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Atmospheric Transmittance of Solar Radiation for Seoul

4 + A% A A 3] **
Doo Chun Kim, Jung Hee Kim

ABSTRACT

Accurate solar radiation data are fundamental to the design of HVAC systems and solar

driven devices.

Unfortunately, the total radiation data on a horizontal surface has been only reported by
meteorological office. Consequently, there is interest in development of model to estimate the

solar radiation data.

Based on the statistically estimated TAC data which were obtained from measured hourly
values collected over a period of ten years at Seoul, the solar radiation model was determined.
Atmospheric transmittance for this model was presented in the form of polynominal.
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Fig.1 Comparison of measured and calculated
solar radiation.
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Table 1. Horizontal total solar radiation for Seoul (kcal h-ni)
local standard time basis

Month Hour 67|89 10]11|12|13]14({15]|16[17{18]19
Maximum 0{ 0! 37|216/347|412|455(505)4871412{278}103] 0} 0

1 TAC 2.5.% 0| 0| 23]1691292|371{431{4511425|338|216] 84| 0 O
TAC 50 % 0} 0] 17]160]275}358/416)432|398|325|202| 73| 0} 0O
Maximum 0| 0| 88[2751396(475{1547(570|5431462|345{193| 38| O

2 TAC 25% 0 0f 611212(349{447[511{542|511(432|{326|180| 25| 0
TAC 5.0 % 0] 0| 54/200(338/428|494(514{4871416(309{169| 22| 0O
Maximum 0| 511194]358|485{593|665{690!648 |572}455[295(113| O

3 TAC 25% 0| 39|175(319{445|531|597(601 (581 ;505408271 95| 0
TAC 50 % 0| 36{162!301(432{521{574|582{550|488{383|252| 891 0
Maximum 18 1134(287]410i554|631}672)684)653 |604|510}405227] 28

4 TAC 25 % 1311241263394 ({509597|640|650|620 |5481442|309[165] 21
TAC 50% 11 110712541380(499|579{625!6361599 |531|429(300:155] 17
Maximum 96 |25813931508{590|652|687|696|662 6045041395249 78

5 TAC 25% 45 11861330|452|545]626|669|667|628 [570{484(352(214} 66
TAC 50 % 42 1171(3131435{535|613|648(|652 (622 (558464343 (201| 62
Maximum 68 |2141369(461(579(633|670|680|649 |644|566[427|297|131

6 TAC 25 % 53 1186(329({449(539(597/632]642)608 |558/469|360}228} 98
TAC 50% 46 [1701311(4211517(582|618|617|5891539|457]|347|215| 87
Maximum 80 12351421|560]6221654|662654 (636 |581522[398|235(121

7 TAC 2.5 % 43 [154(304124091502|5761611]|622|599 [543(448(344{217} 88
TAC 50 % 34 (1481278|397|490(556|592|606 |588 {519{439{331(211| 84
Maximum 20 [172(333]4431538(6051641|652|622 (566|480(3841266] 90

8 TAC 2.5 % 12 (11412761402 |505(580{616|614 [586 {526|4341314|192| 55
TAC 50% 10 [111(265(3971493{568{606{603{565496{415(307{179| 47
Maximum 0| 86!229(3701488|575(620(632|6361530(436(286(127| O

9 TAC 2.5% 0 65/211134214631553/595]603|569 |500}3941259]103| 0
TAC 50 % 0| 611196(3321449|536}582|587 551 |486|378|248| 95| 0
Maximum 0] 48|2181380(448|542|599|608|5871537(400(196| 0| ©

10 TAC 2.5% 0| 27(143|303(439]|514{559|557{516 |{424|309{156( 0| O
TAC 50 % 0} 22/128|289|418]495{549{536|488{407|292(133] 0] 0
Maximum 0| 0]104}263!385|469|509(502|444 {366{233| 64| 0| 0

11 TAC 25 % 0] 0| 88|240|357|418{471(470{426 {329|191| 43| 0| O
TAC 50 % 0 01 79{2281337!/405/450}448/397316}182] 36; 0 O
Maximum 0| 0| 421179!314|376|/4401438(394(331|184| 27| 0| O

12 TAC 2.5% 0 0! 24|155]260|347}387|400365 (286|165 22 0 0
TAC 50 % 0 0| 22|134(294(3271383|393|356 (2691156 21 0 0
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Table 2. Monthly average dry-bulb temperature (°C) 'V

Seoul, 1971~1980
Month 1 2 3 4 5 6 7 8 9 10 11 12
Tzrﬁfﬁ:_ -2.22|-0.81 | 455 | 11.49| 16,86 21.41| 24.73|24.76| 20.41| 14.02( 6.57 | ~0.37
Table 3.

Hourizontal solar radiation calculated from datly summation Ckeal/h-nf)

Seoul, local standard time basis

Season Hour 6] 7| 89w [11]12]13]1a[15]16]17]1819
o TOP 5% | 26| 133]270| 392| 495| 567/603] 602|571 |515]433| 324|195 63
UBImET | mop 10% | 23| 120|255 378 480] 548582 | 5841557500 412|300 {175 56
At TOP 5% 5(107| 276] 409] 494539538489 | 401|272 94| 0| 0
Wumn o nop 109 | 0 4)104| 267| 395| 476|519]517]466|378{255| 89| 0] 0
Table 4. Horizontal solar radiation calculated from hourly data (kcal/h- #)
Seoul, local standard time basis

Season Hour 61 789 101112 13[1al15]16]17[18]19
o TAC 2.5% | 44 |158|299|414|511|579|618]620(594|536|448]342[215] 86
Ummer | pAC 5.0% | 36 |143]277|397[494 (563|601 |605]|572|516|434| 326|205 | 75
At TAC 25% | 0] 22|128|289|418|495|549|536]488|407|292]133| 0| 0
wumn e 509 | 0] 17|118]278|401|476]519]520]475]383|260({118] 0] 0
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Fig.3 Comparison of various solar radiat
ions for the summer season.
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Table 5. Atmospheric transmittance for Seoul
' local standard time basis

Month , Hour
Season/ TACs 6 | 7| 8| 9 (10| 1:]12|13]| 14| 15|16} 17] 18] 19
, |TAC 25% 0.000|0.000|0.900]0.847|0.784 |0.726) 0.717|0.728 0.753|0.767 0.797| 0.882|0.000] 0.000
TAC 5.0% | 0.000]0.000{0.834|0.827|0.755]0.706|0.696| 0.702| 0.714]0.746) 0.769] 0.843| 0.000/0.000
, |TAC 25% [ 0.0000.000]0.766]0.7410.707]0.6760.667|0.686]0.7001 0.724]0.782] 0.846  0.90010.000
TAC 5.0% | 0.000/0.000{0.717}0.716{0.690{0.650]0.645|0.651]0.699}0.701 |0.754 0.822| 0.900/0.000
5 |TAC 25% [0.000/0.875/0.735|0.672]0.631] 0.5 0.5980.592] 0.624|0.6550.725 0.8060.8680.000
TAC 5.0% | 0.000/0.852]0.704|0.643|0.614|0.5840.57210.571| 0.588 0.634/0.689] 0.771|0.849/0.000
4 |TAC 25% | 0.900[0.727|0.648]0.592|0.558[0.54210.530|0.540]0.56410.600] 0.650/0.7180.820]0.900
TAC 5.0% | 0.900 0.671{0.632|0.572|0.5460.523|0.515|0.525|0.541|0.579]0.632|0.703|0.796{0.900
c | TAC 2.5% [0.66]0.6860.6330.578|0.530/0.515(0.509]0.508] 0.521 [0.563]0.627|0.679| 0.762| 0846
TAC 5.0% | 0.631]0.650(0.607/0.557|0.519/0.502]0.489|0.493]0.515] 0.550{0.601| 0.666|0.734] 0.828
s |TAC 25% | 0665/0.63/0.619) 0.566|05170.478|0.464]0.471]0.482] 0.524 0569 0636 0.706|0.809
TAC 5.0% | 0.585/0.622]0.59110.531|0.4930.464/0.4510.4480.464] 0.502| 0.554| 0.616| 0.679|0.768
, |TAC 25% | 0819)0.675/0.640/0.557]0.507|0.480|0.461 0.465 0.484[ 0.517| .55 0.629 0.713]0.835
TAC 5.0% | 0.717]0.659| 0.596(0.54110.493|0.460{0.442|0.449| 0.472| 0.451|0.544| 0.608| 0.700| 0.821
g |TAC 259 [0.000(0.740|0.702] 0.625 0572|0538 0515 0509 0.530]0.671]0.632[ 0.712]0.8560.900
TAC 5.0% | 0.000/0.730(0.6820.61910.557]0.524/0.505{0.4980.507 | 0.5360.607/ 0.701 | 0.828/0.900
o |TAC 25% | 0.000]0:829|0.7340.660|0,628]0.613]0.602{0.617]0.6490.707]0.786] 0.894/0.900]0.000
TAC 5.0% | 0.000]0.808|0.702|0.644|0.610]0.593|0.587]0.598| 0.627) 0.6830.762| 0.874] 0.900| 0.000
o |TAC 25% [0.000[0.500{0.806]0.7790.764[0.725]0.730[0.745] 0.7860.83410.900|0.900] 0.000| 0.000
TAC 5.0% | 0.000(0.900]0.765]0.755(0.734(0.705{0.7180.718|0.747|0.809 0.899] 0.900/0.000|0.000
|1 |TAC 25% |0000]0.000]0.900]0.872]0.8220.765]0.7750.789) 0.8231 0.8590.900] 0.9000.000]0.000
TAC 5.0% | 0.000]0.000]0.900] 0.850|0.7900.746{0.7450.758]0.780| 0.837| 0.886{ 0.900| 0.0000.000
1, |TAC 25% [0.000/0.000]0.9000:838]0.7650.740|0.720|0.738] 0.766] 0.808] 0.855] 0.900] 0.000| 0.000
TAC 5.09 | 0.000|0.000]0.900|0.78610.745|0.709|0.714|0.728|0.753| 0.778| 0.835| 0.900] 0.000| 0.000
TAC 2.5% | 0.825|0.635]0.632] 0.564{0.517]0.484|0.468|0.463| 0.478] 0.510] 0.555] 0.626] 0.708|0.828
Summer {5 09 10.746|0.645|0.595|0.541|0.497|0.467|0.451 | 0.449|0.457| 0.488| 0.538{ 0.601| 0.687}0.783
sstomn | FAC  25% [ 0.000/0.900]0.765 0,755 0.734] 0705 0.718] 0718 0.747| 0:809 | 0.899| 0.900] 0.000] 0,000
TAC 5.0% | 0.000{0.900(0.735(0.736]0.7090.680|0.679(0.697] 0.730| 0.772]0.843} 0.900| 0.000| 0.000

Table 6. Coefficients for polynominal
polynmominais Seoul, Tac 25%, Local standard time basis

Coeff- Month (month /reference day) Summer | Autumn

icient | 1/21 2/18 3/21 4/2 5/21 6/21 7/23 8/23 9/23 10/24 | 11/23 | 12/22 | /23 10/24
Aq 20683 | 1.7361 | 1.9045 | 1.6486 | 1.5625 | 1.6897 | 1.8039 | 1.4375 | 2.0048 | 1.7961 | 2.1304 | 2.7115 | 1.7675 | 0.07654
A, | -0.21254{-0.17564|-0.21716 | -0.18703|-0.17503 | 0.19669 {-0.21538 | -0.08982 | -0.24090 (-0.18642 | ~0.22618 {-0.37955 | -0.20949} 0.25025
A, | 0.00838| 0.00725| 0.00896 { 0.00781{ 0.00724| 0.00791| 0.00862}-0.00344| 0.01031} 0.00815( 0.00944| 0.02197{ 0.00839] -0.02855
As - - - - - - - 0.00035 - - - [-0.00034] - 0.00101
4T | 0.7333 | 0.7666 | 0.6666 | 0.5333 | 0.4833 | 0.5500 | 0.6500 | 0.5666 | 0.4166 | 0.2666 | 0.3000 | 0.5000 | 0.6500 | 0.2666

Note : 1. When P 0.9 P=0.9
2 4T=1local standard time -solar time : Calculating on solar @me basis, use this (T-4T) instead of T
in equation().
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