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Tabel 1. Geographical-climatic characteristics of the studied cities (Source: IRIMO, 2018)

. . . . Annual Temp. (°C) o
City Latitude Longitude Elevation (m) Max. Min. Ave. Ave. RH (%)
Bandar Abbas 27°13'N  56°22'E 9.8 321 218 27 65
Bushehr 28°59'N  50°50'E 19.6 29.7 195 246 65
Ahwaz 31°20'N  48°40'E 22.5 2563 176 329 43
- 21 -
18 (2 )

25
20
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Table 2: The Average hourly temperature of studied cities (Source: Energyplus, 2018; IRIMO, 2018)
City Hours Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
6 136 144 18 221 256 289 316 306 281 244 185 14.1

§ 8 173 184 228 269 305 332 346 332 323 293 238 181
-2 10 205 216 258 295 33 354 36.2 348 346 323 272 216
= 12 226 236 274 306 343 364 369 357 356 336 29 238
b 14 22,7 238 279 30.7 348 372 371 359 356 333 292 241
=2 16 213 228 271 297 344 364 364 351 345 319 274 214
18 193 212 255 282 332 349 353 341 331 301 25 185
6 16.2 189 229 262 319 332 357 376 346 30 245 191
% 9 183 202 241 267 321 341 361 379 352 309 264 214
= 12 187 206 237 268 324 341 36.2 378 355 314 26.6 215
a 15 161 18 217 254 309 331 35 36.6 338 294 243 193
18 153 171 21 236 295 312 333 345 322 269 228 181
6 72 86 123 174 227 256 279 271 231 185 128 185
8 82 96 135 187 242 275 295 29 25 20 14 14
N 10 132 152 197 259 321 36.7 385 377 343 283 206 149
E 12 16 185 234 30 369 418 434 43 395 331 245 179
< 14 175 203 252 321 392 445 463 458 425 359 265 194

16 16.8 195 242 309 379 43 449 441 409 343 255 186
18 142 166 212 275 34 387 405 399 365 303 222 16

24
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Table 3. The day length and percentage of sunshine hours in studied cities (source: IRIMO, 2018)

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
Bandar Ave. Day_length* 106 113 121 129 135 137 134 128 116 112 105 103
Ave. sunshine hours 74 73 73 82 101 99 88 87 85 94 84 75

Abbas ' chinehours (%) 70 64 60 64 75 72 65 68 74 84 80 73
Ave. Day length* 105 11.3 121 129 135 138 135 129 116 112 105 10.2

Bushehr Ave.sunshine hours 6.6 6.8 7 76 95 107 102 105 95 93 75 64
sunshine hours (%) 63 61 58 59 70 78 76 82 82 83 72 62

Ave. Day length* 103 112 121 13 137 14 137 13 116 111 103 10

Ahwaz  Ave.sunshinehours 58 68 68 75 93 106 109 107 97 88 69 58
sunshine hours (%) 56 61 56 58 68 75 80 83 84 79 67 58

*The day length is calculated by the writers.
() 4
4

765

Table 4: The amount of theoretical and real energy received by vertical surfaces in studied cities (BTU/H/FT2) (T:
Theoretical energy, R: Real energy)

Wall Law of Cosines  Olgyay chart Wall Law of Cosines  Olgyay chart
orientation T R T R orientation T R T R

" North 750.8 529.2 856 592.1 +105 9959.2 7066.3 9370 6647

8 +15 12479 869.7 1290 901.6 +120 10637.5 7580.6 9856 6987.7

-3: +30 2450.7 1700.3 2369 1669.9 +135 109145 78145 10117 7173
= +45 39914 2779.2 3915 2771.2 +150 10929.7 7867.5 10053 7121.9

° +60 5742.2 4020.1 5793 4106.7 +165 10705.2 77485 9314 6567.1

@ igg ;‘;;g:i ggigi gjg ggggé South 105417 7650.7 9636 6814.1

North 7152 5317 790 614.2 +105 9961.5 7038.2 9503 6745.6
+15 11958 879.5 1239 958.8 +120 10698.8 7521.6 10155 7125.9

% +30 2377.3 1734.1 2378 1813.6 +135 11047 7724.7 10334 7155.4

< +45 3900.3 2824.1 3877 2907.5 +150 11125.6 77325 9991 6826

S +60 5647.8 4058.4 5450 4017.9 +165 10953.7 7570.4 10212 6844.9

i;g 8773;‘;';9 ggﬁ? gggg 2(1)%:‘7‘ South  10817.1 74588 9942 6615.7
North 638.2 4715 638 504.1 +105 99749 6888.6 9493 6608.8
+15 1080.6 792.7 1119 874.6 +120 10853 7427.1 10332 7084.6

N +30 22127 1610.6 2277 1745.8 +135 11359.3 7698.3 10705 7213.6

E +45 37075 2671.7 3746 2806 +150 11584.2 7767.1 10790 7134.3

< +60 5442.4 38728 5172 3777.8 +165 11522.3 76515 10685 69225

i;g gézgé sgggés ;ggg gggg:; South 11460 75815 10525 6748.1
Table 5: The amount of direct energy received by vertical surfaces in one-sided buildings in Bandar Abbas city
(BTU/H/FT2)
Wall ) Law of (;osines _ Olgyay chart
orientation Period Cold Period Hot Difference Period Cold Period Hot Difference
Amount % Amount % Amount % Amount %

North 0 0 529.2 100 -529.2 0 0 592.1 100 -592.1
+15 10.6 1.2 859.2  98.8 -848.6 0 0 901.6 100 -901.6
+30 72.9 4.3 1627.4  95.7 -1554.5 64 3.8 1606 96.2 -1542
+45 259.7 9.3 25195 90.7 -2259.9 202 73 2569.2 927 -2367.3
+60 596 148 34241 85.2 -2828 579.3 141 35274 85.9 -2948.1
+75 9129 175 43104 825 -33975 733.1 145 4336 85.5 -3602.9
+90 1090.1 175 5123 82.5 -4032.8 894 15.1 5029.7 84.9 -4135.7
+105 14453 205 5621 79.5 -4175.7 12225 18.4 54245 81.6 -4202
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wall _ Law of Qosines _ Olgyay chart
orientation Period Cold Period Hot Difference Period Cold Period Hot Difference
Amount % Amount % Amount % Amount %

+120 15445 204 6036.1 79.6 -4491.6 1309 18.7 5678.7 81.3 -4369.7
+135 1525.1 195 62894 80.5 -4764.3 1350.2 18.8 58228 81.2 -4472.6
+150 1689.7 215 61779 785 -4488.2 1517.3 21.3 5604.6 78.7 -4087.4
+165 1854 239 58945 76.1 -4040.5 1666.2 25.4 49009 74.6 -3234.8
South 1857.4 243 57933 757 -3935.8 1673.9 246 51402 754 -3466.3

Table 6: The amount of direct energy received by vertical surfaces in one-sided buildings in Bushehr city

(BTU/H/IFT?2)
wall Law of Cosines Olgyay chart
orientiltion Period Cold Period Hot Difference Period Cold Period Hot Difference
Amount % Amount % Amount %  Amount %

North 13.3 25 518.3 97.5 -505 0.0 0.0 614.2 100.0 -614.2
+15 53.5 6.1 826 93.9 -772.5 10.3 1.1 948.5 98.9 -938.2
+30 174.8 10.1  1559.3 89.9 -1384.4 106.6 5.9 1707 94.1 -1600.3
+45 469.3 16.6 23548 834 -1885.5 366 126 25415 874 -2175.5
+60 850.1 209 3208.3 79.1 -2358.2 690.8 17.2 33271 8238 -2636.3
+75 13417 25.6 39039 744 -2562.2 11159 21.6 40415 784 -2925.6
+90 1741.6 28 4470.1 72 -2728.5 1508.4 25.0 4532.2 75 -3023.8
+105 2259.2 321 4779 67.9 -2519.8 2005.4 29.7 4740.2 703 -2734.8
+120 2656.2 353 4865.3 64.7 -2209.1 23937 336 47322 664 -2338.5
+135 2951 38.2 47737 618 -1822.6 26858 37.5 44696 625 -1783.9
+150 3202.2 414 4530.2 58.6 -1328 28752 421 39509 57.9 -1075.7
+165 34028 449 41676 55.1 -764.7 32443 474 3600.6 52.6 -356.2

South 34199 459 40389 54.1 -619 31723 48.0 3443.4 52 -271.1

Table 7: The amount of direct energy received by vertical surfaces in one-sided buildings in Ahwaz city

(BTU/H/FT2)
Law of Cosines Olgyay chart

_Wall_ Period Cold Period Hot . Period Cold Period Hot .

orientation Difference Difference
Amount % Amount % Amount % Amount %

North 121 2.6 4594 974 -447.3 0.0 0.0 504.1  100.0 -504.1
+15 46.1 5.8 746.6  94.2 -700.4 6.4 0.7 868.3 99.3 -861.9
+30 151.3 9.4 14594 906  -1308.1 81.9 47 16639 953 -1582
+45 405.7 15.2 2266 84.8  -1860.3 320.1 114 24859 88.6 -2165.9
+60 817.7 21.1 3055.1 789  -2237.3 697.6 185 3080.2 815 -2382.7
+75 1308.2 25.9 37406 741  -24325 1110.4 22 3930.3 78 -2820
+90 1702.7 28.2 43253 718 -2622.6 14795 253 43783 747 -2898.8
+105 2236.5 325 46521 675  -2415.6 1988.8  30.1 4620 69.9 -2631.2
+120 2607.1 35.1 4820 649 -2212.9 2364.3 334 47203 66.6 -2356.1
+135 3001.2 39 4697.1 61 -1695.8 27739 385 44396 615 -1665.7
+150 3239.6 417 45274 583  -1287.8 3026.6 424 41078 57.6 -1081.2
+165 3463.7 453 41878 54.7 -724 3259.7 471 36628 52.9 -403.1

South 3450.3 455 41312 545 -680.9 3187.4 47.2 35608 52.8 -373.4




106 I

SCIENTIFIC JOURNAL OF IRANIAN ARCHITECTURE

& URBANISM, VOL. 10,

FALL & WINTER 2020

NO. 18
I 1398

10 I 106

South
==Cold Period  =s=Hot Period

=a~Total energy (Bushehr)

South

) South
—=Cold Period ~ =m=Hot Period  =#=Total energy (Ahwaz)

North
8000

1B NS el '.

NI
A\ waaes,
NG
NS==0

South
==Cold Period ~ ===Hot Period ~ =s=Total energy (Bushehr)

i South
==Cold Period ===Hot Period -s#=Total energy (Bandar abbas)

Fig. 1 The amount of received radiation in all directions throughout the year (Top: Based on Law of cosines;
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Table 8; The amount of direct energy received by vertical surfaces in two-sided buildings in studied cities
(BTU/H/FT2)

Law of Cosines

Olgyay chart

City Orientation Period Dif Period Dif
Cold % Hot % ) Cold % Hot % '
" (N, S) 928.7 227 31612 773 -22325 837.0 22,6 2866.2 77.4 -2029.2
s (165, -15)/ (-165,15) 932.3 21.6 3376.8 784 -24445 8331 223 29013 77.7 -2068.2
< (150, -30)/ (-150,30) 881.3 18.4 3902.6 81.6 -3021.4 790.6 18.0 36053 82.0 -2814.7
= (135, -45)/ (-135,45) 8924 16.8 44045 832 -3512.1 776.1 156 4196.0 844 -3419.9
S (120, -60)/ (-120,60) 1070.3 185 4730.1 815 -3659.8 9441 17.0 4603.1 83.0 -3658.9
3 (105, -75)/ (-105, 75) 1179.1 19.2 4965.7 80.8 -3786.6 977.8 16.7 4880.3 83.3 -3902.5
(E, W) 1090.1 175 5123 825 -4032.8 8940 151 5029.7 849 -4135.7
(N, S) 1716.6 43 22786 57 -562  1586.1 43.9 2028.8 56.1 -442.7
(165, -15)/ (-165,15) 1728.2 40.9 2496.8 59.1 -768.6 1627.3 417 22745 583 -647.2
;s: (150, -30)/ (-150,30) 1688.5 35.7 3044.7 64.3 -1356.2 14909 345 28289 655 -1338.0
5 (135, -45)/ (-135,45) 1710.2 324 3564.2 67.6 -1854.1 15259 30.3 35056 69.7 -1979.7
a (120, -60)/ (-120,60) 1753.2 30.3 4036.8 69.7 -2283.6 15422 27.7 4029.6 723 -2487.4
(105, -75)/ (-105, 75) 1800.5 29.3 43414 70.7 -2541 1560.7 26.2 4390.8 73.8 -2830.2
(E, W) 17416 28 44701 72 -27285 15084 25.0 45322 75.0 -3023.8
(N, S) 17312 43 22953 57 -564.1 1593.7 44.0 20324 56.0 -438.7
(165, -15)/ (-165,15) 17549 416 2467.2 584 -712.2 1633.0 419 22655 581 -632.5
N (150, -30)/ (-150,30) 16954 36.2 29934 63.8 -1298 15542 350 28858 65.0 -1331.6
2 (135, -45)/ (-135,45) 17035 329 34815 67.1 -1778.1 1547.0 309 34628 69.1 -1915.8
< (120, -60)/ (-120,60) 17124 30.3 39375 69.7 -22251 15309 28.2 39003 718 -2369.4
(105, -75)/ (-105, 75) 1772.3 29.7 4196.4 70.3 -2424 1549.6 26.6 42752 73.4 -2725.6
(E, W) 1702.7 28.2 43253 71.8 -2622.6 1479.5 253 43783 74.7 -2898.8
Table 9: The amount of direct energy received by vertical surfaces in four-sided buildings in studied cities
(BTU/HIFT2)
Law of Cosines Olgyay chart
City Orientation Period Dif Period Dif
Cold % Hot % ) Cold % Hot % '
2 (180,0,90,-90) 1009.4 19.6 41421 804 -3132.7 8655 18 39479 82  -3082.5
S  (165,-15,75,-105) 10557 20.2 4171.2 79.8 -31156 9054 189 3890.8 81.1 -2985.3
<£ (150, -30, 60, -120) 975.8 184 43164 816 -3340.6 8674 174 41042 826 -3236.8
& (135,-45,45,-135) 8924 16.8 44045 832 -35121 7761 156 4196 844 -3419.9
S (120,-60,30,-150) 9758 18.4 43164 816 -3340.6 8674 17.4 41042 826 -3236.8
m (105, -75,15,-165) 1055.7 20.2 41712 79.8 -3115.6 9054 18.9 3890.8 81.1 -2985.3
(180, 0,90,-90)  1729.1 33.9 33744 66.1 -16452 15473 32 32805 68 -1733.2
= (165,-15,75,-105) 17643 34.0 34191 66.0 -1654.8 1594 324 33327 676 -17387
@ (150,-30,60,-120) 1720.9 32.7 3540.8 67.3 -1819.9 1516.6 30.7 34293 69.3 -1912.7
S (135,-45,45,-135) 1710.2 324 35642 67.6 -1854.1 15259 30.3 3505.6 69.7 -1979.7
@ (120,-60, 30,-150) 1720.9 32.7 3540.8 67.3 -1819.9 1516.6 30.7 3429.3 69.3 -1912.7
(105, -75, 15,-165) 17643 340 3419.1 66.0 -1654.8 1594 324 3332.7 67.6 -1738.7
(180, 0,90,-90)  1717.0 34.2 3310.3 658 -1593.3 1536.6 324 32054 67.6 -1668.8
~ (165,-15,75,-105) 1763.6 34.6 33318 654 -1568.1 1591.3 327 32703 67.3  -1679
§ (150,-30,60,-120) 17039 33.0 34655 670 -17615 15426 31.3 33931 687 -18505
Z (135, -45, 45, -135) 17035 329 34815 67.1 -17781 1547 309 34628 69.1 -1915.8
(120, -60, 30, -150) 17039 33.0 34655 67.0 -1761.5 15426 313 33931 687 -1850.5
(105, -75, 15, -165) 1763.6 34.6 3331.8 65.4 -1568.1 1591.3 32.7 3270.3 67.3 -1679
8
56/1 57 7714 7713
56 57
-15)

(-165 15) (165



& URBANISM, VOL. 10, NO. 18

FALL & WINTER 2020

SCIENTIFIC JOURNAL OF IRANIAN ARCHITECTURE
108 1398 18

10 I 108

66 81/1 79/8 9
67/3 65/4 67/6

(180 0 90 -90)

105) (165 -15 75 -105)

(-165 15-75
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Introduction

Due to the hot and humid climate of the southern coastal cities of Iran, radiation and
airflow play a very important role in thermal comfort feeling. If the wind flow is
compatible with shade, they cause more evaporation in the perspiration process and
cool the body, allowing people to continue working at temperatures above the comfort
zone. Therefore, the orientation of buildings in these regions should be determined
simultaneously based on the optimum use of solar radiation and wind flow. This
research aims to determine the best orientations of buildings, compatible with climate,
in Bandar Abbas, Bushehr and Ahvaz cities, by surveying the amount of direct radiation
energy received by the vertical surfaces of buildings.

Research Methodology

To calculate the amount of direct radiation energy received by the vertical surfaces in
different geographic directions, firstly, the parameters related to the solar geometry
including solar hour angle, declination angle, side angle, Zenith angle, and sun altitude
were extracted using computational relationships and Q-BASIC software, in different
hours of the day, in studied cities. Secondly, using the iLaw of cosinest computational
method and Olgyay chart, the amount of per hour direct radiation energy, received by
vertical surfaces in 24 geographic directions was measured through theoretical and real
calculation. Thirdly, based on the minimum temperature of thermal comfort, the
amount of energy received by the surfaces was calculated for hot and cold periods of
the year, separately. Fourthly, the most appropriate orientations for one-sided, two-
sided, and four-sided buildings were determined based on the maximum difference
between the received energy in the cold and hot periods and the highest percentage of
radiation received in the cold period of the year.

Research Findings

The amount of received energy during the hot period compared to the whole year
according to the Law of Cosines and Olgyay chart methods, is respectively 80.8% and
82% in Bandar Abbas, 66.1% and 67.9% in Bushehr, and, 67.4% and 65.7%,
respectively. The results indicate that the duration of hot period of the year is longer
than cold period in studied cities and the highest amount of energy is obtained through
the hot period, therefore it is necessary to control the absorption of solar radiation by
external surfaces and to prevent the penetration of radiation into the internal spaces
during the hot period in these cities. Accordingly, the best orientations for building in
studied cities are determined based on the minimum amount of solar energy received
during the hot period. The best orientation for one-sided buildings according to the Law
of Cosines in Bandar Abbas, Bushehr and Ahwaz is 180° South and the maximum
amount of received energy in the hot period is respectively 75.7%, 54.1% and 54.5%.
Also, the best orientation for one-sided buildings according to Olgyay chart in Bandar
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Abbas is the orientations of 165° Southeast and Southwest with the maximum amount
of 74.6% and in Bushehr and Ahvaz is 180° South with the maximum amount of 52%
and 52.8% received energy, respectively in hot period of the year.

Based on the minimum received energy during the hot period, the best orientations for
two-sided buildings using the Law of Cosines and Olgyay chart in Bandar Abbas,
Bushehr and Ahvaz are the North-South direction. The maximum amount of received
energy during the hot period using the mentioned methods is respectively 77.3% and
77.4% in Bandar Abbas, 57% and 56.1% in Bushehr, and 57% and 56% in Ahvaz. Also,
the best orientation for four-sided buildings using the Law of Cosines and Olgyay chart
in the cities of Bandar Abbas, Bushehr and Ahwaz is respectively (165, -15, 75, 105)
and (-165, 15, -75, 105) degrees. The maximum amount of received energy during the
hot period using mentioned methods is respectively 79.8% and 81.1% in Bandar Abbas,
66% and 67.6% in Bushehr and 65.4% and 67.3% in Ahvaz.

Conclusion

The results show that the optimum orientations using the Law of Cosines and Olgyay
chart methods, for one-sided, two-sided and four-sided buildings are the same in studied
cities. In order to obtain the optimum amount of solar energy on vertical surfaces, the
best orientation for one-sided buildings in Bandar Abbas, Bushehr and Ahvaz is
respectively 180° South and 165° Southeast and Southwest. The best orientation for
two-sided buildings in studied cities is North-South and then (165, -15) and (-165, -15)
degrees. The best orientations for four-sided buildings in those cities are (165, -15, 75,
-105) and (-165, 15, -75, 105) degrees then (180, 0, 90, -90) degrees.

Key words:

Solar energy, Orientation of vertical surfaces, The iLaw of cosinesT, Olgyay chart, Hot
humid climate.
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