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Cooling Load Temperature Differential Values For
Buildings In Ghana

Felix A. Uba, Emmanuel A. Sarsah

Abstract: Wrong sizing of equipment is often the result of inaccurate procedures employed to estimate the cooling load of the air conditioned space.
Long term weather information was used to develop cooling load temperature differential (CLTD) values made of materials commonly used in Ghana.
The CLTD are produced from ASHRAE mathematical models and weather information of Accra, Ghana. The CLTD was obtained for each wall and roof
type after dividing the results from the Transfer Function Method, TFM by the overall heat transfer coefficient of the envelope material. This method
makes hand calculation of cooling load possible and gives satisfactory results when compared with complex cooling load tools.
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1 INTRODUCTION Therefore, this type of simulation program is not very
The use of air conditioners is becoming a standard feature popular for most designers, who prefer a more compact and
in Occupied spaces such as offices, Shops and private easy to use method for calculating the building cooling load.
houses today in Ghana and correct calculation of heating A more simplified version for calculating a cooling load
and cooling loads is the essential first step for successful using the Transfer Function Method is to use the one step
HVAC system design. As has been thoroughly procedure first presented in [4]. The method is now called
documented, properly sized systems, compared to over- the Cooling Load Temperature Differences (CLTD), Solar
sized systems, have lower installation cost, perform better, Cooling Load factors (SCL), and internal Cooling Load
operate more efficiently, and impose less demand on Factors (CLF) method. This method makes hand
utilities [1]. The cause of over-sizing is lack of confidence in calculation of cooling load possible. [5] has developed the
load calculation methods. That is, practitioners do not know CLTD values for exterior walls and roofs based on solar
(or do not believe) the accuracy of the procedures and thus radiation variation typical of 40°N latitude on July 21 with
use conservative assumptions and/or app|y safety factors to certain outside and inside air temperature conditions and
calculate loads. Most air-conditioning  equipment based on building materials commonly used in North
breakdowns can be attributed to the vast error between America [6,7]. The accuracy of the CLTD values could be in
actual space load and the equipment Capacity; these question when the location of the bU||d|ng is not at 40°N.
identify weaknesses at the side of service providers. In fact, Building material which does not match the ones used to
it is surprisingly difficult to make rigorous comparisons of generate the CLTD values by ASHRAE would also affect
calculated and actual building cooling loads [2] but the error the accuracy of the cooling load calculated [3]. The purpose
of difference can be reduced. For accurate estimation of of this article is to describe the development of cooling load
cooling load which is the first requirement for correct sizing temperature  differential (CLTD) values for building
of cooling equipment, computer-based load estimation envelopes made of materials commonly used in Ghana and
programs are available on the market today. This kind of using Accra (Latitude 5.6°N) weather data. With these
computer program usually requires local annual weather values, the cooling load calculation of buildings in Ghana
data (8760 hours) and requires a complex and lengthy data can be easily and manually performed with more accuracy
input [3]. and also for tuition purposes.
2 MATERIALS AND METHODS
2.1 Sol-Air Temperature
Sol-air temperature, T, is the fictitious temperature of the
outdoor air which, in the absence of radiative exchanges on
the outer surface of the roof or wall, would give the same
rate of heat transfer, Q, through the wall or roof as the
actual combined heat transfer mechanism between the sun,
the surface of the roof or wall, the outdoor air and the
surroundings [8]. Ty, is the outdoor temperature increased
by an amount to account for the effect of solar radiation. If
the surrounding environment can be characterized by a
single temperature to account for the radiative flux, al/A, the
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where

h, = surface heat transfer coefficient for radiation and
convection, W/ (m?.K)

| = global solar irradiance on surface, W/m?
T, = out-door temperature, K

Aqir = correction to infrared radiation transferred between
surface and environment if the sky temperature is different
from T,, W/m?

a = absorptance
A = area of wall, m?

In practice, one assumes that Aqir/ho varies from zero for
vertical surfaces to 3.9 K for upward-facing surfaces and
the values of al’/ho range from 0.026-0.052; value is 0.026
for light-coloured surface, whiles 0.052 represents
maximum value for dark-surfaces [8].

2.1.2 Insolation on surfaces

The amount of radiation incident on an inclined surface is
the algebraic sum of the direct radiation reflected from the
ground and diffuse sky radiation incident on a surface and
usually called global radiation [9,10]. From [11] if unshaded
flat surface is titled at an angle 8,, the global irradiance, on
the tilted plane is

1+ cos Hp 1-cos Hp
Iglo‘p = Idir Cosgl + Idif + Iglo,horpg 2 (2)
and on a horizontal plane is
Iglo,hor = Idir cos 95 + Idif (3)

where
6, = zenith angle, angle of tilt from the horizontal surface
g = direct radiation, W/m?

6; = incidence angle (an angle between normal of plane and
line from sun)

6 = zenith angle for any latitude, A
g = diffuse irradiance on a horizontal surface, W/m?
pg = reflectivity of the ground, [10]

For vertical surfaces, the angle 6, = 90° and “(2)” simply
reduces to;

I dif I glo,horpg
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k
I, =1, {ao +a, exp[— ﬂ (5)
cos 0,

I, is the extraterrestrial radiation. The coefficients; a,, a;
and k depend on the state of the atmosphere; they are
listed in [10] for 23 km and 5km visibility. The correction
factors r,, r, and r, depend on the time of the year and
climate. From [12] the diffuse irradiance on a horizontal
surface can be estimated from a relation

dir

l,, =(0.2711,-0.29391,, )cos 6, (6)

2.1.3 Conductive heat across external surfaces

If the temperature follows a periodic pattern, day after day,
heat gain conducted will follow a periodic pattern. Once
heat gain conducted has been calculated, the CLTD can be
defined as the temperature difference that gives the same
cooling when multiplied by UA. Thus the conductive cooling
load is

Q. =UA(CLTD,) @)
where
Qcona,c = conductive heat gain at time t.
CLTD = Cooling Load Temperature Difference
t = time in hour of the day
U = overall heat transfer coefficient, (W/m?.K)
A = area, (m?)
The CLTD values are obtained from transfer functions.
This approach was developed by [8]

In the TFM, two elements are identified: the driving
elements and the response elements. The TFM calculates
the response of a system by the following basic
assumptions: discrete time steps, linearity and causality
(the response at time t can depend only on the past, not on
the future) This method includes these steps:

e Calculation of the conductive heat gain for each
distinct component of the envelope from “(8)”
below.

e Calculation of the load of the room at constant
temperature, based on this conductive heat gain as
well as any other heat source in the room from
“(9)".

The Cooling Load Temperature Difference method is a
simplified method of TFM for direct one step calculation of

donert = 1y COSO +—+ (4) cooling load. The conductive transfer defined in TFM form
’ 2 2 by [8]
According to [10]
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Qcond t = _Z dn Qcond Jt—nAt + A(Z bnTsol,t—nAt _Ti ch) (8)

n>1 n>0 n>0
where
Qcona: = conductive heat gain at time t.
A = area of roof or wall, m?
At=timestep=1h
Tsoit = SOl-air temperature of outside surface at time t.
b, ¢, d,= coefficient of conductive transfer function [4]

The load of the room at constant temperature is expressed
as;

Qload,l = VO anin,l + vl anin,lfm + V2 anin,t—zm +o - Wl Qload‘I—AI (9)

W, Q2
Where
anin = heat gain , W
Qioaa = cooling load, W
Vn, Wy, = transfer function coefficients
t=time, h

The coefficients in “(8)” and “(9)” stand for properties of
building envelope. In this paper some of the assumptions
taken are; there is no heat pocket in the envelope, and sol-
air temperatures of external surfaces are uniformly
distributed on the surface.

3 RESULTS, DISCUSSION AND VALIDATION
Insolation values from the ASHRAE models were used to
produce the sol-air temperatures for walls of different
orientations. As shown in Fig. 1 the wall temperature for
east facing wall increases to its peak around 10:00 hours
and starts to fall to meet the air temperature. At mid-day the
west facing wall picks up some isolation and consequently
an increase in temperature till its gets to its peak around
15:00 hours then it falls back in line with the air
temperature. The east and west walls are presumed to be
symmetrical and supposed to have the same
peak/amplitude in temperature but the opposite occurred
with the east having a lower amplitude compared to the
west wall because of the effect of dew/moisture in the
atmosphere in the morning. This applies to the other
symmetric wall orientations; SE, SW and NE, NW. The
deviations of the wall temperatures from the air
temperatures when the sun is at the opposite side are
accounted for by the diffuse part of the radiations.
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Fig. 1. Sol-Air temperature for different orientations of
surfaces

Fig. 2 shows cooling load temperature difference of a 4-in
light weight concrete wall against solar time for a typical
material and Tables 1 and 2 (in the appendix) show factors
of CLTD with time for various construction types.
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Fig. 2. Cooling Load Temperature Difference of a 4-in light
weight concrete wall against solar time.

The heavier the construction the smaller the amplitude and
later the peak. The calculation needs to be done for the
hour when the peak occurs. That hour can be guessed if a
single load dominates, because in that case it is the hour
with the largest value of CLTD. If several loads with non-
coincident peaks are of comparable importance, the hour of
the combined peak may not be entirely obvious, and the
calculation may have to be repeated several times. In most
buildings, peak cooling loads occur in the afternoon or early
evening. Fig. 2 gives an indication when the components of
the cooling load are likely to reach their peak. The scale of
deviation of the cooling load obtained from some
installations shows that it estimations are satisfactory. An
example is the results obtained when it was used at the
Check-in hall and the Meeters & Greeters hall of the
Terminal building at the Kotoka International Airport [13].
The air conditioning system was designed and supplied by
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York Air Conditioning Company of the United Kingdom. The
design data of the air conditioning system in the two spaces
are tabulated in [13].

4 CONCLUSION

This article describes the development of cooling load
temperature differential values for building envelopes in
Ghana made of materials commonly used, ASHRAE
models and using long term weather data. With these CLTD
values, the cooling load of the building envelopes can be
easily and manually performed. With more accurate values
of CLTD, the cooling load calculation can be easily and
manually performed and yields a more accurate result. This
will allow air-condition simulation, tuition for academic
purposes, and systems design in Ghana to be performed
more easily and more effectively.
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APPENDIX: TABLE OF CLTDs VALUES

Table 1. CLTDs of Selected Roof Construction

CLTDs table for sunlite roofs (K) based on lat. 5.6°N

Hour of Differ-

Uvalve, Solartime, h max.  Min.  Max. ence

Description of construction W/(miK) 0100 0200 0300 0400 0500 0600 0700 (0900 (0900 1000 1100 1200 1300 1400 1500 1600 1700 1500 1900 2000 2100 2200 2300 2400 CD €D €D CLD

rin,light weight deck with false ceiling 081763 758 620 505 406 320 246 19 240 446 812 1284 1808 2809 225 3006 3120 0T 24 B4 195 1627 1349 115 920 .0 1% A 87
in,light weight concrete roof 0760852 895 68 509 359 231 12 03 018 045 275 672 1R 176 B4 2827 36 BA 249 B0 566 4 176 ¥ UL U0 018 BA B
hin, heavy weight concrete floor deck 199198 93¢ 798 678 ST 47 3% 340 38 57 879 167 1695 2001 441 67 276 206 49 202 1929 1683 1461 1263 108 1600 340 276 43
fin. heavy weight concrete roof 049060 1489 1449 1409 137 125 281 03I 1Y 106 1145 1149 17 1229 0N BT U 57 158 1611 1619 1607 15§ 155 1525 00 145 1619 4%
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Table 2. CLTDs of Selected Wall Construction

CLTDs table for wall (K) based on lat. 5.6°N

ISSN 2277-8616

Hour of
Solartime, h max. Min. Max. Differ-
Wall facing 0100 '0200 0300 0400 0500 0600 0700 0800 (0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 CLTD  CLTD  CLTD ence CLTD
Wall number 1 (4-in. light weight concrete wall)
N 355 302 259 223 192 164 146 152 199 292 411 541 670 791 903 996 1038 998 899 7.8 679 58 492 416 1700 146 1038 8.92
NE 467 405 355 312 274 241 224 355 7.00 11.04 1417 1575 1573 14.84 1413 1378 1341 1264 1144 999 862 739 630 540 1200 224 1575 1351
E 511 447 393 348 3.08 273 257 445 920 1455 1848 2023 1972 17.96 1643 1550 1472 13.68 1230 1072 9.27 7.97 683 589 1200 257 2023 17.66
SE 467 406 355 312 276 242 225 3.68 7.30 1139 1454 1630 1648 1521 13.91 13.52 1322 1252 1137 995 860 739 631 541 1300 225 1648  14.23
s 395 338 291 252 218 1.8 169 18 260 358 48 640 813 971 1097 1179 11.96 1144 1039 905 774 655 551 464 1700 169 119 1027
sW 593 503 433 377 331 291 263 277 339 424 517 576 674 924 1292 1690 2009 2135 2014 17.05 13.63 10.83 869 7.11 1800 263 2135 1872
w 6.83 579 499 436 3.84 340 308 3.19 378 461 554 665 800 1044 1457 19.55 2379 2563 2423 2037 1609 12.65 1007 820 1800 308 2563 2255
NW 58 495 426 371 3.26 28 259 273 336 421 517 629 755 953 1276 1658 19.73 20.89 19.60 1655 13.25 10.57 850 697 1800 259 2089  18.30
SHADED 261 219 183 153 128 104 08 082 082 094 124 18 264 353 444 530 583 58 567 533 487 430 367 310 1800 0.82 5.87 5.05
Hour of
Solartime, h max. Min. Max. Differ-
Wall facing 0100 0200 0300 0400 0500 0600 0700 0800 (0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 CLTD  CLTD  CLTD ence CLTD
Wall number 2 (4-in. h. w. concrete wall)
N 445 392 345 303 266 232 208 206 235 299 381 477 578 679 776 863 904 891 840 776 7.09 638 568 503 1700 2.06 9.04 6.98
NE 599 531 471 418 371 329 309 428 676 950 1168 1297 1327 13.17 1313 13.17 1299 1249 1162 1059 957 856 761 675 1300 300 1327 1018
E 661 587 523 465 414 368 352 525 868 1230 1506 1653 1658 1601 1552 1519 1470 13.95 12.89 1170 1054 942 837 7.44 1300 352 1658  13.06
SE 600 532 472 419 372 330 312 440 699 976 1199 13.44 1387 1337 13.08 1311 1295 1245 1160 1058 9.56 856 7.61 676 1300 312 1387 1075
s 503 443 391 344 3.02 265 239 249 292 357 447 569 701 828 937 1017 1049 1034 978 899 814 7.28 645 570 1700 239 10.49 8.10
W 788 690 606 533 469 414 373 370 400 447 504 540 640 848 1130 1432 1676 17.87 17.32 1561 13.69 11.92 1037 9.03 1800 370 1787 1416
w 918 803 704 620 547 483 436 427 451 495 553 633 742 955 1284 1662 1981 2131 2067 1853 1614 1399 1212 1053 1800 427 2131 17.04
NW 773 677 595 524 461 407 367 365 394 443 505 58 68 863 1122 1417 1654 1755 1693 1524 1338 11.67 10.15 8.85 1800 365 1755  13.90
SHADED 308 271 237 206 178 152 133 120 114 118 138 181 239 306 378 448 491 507 508 495 470 433 390 348 1900 1.14 5.08 3.94
Hour of
Solartime, h max. Min. Max. Differ-
Wall facing 0100 0200 0300 0400 0500 0600 0700 0800 (0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 CLTD  CLTD  CLTD ence CLTD
Wall number 3 (4-in. common brick)
N 471 414 363 319 279 243 214 201 216 264 338 429 530 632 733 827 892 906 873 814 747 675 602 533 1800 2.01 9.06 7.05
NE 629 557 493 436 3.8 342 308 359 550 816 1066 1243 13.24 1334 1327 1327 1317 1281 1210 1112 1008 9.04 803 7.11 1400 308 1334 10.26
E 693 614 545 484 430 382 3.47 427 695 1054 1378 1595 1673 1645 1591 1548 1504 1438 1345 1229 11.09 993 882 7.8 1300 347 1673 13.26
SE 630 557 494 437 387 343 3.09 366 568 840 1094 1283 13.80 1374 1333 1321 1312 1276 1206 1110 1006 9.03 803 7.1 1300 300 1380 1071
s 532 467 411 361 317 277 245 238 266 320 399 508 638 770 890 9.87 1044 1051 1015 945 860 772 685 6.04 1800 238 1051 8.14
SW 839 730 637 559 490 431 383 362 377 417 472 518 585 745 994 1291 1571 1751 17.79 1662 1476 12.88 1116 9.66 1900 362 1779 1417
w 977 850 741 649 571 503 447 420 430 465 518 58 68 847 1125 148 1841 2080 2123 1979 17.48 1516 13.07 11.28 1900 420 2123 17.03
NW 822 716 626 549 482 423 376 356 372 412 469 544 636 775 998 1280 1552 17.24 17.42 1623 1442 1259 1092 9.46 1900 356 1742 13.86
SHADED 3.27 283 252 219 189 161 139 124 114 113 125 158 210 273 3.44 417 475 504 512 506 48 454 413 3.69 1900 1.13 5.12 3.99
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Table 2. CLTDs of Selected Wall Construction (Continued)
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Hour of
Solar time, h max. Min. Max. Differ-
Wall facing 0100 '0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 CLTD  CLTD  CLTD ence CLTD
Wall number 4 (4-in. heavy weight concrete block wall)
N 345 295 254 218 187 160 146 164 224 327 448 577 702 819 926 1011 1028 967 860 751 653 559 474 404 1700 146 1028 8.81
NE 456 397 348 306 269 237 237 445 828 1210 1468 1574 1530 1445 1394 1371 1324 1235 1104 961 831 713 611 526 1200 237 1574 1337
E 500 438 3.86 342 303 269 276 569 1091 158 1908 2008 19.00 17.27 1603 1531 1449 1337 11.89 1034 896 771 663 574 1200 269 2008 1740
SE 456 398 3.49 307 270 238 240 463 861 1244 1509 1636 1606 1455 13.66 1348 1309 1226 1099 958 830 713 611 527 1200 238 1636 1398
3 38 330 28 247 214 18 171 209 290 393 523 68 857 1005 1118 11.84 1179 1111 997 864 741 629 531 450 1600 171 118 1012
SW 579 494 427 372 327 287 266 29 3.67 454 541 58 727 1023 1407 1791 2056 2106 1916 1584 1270 1021 831 6.88 1800  2.66 2106 1841
w 667 570 493 431 38 336 311 338 406 490 58 699 848 1146 1598 20.88 2450 2534 2301 1885 1494 1190 9.63 7.94 1800 311 2534 2222
NW 569 48 420 3.66 321 283 262 292 363 450 546 663 794 1032 1383 1759 2020 2059 1862 1539 12.37 998 813 675 1800 262 2059  17.97
SHADED 251 211 178 149 123 101 08 08 08 102 138 206 289 378 467 548 58 577 554 518 471 412 351 298 1700 084 583 5.00
Hour of
Solar time, h max. Min. Max. Differ-
Wall facing 0100 '0200 0300 0400 0500 0600 (0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 CLTD  CLTD  CLTD ence CLTD
Wall number 5 (4-in. hollow block)
N 358 305 262 225 194 165 146 151 195 284 402 532 662 7.85 897 993 1039 1006 911 7.9 690 591 500 4.22 1700 146 1039 8.93
NE 471 408 357 313 276 243 225 346 672 1073 1396 1570 1582 1501 1426 1386 1347 1273 1156 1012 873 749 638 546 1300 225 1582 1357
E 516 451 396 350 310 275 258 430 881 1414 1823 2020 19.88 1822 1663 1562 1481 1378 1243 1086 938 806 690 594 1200 258 2020  17.62
SE 471 410 358 315 277 244 226 357 7.00 1108 1434 1624 1657 1541 1409 1359 1327 1260 1148 1008 871 7.48 638 546 1300 226 1657 1430
s 399 341 293 254 220 190 169 18 254 351 473 629 802 962 1092 1177 1200 1153 1052 919 7.86 6.65 558 470 1700 169 1200 1031
SW 599 507 436 379 333 293 265 275 333 418 510 573 669 907 1266 1663 1991 2135 2034 1739 1396 11.08 885 7.1 1800  2.65 2135 1870
w 6.89 583 502 439 38 342 310 317 372 455 548 658 7.92 1029 1429 1921 2354 2559 2448 2081 1652 1296 10.27 831 1800 310 2559 2249
NW 58 498 429 373 327 288 260 271 330 415 510 621 747 941 1254 1633 1955 20.89 1981 1689 13.58 10.80 866 7.06 1800  2.60 2089 1829
SHADED 265 222 185 155 129 105 08 08 08 093 121 177 258 347 438 525 581 590 571 538 492 435 372 3.15 1800 082 590 5.08
Hour of
Solar time, h max. Min. Max. Differ-
Wall facing 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 CLTD  CLTD  CLTD ence CLTD
Wall number 6 (frame, partition with */,-in. gypsum board)
N 206 174 148 124 101 087 109 192 334 498 644 7.84 898 1000 108 1096 972 794 631 526 438 353 291 245 1600 087 1096  10.10
NE 296 259 227 198 171 153 337 929 1495 1795 1817 1645 13.92 1288 1284 1271 1164 1003 811 668 560 463 393 340 1100 153 1817 1664
E 333 294 260 229 200 180 438 1254 1996 23.47 2327 2033 1627 1421 1374 1344 1227 1061 866 719 607 508 435 380 1100 180 2347 2167
SE 297 260 228 199 172 153 353 978 1544 1833 1883 1747 1436 1186 1231 1254 1159 1003 812 670 561 465 394 341 1100 153 1883  17.29
s 234 200 172 147 123 107 149 278 419 567 758 968 1123 1226 1267 1230 109 925 739 591 483 389 323 274 1500 107 1267 1160
sW 348 307 272 241 211 190 227 350 473 58 636 691 1070 1593 2081 2392 2376 2010 1436 955 7.00 550 459 397 1600 190  23.92  22.02
w 403 359 320 28 253 230 265 384 506 617 7.39 895 1181 1776 2423 2878 2903 2448 1716 11.08 7.98 625 524 457 1700 230 2903 2673
NW 343 302 268 236 207 18 224 346 469 58 707 851 1069 1523 2015 2348 2323 1944 1383 929 687 542 453 392 1600 187 2348 2182
SHADED 138 110 087 067 047 036 042 048 069 115 19 314 415 513 600 640 58 529 476 414 344 268 212 171 1600 036 640 6.04
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