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CHAPTER 3. HEAT STORAGE. DIVERSITY
AND STRATIFICATION

The normal load cstimating procedure has been
to evaluate the instantancous heat gain to a space
and to assume that the equipment will remove the
heat at this rate. Generally, it was found that the
equipment selected on this basis was oversized and
therelore capable of maintaining much lower room
conditions than the original design. Extensive analy-
sis, research and testing have shown that the reasons
for this are:

1. Storage of heat in the building structure.

2. Non-simultaneous_occurrence of the peak of
the individual loads (diversity). .

3. Stratification of heat, in some cases.

This chapter contains the data and procedures
for determining the load the equipment is actually
‘picking up at any one time (actual cooling load),
taking into account the above factors. Application
of these data to the appropriate individual heat
gains results in the actual cooling load.

The actual cooling load 15 generally consider-
ably below the peak total instantaneous heat gain,
thus requiring smaller equipment to perform a
specific job. In addition, the air quantities and/or
water quantities are reduced, resulting in a smaller
overall system. Also, as brought out in the tables,
if the equipment is operated somewhat longer dur-
ing the peak load periods, and/or the temperature
in the space is allowed to rise a few degrees at
the peak periods during cooling operation, a further
reduction ig_required ca}_:acity results. The smaller
system operating for longer periods at times of peak
load will produce a lower first cost to the customer
with commensurate lower demand charges and
lower operating costs. It is a well-known fact that
equipment sized to more nearly meet the require-
ments results in a more efficient, better operating
system. Also, if a smaller system is selected, and is
based on extended periods of operation at the peak
load, it results in a more economical and efficient
system at a partially loaded condition.

Since, in most cases, the equipment installed to
perform a specific function is smaller, there is less
margin for error. This requires more exacting en-
gineering including air distribution design and
system balancing.

With mualtistory, multi-room application, it is

usually desirable to provide some fiexibility in the
air side o1 voom load to allow for individual room
control, load pickup, ete. Generally, it is recom-
mended that the [all reduction [rom storage and
diversity be taken on the overall relrigeration or
building load, with some degree of conservatism on
the air side or room loads. This degree should be
determined by the engincer from project require-
ments and customer desires. A system so designed,
full reduction on refrigeration load and less than
full reduction on air side or room load, meets all
of the ficxibility requirements, except at time ol
peak load. In addition, such a system has a low
owning and operating cost.

STORAGE OF HEAT IN BUILDING
STRUCTURES

The instantaneous heat gain in a typical comfort
application consists of sun, lights, people, trans-
mission thru walls, roof and glass, infiltration and
ventilation air and, in some cases, machinery, appli-
ances. electric calculating machines, etc. A large
portion of this instantaneous heat gain is radiant
heat” which does not become an instantaneous
load on the equipment, because it must strike a solid
surface and be absorbed by this surface before be-
coming a load on the equipment. The breakdown
on the various instantaneous heat gains into radiant
heat and convected heat is approximately as follows:

RADIANT |CONVECTIVE
HEAT GAIN SOURCE HEAT HEAT
<

Solar, without inside hlinds 1o, =
Solar, with inside blinds e LR 427,
Fluorescent Lights 5% 50°;
Incandescent Lights _OCL 20,
People® 407, 207},
Transmissiont 607, 407,
Infiltration and Ventilation | ° - 1004,
Machinery or Appliances} 20-807, BO-204,

*The remaining 407/, is dissipated as latent load.

+Transmission load is considered (o be 1007 convective load.
This load is novmally a relatively small part ol the total load,
and for simplicity is considered to he the instantancous load
on the equipment.

tThe load from machinery or appliances varies, depentling
upon the temperature of the surface. The higher the surface
temperature, the greater the radiant heat load.
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CONSTANT SPACE TEMPERATURE AND EQUIPMENT
OPERATING PERIODS

As the radiant heat from sources shown in the

above table strikes a solid surface (walls, floor, ceil-
ing, etc.), it is absorbed, raising the temperature at
the surface of the material above that inside the
material and the aig adjacent to the surface. This
temperature difference causes heat flow into the
material by conduction and into the air by convec-
tion, The heat conducted away from the surface is
stored, and the heat convected from the surface
becomes an instantaneous cooling load. The portion
of radiant heat being stored depends on the ratio
of the resistance to heat flow into the material and
the resistance to heat flow into the air film. With
most construction materials, the resistance to heat
flow into the material is much lower than the air
_resistance; therclore, most of the radiant heat will
be stored. However, as this process of absorbing
radiant heat continues, the material becomes warmer
and less capable of storing more heat.

The highly varying and-relatively sharp peak of
the instantaneous solar heat gain results in a large
part of it being stozed at the time of peak solar heat
gain, as illustrated in Fig. 3.

The upper curve in Fig. 3 is typical of the solar
heat gain for a west exposure, and the lower curve
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Fic. 3 — Acruar CoouinG Loap, Sotar HEAT Gain,
WEsT EXPOSURE, AVERAGE CONSTRUCTION

L~ INSTANTANEOUS MEAT GAIN
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Fic. 4 — Actuar CooLINGg LoAp FROM FLUORESCENT
LicHTS, AVERAGE CONSTRUCTION

is the actual cooling load that results in an average
construction application with the space tempera-
ture held constant. The reduction in the peak
heat gain is approximately 409, and the peak load
lags the peak heat gain by approximately 1 hour.
The cross-hatched areas (Fig. 3) represent the Heat
Stored and the Stored Heat Removed from the
construction. Since all of the heat coming into a
space must be removed, these two areas are equal.

The relatively constant light load results in a
large portion being stored just after the lights are
turned on, with a decreasing amount being stored
the longer the lights are on, as illustrated in Fig. 4.

The upper and lower curves represent the instan-
taneous heat gain and actual cooling load from
fluorescent lights with a constant space temperature,
The cross-hatched areas are the Heat Stored and the
Stored Heat Removed from the construction. The
dotted line indicates the actual cooling load for the
first day if the lights are on longer than the period
shown.

Figs. 3 and 4 illustrate the relationship between
the instantaneous heat gain and the actual cooling
load in average construction spaces. With light con-
struction, less heat is stored at the peak (less storage
capacity available), and with heavy construction,
more heat is stored at the peak (more storage capac-
ity available), as shown in Fig. 5. This aspect affects
the extent of zoning required in the design of a
system for a given building; the lighter the building
construction, the more attention should be given to
zoning.

The upper curve of Fig. 5 is the instantancous
solar heat gain while the three lower curves are
the actual cooling load for light, medium and heavy
construction respectively, with a constant tempera-
ture in the space.

One- more item that significantly affects the
storage of heat is the operating period of the air
conditioning equipment. All of the curves shown in

TIME (HRY

Fic. 5 — ActuaL Cooring Loap, SoLAR HEAT GAIN,
Licut, Mepiusm anp Heavy CONSTRUCTION
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Figs. 3, 4, and 5 illustrate the actual cooling load
for 24-hour operation. If the equipment is shut
down alter 16 hours of operation, some of the stored
heat remains in the building construction. This
heat must be removed (heat in must equal heat out)
and will appear as a pulldown load when the
equipment is turned on the next day, as illustrated
in Fig. 6.

Adding the pulldown load to the cooling load for
that day results in the actual cooling load for
16-hour operation, as illustrated in Fig. 7.

The upper curve represents the instantaneous heat
gain and the lower curve the actual cooling load
for that day with a constant temperature maintained
within the space during the operating period of
the equipment. The dotted line represents the ad-
ditional cooling load from the heat left in the build-
ing construction. The temperature in the space
rises during the shutdown period from the night-
time transmission load and the stored heat, and is
brought back to the control point during the pull-
down period.

Shorter periods of operation increase the pull-
down load because more stored heat is left in the
building construction when the equipment is shut
off. Fig. 8 illustrates the pulldown load for 12-hour
operation.

Adding this pulldown load to the cooling load
for that day results in the actual cooling load for
12-hour operation, as illustrated in Fig. 9.

The upper and lower solid curves are the in-
stantaneous heat gain and the actual cooling load
in average construction space with a constant tem-
perature maintained during the operating period.
The crosshatched areas again represent the Heat
Stored and the Stored Heat Removed from the
construction.

The light load (fluorescent) is shown in Fig. 10 for
12- and 16-hour operation with a constant space
temperature (assuming 10-hour operation of lights).
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WEesT Exrosurg, 12-Hour OPERATION

Fic. 10 — ActuaL CooLing LoAp FROM FLUORESCENT
LicHTs, 12- AND 16-HOUR OPERATION
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Basis of Tables 7 thru 12
Storage Load Factors,
Solar and Light Heat Gain

12-, 16-, and 24-hour Operation,
Constont Space Tamperature

These tables are calculated, using a procedure
developed [rom a series bl tests in actual buildings.
These tests were conducted in office buildings, su-
permarkets, and residences throughout this country.

The magnitude of the storage effect is determined
largely by the thermal capacity or heat holding
capacity of the materials surrounding the space. The
thermal capacity of a material is the weight times
the specific heat of the material. Since the specific
heat of most construction material is approximately
0.20 Btu/ (Ib) (F), the thermal capacity is directly
proportional®o the weight of the material. There-
fore, the data in the tables is based on weight of the
materials surrounding the space, per square loot of
floor arca.

Use of Tables 7 thru 12
Storage Load Factors,
Solar and Light Heat Gain

12-, 14, and 24-hour Operation,
Constant Space Temperature

Tables 7 thru 11 are used to determine the actual
cooling load from the solar heat gain with a con-
stant temperature maintained within the space for
different types of construction and periods of oper-
ation. With both the 12- and 16-hour factors, the
starting time is assumed to be 6 a.m. suntime (7 a.m.
Daylight Saving Time). The weight per sq ft of
types of construction are listed in Tables 21 thru 33,
pages 66-76.

The actual cooling load is determined by mul-
tiplying the storage load [actor from these tables
for any or all times by the peak solar heat gain for
the particular exposure, month and latitude desired.
Table 6 is a compilation of the peak solar heat
gains for each exposure, month and latitude. These
values are extracted from Table I5, page 44. The
peak solar heat gain is also to be multiplied by
either or both the applicable over-all-factor for
shading devices (Table 16, page 52) and the cor-
rections listed under Table 6. Reduction in solar
heat gain from the shading of the window by reveals
and/or overhang should also be utilized.

Example 1 — Actual Cooling Load, Solor Heat Gain
Given:
A 20 ft 220 fr X 8 ft outside office room with 6-inch sand
aggregate concrete Aoor, with a floor tile ﬁl'lliih. 214-inch
solid sanq plaster partitions, no suspended ceiling, and a
12-inch common brick outside wall with 34-inch sand aggre-
gate plaster finish on inside surface. A 16 ft X 5 ft steel sash

window with a white venetian blind is in the outside wall
and the wall faces west.

Find:

A. The actual cooling load from the solar heat gain in July
at 4 p.m., 40* North latitude with the air conditioning
equipment operating 24 hours during the peak load
periods and a constant temperature maintained within
the room: .

B. The cooling load at 8 p.m. for the same conditions.

Solution:
The weight per sq ft of Aoor area of this room (values ob-
tained from Chapter 5) is:

(20 X B) — (16 X 5)

20 X 20

Outside wall = x 126 1h/sq ft

(Table 21, page 06)
=252 Ih/sq ft floor area
20xBxX3
=X —agwon X 221b/s ft
(Table 26, page 70)

Partitions
= 13.2 1h/sq ft Roor area

i 20 x 20
Floor —ﬁ)("ﬁ'x—z‘—}-xfbglb_fﬂﬂ
(Table 29, page 73)
=295 lb/sq ft fioor area
20 x 20
=X Sa0g X 9Ib/sq fr

(Table 29, page 73)
=295 Ih/sq ft floor area

NOTE: One-half of the partition, floor and ceiling thick-
ness is used, assuming that the spaces ahove and
below are conditioned and are utilizing the other
halves for storage of heat.

Ceiling

Total weight per sq ft of Roor area
=252+ 1324+295+4295=9741h/sq ft.

The overall factor for the window with the white venetian
blind is 0.56 (Table 16, page 52) and the correction for steel
sash = 1/.85, -
. Storage factor, 4 p.m. = 0.66 (Table 7)
The peak solar heat gain for a west exposure in July at
40° North latitude = 164 Btu/(hr)(sq ft), (Table 6).
Actual cooling load

=(SXIGXIMX.’Eﬁx-_-B!&h)XO.ﬁBzSMBtu!hr

B. Storage factor, 8 p.m. = 20 (Table 7)
Actual cooling load

1
:(_5x |sx164x.56x—ﬁ-)x.m=lmmufhr

Table 12 is used to determine the actual cooling
load from the heat gain from lights. These data may
also be used to determine the actual cooling load
from:

l. People — except in densely populated areas
such as auditoriums, theaters, etc. The radiant
heat exchange from the body is reduced in
situations like this because there is relatively
less surface available for the body to radiate to.

2. Some appliances and machines that operate
periodically, with hot exterior surfaces such
as ovens, dryers, hot tanks, etc.

NOTE: For Items 1 and 2 above, use values listed
for fluorescent exposed lights.
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Example 2 — Actual Cooling Load, Lights and People Solution:
Given: The time elapsed after the lights are turned on is 8 hours
The same room as in Example } with a light heat gain of (8am.104pum).
3 watts per sq [t of floor arca not including ballast, exposed Storage load factor = 87 (Table 12).
fluorescent lights and 4 people. The room temperature (o be
maintained at 78 F db with 24-hour operation during the Sensibic heat gain from people = 215 Buu/hr
peak load periods. (Table 48, fuge 100)
Find: Actual cooling load
The actual cooling load at 4 pm. (with the lights turned on =[(3 X34 X 125 X 20 X 20) + (4 ¥ 215) | X 87
as the people arrive at 8 a.m.). = 5190 Btu/hr.

TABLE 6—PEAK SOLAR HEAT GAIN THRU ORDINARY GLASS*

Btu/(hr)(sq ft)
LAT, MONTH Nt NE E SE I 5 W W NW | Horiz MONTH LAT.
Juns £ 156 | 147 42 14 42 | w7 | 136 | 228 Dec
July & Mey 48 153 | 192 52 14 52 | 152 | 1:3 | 233 Nev & Jan
" Avg & Apell 75 141 | 18 79 14 79 | wea | 1y | 248 Oct & Fab "
0 Sept & March 10 118 | 167 | 18 14 | 118 | 167 | 118 | 250 Sept & Morch 0
Oct & Fab 10 79 | w3 | 34 | | 18 79 | 245 Aug & April
Mov & Jan 10 52 | 152 | 153 | & | 153 | 152 52 | 233 July & May
Dec 10 a1 | L 156 82 | 136 | w7 42 | 228 June
Jume @ | 15 | 158 55 14 | 35 | 1ss | 1: | 24 Dec
July & Moy 30 148 | 158 b6 id &b 158 148 247 Hov & Jan
5 Avg & April 13 130 | 183 94 14 4 | 183 | 130 | 250 Oct & Feb -
10 Sepl B Morch 10 103 | 184 | 127 28 | 127 | 164 | 103 | 247 Sep! & March 10
Oct & Feb 10 86 | 155 | 149 73 | 149 | 158 66 | 230 Avg & April
Nov & Jan 9 37 | w43 | 181 (108 | 101 | 143 a7 | 210 July & May
oc ] 20 | a7 | 183 {120 | 163 | 137 28 | 202 June
June 26 154 | 160 73 14 73 | 160 | 154 | 250 Dee
July & May 9 138 | 183 85 14 85 | 183 | 138 | 20 Nov & Jan
6 Aug & April 1] 118 | 185 | n3 26 | 113 | 185 | s | 247 Oct & Fob -
20 Sept & March 10 87 | 163 | 140 85 | 140 | 143 7 | M Sept & March 20
Oct & Fob v 52 | 147 | 160 | 1M1 160 | 147 52 | 208 Avg & April
Mev & Jan s 26 | 128 | 184 |14y | rsa | 128 26 | 180 July & May
Dec g 18 | 167 149 | 167 | 121 18 | 170 June
June 20 139 | 141 |° w0 7n 90 | w1 139 | 250 Dec
July & May 14 131 164 | 100 30 | 100 | 164 | 131 | 248 Nov & Jan
% Aug & April i 108 | 185 | 129 &3 | 129 | 145 | 108 | 235 Oct & Feab =
30 Sept & March 9 90 | 158 | 152 | 105 | 152 | 1se %0 | 12 Sapt & March 30
Oct & Fab [ aw 135 163 145 163 135 39 179 Aug & April
Nev & Jan 7 1 | 116 | 162 159 | 162 | 1ie 16 | 145 July & May
Dec 8 12 | 105 | 162 | 163 | 162 | 108 nu | m June
June 17 123 | 162 | s4 {111 | 182 |33 | 237 Des
July & Moy 15 127 164 125 69 125 164 127 | 233 Nov & Jan
5 Auvg & April " 102 162 146 102 146 162 102 214 Oct & Fab o
40 Sept & March 9 58 | 149 | 162 | 140 | 162 | 149 56 | 183 Sept & March 40
Ocl & Feb 7 35 | 122 | 183 |62 | 143 | 122 as | 129 Aug & April
Nov & Jan 5 12 | 100 | 156 | 166 | 1358 | 100 12 | 103 July & May
o Dec s 10 86 | 148 | 185 | 148 86 10 85 June
June 14 126 | 164 | 135 93 | 135 | 184 | 126 | 220 Dec
July & May 14 17 163 143 106 143 183 nz 1 Nav 4 Jan
= Aug & April 1" 94 | 158 | 157 |13 | 157 | 158 94 | 185 Oct & Fab ~
50 Sep! & March B s8 | 138 | 163 [1se | 163 | 138 | S8 | 148 Sept & March 50
Oct & Feb 5 w | 105 | 157 |67 | 157 | 108 | 29 94 Avg & April
Nev & Jan 4 9 6 | 127 |13 |7 64 ® 53 July & May
Dec 3 7 &7 | ne | | ne | a7 7 ) . dune
H SE E NE N | Nw w SW | Horiz
EXPOSURE SOUTH LATITUDE
Selar Gain Steel Sash or Haze Altitude Dewpoint Dewpoint South Lat
Cerraction Ne Sash ~=15% (Max) +0.7% per 1000 1 Abova 67 F Below 67 F Dec or Jan
%1/85 or 1.17 — 7%, per 10 F +7% per 10 F +7%

*Abstracted from Table 15, poge 43.

ts_dm heat gain on North expowure (in Morth latitudes) or on South exposure lin South lotitudes) consists primorily of diffuse radiation which is exsen-
tally constant throughout the day. The solar heat gein volues for this exposure are the average for the 12 hr period (6 o.m. 1o & pm.). The storage
fadtors in Tobles 7 thew 11 assume that the solar heat goin on the North [or South) exposure is constant.
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TABLE 7—STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS
WITH INTERNAL SHADE®

24 Hour Obemfion, Constant Space Temperaturef

W SUN TIME
{Morth Lat] m.-"nl = ™ -
Lt of floer
-‘:l?l'!l"ﬂl!l;ﬁl!i?lild"ﬂlil‘! Bouth Lot
150 & ever A7 |58 | 54| .42).27 (.20 |20 |19 (10|07 |16 .04 .12 .09 |08 |.07 | .06 .06|.05).05|.04).04.04 .03
Nertheast 1o AB| .60 |.57) 48| .30 |.24|.20 .19 (.17 |.06|.15].13 (.11 |.08|.07 |.08| .05)|.05|.04 | 04|.03)|.03.02|.02 Southsast
30 55| .76(.73).58| .36 . 24|09 |17 15|03 |.02]. 00| 07|04 02|02(01(01|0O|O|0O |00 |0
150 & ever A9 .56 62 .59 49 (33123 .21 |20 .18 .17 |.15].12 .10 .09 |.08]|.08 | .07 | .06 D5 (.05 .05 |.04 .04
East 100 A0 .58 | .65].63).521.35].24|.22| 20|18 |.16|.74 .12 | .09 | .08 |07 | .04 | .05 ).05|.04 .04 |.03|.08 |02 East
30 Aé| 70|80 | 79| .64 |.42|.250.19|.046|.04 |11 |09 {07 |.04j 02 02|00 (01|0 0O j0O 0|0 |0
150 & sver 04| .28 | AT | 59| 64 | .62 | .53 (40 (27 (.24 .21 )09 V6 )04 12].11 .10 |.09|.08 | .07 | .08 |.06).05 .05
Seutheast 100 03 |.28 | A7 | .61 | .67 |.65|.57 |.44|.29| 24|21 |18 (.15/.12|.10.09|.08 |07 | 06|.05]|.05|.04 .04 |.03 MNorthoast _
0 0 |30|.57 |75/ .84(.81 | 69).50|30|.20{17 13|00 05| 04f03/ 02| 00|0 )0 |0 (0|0 |0
130 & ever 06| .06).23 .38 .51 |.60 (.66 |.67 | b4 |.59 | 42).24 (22|19 .17 j.15].13 |12 .11 |.10 |.09 | .08 | .07 |.07
Seuth 100 04| 04 |.22].38|.52|.63|.70 |71 .69).59 | .45|.26|.22|.18)|.16).13|.12 |.10 | .OF [ .08 | .07 | 06 | 06 |.05 North
30 A0[.21 43|43 77|86 | 80 |82 56| .50 | 2406|1108 0504 02 02 01|01 (0 |0 O |0
150 & ever .08 | .08 |.09|.10|.11 |.24|.39 .53 .83 |.66 .41 |.47 |23 |09 .18 .16|.14 |33 |01 |10 .09 | .08 | .08 [.07
Southwest 100 07 .08 |.08|.08|,10 |.24 | 40 .55 .46 |70 |.64 (.50 |.26 .20 |17 [.15|.13 |.11 [.10 |.09 .08 | .07 | .06 [.05 Nocthwast
0 03 |.04 |.04.07 | 09|23 .47 (47 |.81).86 |T79|.60}.26|.17|.12|.08|,05]|04 .03].02|01(01}0 O
150 & aver 08|09 | 091010 (.10 |.10 |18 .34 .52 |63 | .45 |.55 .22 |19 |17 |08 [.04 |62 |11 110 |09 | .08 | 0T
Went 100 07 |.08 |08 |.09 09 09|00 L1836 .54 | .66].68|.60.25 .20 .17 .15 .13 |17 |10 | .08 | .O7 | .06 |.05 Wast
30 03 .04 | .06 |.07 |08 |08 |.08 |.19|.42|.65 .81 .85|74(.30|.99 .13 .09 |.06 051030202010
. 150 & over 08 |.09 10|10 .10 [.VO .10 .10 |16 |.33 | 49 |.61 (.80 |19 .17 {.15|.13 (.12 |.10 .09 |.08 |.08 [.07 |.06
Nerhwest 100 07 |.08 [09[.091.10 .10 |10 L10 | .16 |.34 |.52 .45 |.64 |23 106 |15 (.12 |11 | .09 .08 |.07 | .06 [.06 |05 Sovthwes!
30 031.05 .07 |.08|.09|.09}.10 |.10 (.17 .39 |.63 .80 | 79 |.20 (.18 |.12 | 09 [.06 | .04 |03 .02 |02 |01 | O
North 150 & over 08|37 |67 |71 | T4 |76 79 .81 |03 .84 |86 .87 |08 |.29 .26 .23 | .20 |09 |7 [ 15 L4 12 a0 L0 South
ond 100 06 (.31 |67 | 72|76 |79 .81 |83 |85 | .87 |88 | .90 |91 [.30 |.26 |.22 |19 |14 |15 |13 112 |10 .09 LO8 ond
Shode 30 0 |.25 |74 |83 |88 |91 |54 |96 .96 .98 |.98 .99 |99 .26 |.17 |.12 .08 .05 |04 LO3 LOZ LOT {01 LOV Shads

Equation: Cooling Load, Btu/hr = [Peck solar heat gain, Btu/(hr) {sq #), (Toble &)
% [Window area, sq fi]
% [Shade foctor, Haze factor, ete., (Chapter 4)]
x [Storage factor, above Table at desired time))

*Internal shading device is any type of shade locoted on the inside of the glass.
{These factors apply when maintaining @ CONSTANT TEMPERATURE in the space during the operating period. Where the temperature is
allowed to swing, additional storage will result during peak lood periods. Refer to Table 13 for opplicable storoge foctors.
§Weight per sq # of fHloor—
[Weight of Outside Woils, Ib) + V4 (Weight of Portitions, Floor and Ceiling, Ib)
Floor Area in Room, sq fi
¥ (Weight of Partitions, Floor and Cailing, Ib)
Floor Area in Room, sq B
(Weight of Ounide Wallks, Ib) + (Waight of Fioor, Ib) + % (Weight of Partitions and Cailing, 1b)
Fioor Area in Room, sq #t

Room on Bidg Exterior (One or more outside walls) =

Room in Bldg Interior (No outside walls) =

Basement Room (Fioor on ground) =

Enti ildi - T
re Building or Zone Air Conditienad Floer Area, sq ft

With rug on floor— Waight of floor should be multiplied by 0.50 to compansate for insulating effect of rug.
Woeights per sq ft of common types of comstruction are contained in Tables 21 thry 13, pages 66 thru 76.
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TABLE 8—STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS
WITH BARE GLASS OR WITH EXTERNAL SHADE|
24 Hour Operation, Constant Space Temperaturef
SUN TIME
: WEIGHT§
EXPOSURE (b por sq AM M AM EXPOSURE
[Narth Lat) of flsor arss) {Seuth Lat)
slriaflojaofnlrajv|ajafalsis|7[nfolre|mirajr|2|afals
108 ever |07 [27 [ 33)33 [0 |2 [27].25(23].22]20 .09 |7 [as |04 a2 {01 |0 .09 .08 .07 .07 ] 08} .06
Hactheust 100 19131 .38 |99 |38 |3 (27 |.24 |22 |20 [19 .17 |16 |04 |12 |10 |07 | o8 .07 |06 .05 |.08|.04] 03 Sevtheast
0 31 (.58 |.881.61 |48 |.23].28).21 (18|18 |14 ]|.12 .09 |.06 |.04 |09 |02 |00 |01 |01 |0 |0 fo]o
150 & over |16 .26 |34 |39 |40 |34 |34 (.30 |.20 |26 |23 |22 |20 |18 |16 |14 (13 (52 10 .09 |08 | .08 .07 .06
Eost 100 16 |29 |40 |46 | 48 | 42 |.36 .31 |20 |25 [23|.20 |18 [.15 |14 {12 |.11 | .09 .08 | .08 |06 | 06| 05| 04 East
0 .27 |.50 |.67 |73 |68 .53 |38 | .27 | .22 |18 |15 .12 | .09 |.06 | .04 |.03 [0z {.01 |01 {01 |on| 0 | 0 |00
150 & over |08 |14 |22 .31 |38 |43 |44 |43 |39 |35 32|29 .26 |23 |21 19 |6 |08 | 03 02 .01 .10] 09| .08
Seutheast 100 05112 .23 |35 .44 [a9 |51 |47 |41 |36 |91 |27 |24 |20 |18 |16 |14 |12 |10 | o9 |08 | 08| .06 .06 Marthsast
] 0 |.18 |40 |59 |72 |77 |72|.60 | 44 |32 .23 |18 |14 |09 [.07 |05 03 .02 |01 |01 |01l 0} 0|0
120 & sver  |.10 .10 ].13 .20 .28 |.35 [42|.48 |51 |50 a8 |42 |07 3329 |26 L2a . e a7 [as]ad ]3] 02
Ssuih 100 07 |06 [12 |20 |30 |39 |48 .54 |58 |57 |53 |45 |37 |31 {27 |23 20|08 |06 |04 {02{.01] . 10| .08 North
30 0 |0 12|29 |48 |84 | 75|82 |0 |75 |81 .a2|.28 |19].13 .09 |06 .04 |03 02|00 (01| 0 |0
130 Rovee |11 (00|00 00 110 [14 (20 | 29 |36 .43 |47 | .46 | .40 |34 )30 | 27 |24 | 22|20 |18 | 1610403 02
Sevrhwest 100 09 |09 {08 |09 .09 (14 |22 |31 |42 |.50 |.53|.51 |44 |35 |29 |26 |52 {1917 |1513[ 12 01|09 |  Nerhwest
0 .02 |03 |.05 |.06 {.08 |.12 |.34 |.53 .68 |78 |78 | .68 |46 |29 |.20 .14 [09 .07 [.05 .03 |.02{.02|.01 | .01
150 & over |12 .12 L1 |10 |10 L10 L1003 [19 {27 |36 |42 |44 |38 |33 |29 (26|23 |20 |18 (s 15|08 02
West 100 0% |.0% |07 .09 |.09 1.09 [.10 .12 .19 |.30 |40 |.48 [.5] |42 |35 |.30 .25 .22 |.19 .16 {.14 .13 .11 |09 West
1] .02 |03 |05 |06 |.07 |07 |08 |.14 |29 |49 |.67 |76 |75 |53 [33 |22 18|10 |08 .05 |.04].03|.02|.00
150 & ever |10 .10 110 |30 [10 (10 |10 .10 |12 |17 |25 |.34 |.39 |34 |29 |.26 23|20 [.18 |16 [14 |13 {02 {00
Necthwest 100 .08 |.09 .09 0% .09 |.09 .09 {09 11 19 129 |.40 .48 (40 |32 26 |22 |19 |16 |14 113111 10108 | Sewthwast
] 02 .04 .05 |.07 .08°.0% 10 .10 .13 |.27 |48 .65 |73 |49 |31 |20 [16].10|.07 |.05 [.04|,03.02|.00
Nenh N80 & ever (16123 |33 (41 |47 |52 |57 |80 66 (69 |72 |74 .50 |52 46 |42 |97 |34 |30 |27 |25 (2 | a7 Seuth
wnd 100 11 |33 44 |51 |57 186 |70 |74 (76 (79 |80 |60 [ 51 |44 |37 |32 |29 |27 |23 |20 (18 16103 and
Shade 30 O |48 66 |76 |82 L87 91 |.92 |95 |.97 |98 | 98 |.52 |34 |24 |.16 |11 |.07 |05 .04 |02 .02].01 |00 Sheds

Equation: Cooling Lood, Btu/hr = [Peak solar heat gain, Btuf(hr) [sq ft), (Toble 1]
¥ [Window areq, sq fi]
x [Shade factor, Haze factor, etc., (Chapter 4)]
* |Storage factor, (above Table ot desired time;|

tBare glass — Any window with no inside shading device. Windows with shading devices on the outside or shaded by external projections are

considered bare glass.

IThese factors apply when maintaining @ CONSTANT TEMPERATURE in the space during the operating period. Where the temperature is

allowed 1o swing, additional storage will result during peok load periods. Refer to Taoble 13 for applicable storage factors.
§Weight per 1q #1 of floer—

Weight of ide Walls, | ) i iti d Ceiling, Ib)
Room on Bldg Exterior (One or dcwlhl-{ wight of Outside Walls, Ib) + % (Weight of Partitions, Floor and Ceiling,

Floor Area in Room, sq fi
Y4 F“fnith' of Partitions, Floor and Ceiling, Ib)

Room in Bldg Interior (Mo outside wall s sbad Btk
. wall) = Floor Area in Room, sg ft

e R —_ )= (Weight of Outside Waolls, Ib) + (Weight of Floor, Ib) + % Weight of Partitions and Ceiling, Ib)

Floor Area in Room, sq #
A . [Weight of Outside Wall, Partitions, Floors, Cellings, Structural Members and Supports, Ib)
Lone Air Conditioned Floor Area, sq ft
With rug on floor—Waeight of floor should be multiplied by 0.50 to compensate for insulating effect of rug.
Weights per 1q ft of common Fypes of construction are contained in Tobles 21 thry 33, pages 64 thru 76,
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TABLE 9--STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS
WITH INTERNAL SHADING DEVICE®
16 Hour Operation, Constant Space Temperaturef

SUN TIME
wiantf | —— — _. S e i i, S——
EXPOSURE {1 por sq A M wos::
(Herth of flosr wron — . (Seerh
. " s |7 Jafloepreluwlnmlis]|2]lalels [s]7]a . 2
150 & ever DR NEIRAET l s |l mjar|ae|aa[a2] 00| o8 | 07
Hertheast 100 33|45 |8 |50 |3 72|z faeas a3 |an o8| 07 |04 Sestheart
T 56 LJ? lseisejaa]aw|az|aslaslorn oz | 0a| 0|0
i il ol G
150 & sver e fenisaisa |l arias| ol |as ja2]aofor|oe
Ean 100 A | 83 |0 | &7 | 56| 30 |27 {2 | 20 f.amiae | va |2 00| 00| 0r (%)
W AT s ] TJ9 | M A1 a3 " A8 R A1 o9 or 04 02 ]
150 & aver .uT.ar 35 |08 |70 |60 |50 las | el as]aa]az|m
Southeast 100 A1 38 (53 e |72 |0 (8 |47 | 29 fak | s fas | a2 | a0 | Nerthoast
Y 02 |31 |57 | 75 84 | 8 |69 | 50|30 |20 |7 |43 |00 | 05| 04 |0
150 & aver A9 | e | 34 | a8 | 80 [.u 73 | 74 | b0 | sl a2 f2a [aa a0 | a7 | 0s
South 100 d6 [ aa |31 |48 | 59! o9 | 26 [ 70 | 09 (59 | a5 |28 |22 ] e | e 0a Morth
b L] A2 23 A4 b rr l i) 1] b S8 50 24 dé " o8 08 04
b KRR 4 4, eara] Mol B i
150 & aver 22 20 .20 20|32 |47 s0| 83 | 86| .8 oz |23 a0 ] an].ae
Sauthwes! 100 A0 | A% |08 A7 | 8 L 3 | 46 | A0 | A6 | 0 | 64 50 |26 | 20 | W7 ] Marthwenl
3 o8 o8 o9 09 o 24 AT | &7 M| s T &0 .28 L A2 e
SR R—- et ighll Sell Nt - S dileuierat Tdinb=set el
i 150 & swwr BMlanlanixn|ofvlme 2w 2|0 Ssiss| el
West 108 nlnlwlae{ | aefas || 28 |56 s 08 |s0]2s| 0|0 West
10 A2 a0 (00 0|00 jor e a2 |as | las [2e]l 0] el
150 & swer ainlalar |l anfan|azr|ae|ae {s3faels |so]lae]|ar]as
Northwest | 100 awlavlaslazlaz|aelaelas| e a1 m2lss |mfan|as] 2 Sewthwes
T spia i im | jaelaz |l 0|wfiaeleln
North 150 & sver 2y | se |75 | 79 |80 | e0 | e ) a2 | 83 | aa | e l A AR AETRET Sewih
ond 100 23 JAd Ja J8 | B2 B2 E &) kL) As | a7 At L 50 | 40 Ja w and
Shade 30 07 | 22 |09 | B0 | 86 | 93 | 94 |95 | 97 |0 | 90 |9 |99 | 38| 20 | e Shads

Equation: Cooling Load, Blu/hr = [Peak selar heat gain, Bruf(br] (sg #), (Table &)
¥ |Window arew, sq f|
% |Shade factor, Hoze fodor, eic, (Chapler 4
* |Siorage facior, (above Toble ot desired time))

*Internal shading' device is any Iype of shade locoted on the inside of the glass.
tThese foctors apply when mointoining o COMSTANT TEMPERATURE in the ipace during the operating period. Where the temperature is
ollowsd to swing, additionsl soroge will result during peck lood pericds. Refer 1o Tobie 13 for applicable storage focton.

IWeight per sq 1t of floor—

(Weight of Quhside Wally, ib] + Y2 [Weighi of Partitions, Fioor and Ceiling, b)
Floor Area in Room, sq ft

V4 (Weight of Partitions, Floor ond Ceiling, ib)

Fioor Area in koom, 1q ft
(Weight of Ourside Wally, Ib) + (Weight of Fioor, Ib) + ¥ (Weight of Partitions and Ceiling, 1b)
Floor Area in Room, sq ft

(Weight of Outside W all, Partitions, Floors, Cellings, Structural Members and Supports, ib)

Air Conditioned Floor Area, sq ft

With rug on Hoor— Waight of floor should be multiplied by 0.50 1o compensate for insularing effect of rug.
Weights per 1q ft of common types of comstruction ore contained in Tables 21 thew 13, poges 66 thre 76,

Room on Bldg Exterior (One or more outside wails) =

Room in Bidg Interior (Mo outside walls) =

Basement Room [Floor on ground) =

Entire Building or ZIone =
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TABLE 10—-STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS
WITH BARE GLASS OR WITH EXTERNAL SHADE]
16 Hour Operation, Constant Space Temperaturet
SUN TIME
WEeNT§
EXPOSURE (I par oq . AM M EXPOSURE
(Harth Lot of Hoar arsa ' Seuth L
it ' 6 | 7| 8| 9o [ ]| 2 |3 |s|s5 |6 |7 |8 |69 ¢ )
150 & aver | v a2 | s 38| j3la2lafae|ar]as]| s |a2
Merthaant 100 2| | as|as |l |2l javlazjas|aa]| a2 Southsast
3 3| 57 | e | 42 | 46| 33 26| s | a6 | aa] a2 | 09| 06| 04 | .03
150 & over 29 | 38 | 44 | a8 | a8 | 46 | 4 | 38 |28 | 26 | 23| 22 | 20 | e | e |4
East 100 ar | ae | 48| 54| 52| ae | [ 35 |28 | 25|23 20| a8 ] as ] a4 |2 East’
» 20| 51 | 48 | 74 | &0 | 53 |38 | 27 |22 |as | a5 | a2 | 09 | 06| 04 | 03
150 & sver 24| v | as | 4| a9 | 53 | sa| s |9 | as | 2] a2 |y | ae
Southemst 198 A9 | 24 | 33| e | 52 57 |7 s | |36 ||| a2 || s ae Morthoast
20 03| 20| 41| 80| 73| 77 | 72| 60 |44 |32 |23 a8 |0s]| 00|07 |05
150 & ever 3| . | 82| a7 | a3 )] a9 | 55 60 |57 | sy | ae | 42 | 37 | 33| 20 | 26
Sewth 100 27 | 24| 28| 34 | 42| 50 | 58| 60 |60 | 57| S35 || 0|27 | etk
0 06| 04| as| 3 | 49| 65 | 75| a2 | | 75| 81 | 42| .28 | a9 | a3 | 09
LY
150 & ever 35| 32| 20| 28 | 26| 28 |30 a7 |43 ] a7 | 46| 40 | 34| 30| 27 | 24
[er—— 100 3| 28| as| 24| 22| 26| 33| 40 |46 | 50 | 53| 51 | a4 | 35| a0 | 2 Nerthwest
0 JMfao] gof o9l 0| a4 ] 35| 54 |68 | 78| T | 48 | 46| 29| 20 | 14
150 & over 38| 34 ) 32 28| 26 25|20 | .25 |26 | .27 | 36| 42 | 44| 8] 33 | 29
Vet B0 M| n|as| a2 a2 i | 2 |23 ] 30 {40 48 |5 | 43| a5 | 20 Wear
» Azl aajas il a0 oo as |20 | a9 | ez | 76| F5 | 53| 3 | 22
150 & ever 33| 20| 28| 26| 24| 23 | 22| 20 | a8 | a7 | .25 | 34 | 30 | 34| 20 | 26
Marthwent 100 S| asjaslalalafae|ar|az]ae| 29| 40 | 46 | 40| 32 | 28 Seuthwaet
0 as| dal gzl aafazlaztaz | o faa ] ar | 4| as |z ae| |
Morth 150 & aver M| 7| sa| a8 | 22| 23|73 24| 7a | 35| 76| 7o | 78| 59| 52 | 48 Swih
and 100 20| 47| 60| &7 | 72| a7 | 7o |79 | s0 | 1 | 82 | 83 | 80| .51 | 44 ond
Shade 20 o4 | oy | S| o | e | ma | me | 9 | 93 | 95 | 97 | o8 | o0 | b2 ]| 34 | .24 Shads

Equation: Cooling Load, Blu/hr = [Peak solar heat gain, Biu/{hr) (sq ), (Table &)
X [Window area, sq #]
X [Shade factor, Haxe factor, etc., (Chapter 4)]
X [Storage factor, (above Table ot desired time)]

{Bore glass — Any windew with no inside shading device. Windows with shading devices on the outside or shaded by external projections are

considered bare gloss.

.ﬂ'h.- factors cpply when moinigining o CONSTANT TEMPERATURE in the spoce during the operating period. Where the temperature is

allowed to swing, cdditional storoge will result during peak load periods. Refer to Toble 13 for applicable storage foctors.
§Weight per sq #1 of Hloer—

Room on Bidg Exterior (One or more cutside way) = \W/&9M of Outside Walls Ib) + ¥ (Weight of Partitions, Fioer and Celing, fb)

Floor Area in Room, sq ft

. % (Weight of Partitions, Fioor and Ceiling, Ib)
homhﬂdqhoﬁw(ﬂomfwhln e Aoe e Mo sa

B " (F on ) (Weight of -DJutside Walls, Ib) + (Weight of Floor, Ib) + % (Weight of Partitions and Ceiling, Ib)

Floor Area in Room, sq ft
(Weight of Outside Wall, Partitions, Floors, Ceilings, Structural Members and Supports, Ib)
Entire Buliding or Zons = Air Conditioned Floor Area, sq ft

With rug on floor—W eight of floor should be mubtiplied by 0.50 to compensate for insulating effect of rug.
Weights per 3q ft of common types of construction are contained in Tobles 21 thru 33, pages 66 thru 76.
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TABLE 11—STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS
12 Hour Operation, Constant Space Temperaturet

INTERNAL SMADE® _L BARE OLASS OR EXTERNAL SHADR]
wionT§ SUN TIME
EXPOSURE Ui por nq : ExPosURE
(Merth Lat) of Mloer areu) AM FM AM rM (South Lat)
—
FREAR IR R IR R IR A I I AR A TR AR R A L IR IR E A O 2
150 & over |59 .67 | 82|49 (33 |27 | 25| 2¢| 22| 20| 20 | 17| 34|02 | a7 as a2 |90 | 38| 53] 30| 20| 26| 28
Netannt 100 59 |.on |64 | 52 |35 |29 (24|23 | 30].100) .17 18| 35 | as] 50 [a9 |45 |42 | 34| 30] 97| 28] 23] .20]  seuthesss
k] 421807560 137 .25 .1',1?.|’,|4.|l M| AD | AT 69 | A | A8 T34 |27 2200 ).14] .04 .02
150 & ever | 5186|7147 |57 40 29| 28]25).23) 21|19 36| .44|.50].53 [53] 50| .4a) 39] 36] 34| 30| 28
Eant o0 S2 (87 |73 7058 A0 29026 24| 20000 V6| 04| Aa) 54|00 | 57150 aal a0 3o 2n) | "
kT ] 53 (74 B2 B0 165 4D 25001904004 00) I OR 341 S8 (6l TO1 54|20 820000502
150 & wver |20 .42 ] 59| 70 |74 |71 |61 48| .93] 30| 26| 24] 34| 37| 43|50 | 54| 50| 57| 55 30| 45|01 | a7
Sevtheasi 100 18 (40| 57| J0 175 |72 |43 49 1.04).28) 25021 1.29].33] .41 .51 |.58].61 .81 | .54) 49| .44] 37 .33 Hocthom st
30 093561 | 70 |86 .82 |69 |.50(.90] 20| .17 |13} 14 |27 | |84 |75 | 79 | 23| 60| as] 32| 23|
150 & sver J28 |25 | A0 |53 |64 | 72\ T7|TT| 7R A7) A9 |00 AT 43 ] A2 | 4 |50 )56 .60 |.65] 48] 85| .81 .54
Seuth 100 .:on.u_.ﬂunﬂ:nn.u_!l | A4 A7 394315057 | 64| 48] 70| 48] 83 ]|.53 Moridh
20 an 1'.4.'.“?‘."1.’.”}‘.”.24 16| 20119125100 | .54 68|70 B4} 02| J4| .4 | .42
i _ | — — il dvoaal bkt i) .
150 & over il J?.:’?!.l& 25 |27 |50 | B3 | T2 | Ta| A9 | .54 51 [ 44] 40 | 3T 34| 38| 41| 47| 54| 57| 80| .50
Seuthwesi 100 33|28 ).25| 23|23 | as | 50 84| 74| 77| 70| 55| 53| .4a) 37| 35 |90 | 30| 90| 4s| 53] 82] 84| 40]  Merthwest
30 29 .21 |08 |08 |04 L27 | 50|69 | 82| v | 79 |0 | an | 32| 25 |20 17 |19 | 90| 56| 70| 80| 79| .49
150 L ever ﬂ."f.ﬂﬂ”ﬂm.ﬂ'ﬂ.‘lJln-“."#-”“.”.’lal”uﬂ.".’l
Wen 100 4733|2826 |24 |22 [ 20| 28 | 44| 41| 72 | 73] 60| 52| .0a |39 |34 |31 | 20| 20| 30| 0] 91 |9 West
» JTI541.25 120107 L4 113 |22 |4 A7 | 2| 08| 7 ).58 08 |20 |22 000600 33| 52| a0 |7
150 & over |48 |20 27|25 |23 |22 |20 |19 | 24| 0| 6 | 67| a0 | 04| 30 | 36 |33 |50 | 28| 26| 28| 30| 37| a4
Northwest 100 71 (31|27 |24 |22 |0 [ i | 23] 40| 38 | 0| sa) a9 a0 |38 L3 [2n | 25| 23] 24| 20| 39| 48]  seemwenm
0 A2 (33125 .20 L0 LS 14|39 40 | A [ 80| 75| 53106 (.28 (24 |9 117 | 181 .17 30| 50 | 4
Horlh 150 & ever 06|96 |96 |96 |98 .96 |08 | .06 |06 | 98| 94 | 04|75 (75 79 |03 (B4 |na e a2 nnn Sevth
and 100 98 (.98].90.90 |90 [.on [.on| .90 [on{.o0| 98 | on| 01 [84 .06 |09 (91 |93 | 93| 94| 04 05| 95| 9s w-d
thada b 1.00 e 1.00 Lhads

Equation: Cooling Load, Biu/he = [Peck solar heat gain, Bru/(hr) (sq f), (Table 6)]
% [Window area, sq ft]
% [Shade fador, Haze factor, eic., (Chopler 4]
% [Storage foctor, (above Toble at desired time)|

*internal shading device is any type of shade located on the inside of the glow.
{Bare glas — Any window with no inside shoding device. Windows with shading devices on the outside or thaded by external projections are
considersd bare glass.
1These factors apply whea maintoining @ CONSTANT TEMPERATURE in the spoce during the operating period. Where the lemperoiure is
allowsd 1o swing, oddifional sorage will result during peck lood periods. Refer to Tobla 13 for applicable soroge factorns.
§Weight per sq ft of floor—
(Waight of Outside Walls, Ib) + 14 [Weight of Partitions, Floor and Cailing, Ib)
Foor Area in Room, sq ft
¥4 [Weight of Partitions, Floor and Caeiling, Ib)
Room in Bldg Interior (No outside walls) = Floor A P q ft
(Weight of Outride Walls, Ib) + (Weight of Floor, Ib) + % (Weight of Partitions and Celling, ib)
Floor Area in Reom, sq f
(Weight of Outside Wall, Portitions, Fioors, Ceilings, Struchural Members and Supports, Ib)
Air Conditioned Floor Area, sq it

With rug on floor — W sight of floor should be multiphied by 0.50 to compemate for insulating effect of rug
Weights per sq ft of common types of construction are contained in Tobles 21 thry 33, poges 86 thry 76.

Room on Bldg Exterior (One or more outside walls) =

Basement Room (Floor on ground) =

Entire Building or lone =
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TABLE 12—-STORAGE LOAD FACTORS, HEAT GAIN—LIGHTS*
Lights On 10 Hourst with Equipment Operating 12, 16 and 24 Hours, Constant Space Temperature
EQUIP.
OPER- WEIBHTS NUMBER OF HOURS AFTER L'GHTS ARE TURNED ON
ATION | (Ib por sq ft -
Hours | offlecrarsa) | 0 |1 [2{3 | a5 |6|7 8|9 |v0|n|z|1a|ral1s|16|17|ia|19|20(21 22|23
T 150 & over |.37|.67 (71|74 | 76|79 | 81| .83 | 84| 86) 07 |.29].26 |.23].20 19|07 |05 |.04] 02|01 |00 oo |08
: 24 100 31 |67 | 72|76 |79 |.81|.83| 85|.87|.88|.90|.30|.26 |.22]|.19 |.16 |.15].13|.12|.10 | .09 |.08 | .07 | .08
j‘ 30 25|74 |83 (.88 |.91|.94 |.96| .96|.98| .98| .99 ]|.26|.17 |.12|.08 |.05|.04|.03| 02| .01|.01]|.01 |0 |0
£ 150 & over |.60 (.82 [.83 .84 |.84|.84|.85(.05|.86| 88|00 3228 |.25|.23].10
- 16 100 46|79 |84|.86|.07|.88| 88| .89 |.09| 90| .50 (.30|.26 |.22] .19 |.16
i 30 29|77 |85|.89 |.92|.95|.98| .96| 98| .98| 99|.26|.17 |.12] .08 | 05
i 150 & ever |.63|.90.91|.93|.93|.94|.95| 95| 95| .96 96|37
s 12 100 57189 |.91|.92|.94|.94|.95| 95| .96] 96| .97 .36
S 30 42|.86 191193 |95 97 |.98]| 98| 99| 99| 99 .26
) 150 & over |.34|.55|.61|.65|.68|71|74| 77 |.79| 81|83 |29 .35 |31 |.28 |.25|.23 | 20| .18 | 16 |15 |04 [a2 {0
.4 24 100 24.56 .63 |.68|.72|.75|78| 80| .82 84| .86 |40 |.34 29|25 |.20|.18 |17 [.15 .14 |12 .10 |.09 | .08
“2E 30 17 |.65 |77 |.84 |08 |.92|.94] .95|.97| 98| .98 |.95]|.23 .16 |.11 .07 |.05| .04 [.03|.02]|.01 |01 |0 |0
& o =2 e i ML 1
E}E-’é 150 & over |.58|.75|.79|.80|.80|.81|.82] .83|.04| 86| 87 |.29].35 .31 |.28 | .25
§§; s 16 100 46|73 | 78|.82|.82|.82|.83( .84 |.85| .87 .88 |.40|.34 [.29|.25 (.20
Sins 10 22|.69 |80 |.86 (.89 |.93| 94| 95| .97 98 |.98|.35].23 .16 |.11 |07
[ é .= - 4 S T —
;35 150 & ever |.69|.86 .89 .90 .91 .91 .92 93| 94| 95 95|.50
= 12 100 .58| .85 .88 | 88 |.90 | .92 |.93| .94 | 94| 94| 95|48
30 40| .81 |.88|.91|.93|.96|.97| 97| .98| 99| 99|25
BLE 150 & over |.23.33 |.41|.47 |.52|.57|.81|.66) 69| 72| 74| 59| 52 [.46| 42|37 | 34| 31| 27| 25].23] .21 18|06
E=’ 24 100 A7].33 | 44| .52| .56 .61|.68| 49| 74| 77| 79| 60| .51 |.44| .37 |.32|.30|.27| 23| .20] 18] .18 |.14| 12
33: 30 0 |.48|.68|.76|.82|.87| 91| .93| 95| 97| .98|.52| .34 |.24| 16| 11| 07| 05| .04 02|02/ 01| 0 | O
feo
EIE{ 150 & over |.57|.64 88| 72| 73| 73| 74| 74| 75| 76| 78 |.59| .52 | 48| 42|37
s 33' 16 100 A7|.60 |.67| 72| 74| 77| 78| 79| 80| 81| 82| .60 .51 | 44| 37| 32
E“E 3 07| .53| 70| 78| 84| 88| 91| 93| 95 97| 98| 52| 34 |.24| 16 [.11
= g -
i%" 150 & over |75 79|83 .84|.86|.88|.89 51| .91 .93| 93|75
53 12 © 100 48| 77 81| 84/ 86|.88] 89| 89| 92| 93| 93| 72
w 30 4| 72 |.82| .87|.09| 92| .95|.95| 97| 98| .98 .52

*These foctors apply when maintaining @ CONSTANT TEMPERATURE in the space during the operating period. Where the temperature is cllowed to

swing, additional storage will result during peak load periods. Refer to Table 13 for applicable storage factors.

With lights operating the rome number of hours as the time of equipment operation, use o load fagtor of 1.00.

3. Equipment operating for 12 hours:
Follow procedure in Step 2, excep! in Step 2b odd valves of
12th hour to that designated 0, |3th hour 1o the 1st hour, etc.

fLighis On for Shorter or Longer Period than 10 Hours

Occasionally adjustments may be required to take account of lights
operating less or more than the 10 hours on which the table is based.
The following is the procedure to adjust the load foctors:

A-WITH LIGHTS IN OPERATION FOR SHORTER PERIOD THAN 10
HOURS and the equipment operating 12, 16 or 24 hours af the time
of the overall peak load, extrapelate load foclors as follows:

1. Equipment operating for 24 hours:

a. Use the storage load factors as fisted up to the time the lights
are turned off.

b. Shift the load faclors beyond the 10th hour [on the right of
heavy line) to the left to the hour the lights are tumed off.
This leaves last few hours of equipment operation without
designated load fach

¢ Extrapolate the lost few hours af the some rate of reduction
as the end hours in the table.

2. Equipment operating for 16 hours:

0. Follow the procedurs in Step 1, using the storage load factor
valves in 24-hour aquipmant operation table.

b. Now construct a new set of load factors by adding the new
valves for the 16th hour to that denoted 0, 17th hour to the
13t hour, ete.

¢ The load faciors for the hours wceeding the switching-off the
lights are as in Steps 1b ond le

B-WITH LIGHTS IN OPERATION FOR LONGER PERIOD THAN 10
HOURS and the equipment operating 12, 18 or 24 hours at the time
of the overall peak load, extrapolate load factors as follows:

1. Equipment operoting for 24 hours:
a. Use the load factors os listed through 10th hour and extropolate
beyond the |0th hour at the rate of the last 4 hours.
b. Follow the some procedure as in Step 1b of “A" except shift
load factors beyond 10th hour now to the right, dropping off
the last few hours,

2. Equipment operoting for 16 hours or 17 hours:
6. Use the lood foctors in 24-hour equipment operation table o
listed through 10th hour and extrapolate beyend the 10th
hour ai the rate of the last 4 hours.

fociors beyond 10th hour now to the right.

Step 3 of "A".

. Follow the procedure in Step 1b of "A" excep! shift the load

For l&-hour equipment operation, follow the procedure in
Steps 2b and 2¢c of "A".

. For 12-hour equipment operation, follow the procedure in
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Example

Adijust values for 24-hour equipment operation and derive new values for 16-hour equipment operution for fluorescent lights in speration 8 and
13 hours, and an endlosure of 150 Ib/sq ft of floor.

EQUIP WEIGHT § NUMBER OF HOURS AFTER LIGHTS ARE TURMED ON LIGHTS
OPERATION | (Ib per sq ft ON
Howurs offloorareall 0 |1 | 2| 3 |4 |5 | 6|7 | 8| 910|001 (12(13|[14|15|16|17 |18 |19 |20 |21 (22|23

L2

Hours

37 .67 |.71| 74|76 | 79 |81 | .83 |.841.86 | .87].89|.90|.92]|.29 |.26|.23|.20 |19 |7 |5 [aa [az].n] a3
24 150 37 .67 |71 74|76 |79 |81 | .83 | .84 |.29|.26].23|.20|.19].17 |.15].14 |12 |.11 |0 |.09 |08 |07 |.c6 8
37 .67 |71 74 |76 |79 |.81).83 | .84 |.86 | .87 |.29| .26 |.23| .20 |.19 .17 .15 |14 [a2 [ |10 |09 |08 10

.60 |.87 |.90|.91 [.91 .93 |.93|.94|.94 |.95]|.95|.96| .96 |.97|.29 |.26 13
16 150 .51 (.79 |.82|.84 |.85 .87 |.88|.891.90(.29]|.26(.23|.20|.19|.17 |.15 [}
.60 |82 |.83|.84 |84 |84 |B5|.85|.84|.88]|.90(|.32|.28|.25|.23]|.19 10

§Weigh! per sq ft of floor—

Room on Bldg Exterior (One or more outside walls) = -
Room in Bldg Interior (No outside walls) =
Basement Room (Floor on ground| =

Entire Building or Zone =

(Weight of Outside Well, 1b) + Y (Weight of Partitions, Ficor and Ceiling, Ib)

Floor Area in Room, sq ft

Yo IWaigh_l of Partitions, Floor n_nd 'Cﬁiﬁn_q_,_lh]
Fioor Area in Room, sq f
(Weight of Outside Walls, Ib) + (Weight of Floor, Ib) + Yh (Weight of Partitions and Ceiling, Ib)

Floor Area in Room, sq ft

(Weight of Outside Woll, Portitions, Floors, Ceilings, Structural Members and Supports, Ib)
Air Conditioned Floor Area, 3q ft

With rug on floor— W eight of floor should be multiplied by 0.50 to compensate for insulating effect of rug.
Weights per sq ft of common types of construction are contained in Tables 21 thru 33, pages 66 thru 76.

SPACE TEMPERATURE SWING

In addition to the storage of radiant heat with a
constant room temperature, heat is stored in the
building structure when the space temperature is
forced to swing. If the cooling capacity supplied to
the space matches the cooling load, the temperature
in the space remains constant throughout the
operating period. On the other hand, if the cooling
capacity supplied to the space is lower than the
actual cooling load at any point, the temperature
in the space will rise. As the space temperature
increases, less heat is convected from the surface
and more radiant heat is stored in the structure.
This process of storing additional heat is illustrated
in Fig. 11.

~ ACTUAL COOLING LOAD WITH
« CONSTANT TEMPERATURE
S e
3 INSTALLED CAPACITY (Al-—/ N\ _~ACTUAL COOLING LOAD WiTH
e : ~ . TEMPERATURE SWING
Yy

] 1N

1 | = . s

H i e

L] | -

i |

i |
[ H i

]
§ SwWiNG | | ; Nl ROOM TEMPERATURE

TIME (HR)

Fic. 11 — AcruaL CooLing Loap WiTtH VARYING
RooM TEMPERATURE

The solid curve is the actual cooling load from
the solar heat gain on a west expgsure with a con-
stant space temperature, 24-hour operation. Assume
that the maximum cooling capacity available is rep-
resented by 4, and that the capacity is controlled to
maintain a constant temperature at partial load.
When the actual cooling load exceeds the available
cooling capacity, the temperature will swing as
shown in the lower curve. The actual cooling load
with temperature swing is shown by the dotted
line. This operates in a similar manner with
different periods of operation and with different
types of construction.

NOTE: When a system is designed for a temperature swing,
the maximum swing occurs only at the peak on design
days, which are defined as those days when all loads
simultaneously peak, Under normal operating condi-

tions, the temperature remains constant or close to
constant,

Basis of Table 13
— Storage Factors,

Space Temperature Swing

The storage factors in Table 13 were computed
using essentially the same procedure as Tables 7
thru 12 with the exception that the equipment
capacity available was limited and the swing in
room temperature computed.

The magnitude of the storage effect is determined
largely by the thermal capacity or heat holding
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TABLE 13—STORAGE FACTORS, SPACE TEMPERATURE SWING
Btu/(hr) (deg F swing) (sq ft of floor area)
NOTE: This reduction is to be taken at the time of peak load only.

- HOURS OF OPERATION
GLASS .
TYPE APPLICATION Ubfsat | pinoy |24 [ 16 [ 12
Lead Pattern Bldg Typs floor (%) Temperaturs Swing (F)
wrea) 1-2 | 3-4 |56 [1-2 | 3-4 |56 | 1-2 | 3-4 | 5-6
150 75 190 [ 1.80 | 1.65 [1.80 [ 170 | 1.55 | 1.60 | 1.50 | 1.40
and 50 170 | 1.60 | 1.45 | 1.60 | 1.50 [ 1.35 | 1.50 | 1.35 | 1.25
¥ Office Over 25 150 {140 | — [140 (130 [ — [130 [120| —
3 Bidg 75 170 |1.60 | 1.45 [1.50 | 1.45 | 1.35 | 1.40 [ 1.35 | 1.30
£ Periphery, 100 s0 | 1.5 [1.40 [1.30 {135 {130 |1.20 [1.30 | 1.25 | v.10
Excopt 25 1.35 |1.25 |1.20 [1.25 [1.00 | .90 |1.20 | 95| J0O
T VARIABLE INTERMITTENT North Side 7s 1.40 [1.25 [1.00 [1.20 |10 | 95 (100 | 95| .88
24 -HOUR PERIOD 30 50 1.20 | 95| .80 (170 | .90 | 8O | .90 | .85 | .80
25 90| 80| 70| 85| 75| 60| 80| 70| .55
Interior 150 and
é Zonest Over = 160 155 [1.50 {150 [ 145 | — |138| — | —
Department 100 - 1.40 |1.38 | 1.36 | 130 1128 | 125 [ 128 | 120 —
Stores, 30 - 95| 92| 90| 90| 88| 85| 85| 80| —
ANT INTERMITTENT
24-HOUR PERIOD Pasteries
150 73 185 (175|140 — | — | [ [
and 50 1.5 | 150 | — —_ — — —_ — —_
Aportment | Over O L5 ) Bl B Wl B B . B
Heuses, 75 15145140 | — | — | = — | ==
Hotels, 100 50 140135 — | — | = | =| =] =] -
"Iiwi !S .1.30 : : et -t 1 — — N —
24-~HOUR PERIOD Residences 75 1.20 | 1.10 95 — =g -— —= — =
30 50 1ol 0|]—|—|=|=]|=]=
25 85| 70 | — — o

Reduction in Peak Cooling Load, Btu/he = (Floor Area, sq ft) X (Desired Temp Swing, Toble 4, page 20) X (Storage Foctor, above table)

Equatiom:

*Weight per 1q #t of floor may be obtained from equation on page 30.
tFor 12-hour operation, use a 2 degree mox temp swing.

}Glass ratio is the percent of gloss ores to the total wall aree.

capacity of the materials surrounding the space. It is
limited by the amount of heat available for storage.
Load patterns for different applications vary ap-
proximately as shown in the first column of Table 3.
For instance, an office building has a rather large
varying load with a high peak that occurs inter-
mittently. An interior zone has an intermittent peak
but the load pattern is relatively constant. A hos-
pital, on the other hand, has a constant base load
which is present for 24 hours with an additional
intermittent load occurring during daylight hours.
The thermal capacity of a material is the weight
times the specific heat of the material. Since the
specific heat of most construction material is ap-
proximately 0.20 Btu/(Ib)(F), the thermal capacity
is directly proportional to the weight of the material.
Therefore, the data in the tables is'based on weight
of the materials surrounding the space, per square
foot of floor area.

Use of Table 13
— Storage Factors,

Space Temperature Swing

Tf:b!e 13 is used to determine the reduction in
cooling load when the space temperature is foiced

to swing by reducing the equipment capacity below
that required to maintain the temperature constant.
This reduction is to be subtracted from the room
sensible heat.

NOTE: This reduction is only taken at the time of peak
cooling load.

Example 3 — Space Temperature Swing

Given:
The same room as in Example 1, page 28.

Find: +
The actual cooling load at 4 p.m. from sun. lights, and
people with 3 F temperature swing in the space.

Solution:
The peak sensible cooling load in this room from the sun,
lights, and people (neglecting transmission infltration,
ventilation and other internal fieat gain) is
5700 + 5190 = 10,890 Biu/hr. {Examples 1 and 2.)

NOTE: The peak cooling load in this room occurs at ap-
proximately 4 p.m. The solar and light loads are
almost at their peak at 4 p.m. Although the trans-
mission acrosé the large glass window peaks at
about 8 p.m., the peak infiltration and ventilation
load also occurs at 3 p.m. and the relatively small
transmission load across the wall peaks much later
at about 12 midnight. The sum of these loads re-
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sults in the peak cocling load occurring at about
4 pm. in the spaces with this exposure,

The weight of the materials surrounding the room in
Example 1 is 97.4 Ih/sq [t of Aoor area.

Reduction in cooling load for a 3 F swing ( Table 13)
=20 X 20 X 1.4 X § = 1680 Btu/hr.
Cooling load = 10,890 ~ 1680 = 9210 Biu /hr.

(For comparison purposes, the instantaneous heat gain

from sun. lights, and people in this particular room is

14.610 Bru/hr.)
Since the normal thermostat setting is about 75 F or 76 F db,
the design temperature (78 F=175 F thermostat setting
+3 F swing) occurs only on design peak days at the time
of peak load. Under partial load operation, the room tem-
perature is between 75 F db and 78 F dby, or at the thermostat
setting (75 F) . depending on the load.

PRECOOLING AS A MEANS OF INCREASING
STORAGE

Precooling a space below the temperature nor-
mally desired increases the storage of heat at the
time of peak load, only when the precooling tem-
perature is maintained as the control point. This
is because the potential temperature swing is in-
creased, thus adding to the amount of heat stored
at the time of peak load. Where the space is pre-
cooled to a lower temperature and the control
point is reset upward to a comfortable condition
when the occupants arrive, no additional storage
occurs. In this situation, the cooling unit shuts off
and there is no cooling during the period of warm-
ing up. When the cooling unit begins to supply
cooling again, the cooling load is approximately
up to the point it would have been without any
precooling.

Precooling is very useful in reducing the cooling
load in applications such as churches, supermarkets,
theaters, etc., where the precooled temperature can
be maintained as the control point and the tempera-
ture swing increased to 8 F or 10 F.

DIVERSITY OF COOLING LOADS

Diversity of cooling load results from the probable
non-occurrence of part of the cooling load on a
design day. Diversity factors are applied to the
refrigeration capacity in large air conditioning sys-
tems. These factors vary with location, type and
size of the application, and are based entirely on
the judgment of the engineer.

Generally, diversity factors can be applied to
people and light loads in large multistory office,
hotel or apartment buildings. The possibility of
having all of the people present in the building
and all of the lights operating at the time of peak
load are slight. Normally, in large office buildings,

some people will be away from the office on other
business. Also, the lighting arrangement will fre-
quently be such that the lights in the vacant offices
will not be on. In addition to lights being off be-
cause the people are not present, the normal main-
tenance procedure in large office buildings usually
results in some lights being inoperative. Therefore,
a diversity factor on the people and light loads
should be applied for selecting the proper size
refrigeration equipment.

The size of the diversity factor depends on the
size of the building and the engineer's judgment
of the circumstances involved. For example, the
diversity factor on a single small office with 1 or 2
people is 1.0 or no reduction. Expanding this to
one floor of a building with 50 to 100 people, 57,
to 109%, may be absent at the time of peak load,
and expanding to a 20, 30 or 40-story building, 109,
to 20%, may be absent during the peak. A building
with predominantly sales offices would have many
people out in the normal course of business.

This same concept applies to apartments and
hotels. Normally, very few people are present at the
time the solar and transmission loads are peaking,
and the lights are normally turned on only after
sundown. Therefore, in apartments and hotels, the
diversity factor can be much greater than with office
buildings.

These reductions in cooling load are real and
should be made where applicable. Table 14 lists
some typical diversity factors, based on judgment
and experience.

TABLE 14—-TYPICAL DIVERSITY FACTORS
FOR LARGE BUILDINGS

(Apply to Refrigeration Capacity)

TYPE OF DIVERSITY FACTOR

APPLICATION Pesple Ligh
Office J5 10 .90 J0 1o 85
Apartment, Hotel A0 1o .60 A0 1o 50
Department Store 80 10 .90 Hwl0
Industrial* A5 0 95 B0 1o .90

Equation:
Cooling Load {for people and fights), Biu/he
= (Heat Gain, Btu/her, Chapter 7)
X (Storage Foctor, Table 12)X (Divenity Fador, above toble)

*A divenity foctor should olso be opplied 1o the machinery lood.
Refer to Chapler 7.

Use of Table 14
— Typical Diversity Factors for Large Buildings

The diversity factors listed in Table I4 are to be
used as a guide in determining a diversity factor
for any particular application. The final factor must
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necessarily be based on judgment of the effect of the
many variables involved.

STRATIFICATION OF HEAT

There are generally two sitwations-where heat is
siratified and will reduce the cooling load on the
air conditioning equipment:

1. Heat may be stratified in rooms with high
ceilings where air is exhausted through the
roof or ceiling.

2. Heat may be contained above suspended ceil-
ings with recessed lighting andjor ceiling
plenum return systems.

The first situation generaily applies to industrial
applications, churches, auditoriums, and the like.
The second situation applies to applications such
as office buildings, hotels, and apartments. With
both cases, the basic fact that hot air tends to rise
makes it possible to stratily loads such as convection
from the roof, convection from lights, and convec-
tion frem the upper part of the walls. The con-
vective portion of the roof load is about 259 (the
rest Is radiation); the light load is about 509, with
fluorescent (209, with incandescent), and the wall
transmission load about 409,

In any room with a high ceiling, a large part of
the convection load being released above the supply
air stream will stratly at the ceiling or roof level,
Some will be induced into the supply air soream.
Normally, about 80, is stratified and 209, induced
in the supply air. II air is exhausted through the
ceiling or roof, this convection load released above

the supply air may be subtracted from the air con-
ditioning load. This results in a large reduction
in load if the air is 10 be exhausted. It is not nor-
mally practical to exhaust more air than necessary,
as it must be made up by bringing outdoor air
through the apparatus. This usually results in a
larger increase in load than the reduction realized
by exhausting air,

Nominally, about a 10 F to 20 F rise in exhaust air
temperature may be figured as load reduction if
there is enough heat released by convection above
the supply air stream,

Hot air stratifies at the ceiling even with no
exhaust but rapidly builds up in temperatore,
and no reduction in load should be taken where
air is not exhausted through the ceiling or roof.

With suspended ceilings, some of the convective
heat from recessed lights fows into the plenum
space. Also, the radiant heat withan the room (sun,
lights, people, etc) striking the ceiling warms it
up and causes heat 1o flow into the plenum space.
These sources of heat increase the temperature of
air in the plenum space which causes heat o flow
into the underside of the floor structure above.
When the ceiling plenum is used as a return air
system, some of the return air flows through and
over the light fixture, carrying more of the conver-

tive heat into the plenum space.

Containing heat within the ceiling plenum space
tends to “Hauwen” both the room and equipment
load. The sworage factors lor estimating the load
with the above conditions are contained in
Table 12.
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