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ABSTRACT

This paper describes the methodology used in a qua
tative comparison between the current North American a
United Kingdom cooling load calculation methods. Thre
calculation methods have been tested as part of a jo
ASHRAE/CIBSE research project: the ASHRAE heat bala
method and radiant time series method and the admitta
method, used in the U.K. A companion paper (Rees et al.19
describes the results of the study. The quantitative compari
is primarily organized as a parametric study—each buildin
zone/weather day combination compared may be thought o
a combination of various parameters, e.g., exterior wall typ
roof type, glazing area, etc. 

Specifically, this paper describes the overall organizatio
of the study, the parameters and parameter levels that can
varied, and the tools developed to create input files, autom
the load calculations, and extract the results. A brief descr
tion of the cooling load calculation procedure implement
tions is also given. The methodology presented and the to
described could also be used to make comparisons betw
other calculation methods.

INTRODUCTION

Although ASHRAE has developed a number of coolin
load calculation procedures over the last twenty years, re
tively little work has been published that makes compariso
between different North American cooling load calculatio
procedures. Similarly, no comparisons between North Am
ican and other cooling load calculation procedures have b
reported. A brief overview of published inter-method compa
isons follows.

Hill and Furlong (1973) gave a qualitative comparison 
the total equivalent temperature difference/time averag
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method (TETD/TA) and the transfer function method (TFM
to the heat balance method as implemented in NBSLD,
early energy calculation program. For a single example zo
they presented a quantitative comparison. 

Rudoy and Robins (1977) reported a comparison betw
cooling load calculations performed with the ASHRAE “RP
138 method” and the NBSLD program. A single zone of fixe
size, but with two different roof types, three different wa
types, two different glazing percentages, two different intern
load densities, four different locations, and four different zo
orientations, for a total of 384 combinations, was used 
comparison.

Shah (1983) qualitatively compared the TETD/TA met
ods and the cooling load temperature difference /cooling lo
factor (CLTD/CLF) method. He attempted to explain possib
reasons why the TETD/TA method results vary from those
the CLTD/CLF method. However, no head-to-head compa
sons were reported.

Sowell (1988) reported on a comparison between fo
different computer programs, each of which could be used
compute the steady-periodic response to a sinusoidal h
gain. A total of 20 different zone types covering a range
zone response were used for the comparison.

Spitler, McQuiston, and Lindsey (1993) reported on t
additional error caused by using printed tables of cooling lo
temperature differences (CLTD), cooling load factors (CLF
and solar cooling loads (SCL) as opposed to using the cust
generated coefficients or the transfer function method. De
ations from the heat balance procedure were not estimate

Only two of the inter-method comparisons describe
above compared results from simplified methods to the h
balance procedure. Only Rudoy and Robbins (197
attempted to make comparisons for a range of zone types
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In order to perform a detailed quantitative comparis
between the ASHRAE heat balance procedure (Pedersen 
1997), the ASHRAE radiant time series procedure (Spitl
Fisher, and Pedersen 1997), and the CIBSE admittance pr
dure (CIBSE 1986), a parametric study was undertaken. T
involved

• collecting data for a range of wall, roof, ceiling, floo
and window constructions; 

• defining 18 different parameters that describe the diff
ent constructions, internal heat gains, zone dimensio
and weather data; 

• developing a scheme for keeping track of all the pos
ble combinations; 

• developing software tools that generate input files au
matically for various combinations of parameters, ru
the load calculation procedures, and extract and sum
rize the results. 

This paper describes the above steps. A companion p
(Rees, Spitler, and Haves 1998) describes the analysis o
results and the conclusions.

ORGANIZATION OF PARAMETRIC STUDY

In order to study the differences between the differe
load calculation methods, results for a wide range of sam
zones with different construction types, internal heat ga
densities and schedules, weather days, etc., were comp
Each design cooling load test case in the study was define
a combination of 18 parameters, each of which has an ass
ated value or parametric level. In this particular study, t
parameters were things like wall constructions, percent
window glazing, ACH infiltration, etc. Some of the param
ters are discrete, such as wall construction—level 1 is o
specific construction, level 2 is another. Other parameters
“continuous” and can have any range of values such
percentage window glazing or east-west dimension of 
zone. However, in this study, we only allow certain value
e.g., the percentage of exterior wall that is glazed can only
integer percentages between 0% and 99%. Infiltration c
only have ten different values of ACH: 0, 0.2, 0.4, … 1.8.

Since literally thousands of design load calculations we
performed, it was necessary to have a systematic procedur
keeping track of all the different parameter combination
Accordingly, a coding scheme was developed so that by lo
ing at the alpha-numeric code—which was used to name
input and output files—the corresponding combination 
parametric values that were used can be determined. 
code, with the addition of a suitable file extension, was us
to name the files associated with each test case. For exam
when input files for the heat balance and RTS procedures
created, they have the form “code.inp” and output files a
named “code.out.” Similarly, the admittance method us
“code.adi” for input files and “code.ado” for output files.Th
code is a 23-character string that has the form Rlzwwpplseqix-
2
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prcfwtARsw, where each of the letters has a meaning, as gi
in Table 1. This scheme can easily be extended to include o
calculation methods.

Not every possible parameter can be varied within t
scheme, e.g., zone height is kept fixed at 3 m. However, w
the chosen parameters and associated parameter levels
possible to create more than 5×1018 combinations, which
would take over 325 billion years to run on the 166 MHz 5
machine being used for this project. To make the parame
study tractable, a number of test case sets were defined u
a subset of the total possible variants. These were forme
choosing a particular zone construction and a single loca
but varying other parameters. In this way, four test case se
1248 test cases were defined, which used zone construc
that could be identified as “lightweight,” “U.S. medium
weight,” “U.K. mediumweight,” and “heavyweight” (in order
of increasing thermal mass). The particular parametric lev
used in these test case sets are given in the companion p
(Rees, Spitler, and Haves 1998). Each of these test case
took approximately six hours of execution time.

Further discussion of the individual parameters is fou
below, in the sections on zone geometry and construct
zone fabrics, internal heat gains and schedules, and de
days.

PARAMETRIC LEVELS

The following sections describe the different paramet
levels (values) of each parameter.

Zone Geometry and Construction

The zone geometry is controlled by the room size a
aspect ratio parameters. A wide range of zone sizes ca
created from 3 m (9.8 ft) × 0.3 m (0.98 ft) to 30 m (98.4 ft) ×
297 m (974.4 ft) using different combinations of the room s
and aspect ratio parameters—all zones being 3 m (9.8 ft) h

The construction of the zone from fabric types (describ
in the next section) is controlled by the room level, zo
number, and window percentage parameters. The room l
parameter determines whether the zone has an exposed
(and hence uses a roof type) or has another conditioned z
above it (and hence uses a ceiling type). Since ground coup
is not included in the study, ground-level floors are not us
All zones use the floor type to describe the floor, and it
assumed a conditioned zone is below the zone being mode

The zone number parameter determines the zone lo
tion, as shown in Figure 1, and hence, which walls are exte
walls (constructed from the exterior wall type and exposed
the outside) and which walls are partitions (constructed fr
the partition type and with another conditioned zone opp
site). Note that although Figure 1 represents the individ
zone as having an aspect ratio of 1, it can vary between 0.1
9.9. Hence, the zones can also be long rectangles oriente
either the N-S direction or the E-W direction.
4176 (RP-942)
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TABLE 1  
Code Definition for Code “RlzwwpplseqixprcfwtARsw”

Code
Segment Meaning

r Room size letter. Indicates the length of the room in the east-west direction, in meters (i.e., the length of the north or south walls). 
A = 6 m (19.7 ft), B = 9 m (29.5 ft), C = 12 m (39.4 ft), D =15 m (49.2 ft), E =18 m (59.1 ft), F = 21 m (68.9 ft), 
G = 24 m (78.7 ft), H = 27 m (88.6 ft), I = 30 m (98.4 ft), J = 3 m (9.8 ft). 

l Room level: ‘t’ is the top floor, meaning the zone has an exposed roof; ‘m’ is a mid-floor, meaning the zone has a ceiling a 
conditioned zone above.

z ‘z’  is the zone number, which indicates where the zone is located on a given floor and, hence, which walls are exposed
walls and which are partition walls with conditioned zones on the other side. See Figure 1 for a diagram. Zone 1 is a so 
corner zone; zone 4 is an east-facing zone; zone 9 is an interior zone.

ww ‘ww’ is the two-digit percentage of exterior wall area that is glazed. It can range from 00 to 99.

pp ‘pp’ is the two-digit people per 100 m2 (1076.4 ft2) of floor area. This represents the peak number of people in the zone. Ea
hour it is multiplied by the corresponding fraction from the people schedule.

ls ‘ls’  is the two-digit peak internal heat gain due to lighting in W/m2 of floor area. Each hour it is multiplied by the correspondin
fraction from the lighting schedule.

eq ‘eq’ is the two-digit peak internal heat gain due to equipment in W/m2 of floor area. Each hour it is multiplied by the correspond
ing fraction from the equipment schedule.

i ‘i’ represents the infiltration in ACH, multiplied by 5, e.g., i = 9 represents 1.8 ACH.

x ‘x’ represents the exterior wall type (0-9), defined below.

p ‘p’ represents the partition type (0-9), defined below.

r ‘r’ represents the roof type (0-9), defined below. Roof type is only meaningful for top floor zones.

c ‘c’ represents the ceiling type (0-9), defined below. Ceiling type is only meaningful for mid-floor zones.

f ‘f’ represents the floor type (0-9), defined below.

w ‘w’ represents the window type, defined below.

t ‘t’ represents the internal thermal mass, defined below.

AR ‘AR’ is the two-digit representation of the aspect ratio of the zone multiplied by 10. The aspect ratio is the north-south dimnsion 
of the zone divided by the east-west dimension. AR can have a value between 01 and 99, creating an aspect ratio betw
and 9.9

s ‘s’ (0-9) defines the lights, equipment, and people schedules. Each schedule can be set differently, but only a total of 10s of 
schedules are allowed. 

d ‘d’ (0-9) defines the weather day, location, day of the year.
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Figure 1 Zone numbering scheme.
4176 (RP-942)
The exterior walls have windows of the specified windo
type that cover a percentage of the wall area specified by
window percentage parameter.

Zone Fabric Types

A range of fabric types have been selected followin
consultation with practitioners to try to establish some spec
constructions from real projects that cover a wide range
thermal mass. Information has been received in the form
architectural drawings and numerical data from three firm
(Wilkins 1996; Holmes 1996; Arnold 1996). From this infor
mation, a number of wall fabric types have been selected.

Table 2 summarizes the general characteristics of e
fabric type. In addition to the U-value, a measurement of 
fabric's overall thermal mass, the thermal capacity per u
area, ΣdρCp, has been calculated, where d is the layer thick-
ness, ρ is the material density, and Cp is its specific heat capac-
ity. The thermal mass of the wall fabrics selected cover 
3



BACK TO PAGE ONE

ted
ain.
 4
ts

al
ip-
u-

as it
ge

r-
store
t of
es”
rea

 are

le-
 is
urly
ed-
 10

s of
ned,
ns

nt
 a.m.
range 32-550 kJ/m2⋅ K (1.7-27 Btu/ft2⋅° F). To indicate the
position and relative size of the insulation layer in the w
fabric, the thicknesses are normalized and presented
“outside thickness (%): insulation thickness (%): inside thic
ness (%)” in Table 2.

The wall types are specified in detail in Table 3, with th
layers specified from the outside to the inside. The source
information for each type is noted in brackets in the title 
each table (where none is given, the information has co
from the researchers). Exterior wall constructions selected
the project are specified in Table 3. They span the range fr
very lightweight (type 1) to extremely heavy (type 6).

Two partition wall types were selected for the project, 
shown in Table 4, a lightweight partition typical of comme
cial construction (type 1) and a heavyweight constructi
(type 2).

Floors and ceilings are described in Table 5, from t
lower layer to the upper layer. It is not expected that very ma
commercial buildings will have low-mass wood floors
However, it is desirable to have a low-mass floor as an opt
so it is included as floor/ceiling type 1. The other floor/ceilin
combinations all have thermally massive concrete layers 
represent the three combinations of mass exposed to the 
below, mass exposed to both zones, and mass exposed t
zone above.

Two roof types were selected for the project, as shown
Table 6. Roof type 1 is a very lightweight roof with almost n
thermal mass. Roof type 2 has a substantial amount of ther
mass—150 mm (6 in.) of concrete.
4
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Two glazing types, shown in Table 7, have been selec
to represent minimum and maximum cases of solar heat g
Window properties were computed using the Window
program from LBNL (1994). Standard library componen
were used to create the windows.

Presumably, most zones of interest contain intern
furnishings such as chairs, tables, filing cabinets, office equ
ment, retail goods, etc. Even in sophisticated building sim
lation programs, these are seldom modeled in any detail, 
is too much to expect the user to input and it is likely to chan
many times over the building’s life. Accordingly, interior the
mal mass is usually modeled as one or more surfaces that 
energy and exchange radiation and convection with the res
the zone. For purposes of this study, thermal mass “typ
have been defined in Table 8 as a given material with an a
proportional to the zone floor area. The material properties
given in Table 9.

Internal Heat Gains and Schedules

Three different types of internal heat gains are imp
mented—people, equipment, and lighting. Each heat gain
specified with a peak heat gain rate and a schedule of 24 ho
fractions that multiply the peak heat gain rate. Different sch
ules can be specified for each heat gain type, but only up to
combinations of schedules may be specified. For purpose
this study, seven different schedule types have been defi
as described in Table 10. Although different schedule fractio
may be specified for every hour, currently only two differe
values are used for each schedule: one that applies from 8
to 5 p.m. and one that applies the rest of the day.
TABLE 2  
Fabric Characteristics—Summary

 Fabric
Thermal Capacity per Unit Area U-Value  Insulation

Distribution (%)
Outside : Ins. : InsidekJ/m2⋅K Btu/ft 2⋅°F W/m2⋅K  Btu/h⋅ft2⋅°F

Ext. wall type 1 32 1.6 0.23 0.041 21 : 72 : 7

Ext. wall type 2 148 7.3 0.23 0.041 48 : 47 : 5

Ext. wall type 3 268 13.1 0.495 0.087 34 : 21 : 45

Ext. wall type 4 361 17.7 0.45 0.079 29 : 23 : 48

Ext. wall type 5 521 25.5 1.98 0.35 100 : 0 : 0

Ext. wall type 6 551 27.0 0.52 0.092 42 : 10 : 48

Part. wall type 1 25 1.2 0.35 0.062 10 : 80 : 10

Part. wall type 2 209 10.2 1.06 0.19 0 : 0 : 100

Floor/ceil. type 1 32 1.6 1.97 0.35 0 : 100 : 0

Floor/ceil. type 2 223 10.9 1.77 0.31 100 : 0 : 0

Floor/ceil. type 3 537 26.3 2.83 0.49 100 : 0 : 0

Floor/ceil. type 4 586 28.7 1.43 0.25 100 : 0 : 0

Roof type 1 34 1.7 0.22 0.039 1 : 13 : 86

Roof type 2 527 25.8 0.63 0.11 10 : 23 : 67
4176 (RP-942)
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 to

)

The hourly heat gain for people is set using the “p
parameter. The hourly sensible heat gain (W) due to peop

qpeople=pp⋅Azone/100 m2⋅75.4 W/person⋅
hourly people schedule fraction (1a

where Azone is the area of the zone in m2 and pp is the number
of people per 100 m2.
4176 (RP-942)
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In IP units, the hourly sensible heat gain (Btu/h) due
people is

qpeople = pp ⋅ Azone/1076.4 ft2 ⋅ 257.3 Btu/h /person ⋅
hourly people schedule fraction (1b

where Azone is the area of the zone in ft2 and pp is the number
of people per 1076.4 ft2.
TABLE 3  
Exterior Wall Constructions

Layer Material Thickness
mm (in.)

ρ
kg/m3(lb/ft 3)

Cp
kJ/kg⋅ K (Btu/lb ⋅°F)

k
W/m⋅K (Btu/h ⋅ft ⋅°F)

Exterior Wall Type 1: Lightweight Timber Clad (Holmes 1996)

Cedar wood planks 15(0.59) 400(25) 1.63(0.39) 0.11(0.06)

Air gap 19(0.79) 1.2(0.075) 1.005(0.24) *

Ply wood 9(0.35) 540(34) 1.21(0.29) 0.12(0.07)

Insulation 150(6) 32(2) 0.71(0.17) 0.04(0.02)

Vapor barrier 1(0.04) 1860(116) 0.84(0.20) 0.35(0.20)

Plaster board & skim 13(0.5) 800(50) 1.09(0.26) 0.16(0.09)

Exterior Wall Type 2: Brick and Stud Inner Leaf (Wilkins 1996)

Facing brick 92(3.625) 1600(100) 0.79(0.19) 0.84(0.49)

Air gap 48(1.875) 1.2(0.075) 1.005(0.24) *

Gypsum sheathing 16(0.625) 800(50) 1.09(0.26) 0.16(0.09)

Insulation (R-19) 150(6.0) 32(2) 0.71(0.17) 0.04(0.02)

Gypsum wall board 16(0.625) 800(50) 1.09(0.26) 0.16(0.09)

Exterior Wall Type 3: Brick-Blockwork Cavity Wall with Insulation (Arnold 1996)

Facing brick 75(3) 1700(106) 0.92(0.22) 0.55(0.32)

Air gap 50(2) 1.2(0.075) 1.005(0.24) *

Insulation 75(3) 300(19) 1.0(0.24) 0.067(0.04)

Concrete block 150(6) 950(59) 1.06(0.25) 0.2(0.12)

Plaster 15(0.55) 1570(98) 0.84(0.20) 0.53(0.31)

Exterior Wall Type 4: Granite-Faced Concrete (Holmes 1996)

Granite panel 40(1.5) 1600(100) 0.79(0.19) 1.1(0.64)

Air gap 50(1.9) 1.2(0.075) 1.005(0.24) *

Insulation 70(2.7) 32(2) 0.71(0.17) 0.04(0.02)

Cast concrete 150(5.9) 2300(144) 0.9(0.22) 2.15(1.24)

Exterior Wall Type 5: Solid Brick/Block Uninsulated (Wilkins 1996)

Facing brick 100(4) 1600(100) 0.79(0.19) 0.84(0.49)

Solid concrete block 200(8) 2100(131) 0.92(0.22) 1.63(0.94)

Plaster 13(0.5) 720(45) 0.84(0.20) 0.16(0.09)

Exterior Wall Type 6: Heavyweight Blockwork and Cavity Insulation (Arup R&D)

Facing brick 100(4) 1600(100) 0.79(0.19) 0.84(0.49)

Air gap 100(4) 1.2(0.075) 1.005(0.24) *

Insulation 50(2) 32(2) 0.71(0.17) 0.04(0.02)

Solid concrete block 215(8.5) 2100(131) 0.92(0.22) 1.63(0.94)

Plaster 13(0.5) 720(45) 0.84(0.20) 0.16(0.09)
* All air gaps have been given a constant resistance of 0.18 m2⋅K/W (1 ft2⋅h⋅° F/Btu)
5



BACK TO PAGE ONE
TABLE 4  
Partition Wall Types

Layer
Material

Thickness
mm (in.)

ρ
kg/m3(lb/ft 3)

Cp
kJ/kg⋅K (Btu/lb ⋅°F)

k
W/m⋅K (Btu/h ⋅ft ⋅°F)

Partition Wall Type 1: Stud Wall Internal Partition

Gypsum wall board 13(0.5) 800(50) 1.09(0.26) 0.16(0.09)

Insulation 100(4) 32(2) 0.71(0.17) 0.04(0.02)

Gypsum wall board 13(0.5) 800(50) 1.09(0.26) 0.16(0.09)

Partition Wall Type 2: Blockwork Internal Partition 

Plaster 13(0.5) 720(45) 0.84(0.20) 0.16(0.09)

Concrete block 100(4) 2100(131) 0.92(0.22) 1.63(0.94)

Plaster 13(0.5) 720(45) 0.84(0.20) 0.16(0.09)

TABLE 5  
Floor and Ceiling Types

Layer Material
Thickness
mm (in.)

ρ
kg/m3(lb/ft 3)

Cp
kJ/kg⋅K (Btu/lb ⋅°F)

k
W/m⋅K (Btu/h ⋅ft ⋅°F)

Floor/Ceiling Type 1: Wood Floor with Gypsum Board Ceiling

Gypsum wall board 13(0.5) 800(50) 1.09(0.26) 0.16(0.09)

Air gap 190.5(7.5) 1.2(0.075) 1.005(0.24) *

Pine 20(0.79) 640(40) 1.63(0.39) 0.15(0.09)

Floor/Ceiling Type 2: Metal Decking and Raised Floor (Wilkins 1996)

Steel pan 2(0.08) 7689(481) 0.42(0.1) 45(26)

Cast concrete 100(4) 2300(144) 0.9(0.22) 1.73(1)

Air gap 150(6) 1.2(0.075) 1.005(0.24) *

Insulated floor tile 40(1.6) 100(6.3) 1.2(0.29) 0.6(0.35)

Carpet tile 8(0.32) 400(25) 1.38(0.33) 0.1(0.06)

Floor/Ceiling Type 3: In-Situ Concrete Slab and Tile Finish

Cast concrete 200(8) 2300(144) 0.9(0.22) 1.73(1)

Screed 70(2.75) 1920(120) 0.88(0.21) 1.4(0.81)

Vinyl tiles 5(0.2) 800(50) 1.26(0.30) 0.6(0.35)

Floor/Ceiling Type 4: In-Situ Concrete Slab, Suspended Ceiling, Tile Finish Floor

Ceiling tile 10(0.4) 370(23) 0.59(0.14) 0.06(0.04)

Ceiling air space 1000(39) 1.2(0.075) 1.005(0.24) *

Cast concrete 200(8) 2300(144) 0.9(0.22) 1.73(1)

Screed 70(2.75) 1920(120) 0.88(0.21) 1.4(0.81)

Vinyl tiles 5(0.2) 800(50) 1.26(0.30) 0.6(0.35)
ip-
The hourly heat gain for lights is set using the ls param-
eter. The hourly sensible heat gain (W) due to lights is

qlights = ls ⋅ Azone ⋅ 
hourly lights schedule fraction (2a)

where Azone is the area of the zone in m2 and ls is the lighting
heat gain in W/m2.

In IP units, the hourly sensible heat gain (Btu/h) due
lights is
6

 to

qlights = ls⋅0.317 ⋅Azone⋅

hourly lights schedule fraction (2b)
where Azone is the area of the zone in ft2 and ls is the lighting
heat gain in W/m2.

The hourly heat gain for equipment is set using the eq
parameter. The hourly sensible heat gain (W) due to equ
ment is

Btu

h ft
2⋅

-------------

W

m
2

------
--------------
4176 (RP-942)
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TABLE 6  
Roof Types

Layer Material
Thickness
mm (in.)

ρ
kg/m3(lb/ft 3)

Cp
kJ/kg⋅K (Btu/lb ⋅°F)

k
W/m⋅K (Btu/h ⋅ft ⋅°F)

Roof Type 1: Steel Decking Insulated (Wilkins 1996)

Membrane 10(0.4) 1121(70) 1.67(0.40) 0.19

Insulation 150(6) 32(2) 1.21(0.29) 0.04(0.02)

Steel pan 2(0.08) 7689(481) 0.42(0.1) 45(26)

Ceiling air space 1000(39) 1.2(0.075) 1.005(0.24) *

Ceiling tile 10(0.4) 370(23) 0.59(0.14) 0.06(0.04)

Roof Type 2: Concrete Slab Insulated

Stone chippings 13(0.5) 881(55) 1.67(0.40) 1.436(0.83)

Felt and membrane 10(0.4) 112170() 1.67(0.40) 0.19(0.11)

Insulation 50(2) 40(2.5) 0.92(0.22) 0.025(0.01)

Cast concrete 150(6) 2300(144) 0.9(0.22) 1.73(1.0)
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qequipment = eq ⋅ Azone ⋅
hourly equipment schedule fraction (3a

where Azone is the area of the zone in m2 and eq is the equip-
ment heat gain in W/m2.

In IP units, the hourly sensible heat gain (Btu/h) due
equipment is

qequipment  = eq ⋅ 0.317  ⋅ Azone ⋅

hourly equipment schedule fraction (3b

where Azone is the area of the zone in ft2 and eq is the equip-
ment heat gain in W/m2.

Design Days

Although it was not anticipated that the choice of differe
design days (with different temperatures, latitudes, and so
radiation) would cause a substantial difference in the relat
results between different methods, it is desirable to be abl
change these and see what happens. Design-day weathe
are chosen from the 1993 ASHRAE Handbook— Fundamen-
tals (ASHRAE 1993). The locations utilized are London
Chicago, Denver, Miami, and Phoenix. Each location uses
1% peak design temperature listed in the ASHRAE Handbook,
along with the mean daily range. In order to give two sets
solar data, days 0-4 occur on June 21, while days 5-9 occu
September 21. The latitude and longitude are as given in
ASHRAE Handbook (See Table 11).

LOAD CALCULATION PROCEDURE 
IMPLEMENTATIONS

The load calculation procedures being studied, the h
balance method, the radiant time series method, and the ad
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tance method, are discussed in a companion paper (Sp
Davies, Rees, and Haves 1998). However, it is necessary 
to at least discuss the implementations in a general sens
the case of the heat balance method and the radiant time s
method, a stand-alone computer program (Pedersen 19
developed as part of ASHRAE RP-875 was used to perfo
both procedures. The computer program, as previously de
oped, operated with input and output from files. File inpu
output was a prerequisite for this project, as it would have b
impossible to reliably enter data for thousands of differe
cases into a graphical user interface. 

The program used for the admittance procedure wa
modified version of the BRE-ADMIT (Bloomfield n.d.)
program. The program, which was written in BASIC, wa
selected partly because it was adaptable to our needs. 
program was modified to use file input and output.

TOOLS

A set of tools has been developed to perform the follo
ing functions:

1. Create input files for each procedure. 

2. Create batch files that run a set of cases.

3. Extract results from the output files.

4. Process the results, computing peak loads, times of p
loads, etc., for plotting purposes.

The tools are described briefly below.

Preprocessor

The preprocessor, shown in Figure 2, provides a qu
and easy interface to the parametric run generator. Once
user has selected the type of parametric study and set all o
parametric levels, the preprocessor writes a short data 
“parametric.dat,” that contains all the information needed 
the parametric run generator program. It is also capable of e
7
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Parametric Run Generator

The parametric run generator program is a substanti
modified version of a program written by Strand (1996).
takes as its input a data file created by the preprocessor s
ifying which parametric levels are to be used for each para
eter and the “type” of parametric study to be done. Th
different “types” of parametric studies can be performed:

1. A “fully populated” parametric study where every possib
combination of the parameter levels is used to create
input file. For example, for a case with 6 exterior wall type
2 partition types, and 9 window percentages, 6 × 2 × 9 = 84
input files would be created for each method.

TABLE 7  
Window Types

Glazing Type 1: Single Pane Clear Glass, Aluminum Frame

Layer Material Thickness Coating

Clear glass 6 mm (0.24 in) None

U-Factor 6.0 W / m2⋅°C
1.06 Btu / h ⋅ft2⋅° F

Shading coefficient 0.90

Solar heat gain coefficient 0.78

Normal solar transmittance 0.74

Normal solar absorptance 0.154

Inside emissivity 0.84

Outside emissivity 0.84

Surface-to-surface thermal conductance 150. W / m2⋅°C
26.4 Btu/h⋅ft2⋅°F

Glazing Type 2: Double-Glazed, Tinted, Low-E Coating, 
Aluminum Frame with Thermal Break

Layer Material Thickness Coating

Grey glass 6 mm None

Argon-filled gap 12.7 mm
(0.5 in.)

Clear glass 6 mm
(0.24 in.)

Low-E

U-Factor 2.7 W / m2⋅°C
0.48 Btu h⋅ft2⋅° F

Shading coefficient 0.43

Solar heat gain coefficient 0.37

Normal solar transmittance 0.30

Normal solar absorptance 0.636

Inside emissivity 0.10

Outside emissivity 0.84

Surface-to-surface thermal conductance 4.23 W / m2⋅°C
0.75 Btu/h×ft2⋅°F
8
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2. A “sparsely populated” parametric study where a base c
is specified and only one parameter is varied at a time. T
is very convenient when looking for trends caused by in
vidual parameters.

3. A “min/max” parametric study is a fully populated para
metric study where there are only two levels for ea
parameter: a high and a low level.

The parametric run generator creates both a complete
of input files and a batch file to run each case with all thr
programs. 

The parametric run generator program is written 
Fortran 90. Briefly described, the program uses the inform
tion from the input file to determine all of the cases that are
be created. For each case, it puts together a series of smal
containing parts of the input files. Some of the small files a
used for every input file; others are specific to a certain para
eter level, e.g., exterior wall type. In addition, some lines
each input file have values that must be computed, e.g., w
and window dimensions, and in these cases, entire lines o
input file are written by the program directly.

Postprocessors

A fairly simple program, written in Fortran 90, is used 
extract the results from each method for each case. It writes
run code and the 24 hourly cooling loads for each of the th
methods to a comma-delimited file. A spreadsheet progr
reads the comma-delimited file. 

The spreadsheet program allows functions written in
high-level language to be integrated into the spreadsh
Functions that find the peak load and time of peak load 
each method are used to summarize the results. Functions
can decode the run code are used to show what the indivi
parameter levels are for each case.

CONCLUSIONS

This paper has presented the methodology used in a l
parametric comparative study between cooling load calcu

TABLE 8  
Thermal Mass Types

Thermal
Mass Type

Material Ratio of Thermal Mass 
Area to Zone Floor Area

0  - 0

1 25 mm (1 in.) pine 25%

2 25 mm (1 in.) pine 50%

3 25 mm (1 in.) pine 100%

4 25 mm (1 in.) pine 200%

5 25 mm (1 in.) pine 400%

6 50 mm (2 in.) face brick 25%

7 50 mm (2 in.) face brick 50%

8 50 mm (2 in.) face brick 100%

9 50 mm (2 in.) face brick 200%
4176 (RP-942)
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TABLE 9  
Thermal Mass Materials

 Layer
Material

Thickness
mm (in.)

ρ
kg/m3(lb/ft 3)

Cp
kJ/kg⋅K (Btu/lb ⋅°F)

k
W/m⋅K (Btu/h ⋅ft ⋅°F)

Thermal Mass Types 1-5: 25 mm (1 in.) Pine

Pine 25(1) 640(40) 1.63(0.39) 0.15(0.09)

Thermal Mass Types 6-9: 5 mm (2 in.) Brick

Brick 50(2) 1700(106) 0.92(0.22) 0.55(0.32)

TABLE 10  
Schedule Types

 Schedule
Types

People Lights Equipment

8 a.m. - 5 p.m. 5 p.m. - 8 a.m. 8 a.m. - 5 p.m. 5 p.m. - 8 a.m. 8 a.m. - 5 p.m. 5 p.m. - 8 a.m.

0 0 0 0 0 0 0

1 1 0 1 0 1 0

2 1 0 1 0.1 1 0.1

3 1 0 1 0.35 1 0.35

4 1 0 1 0.7 1 0.7

5 1 0 1 1 1 1

6 1 1 1 1 1 1

TABLE 11  
Design Days

Weather / Location # Location Month
Peak Design Temperature

°C/(°F)
Mean Daily Range

°C/(°F)

0 London 6 23 (73.4) 9 (16.2)

1 Chicago O'Hare AP 6 33 (91.4) 11 (19.8)

2 Denver AP 6 34 (93.2) 16 (28.8)

3 Miami AP 6 33 (91.4) 8 (14.4)

4 Phoenix AP 6 43 (109.4) 15 (27)

5 London 9 23 (73.4) 9 (16.2)

6 Chicago O'Hare AP 9 33 (91.4) 11 (19.8)

7 Denver AP 9 34 (93.2) 16 (28.8)

8 Miami AP 9 33 (91.4) 8 (14.4)

9 Phoenix AP 9 43 (109.4) 15 (27)
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tion methods published in North America and the Unit
Kingdom. The results and conclusions of the study a
published in another paper by Rees et al. (1998). However
project methodology has several unique features:

• With the existing parameter levels, it is theoretical
possible to create more than 5×1018 unique zone types.

• While the theoretical limit may not be reached due 
computer speed and storage limitations, it is still qu
possible to create and run three different load calcu
tion methodologies on several thousand zone typ
overnight.

• Using the existing postprocessor, it is possible to su
marize the results for several thousand zone types 
quickly determine which combination of paramete
was responsible for any single result.

• The methodology used in the study can easily 
extended to include comparisons of other calculati
methods.
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