(Solar Engineering)
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1 Gscis (Solar Constant) 1981
1367+7 W/nm? 1 n 1
G'sc =Gsc[1 + 0.033 cos{ (N/365)(360°)}H ] ..veveveeereererrerrrreeeons [1]

Gsc = 1353 Js™m?or 429 Btu hr* ft2 or 1.940 langley min™
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Y = a % *b vX X% ¢ [/ X * . AX. +[ 2] * ex
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Y k=28090n&

X\ééo))nm:
0.9731

0. A6BYSmY (0. 59-389p_=Y (0. 7395

(Hm)

L1-1800

(PAR)

0.28 - 2.80
030-11
0.38-0.78
0.40-0.70
040-11

0.9731-0.0056=0.9675
0.72735
0.4729
0.4688 - 0.0873= 0.3815
0.7395-0.0873=0.6522

(Pyranometer)

1
L1-1800
47.29%
38.15%

(Photometric) Lux

0.28 - 2.80
96.75% 100%
(300-1100 nm) 72.735%
(Photosynthetically Active Radiation PAR)

(Hm)

(Radiometric) W/m?
(Quantum)  pmol/m?/s

umo | e A ( Joul e)
(6.02%°5%h10 C /A
1
h C=2.9979dm5m/*s 10
E = 119.6256 [/ A\.
ud | e 2 119.6256 [/ A
umo | e/ J = 823594 .*.10.
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QW = QO / ABOT67T oo eeeeeeeee s eee e [6]
Qw Qq umay/ /s 400-700 nm
6 (umol/ /s) / (umol/J) J Is
W/ Qw 1 W/m? = 4.597677 pmol/ /s
dumd | /| s
Her-in-W/m? 1 PAR-in-W/m? =
0.3815 * Hgr-in-W/m? 6 PAR-in-mol/ /s=4.6* PAR-in-W/m?
PAR-in-mol/ /s=4.6* 0.3815* Her.in-W/m?= 1.7549 * Her.in-W/m?
(1997)  Thimijan and Heins
(1983)
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1/15| 2/15 | 3/15 | 4/15 | 5/15 | 6/15 | 7/15 | 8/15 | 9/15 | 10/15 | 11/15 | 12/15

15 46 74 105 135 166 196 227 258 288 319 349

7:00

3.09 | 5.32 | 10.69 | 17.47 | 21.44 | 21.84 | 20.14 | 18.07 | 16.18 | 13.44 | 9.08 | 4.91

8:00

15.36| 18.35 | 24.31 | 31.34 | 35.1 | 35.22 | 33.62 | 31.88 | 29.93 | 26.46 | 21.24 | 16.78

9:00

26.64| 30.63 | 37.49 | 45.14 | 48.9 | 48.79 | 47.28 | 45.75 | 43.33 | 38.62 | 32.24 | 27.5

10:

00

36.3 | 41.57 | 49.71 | 58.58 | 62.77 | 62.49 | 61.07 | 59.52 | 55.86 | 49.09 | 41.28 | 36.39

11:

00

43.3|50.04 | 59.73 | 70.75 | 76.53 | 76.26 | 74.93 | 72.7 | 66.03 | 56.26 | 47.11 | 42.38

12:

00

46.34| 54.21 | 64.75 | 77.07 | 86.3 | 89.02 | 88.6 | 81.41 | 69.82 | 57.83 | 48.34 | 44.31

13:

00

44.62| 52.62 | 61.92 | 70.57 | 74.51 | 76.04 | 77.2 | 74.07 | 64.22 | 53.07 | 44.6 | 41.7

14:

00

38.62| 45.89 | 53.01 | 58.37 | 60.7 | 62.27 | 63.33 | 61.05 | 53.31 | 43.9 | 36.93 | 35.19

15:

00

29.6 | 35.9 | 41.26 | 44.91 | 46.84 | 48.57 | 49.53 | 47.31 | 40.52 | 32.4 | 26.75 | 25.97

16:

00

18.7 | 24.14 | 28.3 | 31.11 | 33.05 35 35.84 | 33.44 | 27.02 | 19.73 | 15.08 | 15.03

17:

00

6.67 | 11.4 | 14.77 | 17.24 | 19.42 | 21.63 | 22.32 | 19.62 | 13.23 | 6.42 | 2.53 | 3.03

10

( 22 34 120 18 )

solar noon

36 13 24
12 12

1/15 |2/15 |3/15 |4/15 |5/15 |6/15 |7/15 |8/15 |9/15 |10/15 |11/15 |12/15

6:45 [6:35 |6:13 [5:43 |5:22 |5:17 |5:26 |5:39 |[5:49 |5:59, (6:17 |6:36

17:30 (17:50 |18:03 (18:14 |18:27 (18:40 |18:42 (18:26 |17:56 (17:27 |17:10 (17:53

12:08 [12:13 |12:08 |11:59 |11:55 [11:59 [12:04 |12:02 |11:53 [11:43 |11:44 |11:54

hr:mn (10:45 |11:14 |11:50 (12:31 |13:05 [13:22 |13:15 |12:46 (12:07 |11:27 [10:53 |10:37

( 22 34 120 18 )




W/m?

M)/ /hr Langley/hr Cal/cm’/hr  BTU/ft/hr
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Cal/cm’/ Langley/
M/ / BTU/ft/
Langley * 1 = Cal/cm’ MJ/  *1000/11.365 = BTU/ft’
Langley * 3.688 = BTU/ft* |MJ/ /0.04186 = Langley
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| 1715 [ 2/15 | 3/15 |

4/15 | 5/15 | 6/15 | 7/15 |

8/15 | 9/15 [10/15]11/15] 12/15 |

M/

6:30- 7:30  [0.211 [0.458 [0.229 [1.114  [1.328 [1.410 [1.373 [1.208 [0.369  [0.567 [0.274 |0.147
7:30- 8:30 [1.239 [1.555 [1.346 [2.254  [2.427 [2.478 [2.450 [2.322 [1.477 [1.674 |1.317 [1.151
8:30- 9:30 [2.231 [2.613 [2.485 [3.353  [3.486 [3.507 [3.487 [3.396  [2.608  [2.741 [2.323 [2.119
9:30-10:30  [3.093 [3.522 [3.519 [4.269  [4.359 [4.350 [4.339 [4.287 [3.633  [3.654 [3.195 [2.963
10:30-11:30 [3.732 [4.175 |4.323 [4.865  |4.899 |4.858 [4.858 [4.853  [4.421  |4.300 [3.835 |3.594
11:30-12:30 [4.054 [4.462 |4.772 [5.000  [4.960 |4.883 [4.897 [4.953  [4.840  |4.564 [4.147 |3.921
12:30-13:30 [3.732 [4.175 |4.772 [4.865  [4.899 |4.858 [4.858 |4.853  [4.840  |4.300 [3.835 [3.594
13:30-14:30 [3.093 [3.522 [4.323 [4.269  [4.359 |4.350 [4.339 [4.287 [4.421  |3.654 [3.195 |2.963
14:30-15:30 [2.231 [2.613 |3.519 [3.353  [3.486 [3.507 [3.487 [3.396  [3.633  |2.741 [2.323 [2.119
15:30-16:30 [1.239 [1.555 |2.485 [2.254  [2.427 |2.478 [2.450 [2.322  [2.608  |1.674 [1.317 |1.151
16:30-17:30  [0.211 [0.458 [1.346 [1.114  [1.328 |1.410 [1.373 |1.208  [1.477  [0.567 [0.274 [0.147
M/ 25.06 [29.11 [33.35 [36.85 [38.63 [39.00 [38.72 [37.47 [34.70  [30.44 [26.03 [23.87
BTU/Ft2 2208 [2565 |2938 [3247  [3403 3436 [3411 3301  [3057  [2682 [2294 [2103
Langley/ 598.8 [695.4 |796.6 [880.4 [922.8 [931.6 [925 [895.2 [828.8  [727.1 |621.9 [570.2
m/ [784 814 1043 [1120  [1214 [1189 [1217 [1172  [1043  [940 [782 [745 |
M/ [25.29 [29.06 |33.64 [37.33 [39.15 [39.62 [39.25 [37.82 [34.77 [30.31 [26.07 [24.04 ]

M/ /

M/ /
monthly average Clearness Index, Cl
Atmosphere Transmission Coefficient

Cl
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Cl v

Bartok 1994 3000 278.7 84
3.2 MBTU 3374 MJ
32 Bartok
12.1 M3/ 6
12.1
6 Bartok
5
Bartok
100 330
1 6 9
6 5530 MJ/ 5.25 MBTU 52.5
Bartok
1.39
(1 AC/min) 1.4 AC/min.
M/ /
206.7 (189.2 |257.6 (311.8 |374.4 |406.2 |503.3 |498.4 [395.3 |338.1 (249.9 |217.5
231.4 (203.3 |278.4 |311.9 |399.6 (443.4 |609.7 |576.6 [432.2 |353.0 (267.9 |218.1
221.1 (191.1 |274.7 |340.4 |418.9 |456.3 |613.2 |564.3 [404.1 |299.4 (219.1 |198.7
333.2 [352.4 |411.6 |438.9 |517.0 |503.1 |558.8 |489.6 [436.4 |411.7 (340.7 |314.3
297.5 |(330.6 |329.2 |(340.6 |400.7 |357.2 |420.4 |311.5 [328.2 |393.0 (364.1 |341.2
326.8 [309.4 |406.9 |448.2 |536.8 |588.1 |708.1 |642.3 [521.0 |477.9 (379.4 |334.5
291.6 [253.1 |317.8 |374.8 |443.2 |475.5 |533.1 |500.8 [449.4 |416.9 (320.7 |297.3
200.5 (223.6 |244.2 |259.5 |406.2 |(452.7 |582.4 |549.9 [439.5 |387.3 (298.4 |248.0
M/ /
0.266 [0.232 |0.249 |0.282 |0.313 |0.347 |0.419 |0.429 [0.380 |0.358 [0.320 |0.294
0.298 [0.249 |0.269 |0.282 |0.334 |0.379 |0.508 |0.496 [0.415 |0.374 [0.343 |0.295




0.285 |0.234 [0.266 |0.308 |0.350 |0.390 |[0.511 [0.486 |0.388 |0.317 |0.281 [0.268
0.429 |0.432 (0.398 |0.397 |0.432 |0.430 [0.466 [0.421 |0.419 |0.436 |0.436 [0.425
0.383 [0.406 |0.318 |0.308 |0.335 [0.305 |0.350 |0.268 |0.315 |[0.417 [0.466 |0.461
0.421 |0.380 [0.394 |0.405 |0.448 |0.503 [0.590 [0.553 |0.501 |0.507 |0.486 [0.452
0.375 |0.310 [0.307 |0.339 |0.370 |0.406 |[0.444 [0.431 |0.432 |0.442 |0.411 [0.402
0.256 |0.275 [0.234 ]0.232 |0.335 |0.381 [0.479 [0.469 |0.421 |0.412 |0.382 (0.333
Cl
6.67 6.76 8.31 10.39 | 12.08 | 13.54 | 16.23 | 16.08 | 13.18 | 10.91 8.33 7.01
7.47 7.26 8.98 10.40 | 12.89 | 14.78 | 19.67 | 18.60 | 14.41 | 11.39 8.93 7.04
7.13 6.82 8.86 11.35 | 13.51 | 15.21 | 19.78 | 18.20 | 13.47 | 9.66 7.30 6.41
10.75 | 12.58 | 13.28 | 14.63 | 16.68 | 16.77 | 18.03 | 15.79 | 14.55 | 13.28 11.36 | 10.14
9.60 11.81 | 10.62 | 11.35 | 12.92 | 11.91 | 13.56 | 10.05 | 10.94 | 12.68 12.14 | 11.01
10.54 | 11.05 | 13.12 | 14.94 | 17.32 | 19.60 | 22.84 | 20.72 | 17.37 | 15.42 12.65 | 10.79
9.41 9.04 10.25 | 12.49 | 14.30 | 15.85 | 17.20 | 16.15 | 14.98 | 13.45 10.69 9.59
6.47 7.99 7.88 8.65 13.10 | 15.09 | 18.79 | 17.74 | 14.65 | 12.49 9.95 8.00
1988 1993
6 100 MJ
4468 5356 5306 4349 4870
4979 6200 5854 4835 5467
5019 6527 6006 4445 5500
4877 6491 6138 4755 5565
5534 5950 5210 4801 5374
6468 7537 6837 5732 6644
5230 5676 5330 4943 5295 5530
Ting, et al., (1987)
PAR = 20804 * SOLAR ...cccosiiieeneseine e, [7]
Cloar = 11849 * Clggl vt [8]
RATIO = 0.7651 - 0.0153 * Clyy - 09113 * Clpar2 ..... [9]

SOLAR

M)/ /

10




PAR

PAR mol/ /
Clsar
Clpar
diffuse PAR diffuse = PAR * RATIO
RATIO
direct direct = PAR - diffuse
5 SOLAR  Clsol
(SOLAR) (Clsar)
Clpar RATIO diffuse direct 7a 7b 7
5 7,8,9
5 PAR
5 RATIO
7a
SOLAR PAR Clsor | Clpar | RATIO | diffuse | direct
M/ mol/ N/A N/A N/A mol/ mol/
1 6.47 13.46 | 0.256 | 0.30 | 0.68 9.13 4.33
2 7.99 16.62 | 0.275 | 0.33 | 0.66 10.98 5.64
3 7.88 16.39 | 0.234 | 0.28 | 0.69 11.30 5.09
4 8.65 18.00 | 0.232 | 0.27 | 0.69 12.50 5.50
5 13.10 | 27.25 | 0.335 | 0.40 | 0.61 16.71 10.54
6 15.09 | 31.39 | 0.381 | 0.45| 0.57 18.01 13.38
7 18.79 | 39.09 | 0.479 | 0.57 | 0.46 17.99 21.10
8 17.74 | 36.91 | 0.469 | 0.56 | 0.47 17.38 19.53
9 14.65 | 30.48 | 0.421 | 0.50 | 0.53 16.14 14.34
10 12.49 | 25.98 | 0.412 | 0.49 | 0.54 14.00 11.98
11 9.95 | 20.70 | 0.382 | 0.45 | 0.57 11.88 8.82
12 8.00 16.64 | 0.333 | 0.40 | 0.61 10.20 6.44
N/A

11



7b

SOLAR | PAR Clsor | Clpar | RATIO | diffuse | direct
M/ mol/ N/A N/A N/A mol/ mol/
1 1054 | 2193 | 0421 | 0.50 | 0.53 11.61 10.32
2 1105 | 2299 | 0.380 | 045 | 0.57 13.19 9.80
3 1312 | 2729 | 0.394 | 047 | 0.56 15.19 12.10
4 1494 | 3108 | 0405 | 048 | 0.55 17.03 14.05
5 1732 | 36.03 | 0448 | 0.53 | 0.50 18.05 17.98
6 19.60 | 40.78 | 0.503 | 0.60 | 0.43 17.45 23.33
7 22.84 | 4752 | 0590 | 0.70 | 0.31 14.63 32.89
8 20.72 | 4311 | 0553 | 0.66 | 0.36 15.44 27.67
9 1737 | 3613 | 0501 | 0.59 | 0.44 15.86 20.27
10 1542 | 32.08 | 0507 | 0.60 | 0.43 13.73 18.35
11 1265 | 2632 | 0486 | 0.58 | 0.45 11.84 14.48
12 10.79 | 2245 | 0452 | 0.54 | 049 11.03 11.42
N/A
1994
NSC-83-0409-B-002-094
1995

1997

43(2) 141-148
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