00006 (1.636) = 0.00010
b1 = 0.00256 (1.636) = 0.00419
b2 = 0.00477 (1.636) = 0.00780
b3 = 0.00100 (1.636) = 0.00164
b4 = 0.00002 = n/a
b5 = 0.00000 = n/a
b6 = 0.00000 = n/a

= 0.00841 (1.636) = 0.01376

d0 = 1.00000
d1 = −1.10395
d2 = 0.26169
d3 = −0.00475
d4 = 0.00002
d5 = 0.00000
d6 = 0.00000

cnn 0=
∑

cnn 0=
∑

cnn 0=
∑

cn
n =0
∑

cnn 0=
∑

qDθ UDAD tDθ ti–( )=

qa UwAw toθ ti–( )=

Qr Aw SC× SHGFθ×=
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Lines 22 and 23, Heat gain from tungsten and fluorescent lights:
For the gain from lighting, Equation (9) is used with a use factor of
unity and special allowance factors of 1.20 for fluorescent lamps and of
unity for tungsten lamps. Thus:

qel tung = 4000 × 1 × 1 × 3.41 = 13,640 Btu/h,

and

qel fluor = 17,500 × 1 × 1.20 × 3.41 = 71,610 Btu/h

Line 24, Heat gain from people: Sensible heat gain from occupants,
for moderately active office work (Table 3):

qsp = (number of people)(sensible heat generated per person)

= 85 × 250 = 21,250 Btu/h

Lines 25 and 26, Sensible heat gain from infiltration and ventila-
tion: As developed in Building Data, the value used for infiltration is 67
cfm, and that for ventilation, 1275 cfm.

Heat gain from infiltration air is part of the space load, while that
from ventilation air normally is not. In this example however, since
ventilation is delivered directly to the space rather than through the
cooling equipment first, its gain is also included as a direct space load.

Note: Had the ventilation air instead been mixed with return air
leaving the occupied space and before entering the cooling equipment,
only (4) that portion which passed through the cooling coil untreated
due to coil inefficiency (or “Bypass Factor,” normally 3 to 5% for a
chilled water coil of six or more rows and close fin spacing up to 15%
or more for refrigerant coils in packaged air-conditioning units), and/or
(5) that quantity deliberately bypassed around the coil in response to a
“face and bypass” or “conventional multizone” space dry-bulb temper-
ature control scheme, would become a part of the space heat gain as
such rather than a part of the cooling coil load directly.

The sensible loads are determined from Equation (22). At 1600
hours for example, when to = 94°F and ti = 75°F, this generates:

and

Line 27, Total instantaneous sensible heat gain: The sum of instan-
taneous heat gain values listed in lines 11 through 26. All such values
take into account the delaying effects of insulation and mass of the ele-
ments enclosing the conditioned space on the heat that ultimately enters
that space, but before considering the thermal inertia of the overall
mass and configuration of the building and contents in delaying con-
version of radiant heat gain to space cooling load.

(e) Instantaneous Latent Heat Gain
Line 28, People: The latent heat gain due to people, using Table 3

data:

qlp = (number of persons)(latent heat generated per person)

= 85 × 200 = 17,500 Btu/h during the occupied period.

Lines 29 and 30, Latent heat gain from infiltration and ventilation:
The latent loads are determined from Equation (23). At 1600 hours for
example, when Wo = 0.0161 and Ws = 0.0093, this generates

and

Line 31, Total latent heat gain: The total latent heat gain, i.e., the
sum of lines 28, 29, and 30.

Line 32, Sum of instantaneous sensible and latent heat gain: The
sum of heat gain values from lines 27 and 31.

(f) Cooling Load from Convective Sensible Heat Gain Components

Lines 33 through 38: Direct inclusion of the convective portions of
instantaneous heat gain components listed in lines 19, 25, and 26, and
20%, 50%, and 67% of lines 22, 23, and 24 respectively. These room
sensible heat gain components (i.e., loads due to air-to-air heat gain
through windows, tungsten lights, fluorescent lights, infiltration, venti-
lation, and heat gain due to people by convection, all appear as cooling
load without delay. Percentages of heat gain considered corrective are
listed in Table 3 and Table 44 under the section describing TETD/TA
procedures. Selection of 33% of sensible gain for people as radiant is
an approximation for purposes of this example.

(g) Cooling Load from Radiant Sensible Heat Gain Components

Lines 39 through 41: Heat gain data from lights and people (lines
22 through 24) are processed by Equation (28) using RTF coefficients
from Tables 24 and 25:

From Table 24, assuming “medium” mass of building and con-
tents, the 75 lb/ft2 specific mass classification can be considered
representative. Assuming a conventional supply diffuser and non-
plenum return air arrangement with inside surface coefficient h =
0.6 Btu/(h·ft2·°F), or “medium” type indicates a w1 value of −0.94;
except with an uncarpeted floor the next w1 value down the column
is used, or 0.93.

From the lower part of Table 25, assuming ordinary furnishings,
no carpet, medium air circulation, supply and return below ceiling,
and unvented light fixtures, the v0 value for lighting is 0.55 and v1 =
1 + (−0.93) −0.55 = −0.48.

For people, the upper part of Table 25 calls for a v0 of 1.0 and v1
of 0 to be applied to convective heat gain (instantaneous conversion
to cooling load), and for radiant heat gain a v0 of 0.197 and v1 = 1 +
(−0.93) − 0.197 = −0.127.

Note that the TFM treatment of lighting heat gain is “generic,”
without individual regard to the differences in radiant/convective
percentages of heat gain from incandescent, fluorescent, or other
type lamps, and the RTF coefficients are applied to the combined
sensible heat gain values. For the purposes of this example, to facil-
itate comparison with other calculation methods, the values in lines
39 and 40 represent the hourly results of Equation (28) less the
amounts of instantaneous cooling load included and indicated on
lines 34 and 35.

(h) Cooling Load from Convective and Radiant Sensible Heat Gain
Components

Lines 42 through 51: Elements of instantaneous heat gain from
solar radiation through windows, walls, doors and roof, i.e., sum of val-
ues listed in lines 11 to 21, delayed in being felt as cooling load by the
space. Data listed in lines 42 through 51 are the results of applying
Equation (28) and appropriate RTF coefficients to the heat gain values
from lines 11 through 21, without separately considering radiant or
convective components. RTF coefficients are taken from Tables 24 and
25 in the manner above described for lighting loads, producing:

From Table 24, w = −0.93 in all cases.

From the upper part of Table 25, all cases fall within the second
category described, which for “medium” building and contents
mass indicates v0 = 0.681 and v1 = 1 + (−0.93) − 0.681 = −0.611.

The heat gain by solar radiation transmitted through windows is
included with heat gain through walls and roof because the venetian
blind intercepts solar radiation and releases it to the room in a sim-
ilar way as the heat gain through walls and roof.

Note: If the glass had no internal shading, the solar radiation
through windows would have to be treated by a different set of RTF
coefficients to account otherwise for thermal storage (see Tables 24 and
25). Translucent draperies fall somewhere between these limits, with
assumed linear relationship in the absence of specific research on the
subject (see Chapter 29).

Line 52, Total room sensible cooling load: Total sensible cooling
load felt by the room, and the design sensible load used as the basis for
sizing cooling equipment. This total load is the sum of the values listed
in lines 33 through 51. The tiny difference between the 24 hour total of
2,042,698 Btu/h on line 52 and the sum of the 24 hour totals for lines 11
through 26 reflects rounding of values during intermediate computation.

qsi 1.1 Infiltration rate( ) to ti–( )=

1.1 67 94 75–( )× 1400 Btu/h,==

qsv 1.1 Ventilation rate( ) to ti–( )=

1.1 1275 94 75–( )× 26,600 Btu/h,==

qsi 4840 Infiltration rate( ) Wo Wi–( )=

4840 67 0.01661 0.0093–( )× 2,205 Btu/h,==

qsv 4840 Ventilation rate( ) Wo Wi–( )=

4840 1275 0.01661 0.0093–( )× 41,963 Btu/h,==
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2. Latent Cooling Load

Line 31—The sum of lines 28, 29, and 30: Total Latent Heat Gain
is also the Total Latent Cooling Load, as all components occur instan-
taneously.

3. Total Cooling Load

Line 53—The sum of lines 52 and 31: Note that the Total Cooling
Load for this example problem is the theoretical total for the conditions
as defined, and may or may not represent the actual total cooling load
imposed upon a system of cooling equipment. An appropriate psychro-
metric analysis should be performed of supply air, space air, return air,
and mixed air (where ventilation air is mixed with return air en route
back to the cooling equipment), considering the type of cooling equip-
ment and characteristics of the preferred control scheme. Only an anal-
ysis of this type can verify that the design will meet the requirements,
and determine whether the actual sensible, latent, and total cooling
loads are greater or less than the theoretical values calculated.

4. Capacity of System to Maintain Conditions

(a) Fixed temperature: 75°F indoor temperature, 24 hour “on”
period: The basic calculation procedure assumes a fixed indoor
temperature, in this case 75°F; thus the results tabulated in lines
1 through 42 are for this condition.

(b) 2°F throttling range: Indoor temperature in the range 75 to 77°F,
24 hour “on” period.

(c) 4°F throttling range: Indoor temperature in the range 75 to 79°F,
24 hour “on” period.

(d) 2°F throttling range: Indoor temperature in the range 75 to 77°F,
10 hour “on” period, 0800 through 1700.

(e) 4°F throttling range: Indoor temperature in the range 75 to 79°F,
12 hour “on” period, 0600 through 1700.

Line 54, Sensible cooling load with loss to surroundings: To be
consistent with the concept of heat extraction and resultant space tem-
peratures, certain cooling load elements must be modified to account
for heat loss to surroundings. The multiplier Fc = 0.94362 was calcu-
lated by the process noted for each of the envelope element areas times
the respective U-factors, dividing the sum by the building perimeter to
develop Kθ, and generating Fc by Equations (34) and (35); then using
Fc to reduce the appropriate load elements. The sum of all modified and
unmodified load elements is listed on line 53 as the basis for the vari-
ous heat extraction/ space temperature evaluations.

Lines 55 through 62, Air temperatures and heat extraction rates:
Heat extraction and indoor air temperatures are based on the normal-
ized SATF coefficients for medium weight construction listed in Table
26 and calculated by use of Equations (36) through (40) in the proce-
dure previously described. The SATF coefficients for this example are
thus for hour θ (0800 − 1700):

The heat extraction rates and room air temperatures listed in lines
55 through 62 are calculated using these SATF coefficients, the modi-
fied total sensible cooling load values listed in line 54, and the specified
throttling ranges and “on” and “off ” periods.

The maximum sensible heat extraction capacity required to main-
tain the space temperature at a constant 75°F can be taken as the design
peak value on line 52, or 149,470 Btu/h at 1600 hours.

The maximum sensible heat extraction capacity required to maintain
interior temperature within a 75 to 77°F range is 145,693 Btu/h (hour
1600, line 54), and within a 75 to 79°F range is 139,602 Btu/h (hour
1700, line 56), assuming continuous operation of cooling equipment.

Comparable maintenance of space temperature ranges during
equipment operation hours (limited to 10 hours and 12 hours respec-
tively) requires heat extraction rates of 146,600 Btu/h (hours 0800 to
1700, line 60) and 146,600 Btu/h (hours 1200 to 1700, line 62) respec-
tively. Here ERmax needs to be increased if the heat accumulated over-
night is to be overcome; but the total daily heat extraction still will be
significantly less than for continuous operation.

5. Heating Load

Lines 11 through 19, Heat loss by conduction: The heat loss column
lists for each of the building envelope components a single value repre-
senting the product of exposed area, U-factor, and the temperature differ-
ence between inside design dry bulb and outside design dry bulb
temperatures for winter conditions, in an adaptive use of Equation (8).
Often, a lower inside design dry bulb temperature is selected for winter
conditions than for summer, and, where appropriate, the U-factors are
adjusted to reflect different average exterior wind velocities. For this
example, the same inside temperatures and U-factors are used year-round.

These results are design heat loss values, which are used to estab-
lish a “design heating load” with which to design heating systems and
to select properly sized equipment components. When the load calcula-
tion is used to analyze energy performance, hourly calculations of heat
loss that reflect the profile of outside weather conditions must be run.

Lines 20 through 21, Solar heat gain: For design heating loss calcu-
lations, offsetting values of solar heat gain are routinely ignored at
night or during periods of extended cloud cover, and thus not consis-
tently available to assist the installed heating equipment. Designers
must, however, consider the higher solar heat gain values that occur
during winter months due to low solar angles that often cause peak
cooling loads through large areas of exposed glass. Hourly calculations
are required for energy use evaluation.

Lines 22, 23, and 24, Internal heat gains: Like solar heat gain, the
heat from internal sources requires year-round cooling for completely
interior spaces and contributes to unseasonable cooling requirements in
conjunction with glass loads on sunny days. For conventional heating
load purposes, however, these loads are normally ignored because of
their uncertainty during all hours of need and since their full effect does
not occur until some number of hours after occupancy begins during
intermittent schedules. Heat gain values in this example are given as
“negative heat loss” figures, and not routinely included in design heat-
ing load summaries.

Lines 25 and 26, Infiltration and ventilation: Values listed for these
variables are calculated on the basis of a single “worst case” hour under
winter design temperature conditions, adapting Equation (22) in a simi-
lar manner to that noted for conduction heat losses.

Humidification: For this example, the issue of maintaining interior
humidity levels during winter months has been ignored. While this rep-
resents routine practice for most applications in latitudes 35°N and
lower, humidity levels are of major concern in colder climates.

Line 52, Total sensible heat loss: The sum of heat loss values from
lines 11 through 19, 25, and 26, and which conventionally represents
the design heating load for the building. Internal heat gain figure from
lines 22, 23, and 24 are not included in this total.

Line 53, Net sensible heat loss, considering internal heat gains:
The heat loss summary value if internal heat gains were to be included
in the total, illustrated here only to emphasize the potential significance
of such elements and the importance of providing an appropriate means
of temperature control for differently affected building areas.

CLTD/SCL/CLF 
CALCULATION PROCEDURE

To calculate a space cooling load using the CLTD/SCL/CLF con-
vention, the same general procedures outlined for the TFM relative
to data assembly and use of data apply. Similarly, the basic heat gain
calculation concepts of solar radiation, total heat gain through exte-
rior walls and roofs, heat gain through interior surfaces, and heat
gain through infiltration and ventilation are handled in an identical
manner.

g0θ g0
*
(Floor area) p0 Kθ Perimeter length( )[ ]+=

 1.1(Ventilation and Infiltration)+

1.81 4000×( ) 1.0 4.86 260×( ) 1.1 1275 67+( )+[ ]+=

7240 1263.4 1476.2+( )+ 9980==

g1θ g1
*
(Floor area) p1 Kθ Perimeter length( )[ ]+=

 1.1(Ventilation and Infiltration)+

1.89– 4000×( ) 0.87–( ) 4.86 260×( ) 1.1 1275 67+( )+[ ]=

7560– 0.87– 1263.4 1476.2+( ) 9944–==

g2θ g2
*
(Floor area) 0.08 4000× 320= = =

p0 1.0000=

p1 0.87–=



28.40 1997 ASHRAE Fundamentals Handbook

The CLTD/SCL/CLF method is a one-step, hand calculation
procedure, based on the transfer function method (TFM). It may be
used to approximate the cooling load corresponding to the first three
modes of heat gain (conductive heat gain through surfaces such as
windows, walls, and roofs; solar heat gain through fenestrations;
and internal heat gain from lights, people, and equipment) and the
cooling load from infiltration and ventilation. The acronyms are
defined as follows:

CLTD—Cooling Load Temperature Difference

SCL—Solar Cooling Load

CLF—Cooling Load Factor

The following sections give details of how the CLTD/SCL/CLF
technique relates to and differs from the TFM. The sources of the
space cooling load, forms of equations to use in the calculations,
appropriate references, tables, are summarized in Table 29.

SYNTHESIS OF HEAT GAIN AND COOLING LOAD 
CONVERSION PROCEDURES

Exterior Roofs and Walls
This method was developed by using the TFM to compute one-

dimensional transient heat flow through various sunlit roofs and
walls. Heat gain was converted to cooling load using the room trans-
fer functions for rooms with light, medium, and heavy thermal char-
acteristics. Variations in the results due to such varying room
constructions and other influencing parameters discussed in the
TFM description are so large that only one set of factors is presented
here for illustration. All calculations for data tabulated were based
on the sol-air temperatures in Table 1. The inside air temperature
was assumed to be constant at 78°F (cooling system in operation 24
h/day, seven days a week). The mass of building and contents was
“light to medium.” For application of CLTD/SCL/CLF techniques,
refer to McQuiston and Spitler (1992).

Table 29 Procedure for Calculating Space Design Cooling Load by CLTD/SCL/CLF Method

External Cooling Load Power
Roofs, walls, and conduction through glass

qp = 2545 PEF CLF (15)(16)(17)(50)
q = UA(CLTD) (41)

U = design heat transfer coefficient for roof or wall from Chapter 
24, Table 4; or for glass, Table 5, Chapter 29

P = horsepower rating from electrical plans or manufacturer’s 
data

A = area of roof, wall, or glass, calculated from building plans EF = efficiency factors and arrangements to suit circumstances
CLTD = cooling load temperature difference, roof, wall, or glass

CLF = cooling load factor, by hour of occupancy, Table 37
Solar load through glass

q = A(SC)(SCL) (43)
Note: CLF = 1.0 with 24-h power operation and/or if cooling off at night or 

during weekends.
SC = shading coefficient: Chapter 29

SCL = solar cooling load factor with no interior shade or with 
shade, Table 36.

Appliances

qsensible = qinputFUFR(CLF) (18)(46)

Cooling load from partitions, ceilings, floors or

q =UA(to – trc) (8) qsensible = qinputFL(CLF) (19)(46)

U = design heat transfer coefficient for partition, ceiling, or floor, 
from Chapter 24, Table 4

A = area of partition, ceiling, or floor, calculated from building 
plans

qinput =  rated energy input from appliances—Tables 5 through 9, 
or manufacturer’s data

tb = temperature in adjacent space FU, FR,
FL

=  usage factors, radiation factors,and load factors from the 
General Principles section

trc = inside design temperature (constant) in conditioned space

Internal Cooling Load
CLF = cooling load factor, by scheduled hours and hooded or not; 

Tables 37 and 39
People

qsensible = N(Sensible heat gain)CLF (44) Note 1: CLF = 1.0 with 24-h appliance operation and/or if cooling off at 
night or during weekends.

qlatent = N(Latent heat gain) (45) Note 2: Set latent load = 0 if appliance under exhaust hood.

Ventilation and Infiltration AirN = number of people in space, from best available source. 
Sensible and latent heat gain from occupancy—Table 3, 
or Chapter 8; adjust as required qsensible = 1.10 Q (to − ti) (25)

CLF = cooling load factor, by hour of occupancy, Table 37
Note: CLF  1.0 with high density or 24-h occupancy and/or if cooling off at 

night or during weekends. qlatent = 4840 Q (Wo − Wi) (23)
Lights

qel = 3.41W Ful Fsa (CLF) (9)(46)
qtotal = 4.5 Q (ho − hi) (20)

W = watts input from electrical plans or lighting fixture data
Ful = lighting use factor, as appropriate Q = ventilation cfm from ASHRAE Standard 62; infiltration 

from Chapter 25Fsa = special allowance factor, as appropriate
CLF = cooling load factor, by hour of occupancy, Table 38 to, ti = outside, inside air temperature, °F

Note: CLF = 1.0 with 24-h light usage and/or if cooling off at night
or during weekends.

Wo, Wi = outside, inside air humidity ratio, lb (water)/lb (dry air)
Ho, Hi = outside, inside air enthalpy, Btu/lb (dry air)
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Basic CLTD cooling load for exterior surfaces. The results were
generalized to some extent by dividing the cooling load by the
U-factor for each roof or wall and are in units of total equivalent
cooling load temperature difference (CLTD). This establishes the
basic cooling load equation for exterior surfaces as:

(41)

where

q = cooling load, Btu/h
U = coefficient of heat transfer, Btu/(h·ft2·°F)
A = area of surface, ft2

CLTD = cooling load temperature difference

In developing the method, it was assumed that the heat flow
through a similar roof or wall (similar in thermal mass as well as
U-factor) can be obtained by multiplying the total CLTDs listed in
Tables 30 or 32 by the U-factor of the roof or wall at hand, respec-
tively. The errors introduced by this approach depend on the extent
of the differences between the construction in question (compo-
nents, size, configuration, and general mass of building and con-
tents) and the one used for calculating the CLTDs.

The sol-air temperature value depends on outdoor air tempera-
ture as well as the intensity of solar radiation. Consequently, a
change in either outdoor air temperature or geographic location
changes the sol-air temperature. The CLTD values in the tables were
computed for an indoor air temperature of 78°F, an outdoor maxi-
mum temperature of 95°F, and an outdoor mean temperature of
85°F, with an outdoor daily range of 21°F and a solar radiation vari-
ation typical of 40°N latitude on July 21.

The notes associated with Tables 30 and 32 provide descriptions
of the conditions under which the CLTD values were calculated.
While variations in exterior color and/or outside and inside surface
film resistances do have some effect, their impact on roofs or walls
of contemporary construction is relatively minor and can be
ignored with data that is already normalized for convenience. Vari-
ations in inside space temperature or the mean outdoor temperature
are of much more significance, and the means of appropriate adjust-
ment are thus outlined. Additional guidance for specific application
may be found along with tables for a broad range of latitudes in
McQuiston and Spitler (1992).

Space Cooling Load from Fenestration

The basic principles of calculating heat gain from conduction
and solar radiation through fenestration are as previously discussed
for the TFM.

CLTD Cooling load from conduction. For conduction heat gain,
the overall heat transfer coefficient accounts for the heat transfer
processes of (1) convection and long-wave radiation exchange out-
side and inside the conditioned space, and (2) conduction through
the fenestration material. To calculate cooling load for this compo-
nent, the conduction heat gain is treated in a manner similar to that
through walls and roofs. The RTF coefficients used to convert the
heat gain to cooling load are thus the same as those for walls and
roofs. The resulting CLTDs are given in Table 34, again presenting
only a single set of factors for all room construction types, neglect-
ing the effects of mass and latitude due to the generally low density
and the small magnitude of these components. The CLTDs from
Table 34 can also be used for doors with reasonable accuracy. The
cooling load from conduction and convection heat gain is calculated
by:

(42)

where A is the net glass area of the fenestration in square feet. [Note
that the equation is identical to Equation (41).]

Solar Heat Gain. The basic principles of evaluating heat gain
from transmitted and absorbed solar energy through fenestration,
including the primary terms SHGF and SC, are the same for the
CLTD/CLF procedure as previously described for the TFM.

Previous ASHRAE Handbooks tabulated values of maximum
solar heat gain factors for sunlit or externally shaded double-
strength sheet glass, used as the heat gain input for calculating cool-
ing load factors (CLFs), employing appropriate RTF coefficients as
in the TFM discussion. This process, however, introduced new vari-
ables into the calculations: (1) the presence or absence of interior
shading devices, which is pivotal, and (2) the construction, furnish-
ings, floor coverings, and relative amounts of fenestration, which
are critical when interior shading is absent. Results obtained with
this method do not recognize the significant variation of solar cool-
ing load profiles due to different latitudes, months, and other fac-
tors. A new term, solar cooling load (SCL), is introduced to more
closely approximate cooling loads due to solar radiation transmitted
through fenestration.

Cooling load caused by solar radiation through fenestration is
calculated by:

(43)

where

qrad = cooling load caused by solar radiation, Btu/h
A = net glass area of fenestration, ft2

SC = shading coefficient, for combination of fenestration and shading 
device, obtained from Chapter 29

SCL = solar cooling load from Table 36, Btu/h·ft2

Total Cooling Load from Fenestration. The total cooling load
due to fenestration is the sum of the conductive and radiant compo-
nents qcond and qrad.

Zone Influencing Parameters. For purposes of estimating a
cooling load, a zone is a particular combination of conditions defin-
ing the space under consideration, and which govern the absorption
and release of radiant energy. The SCL for a particular zone depends
on latitude, direction, nature, and quantity of enclosing surfaces, as
well as various internal parameters that influence the SHGF for each
glass exposure in that zone.

To determine the most appropriate SCL table for a zone, refer to
Tables 35A and 35B, where zone types (A, B, C, or D) are given as
functions of some of the more dominant of the 16 zone parameters
defined in the TFM discussion. The SCLs for sunlit glass at 40°N
latitude and one month, July, are tabulated in Table 36 for each zone
type. SCLs for externally shaded glass may be taken from these
tables as those for North exposure, although with some loss of accu-
racy at latitudes lower than 24°N. Interpolation between latitudes
can be performed with some loss of accuracy. McQuiston and
Spitler (1992) include additional data for multistory buildings and
for other latitudes, months, and zone types.

Shading Coefficient
Interior Shading. The cooling load from solar radiation must be

analyzed for one of two cases: (1) presence of interior shading or (2)
absence of interior shading. Blinds (venetian or roller shades) or
drapes absorb the solar energy before it can strike the floor or other
interior surfaces of the space, which leads to a rapid response in the
cooling load due to the low mass of the shading device.

When interior shading is absent, the solar energy is absorbed by
the more massive elements of the space, which results in increased
delay in such heat gain being converted to cooling load. Many vari-
ables, of which the more important are the presence or absence of
carpet on the floor, mass of the floor and other surfaces, mass of the
contents of the space, amount of glass in the exposed surfaces, pres-
ence or absence of a ceiling, the relative size of the space, etc., have
influence on this phenomenon.    

q UA CLTD( )=

qcond UA CLTD( )=

qrad A SC( ) SCL( )=
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Table 30 July Cooling Load Temperature Differences for Calculating Cooling Load from Flat Roofs at 40°North Latitude

Roof 
No.

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

1 0 −2 −4 −5 −6 −6 0 13 29 45 60 73 83 88 88 83 73 60 43 26 15 9 5 2
2 2 0 −2 −4 −5 −6 −4 4 17 32 48 62 74 82 86 85 80 70 56 39 25 15 9 5
3 12 8 5 2 0 −2 0 5 13 24 35 47 57 66 72 74 73 67 59 48 38 30 23 17
4 17 11 7 3 1 −1 −3 −3 0 7 17 29 42 54 65 73 77 78 74 67 56 45 34 24
5 21 16 12 8 5 3 1 2 6 12 21 31 41 51 60 66 69 69 65 59 51 42 34 27
8 28 24 21 17 14 12 10 10 12 16 21 28 35 42 48 53 56 57 56 52 48 43 38 33
9 32 26 21 16 13 9 6 4 4 7 12 19 27 36 45 53 59 63 64 63 58 52 45 38

10 37 32 27 23 19 15 12 10 9 10 12 17 23 30 37 44 50 55 57 58 56 52 47 42
13 34 31 28 25 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 25 23 21 20 19 20 22 24 28 32 36 39 42 44 45 45 44 42 40 37

Note: 1. Direct application of data
• Dark surface
• Indoor temperature of 78°F
• Outdoor maximum temperature of 95°F with mean temperature of 85°F and daily

range of 21°F
• Solar radiation typical of clear day on 21st day of month
• Outside surface film resistance of 0.333 (h·ft2· °F)/Btu
• With or without suspended ceiling but no ceiling plenum air return systems
• Inside surface resistance of 0.685 (h·ft2· °F)/Btu

Note: 2. Adjustments to table data
• Design temperatures : Corr. CLTD = CLTD + (78 − tr) + (tm − 85)

where

tr = inside temperature and tm = mean outdoor temperature

tm = maximum outdoor temperature − (daily range)/2

• No adjustment recommended for color
• No adjustment recommended for ventilation of air space above a ceiling

Table 31 Roof Numbers Used in Table 30

Mass
Location**

Suspended
Ceiling

R-Value, 
h·ft2· °F/Btu

B7, Wood
1 in.

 C12, HW Concrete 
2 in.

A3, Steel
Deck

Attic-Ceiling
Combination

Mass inside
the insulation

Without

0 to 5 * 2 * *
5 to 10 * 2 * *

10 to 15 * 4 * *
15 to 20 * 4 * *
20 to 25 * 5 * *
25 to 30 * * * *

With

0 to 5 * 5 * *
5 to 10 * 8 * *

10 to 15 * 13 * *
15 to 20 * 13 * *
20 to 25 * 14 * *
25 to 30 * * * *

Mass evenly
placed

Without

0 to 5 1 2 1 1
5 to 10 2 * 1 2

10 to 15 2 * 1 2
15 to 20 4 * 2 2
20 to 25 4 * 2 4
25 to 30 * * * *

With

0 to 5 * 3 1 *
5 to 10 4 * 1 *

10 to 15 5 * 2 *
15 to 20 9 * 2 *
20 to 25 10 * 4 *
25 to 30 10 * * *

Mass outside
the insulation

Without

0 to 5 * 2 * *
5 to 10 * 3 * *

10 to 15 * 4 * *
15 to 20 * 5 * *
20 to 25 * 5 * *
25 to 30 * * * *

With

0 to 5 * 3 * *
5 to 10 * 3 * *

10 to 15 * 4 * *
15 to 20 * 5 * *
20 to 25 * * * *
25 to 30 * * * *

*Denotes a roof that is not possible with the chosen parameters. **The 2 in. concrete is considered massive and the others nonmassive.
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Table 32 July Cooling Load Temperature Differences for Calculating Cooling Load from Sunlit Walls 40°North Latitude

Wall 
Face

Wall Number 1

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

N 1 0 –1 –2 –3 –1 7 11 11 13 17 21 25 27 29 29 28 29 27 17 11 7 5 3
NE 1 0 –1 –2 –3 2 24 42 47 43 35 28 27 28 29 29 27 24 20 14 10 7 5 3
E 1 0 –1 –2 –2 2 28 51 62 64 59 48 36 31 30 30 28 25 20 14 10 7 5 3

SE 1 0 –1 –2 –3 0 15 32 46 55 58 56 49 39 33 31 28 25 20 14 10 7 5 3
S 1 0 –1 –2 –3 –2 0 4 11 21 33 43 50 52 50 44 34 27 20 14 10 7 5 3

SW 2 0 –1 –2 –2 –2 0 4 8 13 17 25 39 53 64 70 69 61 45 24 13 8 5 3
W 2 1 –1 –2 –2 –2 1 4 8 13 17 21 27 42 59 73 80 79 62 32 16 9 6 3

NW 2 0 –1 –2 –2 –2 0 4 8 13 17 21 25 29 38 50 61 64 55 29 15 9 5 3

Wall 
Face

Wall Number 2

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

N 5 3 2 0 –1 –2 –1 3 7 9 11 14 18 21 24 26 27 28 28 27 22 17 12 8
NE 5 3 2 0 –1 –2 2 13 26 36 39 37 33 31 29 29 29 28 26 23 18 14 10 7
E 5 3 2 0 –1 –1 2 15 32 47 55 57 52 44 38 34 32 30 27 23 19 14 11 8

SE 5 3 2 0 –1 –2 0 8 20 33 43 50 53 51 45 39 35 31 28 24 19 14 11 8
S 5 3 2 0 –1 –2 –2 –1 2 7 14 24 33 42 47 48 46 40 33 27 21 15 11 8

SW 7 4 2 1 0 –1 –2 0 2 5 9 13 20 30 41 53 61 65 62 53 39 27 17 11
W 8 5 3 1 0 –1 –2 0 2 5 9 13 17 23 33 46 59 69 73 66 50 34 22 14

NW 8 4 2 1 –1 –2 –2 –1 2 5 9 13 17 21 25 32 41 51 57 54 42 29 19 12

Wall 
Face

Wall Number 3

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

N 7 5 3 2 1 0 2 5 7 8 11 14 17 20 23 24 25 26 27 24 20 16 13 10
NE 7 5 3 2 0 0 7 17 26 31 33 31 30 29 29 29 29 28 25 22 18 15 12 9
E 7 5 4 2 1 1 8 21 33 42 47 47 44 40 37 35 33 31 28 24 20 16 13 10

SE 8 5 4 2 1 0 4 12 22 32 39 44 46 44 41 38 35 32 29 24 20 16 13 10
S 8 6 4 2 1 0 0 1 4 9 16 24 31 38 41 42 40 36 31 26 22 17 14 11

SW 12 9 6 4 2 1 1 2 4 6 9 14 21 30 40 49 55 57 54 45 36 28 21 16
W 14 10 7 5 3 1 1 2 4 6 9 13 17 24 34 45 56 63 63 54 43 33 25 19

NW 12 8 6 4 2 1 0 2 3 6 9 13 16 20 25 32 40 48 50 44 35 27 21 16

Wall 
Face

Wall Number 4

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

N 11 8 6 4 2 0 0 1 3 5 7 10 13 16 19 22 24 26 27 27 26 22 19 15
NE 10 7 5 3 2 0 0 4 12 21 29 32 33 32 31 30 30 29 28 26 23 20 16 13
E 10 8 5 4 2 1 1 5 15 27 38 45 49 47 44 40 37 34 32 29 25 21 17 14

SE 11 8 6 4 2 1 0 2 8 17 27 36 43 46 46 44 41 37 34 30 26 22 18 14
S 11 8 6 4 2 1 0 –1 0 2 6 13 20 28 35 41 43 42 39 35 30 24 19 15

SW 18 13 9 6 3 2 0 0 0 2 5 8 12 18 27 36 46 53 57 57 51 42 33 25
W 21 15 10 7 4 2 1 0 1 2 5 8 11 15 21 30 40 51 60 64 60 50 40 30

NW 18 13 9 6 3 1 0 0 0 2 4 8 11 15 19 23 30 37 45 49 48 41 33 25

Wall 
Face

Wall Number 5

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

N 13 10 8 6 5 3 2 3 5 6 8 9 12 14 17 19 21 23 24 24 23 21 18 15
NE 13 10 8 6 5 3 3 7 14 20 25 27 28 28 28 28 28 28 27 26 23 21 18 15
E 14 11 9 7 5 4 4 8 17 26 33 39 40 40 38 37 35 34 32 29 26 23 20 17

SE 14 12 9 7 5 4 3 6 11 18 25 32 37 39 39 38 37 35 33 30 27 24 20 17
S 15 12 9 7 5 4 3 2 3 4 8 13 19 25 31 35 36 36 34 32 28 24 21 18

SW 22 18 14 11 8 6 5 4 4 5 6 9 12 17 25 33 40 46 49 48 44 38 32 26
W 25 20 16 13 10 7 5 4 4 5 7 9 11 15 20 28 37 45 52 54 50 44 37 30

NW 21 17 13 10 8 6 4 3 4 4 6 8 11 14 17 21 27 34 40 42 40 35 30 25

Wall 
Face

Wall Number 6

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

N 13 11 9 8 6 5 4 5 6 7 8 10 12 14 16 18 20 21 22 23 21 20 17 15
NE 14 12 10 8 6 5 6 10 15 20 23 25 25 26 26 27 27 27 26 25 23 21 18 16
E 16 13 11 9 7 6 7 11 18 25 31 35 36 36 35 35 34 33 31 29 26 24 21 18

SE 16 14 11 9 8 6 6 8 13 18 24 29 33 35 36 35 34 33 32 29 27 24 21 18
S 16 13 11 9 7 6 5 4 4 6 9 13 18 24 28 31 33 33 31 29 27 24 21 18

SW 23 19 16 14 11 9 7 6 6 7 8 10 13 18 24 31 37 42 44 43 40 35 31 27
W 26 22 18 15 13 10 8 7 7 7 8 10 12 15 20 27 35 42 47 48 45 40 35 30

NW 21 18 15 12 10 8 7 6 6 6 8 9 11 14 16 21 26 32 36 38 36 32 28 25



28.44 1997 ASHRAE Fundamentals Handbook

Table 32 July Cooling Load Temperature Differences for Calculating Cooling Load from Sunlit Walls 40°North Latitude ( Continued)

Wall 
Face

Wall Number 7

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

N 13 12 10 9 7 6 6 7 8 8 9 11 12 14 16 17 18 19 20 20 19 18 16 15
NE 15 13 11 10 9 8 9 13 17 20 22 23 23 24 24 25 25 25 24 23 22 20 18 16
E 17 15 13 12 10 9 11 16 21 26 30 32 32 32 32 32 31 30 29 27 25 23 21 19

SE 17 15 13 12 10 9 9 12 16 21 25 28 31 32 32 32 31 30 29 27 25 23 21 19
S 16 14 13 11 10 8 7 7 7 9 12 15 19 23 26 28 29 29 28 26 24 22 20 18

SW 23 20 18 16 13 12 10 10 10 10 11 12 15 20 25 30 35 38 39 37 34 31 28 25
W 25 22 20 17 15 13 12 11 11 11 12 13 14 17 22 28 34 39 42 41 38 34 31 28

NW 20 18 16 14 12 10 9 9 9 9 10 11 13 15 17 21 26 30 33 33 30 28 25 23

Wall 
Face

Wall Number 9

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

N 17 15 13 11 9 7 5 4 4 4 5 7 8 10 12 15 17 19 21 22 23 23 22 20
NE 18 15 13 11 9 7 5 5 6 10 16 20 23 25 26 27 27 28 28 27 26 25 23 20
E 20 17 14 12 10 8 6 5 7 12 19 26 32 36 37 37 37 36 34 33 31 29 26 23

SE 20 17 15 12 10 8 6 5 6 9 13 19 25 31 34 36 37 36 35 34 32 29 26 23
S 21 18 15 12 10 8 6 5 4 3 4 6 10 14 20 25 29 33 34 34 32 30 27 24

SW 31 26 22 18 15 12 9 7 6 5 5 6 8 10 14 19 26 33 39 43 45 44 40 36
W 35 30 25 21 17 14 11 8 7 6 6 7 8 10 12 16 22 30 37 44 48 48 45 41

NW 29 25 21 17 14 11 9 7 5 5 5 6 7 9 11 14 18 22 28 34 37 38 36 33

Wall 
Face

Wall Number 10

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

N 17 15 13 11 9 7 6 5 5 5 6 7 8 10 12 14 17 18 20 22 22 22 21 19
NE 18 16 13 11 9 7 6 6 8 12 16 20 22 24 25 26 27 27 27 27 26 24 22 20
E 20 17 15 12 10 8 7 7 10 14 20 26 31 34 35 36 36 35 34 33 31 28 26 23

SE 21 18 15 13 10 8 7 6 7 10 15 20 25 30 33 34 35 35 34 33 31 29 26 23
S 21 18 15 13 11 9 7 5 4 4 5 7 11 15 20 24 28 31 32 32 31 29 26 24

SW 31 27 23 19 16 13 10 8 7 6 6 7 8 11 15 20 26 32 38 41 42 41 38 35
W 34 30 26 22 18 15 12 9 8 7 7 7 8 10 13 17 23 30 37 42 45 45 42 39

NW 28 24 21 18 15 12 10 8 6 6 6 6 8 10 12 14 18 23 28 33 35 36 34 31

Wall 
Face

Wall Number 11

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

N 16 14 13 12 10 9 8 7 7 7 8 9 10 11 12 14 15 17 18 19 20 19 18 17
NE 18 17 15 13 12 10 9 9 11 14 17 20 21 22 23 23 24 24 25 25 24 23 21 20
E 21 19 17 16 14 12 11 11 13 17 22 26 29 30 31 31 31 31 31 30 29 27 25 23

SE 21 19 17 16 14 12 11 10 11 14 17 21 24 27 29 30 31 31 30 30 29 27 25 23
S 20 18 16 15 13 11 10 9 8 8 8 10 13 16 19 23 25 27 28 28 27 25 24 22

SW 28 25 23 20 18 16 14 12 11 11 10 11 12 14 17 21 25 30 33 36 36 35 33 30
W 31 28 25 22 20 18 16 14 12 12 11 12 12 13 15 19 23 28 33 37 39 38 36 33

NW 25 23 20 18 16 14 12 11 10 9 9 10 11 12 13 15 18 22 26 29 31 31 29 27

Wall 
Face

Wall Number 12

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

N 16 14 13 12 11 10 8 8 8 8 8 9 10 11 12 14 15 16 17 18 19 19 18 17
NE 18 17 15 14 13 11 10 10 12 14 17 19 21 21 22 23 23 24 24 24 23 22 21 20
E 22 20 18 17 15 13 12 12 14 17 21 25 28 29 30 30 30 30 30 29 28 27 25 24

SE 22 20 18 16 15 13 12 11 12 14 17 21 24 26 28 29 30 30 30 29 28 27 25 23
S 20 19 17 15 14 12 11 10 9 9 9 11 13 16 19 22 24 26 26 26 26 25 23 22

SW 27 25 23 21 19 17 15 14 12 12 12 12 12 14 17 20 24 28 32 34 34 34 32 30
W 30 28 25 23 21 19 17 15 14 13 13 13 13 14 16 19 23 27 32 35 37 36 35 33

NW 24 22 20 19 17 15 13 12 11 10 10 11 11 12 13 15 18 21 25 28 29 29 28 26

Table 32 July Cooling Load Temperature Differences for Calculating Cooling Load from Sunlit Walls 40°North Latitude (Concluded)

Wall 
Face

Wall Number 13

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

N 15 14 13 12 11 10 9 9 9 9 9 10 10 11 12 14 15 16 17 18 18 18 17 16
NE 18 17 16 15 13 12 11 12 13 16 18 19 20 21 21 22 23 23 23 23 23 22 21 20
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E 22 20 19 17 16 15 14 14 16 19 22 25 27 28 29 29 29 29 29 28 27 26 25 23
SE 22 20 19 17 16 14 13 13 14 16 18 21 24 26 27 28 28 28 28 28 27 26 24 23
S 20 18 17 16 14 13 12 11 10 10 11 12 14 16 19 21 23 24 25 25 24 23 22 21

SW 26 25 23 21 19 18 16 15 14 13 13 13 14 15 18 21 24 28 30 32 32 31 30 28
W 29 27 25 23 21 19 18 16 15 15 14 14 15 15 17 20 23 27 31 34 34 34 32 31

NW 23 22 20 18 17 15 14 13 12 12 12 12 12 13 14 16 18 21 24 26 27 27 26 25

Wall 
Face

Wall Number 14

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

N 15 15 14 13 12 11 10 10 10 10 10 10 10 11 12 13 14 15 15 16 17 17 16 16
NE 19 18 17 16 15 14 13 13 14 15 17 18 19 20 20 21 21 22 22 22 22 22 21 20
E 23 22 21 19 18 17 16 15 16 18 21 23 25 26 27 27 28 28 28 28 27 26 25 24

SE 23 21 20 19 18 16 15 15 15 16 18 20 22 24 25 26 27 27 27 27 26 26 25 24
S 20 19 18 17 16 15 14 13 12 12 12 12 14 15 17 19 21 22 23 23 23 23 22 21

SW 26 25 24 22 21 19 18 17 16 15 15 15 15 16 17 19 22 25 27 29 30 30 29 28
W 29 27 26 24 23 21 20 18 17 16 16 16 16 16 17 19 21 24 27 30 32 32 31 30

NW 23 22 21 19 18 17 16 15 14 13 13 13 13 14 14 15 17 19 21 24 25 25 25 24

Wall 
Face

Wall Number 15

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

N 19 18 16 14 12 10 9 7 6 6 6 6 7 8 9 11 13 15 17 19 20 21 21 20
NE 21 19 17 15 13 11 9 8 7 9 11 14 18 20 22 23 25 25 26 26 26 26 25 23
E 25 22 20 17 15 12 10 9 9 10 14 18 23 27 30 32 34 34 34 33 32 31 29 27

SE 25 22 20 17 15 13 11 9 8 8 10 14 18 22 26 30 32 33 34 33 33 31 30 27
S 25 22 20 17 15 13 11 9 7 6 6 6 7 10 13 17 21 25 28 30 30 30 29 27

SW 35 32 28 25 22 18 16 13 11 9 8 8 8 9 11 14 18 23 28 33 37 39 39 37
W 39 35 32 28 24 21 18 15 12 10 9 8 8 9 10 13 16 21 26 32 38 41 42 41

NW 31 28 26 23 20 17 14 12 10 8 7 7 7 8 9 11 13 16 20 25 29 32 33 33

Wall 
Face

Wall Number 16

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

N 18 17 16 14 13 11 10 9 8 7 7 7 8 9 10 11 13 14 16 17 18 19 19 19
NE 21 20 18 16 14 13 11 10 10 11 13 15 17 19 21 22 23 24 24 25 25 24 24 23
E 25 23 21 19 17 15 13 11 11 12 15 19 22 26 28 30 31 31 32 32 31 30 29 27

SE 25 23 21 19 17 15 13 11 10 11 12 15 18 21 25 27 29 30 31 31 31 30 29 27
S 24 22 20 18 16 14 12 11 9 8 8 8 9 11 14 17 20 23 25 27 27 27 27 25

SW 33 30 28 25 23 20 18 15 13 12 11 10 10 11 12 15 18 22 27 30 33 35 35 34
W 36 33 31 28 25 22 20 17 15 13 12 11 11 11 12 14 17 20 25 30 34 37 38 37

NW 29 27 25 23 20 18 16 14 12 11 10 9 9 10 11 12 14 16 19 23 27 29 30 30

Note 1. Direct application of data

• Dark surface
• Indoor temperature of 78°F
• Outdoor maximum temperature of 95°F with mean temperature of 85°F and daily

range of 21°F
• Solar radiation typical of clear day on 21st day of month
• Outside surface film resistance of 0.333 (h·ft2· °F)/Btu
• Inside surface resistance of 0.685 (h·ft2· °F)/Btu

Note 2. Adjustments to table data

• Design temperatures

Corr. CLTD = CLTD + (78 − tr) + (tm − 85)

where

tr = inside temperature and

tm = maximum outdoor temperature − (daily range)/2

• No adjustment recommended for color

Table 32 July Cooling Load Temperature Differences for Calculating Cooling Load from Sunlit Walls 40°North Latitude ( Concluded)

Wall 
Face

Wall Number 13

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
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Table 33A Wall Types, Mass Located Inside Insulation, for Use with Table 32

Secondary 
Material

R-Value, 
ft2· °F·h/Btu

Principal Wall Material**

A1 A2 B7 B10 B9 C1 C2 C3 C4 C5 C6 C7 C8 C17 C18

Stucco
and/or
plaster

0.0 to 2.0 * * * * * * * * * * * * * * *
2.0 to 2.5 * 5 * * * * * * * 5 * * * * *
2.5 to 3.0 * 5 * * * 3 * 2 5 6 * * 5 * *
3.0 to 3.5 * 5 * * * 4 2 2 5 6 * * 6 * *
3.5 to 4.0 * 5 * * * 4 2 3 6 6 10 4 6 * 5
4.0 to 4.75 * 6 * * * 5 2 4 6 6 11 5 10 * 10

4.75 to 5.5 * 6 * * * 5 2 4 6 6 11 5 10 * 10
5.5 to 6.5 * 6 * * * 5 2 5 10 7 12 5 11 * 10
6.5 to 7.75 * 6 * * * 5 4 5 11 7 16 10 11 * 11

7.75 to 9.0 * 6 * * * 5 4 5 11 7 * 10 11 * 11
9.0 to 10.75 * 6 * * * 5 4 5 11 7 * 10 11 4 11

10.75 to 12.75 * 6 * * * 5 4 5 11 11 * 10 11 4 11
12.75 to 15.0 * 10 * * * 10 4 5 11 11 * 10 11 9 12
15.0 to 17.5 * 10 * * * 10 5 5 11 11 * 11 12 10 16
17.5 to 20.0 * 11 * * * 10 5 9 11 11 * 15 16 10 16
20.0 to 23.0 * 11 * * * 10 9 9 16 11 * 15 16 10 16
23.0 to 27.0 * * * * * * * * * * * 16 * 15 *

Steel
or other
light-

weight
siding

0.0 to 2.0 * * * * * * * * * * * * * * *
2.0 to 2.5 * 3 * * * * * 2 3 5 * * * * *
2.5 to 3.0 * 5 * * * 2 * 2 5 3 * * 5 * *
3.0 to 3.5 * 5 * * * 3 1 2 5 5 * * 5 * *
3.5 to 4.0 * 5 * * * 3 2 2 5 5 6 3 5 * 5
4.0 to 4.75 * 6 * * * 4 2 2 5 5 10 4 6 * 5

4.75 to 5.5 * 6 * * * 5 2 2 6 6 11 5 6 * 6
5.5 to 6.5 * 6 * * * 5 2 3 6 6 11 5 6 * 6
6.5 to 7.75 * 6 * * * 5 2 3 6 6 11 5 6 * 10

7.75 to 9.0 * 6 * * * 5 2 3 6 6 12 5 6 * 11
9.0 to 10.75 * 6 * * * 5 2 3 6 6 12 5 6 4 11

10.75 to 12.75 * 6 * * * 5 2 3 6 7 12 6 11 4 11
12.75 to 15.0 * 6 * * * 5 2 4 6 7 12 10 11 5 11
15.0 to 17.5 * 10 * * * 6 4 4 10 7 * 10 11 9 11
17.5 to 20.0 * 10 * * * 10 4 4 10 11 * 10 11 10 11
20.0 to 23.0 * 11 * * * 10 4 5 11 11 * 10 11 10 16
23.0 to 27.0 * * * * * * * * * * * 10 * 11 16

Face
brick

0.0 to 2.0 * * * * * * * * * * * * * * *
2.0 to 2.5 3 * * * * * * * * 11 * * * * *
2.5 to 3.0 5 11 * * * * * 6 11 12 * * * * *
3.0 to 3.5 5 12 5 * * 11 * 11 12 12 * * 12 * *
3.5 to 4.0 5 12 6 * * 12 6 12 12 13 * * 12 * *
4.0 to 4.75 6 13 6 10 * 13 10 12 12 13 * 11 * * 16

4.75 to 5.5 6 13 6 11 * * 11 12 13 13 * 16 * * *
5.5 to 6.5 6 13 6 11 * * 11 12 13 13 * * * * *
6.5 to 7.75 6 13 6 11 * * 11 13 * 13 * * * * *

7.75 to 9.0 6 13 10 16 * * 11 13 * 13 * * * * *
9.0 to 10.75 6 14 10 16 * * 11 13 * 14 * * * 16 *

10.75 to 12.75 6 14 10 16 * * 11 13 * 14 * * * 16 *
12.75 to 15.0 6 * 11 16 * * 12 13 * * * * * * *
15.0 to 17.5 10 * 11 * * * 12 13 * * * * * * *
17.5 to 20.0 10 * 11 * * * 16 * * * * * * * *
20.0 to 23.0 11 * 15 * * * 16 * * * * * * * *
23.0 to 27.0 * * * * * * 16 * * * * * * * *

*Denotes a wall that is not possible with the chosen set of parameters.
**See Table 11 for definition of Code letters
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Table 33B Wall Types, Mass Evenly Distributed, for Use with Table 32

Secondary 
Material

R-Value, 
ft2· °F·h/Btu

Principal Wall Material**

A1 A2 B7 B10 B9 C1 C2 C3 C4 C5 C6 C7 C8 C17 C18

Stucco
and/or
plaster

0.0 to 2.0 1 3 * * * * * 1 3 3 * * * * *
2.0 to 2.5 1 3 1 * * 2 * 2 4 4 * * 5 * *
2.5 to 3.0 1 4 1 * * 2 2 2 4 4 * * 5 * *
3.0 to 3.5 1 * 1 * * 2 2 * * * 10 4 5 * 4
3.5 to 4.0 1 * 1 2 * * 4 * * * 10 4 * * 4
4.0 to 4.75 1 * 1 2 * * * * * * 10 4 * * 4

4.75 to 5.5 1 * 1 2 * * * * * * * * * * *
5.5 to 6.5 1 * 2 4 10 * * * * * * * * * *
6.5 to 7.75 1 * 2 4 11 * * * * * * * * * *

7.75 to 9.0 1 * 2 4 16 * * * * * * * * * *
9.0 to 10.75 1 * 2 4 16 * * * * * * * * 4 *

10.75 to 12.75 1 * 2 5 * * * * * * * * * 4 *
12.75 to 15.0 2 * 2 5 * * * * * * * * * * *
15.0 to 17.5 2 * 2 5 * * * * * * * * * * *
17.5 to 20.0 2 * 2 9 * * * * * * * * * * *
20.0 to 23.0 2 * 4 9 * * * * * * * * * * *
23.0 to 27.0 * * * 9 * * * * * * * * * * *

Steel
or other
light-

weight
siding

0.0 to 2.0 1 3 * * * * * 1 3 2 * * * * *
2.0 to 2.5 1 3 1 * * 2 * 1 3 2 * * 3 * *
2.5 to 3.0 1 4 1 * * 2 1 2 4 4 * * 3 * *
3.0 to 3.5 1 * 1 * * 4 1 * * * 5 2 4 * 4
3.5 to 4.0 1 * 1 2 * * 2 * * * 5 2 * * 4
4.0 to 4.75 1 * 1 2 * * * * * * 10 4 * * 4

4.75 to 5.5 1 * 1 2 * * * * * * * * * * *
5.5 to 6.5 1 * 1 2 10 * * * * * * * * * *
6.5 to 7.75 1 * 1 4 11 * * * * * * * * * *

7.75 to 9.0 1 * 2 4 16 * * * * * * * * * *
9.0 to 10.75 1 * 2 4 16 * * * * * * * * 2 *

10.75 to 12.75 1 * 2 4 * * * * * * * * * 4 *
12.75 to 15.0 1 * 2 5 * * * * * * * * * * *
15.0 to 17.5 1 * 2 5 * * * * * * * * * * *
17.5 to 20.0 1 * 2 5 * * * * * * * * * * *
20.0 to 23.0 2 * 4 9 * * * * * * * * * * *
23.0 to 27.0 * * * 9 * * * * * * * * * * *

Face
brick

0.0 to 2.0 3 6 * * * * * * * 6 * * * * *
2.0 to 2.5 3 10 * * * * * 5 10 10 * * * * *
2.5 to 3.0 4 10 5 * * 5 * 5 10 11 * * 10 * *
3.0 to 3.5 * 11 5 * * 10 5 5 11 11 15 10 10 * 10
3.5 to 4.0 * 11 5 10 * 10 5 5 11 11 16 10 16 * 10
4.0 to 4.75 * 11 * 11 * 10 5 5 16 11 * 10 16 * 16

4.75 to 5.5 * 11 * 11 * 10 5 10 16 16 * 10 16 * 16
5.5 to 6.5 * 16 * * * 10 9 10 16 11 * 11 16 * 16
6.5 to 7.75 * 16 * * * 11 9 10 16 16 * 16 16 * *

7.75 to 9.0 * 16 * * * 15 9 10 16 * * 15 16 * *
9.0 to 10.75 * 16 * * * 15 10 10 * 16 * 16 * 10 *

10.75 to 12.75 * 16 * * * 16 10 10 * * * 16 * 15 *
12.75 to 15.0 * 16 * * * 16 10 10 * 16 * * * 15 *
15.0 to 17.5 * * * * * 16 10 15 * * * * * 16 *
17.5 to 20.0 * * * * * 16 15 15 * * * * * 16 *
20.0 to 23.0 * * * * * * 15 16 * * * * * * *
23.0 to 27.0 * * * * * * 15 * * * * * * * *

*Denotes a wall that is not possible with the chosen set of parameters.
**See Table 11 for definition of Code letters
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Table 33C Wall Types, Mass Located Outside Insulation, for Use with Table 32

Secondary 
Material

R-Value, 
ft2· °F·h/Btu

Principal Wall Material**

A1 A2 B7 B10 B9 C1 C2 C3 C4 C5 C6 C7 C8 C17 C18

Stucco
and/or
plaster

0.0 to 2.0 * * * * * * * * * * * * * * *
2.0 to 2.5 * 3 * * * * * 2 3 5 * * * * *
2.5 to 3.0 * 3 * * * 2 * 2 4 5 * * 5 * *
3.0 to 3.5 * 3 * * * 2 2 2 5 5 * * 5 * *
3.5 to 4.0 * 3 * * * 2 2 2 5 5 10 4 6 * 5
4.0 to 4.75 * 4 * * * 4 2 2 5 5 10 4 6 * 9

4.75 to 5.5 * 4 * * * 4 2 2 5 6 11 5 10 * 10
5.5 to 6.5 * 5 * * * 4 2 2 5 6 11 5 10 * 10
6.5 to 7.75 * 5 * * * 4 2 2 5 6 11 5 10 * 10

7.75 to 9.0 * 5 * * * 5 2 4 5 6 16 10 10 * 10
9.0 to 10.75 * 5 * * * 5 4 4 5 6 16 10 10 4 11

10.75 to 12.75 * 5 * * * 5 4 4 10 6 16 10 10 9 11
12.75 to 15.0 * 5 * * * 5 4 4 10 10 * 10 11 9 11
15.0 to 17.5 * 5 * * * 5 4 4 10 10 * 10 11 10 16
17.5 to 20.0 * 5 * * * 9 4 4 10 10 * 10 15 10 16
20.0 to 23.0 * 9 * * * 9 9 9 15 10 * 10 15 15 16
23.0 to 27.0 * * * * * * * * * * * 15 * 15 16

Steel
or other
light-

weight
siding

0.0 to 2.0 * * * * * * * * * * * * * * *
2.0 to 2.5 * 3 * * * * * 2 3 2 * * * * *
2.5 to 3.0 * 3 * * * 2 * 2 3 2 * * * * *
3.0 to 3.5 * 3 * * * 2 1 2 4 3 * * 4 * *
3.5 to 4.0 * 3 * * * 2 2 2 4 3 5 2 5 * 4
4.0 to 4.75 * 3 * * * 2 2 2 4 3 10 3 5 * 5

4.75 to 5.5 * 3 * * * 2 2 2 5 3 10 4 5 * 5
5.5 to 6.5 * 4 * * * 2 2 2 5 3 10 4 5 * 5
6.5 to 7.75 * 4 * * * 2 2 2 5 4 11 5 5 * 6

7.75 to 9.0 * 5 * * * 2 2 2 5 4 11 5 5 * 6
9.0 to 10.75 * 5 * * * 2 2 2 5 4 11 5 5 4 10

10.75 to 12.75 * 5 * * * 4 2 2 5 5 11 5 5 4 10
12.75 to 15.0 * 5 * * * 4 2 2 5 5 11 5 10 5 10
15.0 to 17.5 * 5 * * * 4 2 4 5 5 16 9 10 9 10
17.5 to 20.0 * 5 * * * 4 4 4 9 5 16 9 10 10 10
20.0 to 23.0 * 9 * * * 4 4 4 9 9 16 10 10 10 11
23.0 to 27.0 * * * * * * * * * * 16 10 * 10 15

Face
brick

0.0 to 2.0 * * * * * * * * * * * * * * *
2.0 to 2.5 3 * * * * * * * * 11 * * * * *
2.5 to 3.0 3 10 * * * * * 5 10 11 * * * * *
3.0 to 3.5 3 11 5 * * 10 * 5 11 11 * * 11 * *
3.5 to 4.0 3 11 5 * * 10 5 6 11 11 * * 11 * *
4.0 to 4.75 3 11 5 10 * 10 5 10 11 11 * 10 11 * 16

4.75 to 5.5 3 12 5 10 * 10 9 10 11 12 * 11 16 * 16
5.5 to 6.5 4 12 5 10 * 10 10 10 12 12 * 15 16 * 16
6.5 to 7.75 4 12 5 10 * 11 10 10 12 12 * 16 * * 16

7.75 to 9.0 5 12 5 15 * 11 10 10 16 12 * 16 * * *
9.0 to 10.75 5 12 9 15 * 11 10 10 16 12 * 16 * 15 *

10.75 to 12.75 5 12 10 15 * 11 10 10 * 12 * 16 * 15 *
12.75 to 15.0 5 * 10 16 * 11 10 11 * * * 16 * 15 *
15.0 to 17.5 5 * 10 16 * 15 10 11 * * * 16 * * *
17.5 to 20.0 5 * 10 16 * 16 15 15 * * * * * * *
20.0 to 23.0 9 * 15 16 * 16 15 15 * * * * * * *
23.0 to 27.0 * * * * * * 15 * * * * * * * *

*Denotes a wall that is not possible with the chosen set of parameters.
**See Table 11 for definition of Code letters
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The composite effect of the various forms of interior shading on
solar radiation from glass, relative to unshaded clear double-strength
glass, is represented by a shading coefficient (SC) or decimal mul-
tiplier, tabulated in Chapter 29 for a wide variety of conditions.

Exterior Shading. Where glass is shaded by exterior means of a
permanent nature, the hourly mitigating effect of such shading may
be estimated by separate evaluations of shaded areas relative to
unshaded areas for each situation as previously noted.

Example 7. Cooling load from south and west glass. Determine the cool-
ing load caused by glass on the south and west walls of a building at
1200, 1400, and 1600 h in July. The building is located at 40°N latitude
with outside design conditions of 90°F dry-bulb temperature and a 20°F
daily range. The inside design dry bulb temperature is 78°F. Assume the
room configuration includes two exposed walls, vinyl floor covering,
and gypsum partitions, and that the building is a single story. The south
glass is insulating type (0.25 in. air space) with an area of 100 ft2 and no
interior shading. The west glass is 7/32 in. single grey-tinted glass with
an area of 100 ft2 and with light-colored venetian blinds.

Solution: By the room configuration described and with inside shading
for half the exposed glass area, Table 35B indicates the SCL factors
should be selected for a Zone C condition.

Data required for the calculation are as follows:  

Table 34 Cooling Load Temperature Differences
(CLTD) for Conduction through Glass

Solar Time, h CLTD, °F Solar Time, h CLTD, °F

0100 1 1300 12
0200 0 1400 13
0300 −1 1500 14
0400 −2 1600 14
0500 −2 1700 13
0600 −2 1800 12
0700 −2 1900 10
0800 0 2000 8
0900 2 2100 6
1000 4 2200 4
1100 7 2300 3
1200 9 2400 2

Corrections: The values in the table were calculated for an inside temperature of 78°F
and an outdoor maximum temperature of 95°F with an outdoor daily range of 21°F.
The table remains approximately correct for other outdoor maximums 93 to 102°F and
other outdoor daily ranges 16 to 34°F, provided the outdoor daily average temperature
remains approximately 85°F. If the room air temperature is different from 78°F and/or
the outdoor daily average temperature is different from 85°F see note 2, Table 32.

Variable South Glass West Glass

U, Btu/(h·ft2·°F)* 0.61 0.81
Area A, ft2 100 100
SC (Chapter 29) 0.82 0.53
SCL (Table 36, Zone C) 1200 79 37

1400 80 98
1600 40 153

*U-factors based on previous edition of this Handbook. See Table 5, Chapter 29
for current values.

Table 35A Zone Types for Use with CLF Tables,
Interior Rooms

Zone Parametersa Zone Type

Room 
Location Middle Floor

Ceiling 
Type

Floor
Covering

People and 
Equipment Lights

Single
story

N/A N/A Carpet C B

N/A N/A Vinyl D C

Top
floor

2.5 in. Concrete With Carpet D C

2.5 in. Concrete With Vinyl D D

2.5 in. Concrete Without b D B

1 in. Wood b b D B

Bottom
floor

2.5 in. Concrete With Carpet D C

2.5 in. Concrete b Vinyl D D

2.5 in. Concrete Without Carpet D D

1 in. Wood b Carpet D C

1 in. Wood b Vinyl D D

Mid-
floor

2.5 in. Concrete N/A Carpet D C

2.5 in. Concrete N/A Vinyl D D

1 in. Wood N/A b C B
aA total of 14 zone parameters is fully defined in Table 20. Those not shown in this
table were selected to achieve an error band of approximately 10%.

bThe effect of this parameter is negligible in this case.

Table 35B Zone Types for Use with SCL and CLF Tables, Single-Story Building

Zone Parametersa Zone Type Error Band

No. 
Walls

Floor
Covering Partition Type Inside Shade

Glass 
Solar

People and 
Equipment Lights Plus Minus

1 or 2 Carpet Gypsum b A B B 9 2

1 or 2 Carpet Concrete block b B C C 9 0

1 or 2 Vinyl Gypsum Full B C C 9 0

1 or 2 Vinyl Gypsum Half to None C C C 16 0

1 or 2 Vinyl Concrete block Full C D D 8 0

1 or 2 Vinyl Concrete block Half to None D D D 10 6

3 Carpet Gypsum b A B B 9 2

3 Carpet Concrete block Full A B B 9 2

3 Carpet Concrete 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 Concrete block Full B C C 9 0

3 Vinyl Concrete block Half to None C C C 16 0

4 Carpet Gypsum b A B B 6 3

4 Vinyl Gypsum Full B C C 11 6

4 Vinyl Gypsum Half to None C C C 19 −1
aA total of 14 zone parameters is fully defined in Table 20. Those not shown in this table were

l d hi h i i b d h i h i h h d l f S l C li
Load (SCL). The error band for Lights and People and Equipment is approximately 10%.
bTh ff f i id h d i li ibl i hi
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Table 36 July Solar Cooling Load For Sunlit Glass 40°North Latitude

Glass 
Face

Zone Type A

Hour Solar 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

N 0 0 0 0 1 25 27 28 32 35 38 40 40 39 36 31 31 36 12 6 3 1 1 0

NE 0 0 0 0 2 85 129 134 112 75 55 48 44 40 37 32 26 18 7 3 2 1 0 0

E 0 0 0 0 2 93 157 185 183 154 106 67 53 45 39 33 26 18 7 3 2 1 0 0

SE 0 0 0 0 1 47 95 131 150 150 131 97 63 49 41 34 27 18 7 3 2 1 0 0

S 0 0 0 0 0 9 17 25 41 64 85 97 96 84 63 42 31 20 8 4 2 1 0 0

SW 0 0 0 0 0 9 17 24 30 35 39 64 101 133 151 152 133 93 35 17 8 4 2 1

W 1 0 0 0 0 9 17 24 30 35 38 40 65 114 158 187 192 156 57 27 13 6 3 2

NW 1 0 0 0 0 9 17 24 30 35 38 40 40 50 84 121 143 130 46 22 11 5 3 1

Hor 0 0 0 0 0 24 69 120 169 211 241 257 259 245 217 176 125 70 29 14 7 3 2 1

Glass
Face

Zone Type B

Hour Solar 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

N 2 2 1 1 1 22 23 24 28 32 35 37 38 37 35 32 31 35 16 10 7 5 4 3

NE 2 1 1 1 2 73 109 116 101 73 58 52 48 45 41 36 30 23 13 9 6 5 3 3

E 2 2 1 1 2 80 133 159 162 143 105 74 63 55 48 41 34 25 15 10 7 5 4 3

SE 2 2 1 1 1 40 81 112 131 134 122 96 69 58 49 42 35 26 15 10 8 6 4 3

S 2 2 1 1 1 8 15 21 36 56 74 86 87 79 63 46 37 27 16 11 8 6 4 3

SW 6 5 4 3 2 9 16 22 27 31 36 58 89 117 135 138 126 94 46 31 21 15 11 8

W 8 6 5 4 3 9 16 22 27 31 35 37 59 101 139 166 173 147 66 43 30 21 15 11

NW 6 5 4 3 2 9 16 22 27 31 34 37 37 46 76 108 128 119 51 33 22 16 11 8

Hor 8 6 5 4 3 22 60 104 147 185 214 233 239 232 212 180 137 90 53 37 27 19 14 11

Glass
Face

Zone Type C

Hour Solar 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

N 5 5 4 4 4 24 23 24 27 30 33 34 35 34 32 29 29 34 14 10 8 7 6 6

NE 7 6 6 5 6 75 106 107 88 61 49 47 45 43 40 36 31 25 16 13 11 10 9 8

E 9 8 8 7 8 83 130 148 145 124 89 62 56 52 47 43 37 30 20 17 15 13 12 11

SE 9 8 7 6 6 45 82 107 121 121 107 82 59 51 47 42 36 29 19 16 14 13 11 10

S 7 7 6 5 5 12 18 23 36 54 70 79 79 70 54 40 33 26 16 13 12 10 9 8

SW 14 12 11 10 9 15 21 26 29 33 36 57 86 110 124 125 111 80 37 28 23 20 17 15

W 17 15 13 12 11 17 22 27 31 34 36 37 59 98 132 153 156 128 50 35 28 24 21 19

NW 12 11 10 9 8 14 20 25 29 32 34 36 36 44 73 102 118 107 39 26 21 17 15 13

Hor 24 21 19 17 16 34 68 107 144 175 199 212 215 207 189 160 123 83 53 44 38 34 30 27

Glass
Face

Zone Type D

Hour Solar 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

N 8 7 6 6 6 21 21 21 24 27 29 31 32 31 30 28 29 32 17 14 12 11 10 9

NE 11 10 9 8 9 63 87 90 77 58 49 48 46 44 42 39 35 29 22 19 17 15 14 12

E 15 13 12 11 11 70 107 123 124 110 85 65 60 57 53 48 43 37 29 25 22 20 18 16

SE 14 13 11 10 10 39 68 90 102 104 95 78 60 55 51 47 42 35 27 24 21 19 17 16

S 11 10 9 8 7 12 17 21 32 46 59 67 69 63 52 41 36 30 22 19 17 15 14 12

SW 21 19 17 15 14 18 22 25 28 31 34 51 74 94 106 109 100 78 45 37 33 29 26 23

W 25 23 20 18 17 21 24 28 30 33 34 35 53 84 112 130 135 116 57 46 39 35 31 28

NW 18 16 15 13 12 17 21 24 27 30 32 33 34 41 64 87 101 94 42 33 29 25 22 20

Hor 37 33 30 27 24 38 64 95 124 150 171 185 191 188 176 156 128 96 72 63 56 50 45 41 

Notes:
1. Values are in Btu/h·ft2 .
2. Apply data directly to standard double strength glass with no 

inside shade.

3. Data applies to 21st day of July.
4. For other types of glass and internal shade, use shading coefficients as multiplier. See

text. For externally shaded glass, use north orientation. See text.
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The conduction heat gain component of cooling load by Equation
(42) is: 

The correction factor applied to the above CLTDs was −5°F, com-
puted from the notes of Table 34. Heat gain values are rounded.

The solar heat gain component of cooling load by Equation (43) is:   

The total cooling load due to heat gain through the glass is, there-
fore: 

HEAT SOURCES 
WITHIN CONDITIONED SPACE

People

The basic principles of evaluating heat gain and moisture gener-
ation from people are the same as those previously described for the
TFM. Latent heat gains are considered instantaneous cooling loads.

The total sensible heat gain from people is not converted directly
to cooling load. The radiant portion is first absorbed by the sur-
roundings (floor, ceiling, partitions, furniture) then convected to the
space at a later time, depending on the thermal characteristics of the
room. The radiant portion of the sensible heat gain from people var-
ies widely depending on the circumstances, as indicated by Table 3
and in more detail by Chapter 8. A 70% value was used to generate
CLFs for Table 37, which considers the storage effect on this radiant
load in its results, plus the 30% convective portion. The instanta-
neous sensible cooling load is thus: 

(44)

and the latent cooling load is:

(45)

Time
CLTD

(Table 34)
CLTD

Corrected
South Glass, 

Btu/h
West Glass, 

Btu/h

1200  9 4 244 324
1400 13 8 488 648
1600 14 9 549 729

Time

South Glass SHG, 
Btu/h

West Glass SHG, 
Btu/hSC SCL SC SCL

1200 0.82 79 6478 0.53 37 1961
1400 0.82 70 5740 0.53 98 5194
1600 0.82 40 3280 0.53 153 8109

Time
South Glass,

Btu/h
West Glass,

Btu/h

1200 6722 2285
1400 6198 5842
1600 3829 8838

qs N SHGp( ) CLFp( )=

ql N LHGp( )=

Table 37 Cooling Load Factors for People and Unhooded Equipment

Hours in 
Space

Number of Hours after Entry into Space or Equipment Turned On

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Zone Type A
2 0.75 0.88 0.18 0.08 0.04 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 0.00 0.00 0.00 0.00
4 0.75 0.88 0.93 0.95 0.22 0.10 0.05 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 0.23 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 0.95 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 0.01 0.00 0.00 0.00 0.00

10 0.75 0.88 0.93 0.95 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 0.05 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 0.05 0.03 0.03

Zone Type 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 0.85 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 0.75 0.81 0.85 0.89 0.91 0.29 0.20 0.15 0.12 0.09 0.07 0.05 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 0.75 0.81 0.85 0.89 0.91 0.93 0.95 0.31 0.22 0.17 0.13 0.10 0.08 0.06 0.05 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01

10 0.65 0.75 0.81 0.85 0.89 0.91 0.93 0.95 0.96 0.97 0.33 0.24 0.18 0.14 0.11 0.08 0.06 0.05 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 0.95 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 0.67 0.76 0.82 0.86 0.89 0.92 0.94 0.95 0.96 0.97 0.98 0.98 0.99 0.99 0.35 0.25 0.19 0.15 0.11 0.09 0.07 0.05 0.04 0.03
16 0.69 0.78 0.83 0.87 0.90 0.92 0.94 0.95 0.96 0.97 0.98 0.98 0.99 0.99 0.99 0.99 0.35 0.25 0.19 0.15 0.11 0.09 0.07 0.05
18 0.71 0.80 0.85 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

Zone Type C
2 0.60 0.68 0.14 0.11 0.09 0.07 0.06 0.05 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 0.23 0.18 0.14 0.12 0.10 0.08 0.06 0.05 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 0.61 0.69 0.74 0.79 0.83 0.86 0.28 0.22 0.18 0.15 0.12 0.10 0.08 0.07 0.06 0.05 0.04 0.03 0.03 0.02 0.02 0.01 0.01 0.01
8 0.61 0.69 0.75 0.79 0.83 0.86 0.89 0.91 0.32 0.26 0.21 0.17 0.14 0.11 0.09 0.08 0.06 0.05 0.04 0.04 0.03 0.02 0.02 0.02

10 0.62 0.70 0.75 0.80 0.83 0.86 0.89 0.91 0.92 0.94 0.35 0.28 0.23 0.18 0.15 0.12 0.10 0.08 0.07 0.06 0.05 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 0.95 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 0.85 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 0.95 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 0.85 0.88 0.90 0.92 0.93 0.94 0.95 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

Zone Type D
2 0.59 0.67 0.13 0.09 0.08 0.06 0.05 0.05 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 0.05 0.05 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 0.15 0.13 0.11 0.09 0.08 0.07 0.06 0.05 0.05 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 0.63 0.70 0.75 0.78 0.81 0.84 0.86 0.88 0.89 0.91 0.33 0.27 0.22 0.19 0.17 0.14 0.12 0.11 0.09 0.08 0.07 0.06 0.05 0.05
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 0.95 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 0.85 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 0.15 0.13
18 0.74 0.80 0.83 0.85 0.87 0.89 0.91 0.92 0.93 0.94 0.95 0.95 0.96 0.97 0.97 0.97 0.98 0.98 0.39 0.32 0.27 0.23 0.20 0.17

Note: See Table 35 for zone type. Data based on a radiative/convective fraction of 0.70/0.30.
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where

qs = sensible cooling load due to people
N = number of people

SHGp = sensible heat gain per person (Table 3)
CLFp = cooling load factor for people (Table 37)

ql = latent cooling load due to people
LHGp = latent heat gain per person (Table 3)

The CLF for people load is a function of the time such people
spend in the conditioned space and the time elapsed since first
entering. As defined for estimating cooling load from fenestra-
tion, the space under consideration is categorized as a zone,
identified in Table 35. The appropriate CLF is selected from
Table 37 by zone type, occupancy period, and number of hours
after entry.

CLF Usage Exceptions. If the space temperature is not main-
tained constant during the 24-h period, for example, if the cooling
system is shut down during the night (night shutdown), a “pulldown
load” results because a major part of the stored sensible heat in the
structure has not been removed, thus reappearing as cooling load
when the system is started the next day. In this case, a CLF of 1.0
should be used.

When there is a high occupant density, as in theaters and audito-
riums, the quantity of radiation to the walls and room furnishings is
proportionately reduced. In these situations, a CLF of 1.0 should
also be used.

Example 8. Cooling load from occupants. Estimate the cooling load
in a building at 1200, 1400, and 1600 h from four moderately active
people occupying an office from 0900 to 1700 h. The office temper-
ature is 78°F, and the cooling system operates continuously.
Assume the conditions of the space as applied to Table 33A; define
it as Type D.

Solution: The sensible cooling load is calculated by Equation (44), and
the latent cooling load is calculated by Equation (45). The period of
occupancy is 8 h. Therefore,  

Lighting
As discussed for the TFM, the cooling load from lighting does

not immediately reflect the full energy output of the lights. Kimura
and Stephenson (1968), Mitalas and Kimura (1971), and Mitalas
(1973) indicated the effect on cooling load of light fixture type, type
of air supply and return, space furnishings, and the thermal charac-
teristics of the space. The effect of these influencing parameters
have been incorporated in the Cooling and Heating Load Calcula-
tion Manual (McQuiston and Spitler 1992) into the CLF values for
lighting listed in Table 38, and for which selection zones are iden-
tified as appropriate by Tables 35. At any time, the space cooling
load from lighting can be estimated as:

(46)

where
qel = cooling load from lighting, Btu/h

HGel = heat gain from lighting, Btu/h, as WFulFsa [Equation (9)]
W = total lamp watts

Ful = lighting use factor
Fsa = lighting special allowance factor

CLFel = lighting cooling load factor (Table 38)

CLFel data in Table 38 are based on the assumptions that (1) the
conditioned space temperature is continuously maintained at a con-
stant value, and (2) the cooling load and power input to the lights
eventually become equal if the lights are on for long enough.

Operational Exceptions. If the cooling system operates only
during occupied hours, the CLFel should be considered 1.0 in lieu of

Time

No.
of

People

Hours 
in 

Space

Hours 
after 
Entry

Btu/h Each 
(Table 3)

CLFp 
(Table 37)

Zone D

Cooling Load

Sen., 
Btu/h

Lat., 
Btu/hSen. Lat.

1200 4 8 3 255 255 0.74 755 1020
1400 4 8 5 255 255 0.80 816 1020
1600 4 8 7 255 255 0.85 867 1020

qel HGel CLFel( )=

Table 38 Cooling Load Factors for Lights

Hours 
Lights 

On

Number of Hours after Lights Turned On

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Zone Type A
8 h 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 h 0.85 0.93 0.95 0.97 0.97 0.97 0.98 0.98 0.98 0.98 0.14 0.07 0.04 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01
12 h 0.86 0.93 0.96 0.97 0.97 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.14 0.07 0.04 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
14 h 0.86 0.93 0.96 0.97 0.98 0.98 0.98 0.98 0.98 0.98 0.99 0.99 0.99 0.99 0.15 0.07 0.05 0.03 0.03 0.03 0.02 0.02 0.02 0.02
16 h 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 0.99 0.15 0.08 0.05 0.04 0.03 0.03 0.03 0.02

Zone Type B
8 h 0.75 0.85 0.90 0.93 0.94 0.95 0.95 0.96 0.23 0.12 0.08 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 h 0.75 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 h 0.76 0.86 0.91 0.93 0.95 0.95 0.96 0.96 0.97 0.97 0.97 0.97 0.24 0.14 0.09 0.07 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03
14 h 0.76 0.87 0.92 0.94 0.95 0.96 0.96 0.97 0.97 0.97 0.97 0.98 0.98 0.98 0.25 0.14 0.09 0.07 0.06 0.05 0.05 0.04 0.04 0.03
16 h 0.77 0.88 0.92 0.95 0.96 0.96 0.97 0.97 0.97 0.98 0.98 0.98 0.98 0.98 0.98 0.99 0.25 0.15 0.10 0.07 0.06 0.05 0.05 0.04

Zone Type C
8 h 0.72 0.80 0.84 0.87 0.88 0.89 0.90 0.91 0.23 0.15 0.11 0.09 0.08 0.07 0.07 0.06 0.05 0.05 0.05 0.04 0.04 0.03 0.03 0.03

10 h 0.73 0.81 0.85 0.87 0.89 0.90 0.91 0.92 0.92 0.93 0.25 0.16 0.13 0.11 0.09 0.08 0.08 0.07 0.06 0.06 0.05 0.05 0.04 0.04
12 h 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 0.07 0.06 0.06 0.05
14 h 0.75 0.84 0.87 0.89 0.91 0.92 0.92 0.93 0.94 0.94 0.95 0.95 0.96 0.96 0.27 0.19 0.15 0.13 0.11 0.10 0.09 0.08 0.08 0.07
16 h 0.77 0.85 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

Zone Type D
8 h 0.66 0.72 0.76 0.79 0.81 0.83 0.85 0.86 0.25 0.20 0.17 0.15 0.13 0.12 0.11 0.10 0.09 0.08 0.07 0.06 0.06 0.05 0.04 0.04

10 h 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 h 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 0.25 0.21 0.19 0.17 0.15 0.13 0.12 0.11 0.10 0.09 0.08
14 h 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 h 0.75 0.80 0.83 0.85 0.87 0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.94 0.95 0.96 0.96 0.34 0.28 0.24 0.21 0.19 0.17 0.15 0.14

Note: See Table 35 for zone type. Data based on a radiative/convective fraction of 0.59/0.41.
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the Table 38 values. Where one portion of the lights serving the
space is on one schedule of operation and another portion is on a dif-
ferent schedule, each should be treated separately. Where lights are
left on for 24 h a day, the CLFel is 1.0.

Example 9. Cooling load from lighting. Estimate the cooling load in a
building at 1200, 1400, and 1600 h from recessed fluorescent lights,
turned on at 0800 h and turned off at 1800 h. Lamp wattage is 800 W.
The use factor is 1.0, and the special allowance factor is 1.25. The room
is an interior type in a one-story building, has tile flooring over a 3-in.
concrete floor, and a suspended ceiling. The cooling system runs 24
h/day, including weekends.

Solution: From Table 35B, the room is categorized as Type C for light-
ing load purposes. Therefore,  

Power and Appliances
Heat gain of power-driven equipment can be estimated by means

of Equations (15), (16), or (17) as applicable, or taken directly from
Tables 4 and/or 5.

Equations (18) and (19) can be used to estimate heat gain values
under various circumstances, and Tables 6 through 9 provide repre-
sentative data for direct use or as input to the equations.

The radiant component of sensible heat gain from power-driven
equipment or appliances is delayed in becoming cooling load in the
same manner as that of other load categories already discussed. For
power-driven equipment, the CLF values tabulated for unhooded
equipment (Table 37) are considered appropriate. Tables 37 and 39
tabulate cooling load factors (CLFa) for appliances. Multiplying the
sensible portion of heat gain by the appropriate CLFa will produce
the following approximate cooling load values:

(47)

Example 10. Appliance cooling load. Determine the cooling load in a
building at 1200, 1400, and 1600 h caused by an electric coffee brewer
with one brewer and one warmer. The brewer operates continuously

Time

Hours 
in 

Space

Hours 
after 
Entry

Lamp 
Watts

Heat Gain, 
Btu/h

[Eq. (9)]

CLFel 
(Table 

38)
Zone C

Cooling Load, 
Btu/h

[Eq. (39)]

1200 8 3 800 3410 0.85 2489
1400 8 5 800 3410 0.89 2660
1600 8 7 800 3410 0.91 2796

q SHG (CLF)=

Table 39 Cooling Load Factors for Hooded Equipment

Hours in 
Operation

Number of Hours after Equipment Turned On

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Zone Type A
2 0.64 0.83 0.26 0.11 0.06 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 0.00 0.00 0.00 0.00
4 0.64 0.83 0.90 0.93 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 0.16 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 0.93 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 0.93 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 0.36 0.17 0.10 0.07 0.04 0.04 0.03 0.03 0.03 0.01
16 0.66 0.84 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 0.84 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 0.04

Zone Type B
2 0.50 0.63 0.23 0.16 0.11 0.09 0.07 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 0.00 0.00
4 0.50 0.64 0.73 0.79 0.34 0.24 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 0.50 0.64 0.73 0.79 0.84 0.87 0.90 0.93 0.44 0.31 0.24 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 0.84 0.87 0.90 0.93 0.94 0.96 0.47 0.34 0.26 0.20 0.16 0.11 0.09 0.07 0.06 0.04 0.03 0.03 0.03 0.01
12 0.51 0.66 0.73 0.80 0.84 0.89 0.91 0.93 0.94 0.96 0.97 0.97 0.49 0.34 0.27 0.20 0.16 0.11 0.09 0.07 0.06 0.05 0.04 0.03
14 0.53 0.66 0.74 0.80 0.84 0.89 0.91 0.93 0.94 0.96 0.97 0.97 0.99 0.99 0.50 0.36 0.27 0.21 0.16 0.13 0.10 0.08 0.07 0.06
16 0.56 0.69 0.76 0.81 0.86 0.89 0.91 0.93 0.94 0.96 0.97 0.97 0.99 0.99 0.99 0.99 0.50 0.36 0.27 0.21 0.16 0.14 0.13 0.10
18 0.59 0.71 0.79 0.83 0.87 0.90 0.93 0.94 0.96 0.97 0.97 0.99 0.99 0.99 0.99 0.99 1.00 1.00 0.50 0.36 0.27 0.23 0.21 0.16

Zone Type C
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 0.54 0.63 0.70 0.33 0.26 0.20 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 0.44 0.56 0.63 0.70 0.76 0.80 0.40 0.31 0.26 0.21 0.17 0.14 0.11 0.10 0.09 0.07 0.06 0.04 0.04 0.03 0.03 0.02 0.01 0.01
8 0.44 0.56 0.64 0.70 0.76 0.80 0.84 0.87 0.46 0.37 0.30 0.24 0.20 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 0.84 0.87 0.89 0.91 0.50 0.40 0.33 0.26 0.21 0.17 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 0.84 0.87 0.90 0.91 0.93 0.94 0.53 0.41 0.34 0.27 0.23 0.19 0.16 0.13 0.10 0.09 0.09 0.07
14 0.50 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 0.29 0.24 0.20 0.16 0.14 0.13 0.11
16 0.54 0.63 0.70 0.76 0.80 0.84 0.87 0.89 0.91 0.93 0.94 0.94 0.96 0.97 0.97 0.97 0.56 0.44 0.36 0.30 0.24 0.22 0.20 0.16
18 0.60 0.69 0.74 0.79 0.83 0.86 0.89 0.90 0.91 0.93 0.94 0.96 0.96 0.97 0.97 0.99 0.99 0.99 0.56 0.44 0.37 0.33 0.30 0.24

Zone 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 0.53 0.60 0.66 0.29 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 0.11 0.10 0.09 0.07 0.07 0.06 0.06 0.06

10 0.47 0.57 0.64 0.69 0.73 0.77 0.80 0.83 0.84 0.87 0.47 0.39 0.31 0.27 0.24 0.20 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 0.19 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 0.27 0.23 0.20 0.18 0.17 0.16
16 0.57 0.66 0.71 0.76 0.79 0.81 0.84 0.86 0.89 0.90 0.91 0.93 0.93 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 0.84 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 0.35 0.33 0.29

Note: See Table 35 for zone type. Data based on a radiative/convective fraction of 1.0/0.
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from 0900 to 1500 h and does not have an exhaust hood. The room is a
“midfloor” type in a multistory building, has carpet over a 3-in. con-
crete floor, and a suspended ceiling. The cooling system runs 24 h/day,
including weekends.

Solution: From Table 7, qs and qt for an unhooded, two-burner coffee
brewer is 3750 and 1910 Btu/h, respectively (thus 1875 and 955 Btu/h
each burner), and for a coffee heater (per warming burner) is 230 and
11032 Btu/h, respectively. The brewer is on for 6 h, and 1200 h is 3 h
after the brewer is turned on. From Table 35B, the room is categorized
as Type D for equipment load purposes. Therefore,   

Total Space Cooling Load

The estimated total space cooling load for a given application is
determined by summing the individual components for each hour
of interest.

EXAMPLE COOLING LOAD CALCULATION 
USING CLTD/CLF METHOD

Example 11. For this example, the one-story commercial building in
Example 6 will be the basis for calculating a cooling load by the CLTD/
SCL/CLF method. Refer to Example 6 for the statement of conditions.

Find (for stated design conditions):

1. Sensible cooling load

2. Latent cooling load

3. Total cooling load

Solution: By inspection, the cooling load from the roof can be
expected to be the variable making the greatest contribution to the
overall cooling load for the building. Therefore, the time of maximum
cooling load occurrence will probably be close to the time of maximum
CLTD for the roof. The maximum cooling load for the building as a
whole can be expected to occur in one of the summer months—June,
July, or August. From Table 31, a “mass inside” roof with no ceiling
and an R-factor of 11.11 is classified as Type 4. From Table 30, the
CLTD for Roof No. 4 at 40°N latitude has a maximum tabulated value
of 78°F at 1800 h, but is only somewhat less (73) at 1600 h.

South-facing glass can also be expected to wield considerable influ-
ence on the cooling load for this particular building. From Table 35A, a
one-story building with three exposed walls, uncarpeted floor, masonry
partitions, and fully inside-shaded windows is classified B for solar
loads, and C for loads from people, equipment, or lights. Cross-check-
ing the variation of SCLs for glass facing south, in Table 36, the maxi-
mum cooling load from these windows would be only slightly more at
noon or 1300 h than at 1400 for 40°N latitude. Sometime in the early
afternoon seems obvious, but it is necessary to make a quick estimate to
establish the peak load hour:

Roof [Equation (41)]

U = 0.09 Btu/(h·ft2·°F) Area = 4000 ft2  

C1 = (78 − 75) = indoor design temperature correction

C2 = (94 + 74)/2 − 85 = daily average temperature correction

South Glass, Solar [Equation (43)]:

SC = 0.55 Area = 60 ft2 

Evaluation of the foregoing indicates that 1600 h will be the proba-
ble hour of maximum cooling load for this building, considering that
although the roof and south glass loads increase another 1143 Btu/h for
1700 h, the trend has slowed and most other load components of signif-
icance can be expected to be leveling off or moving toward lower values
at that time. In some cases there would be no such clear cut indication,
and it would be necessary to estimate the total load for a number of
hours, including the potential impact of other significant variables
which could exert a determining influence at a different time (such as a
major load from appliances, known to occur only in the morning, etc.),
before selecting the peak load hour for the overall calculation.

Cooling Load from Heat Gain through Roof, Exposed Walls, 
and Doors

Such loads are estimated using Equation (41), where the CLTDs are
taken from Table 30 after determining appropriate type numbers from
Table 31 whose insulation placement, U-factors and general construc-
tion are as close to the actual components as possible. Corrections to
CLTD values are made in accordance with footnote instructions to
Table 30 similar to the above preliminary evaluation. (Note that there
are no corrections to CLTD values for building mass variations, per the
foregoing discussion, as considered of only limited significance to the
overall results. Tabulated data for roofs, walls and doors assume Room
Transfer Functions for “light to medium” construction.)

Cooling Load from Heat Gain through Fenestration Areas

The load component from conduction heat gain is calculated using
Equation (42), where the CLTD value is taken from Table 34, corrected
by −1°F because of a 1°F lower average daily temperature than that for
which the table was generated, and +3°F to recognize the 75°F design
space temperature. The U-factor of the glass is taken as 0.81 Btu/
(h·ft2·°F) for single sheet plate glass, under summer conditions.

The load component from solar heat gain is calculated using Equation
(43) as indicated above. A shading coefficient (SC) of 0.55 is used for
clear glass with light-colored venetian blinds. SCL values are taken from
Table 36 in this chapter, after first identifying the appropriate zone type
as B for solar load from Table 35A. Results are tabulated in Table 40.

Cooling Load from Heat Gain through Party Walls

For the north and west party walls, cooling load is calculated using
Equation (16) for wall and door areas, using appropriate U-factors from
Chapter 24 and the temperature differential existing at 1600 h, 18.4°F.
Results are tabulated in Table 41.

Cooling Load from Internal Heat Sources

For the cooling load component from lights, Equation (9) is first
used to obtain the heat gain. Assuming a use factor of 1.0, and a special
allowance factor of 1.0 for tungsten lamps and 1.20 for fluorescent
lamps, these gains are:

Since the tungsten lamps are operated continuously, the previously
stored radiant heat from this source currently being reconvected to the
space equals the rate of new radiant heat from this source being stored,
thus the cooling load from this source equals heat gain. The fluorescent
lamps however are operated only 10 hours per day, 0800 through hour
1700, and thus contribute radiant heat to cooling load in a cyclic and

Time
qs,

Btu/h

Hours
in

Use

Hours
after
Start

CLFa
(Table 37)

Cooling Load

Sensible, 
Btu/h

Latent, 
Btu/h

Total, 
Btu/h

1200 2105 6 3 0.73 1537 1065 2602
1400 2105 6 5 0.80 1684 1065 2749
1600 2105 6 7 0.26 547 0 547

Time  1300  1400  1500  1600  1700

CLTD 42 54 65 73 77
C1 3 3 3 3 3
C2 −1 −1 −1 −1 −1
Corr. CLTD 44 56 67 75 79
Btu/h 15840 20160 24120 27000 28440

Time  1300  1400  1500  1600  1700

SCL at 40°,
Btu/h

87 79 63 46 37
= 2871 2607 2079 1518 1221

Roof and south
glass, Btu/h = 18711 22767 26199 28518 29661

Table 40 Solar Cooling Load for Windows, Example 11

Section
Net Square 

Feet SC
CLF

Table 36
Cooling 

Load, Btu/h

South windows 60 0.55 46 1518
North windows 30 0.55 32 528

qtung 4000 1.0× 1.0× 3.41× 13,640 Btu/h= =

qfluor 17,500 1.0 1.2 3.41××× 71,610 Btu/h= =
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somewhat delayed manner. From Table 35A, the zone type is identified
as C for lighting loads, and from Table 38 a CLF value of 0.92 is
obtained for lights which are operated for 10 hours, for a calculation
hour 9 hours after the lights have been turned on. The cooling load
from fluorescent lights for this estimate is thus:

For people, Table 3 is used to select heat gains for seated occupants
doing light office work, as 250 Btu/h per person, sensible, and 200
Btu/h, latent for 75°F space temperature. The CLF for the sensible
component is taken from Table 37 as 0.92, for a condition of 10 total
hours in a type C space and a load calculation taken 9 h after entry.
Cooling load from people is thus estimated at:

 

Cooling Load from Power Equipment and Appliances

For this example, none are assumed.

Cooling Load from Infiltration and Ventilation Air

As determined in Example 6, ventilation for this building is estab-
lished at 15 cfm/person, or 1275 cfm, and infiltration (through doors) at
67 cfm. For this example, ventilation is assumed to enter directly into
the space (as opposed to first passing through the cooling equipment),
and thus is included as part of the space cooling load.

The sensible and latent portions of each load component are calcu-
lated using Equations (22) and (23), respectively, where at 1600 h: to =
93.4°F; ti = 75°F; Wo = 0.0161; and Wi = 0.0093; thus:

For ventilation:  

For infiltration:  

Limitations of CLTD/SCL/CLF Methods
The results obtained from using CLTD/CLF data depend on the

characteristics of the space and how they vary from those used to
generate the weighting factors. Variations can appear in the ampli-
tude and when radiant heat gain components are felt as cooling
loads, which affect the hourly cooling loads for the space. Two types
of error are possible:

1. The computer software that generated CLTD/SCL/CLF tables
uses the TFM to determine cooling loads based on various types
of heat gain. The cooling loads for each type of heat gain are nor-
malized appropriately to obtain CLTDs, SCLs, or CLFs. Except,
as discussed next, use of the CLTD/SCL/CLF method in con-
junction with these tables will yield the same results as the TFM,
but only when the same 14 zone parameters are specified.

Three inherent errors in the TFM are carried through to the
CLTD/SCL/CLF data:

a. Each set of weighting factors or conduction transfer function
coefficients are used for a group of walls, roofs, or zones
with similar thermal response characteristics. Groups were
chosen so that error would be minimal and conservative
(Harris and McQuiston 1988, Sowell 1988).

b. The scheme used for calculating weighting factors is based
on 14 discrete parameters applied to a rectangular room.
Rarely does a room fit exactly into these parameters. There-
fore, engineering judgment must be used to choose the values
of the 14 parameters that most closely represent the room for
which load calculations are being performed. Deviations of

Table 41 Conduction Cooling Load Summary for
Enclosing Surfaces, Example 11

Section
Net
ft2

U-Factor,
Btu/(h·ft2·°F)

∆t,
°F

CLTD,
°F

Ref.
for CLTD

1600 h
Cooling 
Load,
Btu/h

Roof 4000 0.09 73 Table 30 27000
Roof 4

South wall 405 0.24 19 Table 32 1847
Wall 16

East wall 765 0.48 38 Table 32 13954
Wall 10

North exposed 
wall

170 0.48 16 Table 32 1306
Wall 10

W. and N. 
party wall

1065 0.25 18.4 4899

Doors in 
S. Wall

35 0.19 50 Table 32 333
Wall 2

Doors in
N. Wall

35 0.18 18.4 116

Doors in
E. Wall

35 0.19 36 Table 32 239
Wall 2

South
windows

60 0.81 16 Table 34 778

North
windows

30 0.81 16 Table 34 389

Summary of Calculations for Example 11

Dry Bulb, 
°F

Wet Bulb, 
°F

Humidity 
Ratio

Outdoor conditions 93.4 76.8 0.0161
Indoor conditions 75 62.5 0.0093
Difference 19 0.0068

Sensible Cooling Load at 1600 h Btu/h

Roof and Exposed Walls
Roof 27,000
South wall 1,847
East wall 13,954
North wall 1,306
South wall doors 333
East wall doors 239

Fenestration Areas
South windows 2,296
North windows 917
Party Walls
West and North Walls 4,899
North Wall doors 116

Internal Sources
People 19,550
Tungsten lights 13,640
Fluorescent lights 65,881

Outside Air
Infiltration 1,356
Ventilation 25,806

Total 179,140

Latent Cooling Load at 1600 h Btu/h

People 17,000
Infiltration 2,205
Ventilation 41,963

Total 63,208

Grand Total Load 242,348

Qs Factor ∆t ∆W q, Btu/h

1275 1.1 18.4 25,806 Sensible
1275 4840 0.0068 41,963 Latent

Qs Factor ∆t ∆W q, Btu/h

67 1.1 18.4 1,356 Sensible
67 4840 0.0068 2,205 Latent

qcl  fluor 71,610 0.92× 65,881 Btu/h= =

qps 85 people 250× 0.92× 19,550 Btu/h= =

qpl 85 people 200× 17,000 Btu/h= =
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the room from the available levels of the 14 parameters may
result in errors that are not easily quantifiable.

c. A fundamental presupposition of the TFM is that total cool-
ing load for a zone can be calculated by simple addition of
the individual components. For example, radiation heat trans-
fer from individual walls and roofs is assumed to be indepen-
dent of the other surfaces. O’Brien (1985) has shown this
assumption can cause some error.

2. The printed tables for CLTDs, SCLs, and CLFs have undergone
a further grouping procedure. The maximum potential errors due
to the second grouping procedure have been analyzed and are
tabulated in Tables 35 and 42. These errors are in addition to
those inherent in the TFM. However, for usual construction,
these errors are modest.

In summary, the CLTD/SCL/CLF method, as with any method,
requires engineering judgment in its application. When the method
is used in conjunction with custom tables generated by appropriate
computer software (McQuiston and Spitler 1992) and for buildings
where external shading is not significant, it can be expected to pro-
duce results very close to those produced by the TFM. When the
printed tables are used, some additional error is introduced. In many
cases, the accuracy should be sufficient.

TETD/TA CALCULATION 
PROCEDURE

To calculate a space cooling load using the TETD/TA conven-
tion, the same general procedures for data assembly and precal-
culation analysis apply as for the TFM. Similarly, the following
factors are handled in an identical manner and are not repeated here.

• Basic heat gain calculation concepts of solar radiation (solar and
conductive heat gain through fenestration areas, conversion to
cooling load)

• Total heat gain through exterior walls and roofs (sol-air tempera-
ture, heat gain through exterior surfaces, tabulated temperature
values, surface colors, air temperature cycle and adjustments,
average sol-air temperature, hourly air temperatures, and data
limitations)

• Heat gain through interior surfaces (adjacent spaces, floors)

• Heat gain through infiltration and ventilation

This section describes how the TETD/TA technique differs from
the TFM. For sources of the space cooling load, equations, appro-
priate references, tables, and sources of other information for an
overall analysis, see Table 43.

Treatment of Heat Gain and Cooling Load 
Conversion Procedures

The TETD/TA method was oriented primarily as a manual pro-
cedure. Tables of precalculated time-lags, decrement factors, and
total equivalent temperature differential values listed a number of
representative wall and roof assemblies for use in the appropriate
heat gain equations. These data were based on a Fourier series solu-
tion to the one-dimensional unsteady-state conduction equation for
a multiple-component slab, as used to calculate the heat flow
through each of the walls and roofs selected for that purpose. All
calculations were based on an inside air temperature of 75°F and a
sol-air temperature at the outside equal to those given in Table 1 for
horizontal and vertical surfaces of various orientations, at 2-h incre-
ments throughout a typical design day, as outlined by Stewart
(1948) and Stephenson (1962). Basic equations were also presented
to facilitate a computer solution.

Heat gain through walls and roofs. The results of the foregoing
calculations were generalized by dividing the derived hourly heat
gain values by the U-factor for each typical wall and roof. The quan-
tity obtained from this generalization is called the total equivalent
temperature differential (TETD). This establishes the basic heat
gain equation for exterior surfaces as:

q = UA(TETD) (48)

where

q = heat gain, Btu/h
U = coefficient of heat transfer, Btu/(h·ft2·°F)
A = area of surface, ft2

TETD = total equivalent temperature differential (as above)

Heat flow through a similar wall or roof (similar in thermal mass
as well as U-factor) can be obtained by multiplying the TETDs
listed in the appropriate table by the U-factor of the wall or roof of
interest. Any errors introduced by this approach depend on the
extent of the differences between the construction in question (com-
ponents, size, color, and configuration) and the one used for calcu-
lating the TETDs.

TETD as Function of Decrement and Time Lag Factors. The
heat gain results for representative walls and roofs were also gener-
alized in another way. Effective decrement factors λ and time lags δ
were determined for each assembly, such that the equivalent tem-
perature differentials and the corresponding sol-air temperatures
are related by:

(49)

where

tea = daily average sol-air temperature, including consideration for sur-
face color

ti = indoor air temperature
λ = effective decrement factor

te,δ = sol-air temperature δ hours before the calculation hour for which 
TETD is intended

This relationship permits the approximate calculation of the heat
gain through any of the walls or roofs tabulated, or their near equiv-
alents, for any sol-air temperature cycle.

Manual Versus Automated Calculation. Manual application
of the TETD/TA procedure, especially the time-averaging calcula-
tion itself, is tedious in practice. This fact, plus growing interest in
the TFM, led to ASHRAE research with the objective of comparing
the differences and similarities of the TETD and TFMs.

Table 42 Potential Errors for Roof and Wall CLTDs
in Tables 30 and 32

Roof 
No.

Error, % Wall
No.

Error, %

Plus Minus Plus Minus

1 13 5 1 18 7
2 13 5 2 17 8
3 12 5 3 17 7
4 13 5 4 16 7
5 11 4 5 13 8
6 — — 6 14 6
7 — — 7 12 6
8 10 4 — — —
9 10 4 9 13 6

10 9 3 10 10 6
11 — — 11 8 3
12 — — 12 4 7
13 7 4 13 4 4
14 5 4 14 5 8
15 — — 15 11 6
16 — — 16 8 7

Note: Percent error = [(Table Value − TFM Value)/TFM Value] × 100

TETD tea ti– λ teδ tea–( )+=
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Table 43 Summary of TETD/TA Load Calculation Procedures

External Heat Gain Lights

(6)
qel = 3.41WFulFsa (9)

W = watts input from electrical plans or lighting fixture data

(10) Ful = lighting use factor, from the first section, as appropriate
Fsa = special allowance factor, from from section, as approp.

te = sol-air temperature Power
to = current hour dry-bulb temperature, from design db 

(Chapter 26, Table 1) adjusted by Table 2, percentage 
at daily range values

qp = 2545PEF (15)(16)(17)
P = horsepower rating from electrical plans or 

manufacturer’s data

α = absorptance of surface for solar radiation EF = efficiency factors and arrangements to suit 
circumstancesα/ho = surface color factor = 0.15 for light colors, 0.30 for dark

It = total incident solar load = 1.15 (SHGF), with SHGF per 
Chapter 29, Tables 15 through 21

Appliances
qsensible = qinputFUFR (18)

ε∆R/ho = long-wave radiation factor = −7°F for horizontal sur-
faces, 0°F for vertical

or qsensible = qinputFL (19)

te = 24-h average sol-air temperature qinput = rated power input from appliances from 
Tables 5 to 9 or manufacturer’s data
(Set latent heat = 0, if appliance is under exhaust hood.)

toa = 24-h average dry-bulb temperature
IDT = total daily solar heat gain (Chapter 29, Tables 15 

through 21) FU, FR, FL = usage factors, radiation factors, flue loss factors

Roofs and Walls Ventilation and Infiltration Air
q = UA (TETD) (48)

TETD = tea − ti + λ(teδ − tea) (49)

qsensible = 1.10Q(to − ti) (22)
qlatent = 4840Q(Wo − Wi) (23)

qtotal = 4.5Q(Ho − Hi) (20)
U = design heat transfer coefficient for roof or wall, from 

Chapter 24, Table 4 Q = ventilation airflow—ASHRAE Standard 62; infiltration 
cfm—Chapter 25A = area of roof or wall, calculated from building plans

TETD = total equivalent temperature difference, roof or wall to, ti = outside, inside air temperature, °F
ti = interior design dry-bulb temperature Wo, Wi = outside, inside air humidity ratio, lb (water)/lb (da)
λ = decrement factor, from Table 14 or 19 Ho, Hi = outside, inside air enthalpy, Btu/lb (dry air)

teδ = sol-air temperature at time lag δ hours (Table 14 or 19) 
previous to calculation hour Cooling Load

Roofs Sensible
Identify layers of roof construction from Table 11. With R-value of 

dominant layer, identify R-value Range number R and Roof Group num-
ber from Table 12. From Table 14 obtain decrement factor and time lag 
data with which to calculate TETD values for each sol-air temperature 
value by Equation (52). Calculate hourly heat gain with Equation (48).

qsensible = qcf + qarf + qc
qcf = qs, 1(1 − rf 1) + qs, 2 (1 − rf 2) + … + rf n

qarf =

Walls
Identify layers of wall construction from Table 11. With R-value of 

dominant layer, identify R-value Range number  and Wall Group number 
from Table 15, 16, or 17.

qc = (qsc,1 + qsc, 2 + qsc, β)
qsensible = sensible cooling load

Glass qcf = convective fraction of hourly sensible heat gain 
(current hour) for n load elementsConvective q = UA(to − ti)

Solar q = A(SC)(SHGF) qs, 1 = sensible hourly heat gain for load element 1, … n
U = design heat transfer coefficients, glass—Chapter 29 rf1 = radiation fraction (Table 44) of sensible hourly heat 

gain for load element 1, … nSC = shading coefficient—Chapter 29
SHGF = solar heat gain factor by orientation, north latitude, hour, 

and month—Chapter 29, Tables 15 to 21.
qarf = average of radiant fractions of hourly sensible heat

gain for n load element 1, … n

θ = number  of hour over which to average radiant 
fractions of sensible heat gainPartitions, Ceilings, Floors

q = UA (tb − ti) (8)
ha = current hour, 1 to 24, for which cooling load is to 

be calculated
tb = temperature in adjacent space γ = one of calculations hours, from ha + 1 − θ to ha, for

which the radiant fraction of sensible heat gain is to be 
averaged for each of n load elements

ti = inside design temperature in conditioned space

Internal Heat Gain qc = convective hourly sensible heat gain (current hour)
for β load elements having no radiant componentPeople

qsensible = N × Sensible heat gain

qlatent = N × Latent heat gain

Latent

qlatent = (ql,1 + ql, 2 + ql, β)

N =number of people in space, from best available source. 
Sensible and latent heat gain from occupancy—Table 
3, or Chapter 8; adjust as required.

qlatent =latent cooling load

ql =hourly latent heat gain (current hour) for β load 
elements

te to αIt ho⁄ ε∆R ho⁄–+=

tea toa α ho⁄ IDT 24⁄( ) ε∆R ho⁄–+=

qs 1, rf1× qs 2, rf2× … rfn+ + +( )γ
θ

------------------------------------------------------------------------------------γ ha 1 θ–+=

θ
∑
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Later research completed the circle of relationships between the
TFM, its subsystem CLTD/CLF, and the TETD/TA techniques for
dealing with the conversion of heat gain to cooling load. It also con-
firmed the logic of maintaining these various approaches to solving
the problem, depending on the orientation and needs of the individ-
ual user and the means available. Finally, the research showed no
further need to continue developing manual TETD/TA procedures.
Thus, the tabulated values of TETDs have been eliminated from this
Handbook in favor of calculation of TETD values by use of the
material in the previous section that discusses the TFM.

U-Factors. The values for TETD, originally tabulated in the
1967 Handbook of Fundamentals, were calculated using an outside
surface conductance of 3.0 Btu/(h·ft2·°F) and an inside surface con-
ductance of 1.2 Btu/(h·ft2·°F), and thus should most appropriately
be used with U-factors based on the same surface conductances.
TETD data tabulated in the 1972 Handbook of Fundamentals and
all data listed in this chapter are based on outside and inside surface
conductances of 3.0 and 1.46, respectively. U-factors listed in
Tables 14 for roofs and 19 for walls can, however, be used with the
1972 TETD data with negligible error, while calculated TETD val-
ues are directly compatible with the Table 14 and 19 U-factors.

Example 12. Wall heat gain by TETD. A wall is constructed of 4 in.
heavyweight concrete, 2 in. insulation (2.0 lb/ft3, R = 6.667
h·ft2·°F/Btu), 3/4 in. indoor plaster, and with outdoor and indoor sur-
face resistances of 0.333 and 0.685 h·ft2·°F/Btu, respectively. There is
an air space between the plaster and the insulation. The wall faces west,
the outside design temperature is 95°F, the outdoor daily range is 21°F,
the indoor temperature is 75°F, and the color of the exterior surface is
light (α/ho = 0.15). The time is 1400 h on a July day in the central part
of the United States (40°N latitude).

Find the heat gain per unit area of wall area.

Solution: Turning first to Table 11, the code numbers for the various
layers of the wall described above are:

Outside surface resistance = A0
4 in. heavyweight concrete = C5

2 in. insulation = B3
Air space resistance = B1

3/4 in. plaster = E1
Inside surface resistance = E0

Construction of the wall being “mass out” (as defined in TFM sec-
tion), Table 17 represents the appropriate arrangement of layers. The
dominant wall layer C5 is indicated to have a Wall Material column
number of 10, which, combined with an E1 layer, dictates use of the
upper array of code numbers for wall assembly “groups.” Entering this
array with an R value range of 9 (R = 6.667) indicates under column 10
that Wall Group 6 is that most nearly representative of the wall under
consideration. The appropriate data from Wall Group 6 as listed in
Table 19 are:

 h = 5.28 h = time lag

λ = 0.54 = effective decrement factor

U = 0.199 Btu/(h·ft2·°F) = heat transfer coefficient

For this example, the sol-air temperature value for 1400 h te, as
listed in Table 1, is 121°F, that for 0900 h (5 h earlier) is 85°F, and the
daily average is 91°F. Thus, from Equation (49):

TETD = 91 − 75 + [0.54(85 − 91)] = 12.76°F

and from Equation (48)

 q = 0.122 × 1 × 12.76 = 2.54 Btu/(h·ft2)

Roof Heat Gain by TETD. The procedure for estimating heat
gain from an exposed roof assembly is similar to that described for
a wall—first identifying the code letters for the various layers from
Table 11; identifying the appropriate roof group number from Table
12; reading the time lag, effective decrement factor, and U-factor for
the selected roof group from Table 14; calculating the TETD for the

hour of interest from these data and reference to Table 1; and then
calculating the heat gain by means of Equation (48).

Heat Gain from Adjacent Unconditioned Spaces. In a manner
similar to that described for the TFM, heat gain from adjacent
unconditioned spaces can be estimated in two ways, depending on
the thermal storage characteristics of the intervening surface. When
storage effect is minor, sufficient accuracy can be obtained by use of
Equation (8); otherwise, the appropriate TETD value should be cal-
culated by the manner described for an exposed wall surface and the
heat gain calculated by Equation (48).

Instantaneous Heat Gain from All Other Sources. Conductive
and solar heat gain through fenestration, heat gain from the various
internal sources (e.g., people, lighting, power, appliances, etc.), heat
gain due to infiltration and ventilation, and latent heat gain from
moisture through permeable building surfaces are each calculated in
the same manner as described in the TFM section. The basic differ-
ences in calculation techniques between TFM and TETD/TA lie in
the manner in which the heat gain data are converted to cooling
load, as described later.

COOLING LOAD BY TIME AVERAGING

The time-averaging technique for relating instantaneous heat
gain to instantaneous cooling load is an approximation of the TFM
two-step conversion concept. It recognizes thermal storage by
building mass and contents of the radiant portions of heat gain enter-
ing a space at any time, with subsequent release of stored heat to the
space at some later time. It further recognizes that the cooling load
for a space at a given hour is the sum of all convective heat gain and
the nonradiant portion of conductive heat gain to that space, plus the
amount of previously stored radiant heat gain released back to the
space during that same hour.

The effect of room transfer coefficients on hourly heat gain is to
generate a load profile that tracks the instantaneous heat gain in
amplitude (greater or lower) and delay (negligible for very light
structures with a predominance of glass, up to several hours for very
massive, monumental construction). Being functions of the mass
and configuration of the building and its contents, such coefficients
place major emphasis on the immediately preceding hour, and rap-
idly lessening emphasis on each hour previous to that.

Such TFM-generated cooling load profiles can be closely
approximated by averaging the hourly radiant components of heat
gain for the previous one to seven or eight hours with those for the
current hour, and adding the result to the total convective heat gain
for the current hour. As long as results are consistent with results
from the more rigorous TFM analysis, those from TETD/TA can be
obtained with far less computational effort. The convenient ability
to vary the averaging period independently (in recognition of previ-
ous experience of the probable thermal performance of an individ-
ual building) is also a valuable means of exerting professional
judgment on the results.

Success of this approach depends on the accuracy with which
the heat gain components are broken down into convective and
radiant percentages, as well as on the number of hours used for the
averaging period. Weakness of this approach lies in the absence of
verified data in the technical literature regarding either determining
factor, and the corresponding necessity for experienced judgment
by the user.

Heat gain values for either the TFM or TETD/TA method are
essentially identical for all load components. Derived cooling load
values from properly applied averaging techniques closely track
those from the TFM for external heat gain sources. Cooling loads
from internal heat gains, however, averaged over the same period as
for the external components, normally have peaks that occur more
quickly and with greater amplitudes (up to full value of the source
heat gain) than those generated by the TFM. This difference is due
primarily to the almost constant level of radiant heat input during
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the occupied periods and the resultant “flattening” of the cooling
load curves by the TFM as discussed in the TFM section.

The conservative results obtained from the time-averaging
method compared with those of the TFM should be viewed in
proper perspective. In the CLTD technique, for example, CLF val-
ues profile internal loads as a function of time in the space (up to the
hour of interest) versus total time to be in effect during the day, and
the tabulated fractional values are used only when HVAC equip-
ment is operated 24 h a day and space temperature is not allowed to
rise during unoccupied periods; otherwise, internal heat gains are
considered instantaneous cooling loads at full value. On the other
hand, the TFM, while not dealing directly with individual load com-
ponents when space temperatures are permitted to rise overnight,
applies space air transfer functions to estimate resultant increased
rates of total sensible heat extraction from that space during periods
of equipment operation. Regardless of methodology, good engi-
neering judgment must be applied to predict realistic cooling loads
from internal heat gains.

Time-averaging data in this chapter are empirical and offered
only as information found dependable in practice by users of the
technique. Basic assumptions regarding the percentages of radiant
heat gain from various sources are used as default values by the
TFM in establishing envelope transfer coefficients and room trans-
fer coefficients. The TETD/TA method requires a specific break-
down by the user to determine what values are to be averaged over
time. Table 44 suggests representative percentages for this purpose.

The convective portion of heat gain is treated as instantaneous
cooling load. The radiant portion of instantaneous heat gain is con-
sidered as reduced or averaged over time by the thermal storage of
the building and its contents. For lightweight construction, the
instantaneous cooling load may be considered as an average of the
radiant instantaneous heat gain over a 1 to 3-h period up to and
including the hour of calculation interest, plus the nonradiant com-
ponent of that hour’s heat gain. For very heavy construction, the
averaging period for hourly values of radiant instantaneous heat
gain may be as long as 6 to 8 h, including the hour of calculation
interest. Most users of this technique rarely consider application of
an averaging period longer than 5 h, with a general norm of 3 h for
contemporary commercial construction.

The load from machinery or appliances varies, depending on the
temperature of the surface. The higher the surface temperature, the
greater the percentage of heat gain that is radiant.

The two-step nature of the TETD/TA procedure offers a unique
convenience in calculating cooling load through externally shaded
fenestration. As described in the beginning of this section, the
hourly history of fenestration heat gain as modified by external
shading devices is directly usable for averaging purposes. Thus, the
engineer has excellent control and can readily use the effect of
external shading on cooling load in the conditioned space. Sun
(1968) identified convenient algorithms for analysis of moving
shade lines on glass from external projections.

EXAMPLE COOLING LOAD 
CALCULATION USING TETD/TA

Example 13. Cooling load calculation of small office building. For this
example, the one-story building used to illustrate the TFM in Example 6
(and indicated in Figure 4) is also used for calculating a cooling load by the
TETD/TA method. Refer to Example 6 for the statement of conditions.

Find (for stated design conditions):
1. Sensible cooling load
2. Latent cooling load
3. Total cooling load

Solution: By TETD/Time-averaging method.

1. Daily Load Cycle
The cooling loads are calculated once per hour for a period of time

necessary to cover the hour of anticipated peak design load. For the
purposes of this example, the full range of loads over a typical 24-h
cycle are presented.

2. Hourly Heat Gain Components
Hourly heat gain values for each load component must be calcu-

lated for the same range as those for the cooling load, plus as many pre-
ceding hours as will be needed for the purposes of time-averaging (in
the case of this example, all 24-h values have been calculated). The
methodology involving use of time lag, effective decrement factor, and
calculated TETD values is used to calculate heat gain components
through walls and roof.

3. Thermal Storage
The heat storage effect of the room is accounted for by averaging

the radiant elements of heat gain components for the hour in question
with those of the immediately previous hours making up the selected
averaging period, and combining the result with the convective heat
gain elements for the current hour.

4. Summary
The data and summary of results using TETD/TA are tabulated in

Table 45. Following the table is a step by step description of the calcu-
lation procedure used to determine the values listed.

1. Sensible Cooling Load
(a) General

Line 1, Time of day in hours. Various temperatures and heat flow
rates were calculated for every hour on the hour, assuming that
hourly values are sufficient to define the daily profile.

Line 2, Outside air temperatures. Hourly values were derived by
the procedure given previously, using the specified maximum dry-
bulb temperature of 94°F and daily range of 20°F.

(b) Solar Heat Gain Factors
Lines 3, 4, 5, and 6, Solar heat gain through opaque surfaces. The

values in these columns are copies of the SHGF values listed in
Table 4 for July 21 and 40°N latitude. These SHGF values are used
to calculate sol-air temperatures of various outside surfaces, and
solar heat gain through windows.

The June values might have been used, since the solar irradiation
of horizontal surface (i.e., roof) is maximum at that time of year and
since the heat gain through the roof appears to be the major compo-
nent of exterior heat gain in this example problem. The difference
between June and August values is relatively small however, com-
pared to the large percentage increase in solar heat gain through
south glass in August versus June at this latitude, thus indicating that
August might be the better choice. For this example, data for July
were selected as reasonable, and to provide better comparison with
the results from other techniques for which tabular data are limited.
For better assurance of accuracy it is preferable to evaluate and com-
pare the relative loads of various surfaces for several months, before
making a final determination as to that in which the maximum load
will occur.

(c) Sol-Air Temperatures
Lines 7, 8, 9, and 10, Sol-air temperatures at opaque surfaces.

Sol-air temperatures were calculated by Equation (6).

(d) Total Equivalent Temperature Differentials   
Lines 10a through 10h, Calculated TETD values. Hourly TETD

values for each of the expose surfaces, are calculated by Equation

Table 44 Convective and Radiant Percentages of Total 
Sensible Heat Gain for Hour Averaging Purposes

Heat Gain Source
Radiant  
Heat, %

Convective 
Heat, %

Window solar, no inside shade 100 —
Window solar, with inside shade 58 42
Fluorescent lights 50 50
Incandescent lights 80 20
People 33 67
Transmission, external roof and walls 60 40
Infiltration and ventilation — 100
Machinery and appliances 20 to 80 80 to 20
aThe load from machinery or appliances varies, depending on the temperature of the
surface. The higher the surface temperature, the greater the percentage of heat gain
that is radiant.
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Table 45 Tabulation of Data for Example 13—TETD/TA Method

1 Time, hour 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200
2 Outside air temperature, °F 76 75 74 74 74 74 75 77 79 82 86 89
3 SHGF, Btu/h·ft2, Horizontal 0 0 0 0 0 32 88 145 194 231 254 262
4 North 0 0 0 0 1 37 30 28 32 35 37 38
5 South 0 0 0 0 0 11 21 30 52 81 102 109
6 East 0 0 0 0 2 137 204 216 193 146 81 41
7 Sol-air temperature, °F, Horizontal 69 68 67 67 67 77 94 114 130 144 155 161
8 North 76 75 74 74 74 80 80 81 84 87 92 95
9 South 76 75 74 74 74 76 78 82 87 94 101 105
10 East 76 75 74 74 74 95 106 109 108 104 98 95
10a Calculated TETD, °F, Roof 10 8 7 6 5 5 4 3 3 4 12 24
10b North wall 10 8 7 6 5 5 4 3 3 3 6 7
10c South wall 16 15 14 14 13 12 11 11 10 10 10 9
10d East wall 11 10 9 8 7 7 5 5 4 4 17 24
10e North and west party wall 10 10 10 9 9 8 8 7 7 6 6 6
10f North door (to adjacent building) 3 2 1 0 0 0 0 0 1 4 6 10
10g South door 3 2 1 0 0 0 0 2 6 11 17 24
10h East door 3 2 1 0 0 0 14 27 33 33 30 24

Instant Sensible Heat Gain, Btu/h
11 Roof 3722 3193 2718 2347 2106 1814 1580 1393 1264 1681 4518 8802
12 North wall 827 710 605 518 454 446 348 305 273 259 556 592
13 South wall 1599 1536 1457 1379 1306 1213 1141 1090 1044 1005 976 968
14 East wall 4326 3801 3323 2938 2648 2614 2170 1979 1832 1774 6246 9099
15 North and west party wall 2686 2740 2724 2652 2532 2380 2221 2079 1954 1848 1768 1747
16 North door (to adjacent building) 19 17 7 1 –3 –5 –3 2 11 26 44 64
17 South door 21 19 8 2 −2 −5 6 20 41 74 117 160
18 East door 21 19 8 2 –2 –4 93 185 219 223 204 166
19 Windows, air to air heat gain 117 44 –15 –58 –73 –44 29 160 350 569 816 1050
20 North windows, solar heat gain 0 0 0 0 17 611 495 462 528 578 611 627
21 South windows, solar heat gain 0 0 0 0 0 363 693 990 1716 2673 3366 3597
22 Lights, tungsten (always on) 13640 13640 13640 13640 13640 13640 13640 13640 13640 13640 13640 13640
23 Lights, fluorescent (on-off) 0 0 0 0 0 0 0 71610 71610 71610 71610 71610
24 People 0 0 0 0 0 0 0 2125021250 21250 21250 21250
25 Infiltration 0 0 0 0 0 0 0 162 354 575 825 1061
26 Ventilation 2244 841 –281 –1122 –1403 –841 561 3086 6732 10940 15708 20196
27 Total instant sensible heat gain 29222 26560 24194 22299 21220 22182 22974 118413 122818 128725 14 2255 154629

Latent Heat Gain/Cooling Load, Btu/h
28 People 0 0 0 0 0 0 0 1700017000 17000 17000 17000
29 Infiltration 0 0 0 0 0 0 0 2205 2205 2205 2205 2205
30 Ventilation 41963 41963 41963 41963 41963 41963 41963 41963 41963 419 63 41963 41963
31 Total latent heat gain/cooling load 41963 41963 41963 41963 41963 41963 41963 61168 61168 61168 61168 61168
32 Sum: sensible + latent heat gain, Btu/h 71185 68523 66157 64262 63183 64145 64937 179581 183986 189893 2 03423 215797

Sensible Cooling Load from Convective Heat Gain, Btu/h
33 Windows, air to air heat gain 117 44 –15 –58 –73 –44 29 160 350 569 816 1050
34 Lights, tungsten (20% convective) 2728 2728 2728 2728 2728 2728 2728 2728 2728 2728 2728 272 8
35 Lights, fluorescent (50% conv.) 0 0 0 0 0 0 0 3580535805 35805 35805 35805
36 People (67% convective) 0 0 0 0 0 0 0 1423814238 14238 14238 14238
37 Infiltration (100% convective) 0 0 0 0 0 0 0 162 354 575 825 1061
38 Ventilation (100% convective) 2244 841 –281 –1122 –1403 –841 561 3086 6732 10940 15708 20 196

Sensible Cooling Load from Radiant Heat Gain, Btu/h
39 Lights, tungsten (80% radiant) 10912 10912 10912 10912 10912 10912 10912 10912 10912 10912 10 912 10912
40 Lights, fluorescent (50% radiant) 0 0 0 0 0 0 0 716114322 21483 28644 35805
41 People (33% Radiant) 0 0 0 0 0 0 0 1403 2805 4208 5610 7013

Sensible Cooling Load from Exposed Surfaces; From Convective Heat Gain, Btu/h
42a North windows, SHG (42% convective) 0 0 0 0 7 257 208 194 222 243 257 263
43a South windows, SHG (42% convective) 0 0 0 0 0 152 291 416 721 1123 1414 1511
44a Roof (40% convective) 1489 1277 1087 939 842 726 632 557 506 672 1807 3521
45a North wall (40% convective) 331 284 242 207 182 178 139 122 109 104 222 237
46a South wall (40% convective) 640 614 583 552 522 485 456 436 418 402 390 387
47a East wall (40% convective) 1730 1520 1329 1175 1059 1046 868 792 733 710 2498 3640
48a N. and W. party wall (40% conv.) 1074 1096 1090 1061 1013 952 888 832 782 739 707 699
49a N. door to adj. bldg. (40% conv.) 8 7 3 0 –1 –2 –1 1 4 10 18 26
50a South door (40% convective) 8 8 3 1 –1 –2 2 8 16 30 47 64
51a East door (40% convective) 8 8 3 1 –1 –2 37 74 88 89 82 66

Sensible Cooling Load from Exposed Surfaces; From Radiant Heat Gain, Btu/h
42b SHG at north windows (58% radiant) 0 0 0 0 2 73 130 184 245 310 310 325
43b SHG at south windows (58% radiant) 0 0 0 0 0 42 122 237 436 746 1095 1432
44b Roof heat gain (60% radiant) 5056 3532 2515 1959 1691 1461 1268 1109 978 928 1253 2119
45b North wall heat gain (60% radiant) 742 648 545 439 373 328 285 249 219 196 209 238
46b South wall heat gain (60% radiant) 904 932 932 910 874 827 780 735 695 659 631 610
47b East wall heat gain (60% radiant) 3532 3110 2697 2325 2044 1839 1643 1482 1349 1244 1681 2511
48b N. and W. party wall HG (60% rad.) 1428 1515 1576 1605 1600 1563 1501 1423 1340 1258 1185 1127
49b North door heat gain (60% radiant) 24 18 13 9 5 2 –1 –1 1 4 9 17
50b South door heat gain (60% radiant) 26 19 14 9 6 3 1 2 8 16 31 49
51b East door heat gain (60% radiant) 26 19 14 10 6 3 12 33 59 86 111 120

52 Total sensible cooling load, Btu/h 33027 29132 25990 23662 22387 22686 23491 84540 97175 111027 129 243 147770
53 Sum: sens. + lat. cooling load, Btu/h 74990 71095 67953 65625 64350 64649 65454 145708 158343 172195 1 90411 208938
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Table 45 Tabulation of Data for Example 13—TETD/TA Method (Concluded)

1 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 24 h
Total

Heat Loss,
Btu/h2 91 93 94 93 92 89 87 84 82 80 78 77

3 254 231 194 145 88 32 0 0 0 0 0 0 2150
4 37 35 32 28 30 37 1 0 0 0 0 0 438
5 102 81 52 30 21 11 0 0 0 0 0 0 703
6 37 35 31 26 20 11 0 0 0 0 0 0 1180
7 160 155 145 130 111 92 80 77 75 73 71 70
8 97 98 99 97 97 95 87 84 82 80 78 77
9 106 105 102 98 95 91 87 84 82 80 78 77
10 97 98 99 97 95 91 87 84 82 80 78 77
10a 37 48 57 64 67 66 62 54 44 31 19 12
10b 7 9 11 14 16 18 18 19 18 17 17 12
10c 9 9 9 9 9 10 10 11 13 14 16 16
10d 27 27 24 20 18 19 20 20 19 18 16 13
10e 6 5 5 5 5 5 6 6 7 8 9 9
10f 13 15 17 18 18 17 15 12 10 8 6 4
10g 28 31 30 27 24 20 17 13 10 8 6 4
10h 21 21 23 23 22 20 17 13 10 8 6 4

Instantaneous Sensible Heat Gain, Btu/h
11 13511 17460 20729 23087 24307 23947 22406 19674 15890 11192 6984 4342 238667 23400
12 630 802 962 1184 1358 1488 1529 1561 1490 1462 1404 997 20760 5304
13 930 911 896 889 926 973 1047 1160 1307 1454 1563 1612 28382 6318
14 9969 9958 9110 7627 6870 7300 7487 7630 7311 6767 6033 4990 133802 23868
15 1640 1590 1550 1528 1544 1595 1691 1834 2010 2213 2412 2572 49510 17306
16 84 100 112 117 116 109 96 81 65 51 38 27 1176 410
17 192 206 202 184 161 139 117 90 69 54 41 30 1946 432
18 140 146 153 157 151 137 118 91 70 55 41 30 2423 432
19 1224 1341 1385 1341 1239 1079 889 700 540 393 277 189 13542 4739
20 611 578 528 462 495 611 17 0 0 0 0 0 7231
21 3366 2673 1716 990 693 363 0 0 0 0 0 0 23199
22 13640 13640 13640 13640 13640 13640 13640 13640 13640 13640 13640 13640 327360 –13640
23 71610 71610 71610 71610 71610 0 0 0 0 0 0 0 716100 –71610
24 21250 21250 21250 21250 21250 0 0 0 0 0 0 0 212500 –21250
25 1238 1356 1400 1356 1253 0 0 0 0 0 0 0 9580 4791
26 23562 25806 26648 25806 23843 20757 17111 13464 10379 7574 5330 3646 260587 91163
27 163597 169427 171891 171228 169456 72138 66148 59925 52771 44855 37763 32075 2046765

Latent Heat Gain/Cooling Load, Btu/h
28 17000 17000 17000 17000 17000 0 0 0 0 0 0 0 170000
29 2205 2205 2205 2205 2205 0 0 0 0 0 0 0 22050
30 41963 41963 41963 41963 41963 41963 41963 41963 41963 41963 41963 41963 1007112
31 61168 61168 61168 61168 61168 41963 41963 41963 41963 41963 41963 41963 1199162
32 224765 230595 233059 232396 230624 114101 108111 101888 94734 86818 79726 74038 3245927

Sensible Cooling Load from Convective Heat Gain, Btu/h
33 1224 1341 1385 1341 1239 1079 889 700 540 393 277 189 13542
34 2728 2728 2728 2728 2728 2728 2728 2728 2728 2728 2728 2728 65472
35 35805 35805 35805 35805 35805 0 0 0 0 0 0 0 358050
36 14238 14238 14238 14238 14238 0 0 0 0 0 0 0 142380
37 1238 1356 1400 1356 1253 0 0 0 0 0 0 0 9580
38 23562 25806 26648 25806 23843 20757 17111 13464 10379 7574 5330 3646 260587

Sensible Cooling Load from Radiant Heat Gain, Btu/h
39 10912 10912 10912 10912 10912 10912 10912 10912 10912 10912 10912 10912 261888
40 35805 35805 35805 35805 35805 28644 21483 14322 7161 0 0 0 358050
41 7013 7013 7013 7013 7013 5610 4208 2805 1403 0 0 0 70130

Sensible Cooling Load from Exposed Surfaces; From Convective Heat Gain, Btu/h
42a 257 243 222 194 208 257 7 0 0 0 0 0 3039
43a 1414 1123 721 416 291 152 0 0 0 0 0 0 9745
44a 5404 6984 8292 9235 9723 9579 8962 7870 6356 4477 2794 1737 95468
45a 252 321 385 474 543 595 612 624 596 585 562 399 8305
46a 372 364 358 356 370 389 419 464 523 582 625 645 11352
47a 3988 3983 3644 3051 2748 2920 2995 3052 2924 2707 2413 1996 53521
48a 656 636 620 611 618 638 676 734 804 885 965 1029 19805
49a 34 40 45 47 46 44 38 32 26 20 15 11 471
50a 77 82 81 74 64 56 47 36 28 22 16 12 779
51a 56 58 61 63 60 55 47 36 28 22 16 12 967

Sensible Cooling Load from Exposed Surfaces; From Radiant Heat Gain, Btu/h
42b 343 349 343 325 310 310 245 184 130 73 2 0 4193
43b 1707 1818 1707 1432 1095 746 436 237 122 42 0 0 13452
44b 3573 5517 7802 10030 11891 13143 13738 13610 12747 11173 9137 6970 143200
45b 277 341 425 500 592 695 782 855 891 904 893 830 12456
46b 591 575 562 551 547 552 568 599 650 713 784 851 17032
47b 3470 4446 5326 5491 5224 4904 4607 4430 4392 4380 4228 3928 80283
48b 1075 1031 995 967 942 937 949 983 1041 1121 1219 1325 29706
49b 27 38 48 57 64 66 67 63 56 49 40 31 706
50b 70 90 105 113 114 107 96 83 69 56 45 34 1166
51b 115 106 98 91 90 89 86 79 68 56 45 34 1456

52 156283 163149 167774 169082 168376 105964 92708 78902 64574 49474 43046 37319 204678 178163
53 217451 224317 228942 230250 229544 147927 134671 120865 106537 91437 85009 79282 3245943 71663
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(49) to incorporate individual thermal characteristics and orienta-
tion.

Line 10a, Roof TETD. Referring to Table 11, the major element of
the roof (that with the most mass) is the gypsum slab with code num-
ber C14. Other elements are the metal deck (A3), rigid insulation
(B3), built-up roofing (E3), and gravel surface (E2). Entering Table
12 with these data, the C14 roof slab with no ceiling and R-values of
11.11calls for an R range of 3. From the “mass-in” part of the upper
table these pointers indicate roof group 5 as that whose thermal
characteristics will best represent the roof in question.

The time lag and effective decrement factors are then obtained
from Table 14, as tabulated for roof group 5. These values are:

Time lag (δ) = 4.82 h

Effective decrement factor (λ) = 0.68

The TETD values were then calculated for the roof surface with
Equation (49), using the sol-air temperature cycle given in line 7 and
ti = 75°F.

Lines 10b through 10e, Wall TETD. The TETD values for the var-
ious walls were calculated by the same approach as that described
for the roof. Time lag and effective decrement factors were selected
from Table 19, as:

North and East Exterior Walls
Dominant element C8, from Table 11;
Interior finish E1 from Table 11;
R-value indicating R range of 2 from Table 16 (integral mass);
C8 dominant layer indicating Material Layer 13 from Table 16;
From Table 16 select Wall Group 5 from the upper section (com-

bining Layer 13 with E1 finish) as the most representative, and 
from Table 19 obtain δ = 5.11 h and λ = 0.64.

South Wall
Dominant element C9, or Layer 14 in Integral mass table;
Exterior layer A2 or A7;
Interior layer E1 (plywood panel ignored as trivial);
R-value indicating R of 6;
Select wall group 24 for representative performance factors of δ 

= 11.29 h and λ = 0.23.

North and West Party Walls
With no specific data for a 13 in. brick wall, use a layer of 8 in. 

common brick (C9) and a layer of 4 in. face brick (A2 or A7) as 
an approximation;

Dominant element C9, or Layer 14 in Integral Mass table;
Exterior layer A2 or A7;
R-value indicating R of 6;
Select wall group 24 for representative factors δ = 11.29 h and

λ = 0.23. Calculate TETD values as above.

Lines 10f, 10g, and 10h, Door TETD values. Heat storage of the
doors may be assumed negligible, and the heat gain, therefore, is
calculated with Equation (8) as:

where

UD = 0.19 Btu/h·ft2·°F , U-factor of doors (0.18 for interior doors)
AD = 35 ft2, area of a door

ti = 75°F, inside temperature
tDT = outside temperature. For the door in the north party wall, tDT 

equals outside air temperature. For the doors in east and south 
walls tDT equals the east and south wall sol-air temperatures, 
respectively.

While the foregoing calculation would be reasonable in estimating
the minor loads involved, for this example, the relatively brief storage
effect of the solid core doors has been considered as:

Dominant element B7, or Layer 3 in Integral Mass table;
Interior finish A6;
R-factor indicating R range of 8;

Select wall group 1 for representative time lag δ of 1.30 h and λ =
0.98, and follow the above procedures to calculate the associated
TETD values.

(e) Instantaneous Sensible Heat Gain
Line 11, Roof heat gain. Instantaneous heat gain through the roof,

calculated with Equation (48) and the TETD values on line 10a.
Lines 12 through 18, Wall and door heat gain. The instantaneous

heat gains through the various walls and doors were calculated the
same way as heat gain through the roof was calculated. TETD values
from lines 10b through 10h were used in Equation (48).

Lines 19, 20, and 21, Window heat gain. The air to air heat gain
(line 19) is

where

Uw = 0.81 Btu/h·ft2·°F, U-factor of window
Aw = , area of windows
toθ = outside air temperature at hour θ

The solar radiation heat gain (Lines 20 and 21) through south and
north windows is:

where

(SHGF)θ = Solar heat gain factors given in line 5 for south and line 6 for 
north

SC = 0.55; shading coefficient for clear window with light-colored 
curtain or blind

Lines 22 and 23, Heat gain from tungsten and fluorescent lights.
For the gain from lighting, Equation (9) was used with a use factor of
unity, and special allowance factors of 1.20 for the fluorescent lamps
and of unity for the tungsten lamps. Thus:

and

Line 24, People. Sensible heat gain due to people. For the occu-
pants, the data of Table 3 was used for moderately active office work.
Thus:

Lines 25 and 26, Sensible heat gain from infiltration and ventila-
tion. As developed previously, the value to be used for infiltration was
established as 67 cfm, and that for ventilation as 1275 cfm. Heat gain
from all air entering as infiltration is routinely part of the space load. In
this example (because ventilation is delivered directly to the space,
rather than first through the cooling equipment), its gain is also
included as a direct space load. 

Note: Had the ventilation air been mixed with return air after leav-
ing the occupied space and before entering the cooling equipment, only
that portion which passed through the cooling coil without being
treated by it—as a function of the coil inefficiency or “Bypass Factor,”
which is normally 3 to 5% for a chilled water coil of six or more rows
and close fin spacing to 15% or more for refrigerant coils in packaged
air-conditioning units—and/or that quantity deliberately bypassed
around the coil in response to a “face and bypass” or “conventional
multizone” space dry-bulb temperature control scheme, would become
a part of the space heat gain rather than a part of the cooling coil load.
While of potential significance to the design of a cooling system, the
details of this concept are not considered in this chapter. 

The sensible loads are determined from Equation (22). At 1500
hours for example, when to = 94°F and ti = 75°F, this generates:

and

qDT UDAD tDT ti–( )=

qa a– UwAw toθ ti–( )=

qr AwSC SHGF( )θ=

qel  tung 4000 1× 1× 3.41× 13,640 Btu/h= =

qel  fluor 17,500 1× 1.20× 3.41× 71,610 Btu/h= =

qp (Number of people)(Sensible heat generated per person)=

 85 250× 21,250 Btu/h= =

qsi 1.1(Infiltration rate) to ti–( )=

 1.1 67 94 75–( )× 1400 Btu/h= =

qsv 1.1(Ventilation rate)to ti–( )=

 1.1 1275 94 75–( )× 26,600 Btu/h= =
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Line 27, Total instantaneous sensible heat gain. The sum of sensi-
ble heat gain values on lines 11 through 26 for each calculation hour.
This represents the total amount of such gain that actually enters the
building during each hour, including any delaying effects of the indi-
vidual surfaces on the passage of heat, but before any consideration of
the storage and subsequent release of the radiant components of such
heat.

(f) Instantaneous Latent Heat Gain
Line 28, People. The latent heat gain due to people, using Table 3

data

= (number of persons)(latent heat generated by one person)

= 85 × 200 = 17,000 Btu/h during the occupied period

Lines 29 and 30, Latent heat gain from infiltration and ventilation.
The latent loads are determined from Equation (23). At 1500 h for
example, when Wo = 0.0161 and Ws = 0.0093, this generates:

and

Line 31, Total latent heat gain. The total latent heat gain is the sum
of lines 27, 28, and 29.

(g) Total Instantaneous Heat Gain
Line 32, Total instantaneous heat gain. The sum of total instanta-

neous values on lines 27 and 31, sensible and latent heat gain, respec-
tively. The hourly profile of such a total will normally reach a higher
level at an earlier time of day than that of the building total cooling
load, although the 24-h totals will be identical.

(h) Cooling Load from Convective Sensible Heat Gain Components
Lines 33 through 38. Direct inclusion of the instantaneous heat gain

components listed in Lines 19, 25, and 26, and 20%, 50%, and 67% of
lines 22, 23, and 24, respectively. These room sensible heat gain com-
ponents (i.e., loads due to air-to-air heat gain through windows, tung-
sten lights, fluorescent lights, people, infiltration, and ventilation) all
appear as cooling load without delay. Percentages of sensible heat gain
considered convective are taken from Tables 3 and 42. Selection of
67% of sensible gain from people as convective is an approximation for
purposes of this example.

(i) Cooling Load Involving Time-Averaging 
Radiant elements of instantaneous heat gain will be felt as cooling

load in the space only after having first been absorbed by the mass of
building and contents, and later released back into the space as convec-
tive heat. This delaying action is approximated by time-averaging, or
taking the average of such a heat gain value for the current hour with
those from some number of immediately previous hours. An averaging
period of about 5 h is used for this example, in which, for example, the
value of cooling load for hour 1200 is derived as the average of the
radiant fractions of hourly sensible heat gain for hours 1200, 1100,
1000, 0900, and 0800; thus delaying the full impact of such heat gain
becoming cooling load for 5 h, and extending the period after the heat
gain has ended for some amount of cooling load to be felt by the space.

Line 39, Cooling load from tungsten light sensible heat gain.
Although 80% of the sensible heat gain from tungsten lights is radiant
heat and subject to the storage/re-release phenomenon, data on line 39
appears as a constant value for every hour. This is due to the constant
heat input to the room (line 22), from lights switched on all the time
and thus with the radiant heat gain component from prior hours being
released as cooling load at the same rate as the absorption by the room
of the current hour’s radiant component.

Line 40, Cooling load from lighting cycled on and off. Fifty percent
(the radiant component) of the fluorescent lighting heat gain from line
23, showing the effect of such gain being processed by time-averaging,
as indicated above.

Line 41, Cooling load due to radiant heat gain from people. Of sen-
sible heat generated by people, 33% is dissipated by radiation and felt

by the space as cooling load only after having been absorbed by the
mass of the building and its contents.

(j) Sensible Cooling Load from Exposed Surfaces
Elements of instantaneous heat gain from solar radiation through

windows, walls, doors and roof, i.e., the sum of values listed in lines 11
through 18, 20, and 21, are also delayed in being felt as cooling. The
radiant heat gain by solar radiation transmitted through windows is
treated the same way as the radiant portion of heat gain through walls
and roof surfaces. However, since the windows have inside shading
devices, solar radiation is considered reduced to approximately 58% of
the solar heat gain through glass because the venetian blind intercepts
about 42% of such solar radiation and releases it to the room in a con-
vective form, similar to the treatment of heat gain through walls and
roof (see Table 44).

Note: Had there been no internal shading of the glass, the solar
radiation through windows would have to be treated as 100% radiant,
all subject to time-averaging. Translucent draperies fall between these
limits, in a linear relationship. Chapter 29 has more specific informa-
tion on internal shading.

Lines 42a through 51a, Sensible cooling load from convective heat
gain through enclosing surfaces. Data on lines 42b and 43b represent
58% of heat gain values for north and south windows, respectively,
form lines 20 and 21, but time-averaged. Data for opaque enclosing
surfaces on lines 44b through 51b represent 60% of the corresponding
heat gain values on lines 11 through 18, but also time-averaged.

Cooling Load from power equipment and appliances. For this
example, none are assumed. Had such loads been involved, with start-
ing or ending periods within the time before the hour of calculation
interest that can affect the averaging period, 20 to 80% of the sensible
heat gain would have been considered as radiant and subject to time-
averaging.

Line 52, Total room sensible cooling load. Total sensible cooling
load felt by the room, and the design sensible load which is used as the
basis for sizing cooling equipment. It is the sum of the values listed in
lines 33 through 51b. The almost exact match between the 24-h total of
2,046,781 Btu/h on line 52 and the sum of the 24-h gain totals on line
27 (differing only by 16 Btu/h) does verify completeness of the compu-
tation.

2. Latent Cooling Load
Line 31—The sum of lines 28, 29, and 30. Total latent heat gain is

also the total latent cooling load, as all components occur instanta-
neously.

3. Total Cooling Load
Line 52, The sum of lines 52 and 31. The total cooling load for this

example problem is the theoretical total for the conditions as defined,
and may or may not represent the actual total cooling load imposed
upon a system of cooling equipment attempting to maintain the speci-
fied space conditions. An appropriate psychrometric analysis of supply
air, space air, return air, and mixed air [when ventilation air is mixed
with return air enroute back to the cooling equipment] should be per-
formed, in conjunction with proper consideration of the type of cooling
equipment and characteristics of the preferred control scheme, in order
to verify the ability of the design to meet the requirements, and to deter-
mine whether the actual sensible, latent, and total cooling loads are
greater or less than the theoretical values calculated.

Comparison of Results
Each of the calculation procedures outlined in this chapter, TFM,

CLTD/SCL/CLF, and TETD/TA have used the same building in
Examples 6, 11, and 13, respectively. Although widely different in
purpose, approach, and mathematical processes, the results have
many similarities as illustrated by Figure 5.

Tabular data for hourly total instantaneous sensible heat gain and
total sensible cooling load values from Tables 28 and 45 are plotted
to compare the two computer-based techniques, TFM and
TETD/TA. The curves for heat gain are almost identical. Those for
cooling load, however, happen to peak at the same hour, 1600, but
with different magnitudes. The TETD/TA cooling load peak has
reached almost the peak of its companion heat gain curve, but one
hour later. The TFM heat gain curve reaches a peak at 1600 with a
value only 0.5% different from that for TETD/TA, but the TFM

qli 4840(Infiltration rate) Wo Wi–( )=

 4840 67 0.0161 0.0093–( )× 2205 Btu/h= =

qlv 4840(Ventilation rate) Wo Wi–( )=

 4840 1275 0.0161 0.0093–( )× 41,963 Btu/h= =
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cooling load curve peaks at only 87.5% of its heat gain curve. All
unoccupied hours show substantially greater TFM cooling loads
than for TETD/TA, while 24-h totals vary only by 0.15%.

As a manual procedure, Example 11, illustrating the use of
CLTD/SCL/CLF, was carried through for hour 1600 only, in the
manner that it would primarily be applied by users. For comparison
purposes, it was also calculated for each of the daily 24 h and that
cooling load profile plotted on Figure 5. There is no comparable
heat gain profile, as this method does not produce such values
directly. The curve peaks at 1700 hours, one hour later than the oth-
ers, but with a total value 19.8% greater than TFM. The profile is
somewhat different from and between those for TFM and TETD/TA
during unoccupied hours.

Note: The small building used in these examples is more massive
than typical for a similar function in post-1990 construction, and it
would probably not meet ASHRAE Standard 90.1-1989 energy
requirements. Calculating the entire building as a single simulta-
neous load could certainly be questioned, particularly in any larger
configuration; thus, it is used here purely to illustrate the techniques
discussed.
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