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miialn@ ('C) iy (C) TFI Ttank | TFO | Tamb | Solar
o TtopA | TmidA | ThelowA | Ttopl T between 1 T pipel | T below 1 ‘C) {e) (o) ‘0 (W/m’)
9:00 26.4 22.10 19.70 26.70 20.00 19.60 19.70 36.50 35.40 26.90 20.30 443.28
9:30 30.40 25.20 21.80 30.80 23.70 22.90 22.70 35.80 34.00 31.80 23.20 559.14
10:00 34.20 28.80 24.40 35.30 27.50 26.50 25.80 36.20 33.30 33.20 24.50 676.64
10:30 39.10 32.90 27.50 41.60 32.70 31.40 30.10 36.10 33.30 34.10 27.80 772.67
11:00 45.20 37.30 31.00 47.10 36.50 35.10 33.20 35.10 32.60 34.00 31.20 843.63
11:30 50.40 42.40 35.30 50.40 39.40 37.80 35.40 37.20 35.60 37.80 32.40 893.50
12:00 48.70 43.30 36.20 52.00 41.60 39.90 37.30 38.60 36.50 39.20 34.90 925.23
12:30 52.00 46.40 38.40 54.20 43.90 42.10 39.30 39.60 38.20 40.80 35.70 942.91
13:00 54.60 48.80 40.60 55.80 45.70 43.70 40.70 41.10 39.50 42.10 35.80 940.92
13:30 53.90 50.20 42.20 55.80 47.00 45.10 42.00 42.70 41.00 43.30 37.20 874.74
14:00 54.50 50.67 43.87 56.10 47.70 46.00 43.20 44.10 42.30 44.30 37.40 870.32
14:30 54.10 51.50 44.60 55.90 48.30 46.60 43.70 45.20 43.50 45.30 37.50 803.33
15:00 51.50 50.00 44.50 53.30 47.60 46.20 43.70 46.50 44.40 45.40 37.70 716.22
15:30 49.40 49.30 44.40 51.00 47.30 46.10 43.60 47.40 45.10 46.10 35.80 589.53
16:00 45.90 47.60 43.80 47.60 46.30 45.50 43.40 47.80 45.60 46.10 30.20 466.27

L



v < o "o A @ a_ o Vv A @ { a o’.zl 1 Y
A1519 N 2NaMsNagoUYINIUTU@WHIIAN 2) nazmisdnA@riaian B) ludui 261gadmen2554 @aaa 9.00 1. 04 16.00 L. 8ATINS

9
o v 1w .
llwammuﬂuwmwu NINY 2 I/min

€L

wian@ ('C) WHEY ('C) TFI | Ttank | TFO | Tamb Solar
o T top B T mid B T below B T top 2 T between 2 T pipe 2 T below 2 C0) C0) C0) ‘C) (W/mz)
9:00 27.00 21.20 19.00 26.30 23.50 19.70 19.50 36.50 35.40 26.90 20.30 443.28
9:30 31.10 24.40 21.60 31.90 29.80 26.30 25.30 35.80 34.00 31.80 23.20 559.14
10:00 35.30 28.00 24.30 37.30 32.60 30.90 28.20 36.20 33.30 33.20 24.50 676.64
10:30 39.80 32.00 27.20 39.60 35.90 32.40 27.80 36.10 33.30 34.10 27.80 772.67
11:00 45.70 36.20 29.50 46.80 37.90 37.00 32.30 35.10 32.60 34.00 31.20 843.63
11:30 50.60 41.10 30.00 50.80 39.40 40.50 34.50 37.20 35.60 37.80 32.40 893.50
12:00 49.70 42.10 35.20 51.50 40.60 42.10 35.40 38.60 36.50 39.20 34.90 925.23
12:30 51.30 44.70 37.50 53.10 42.00 43.80 37.20 39.60 38.20 40.80 35.70 942.91
13:00 54.10 46.60 39.10 54.00 43.10 44.80 37.80 41.10 39.50 42.10 35.80 940.92
13:30 52.90 47.70 40.50 52.80 44.10 45.60 39.00 42.70 41.00 43.30 37.20 874.74
14:00 53.50 48.23 41.23 53.20 45.00 46.00 39.60 44.10 42.30 44.30 37.40 870.32
14:30 52.40 48.80 42.10 52.80 45.50 46.50 40.00 45.20 43.50 45.30 37.50 803.33
15:00 50.80 47.70 42.00 51.20 45.50 46.00 39.90 46.50 44.40 45.40 37.70 716.22
15:30 48.20 47.00 41.90 48.50 45.60 45.90 40.30 47.40 45.10 46.10 35.80 589.53
16:00 45.10 45.80 41.50 45.80 45.20 45.20 39.90 47.80 45.60 46.10 30.20 466.27
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witan@ ('C) Wy ('C) T FI Ttank | TFO | Tamb Solar
e TtopC | TmidC T below C T top 3 T between 3 T pipe 3 T below 3 ‘c) ‘o) ‘o ‘o) (W/m’)
9:00 23.60 21.20 21.00 28.70 20.80 24.40 19.50 23.20 23.40 20.40 24.30 487.01
9:30 26.40 25.50 23.50 30.90 24.00 24.00 22.80 26.00 24.90 25.20 25.00 600.98
10:00 29.70 28.20 23.80 34.60 27.10 28.70 25.20 26.90 25.00 28.20 24.30 693.68
10:30 33.20 30.40 25.80 39.30 31.20 34.30 28.70 27.50 25.10 30.70 24.80 636.42
11:00 36.20 33.00 28.20 42.90 35.70 36.90 31.90 27.90 24.80 32.30 26.70 770.32
11:30 36.30 36.20 28.40 45.10 38.20 38.20 33.90 28.20 25.00 34.60 27.40 883.85
12:00 41.10 34.70 28.40 46.40 39.70 39.30 35.00 29.50 27.00 34.80 29.80 936.51
12:30 43.50 35.00 29.40 48.20 41.20 40.40 36.50 29.60 27.20 37.20 27.00 920.28
13:00 44.50 34.00 30.00 48.60 44.90 41.70 37.60 30.00 27.30 38.40 26.60 895.66
13:30 45.80 35.70 30.30 50.70 34.70 43.30 38.90 29.70 27.90 36.40 27.70 835.70
14:00 45.53 37.50 30.60 48.60 32.2 44.20 39.80 29.90 30.90 36.40 27.70 807.92
14:30 45.20 35.90 30.40 47.90 37.20 45.20 40.50 31.70 34.00 36.30 29.10 761.40
15:00 42.90 35.20 32.10 45.10 42.80 44.90 40.20 34.10 35.20 36.70 29.10 619.38
15:30 41.50 35.50 30.40 43.60 39.60 45.40 40.90 35.50 35.20 35.80 29.30 500.62
16:00 39.30 34.50 29.50 40.80 42.70 44.90 40.40 36.60 34.70 35.60 27.50 396.48
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miialn@ ('C) il (C) TFI | Ttank | TFO | Tamb | Solar
o TtopA | TmidA | ThelowA | Ttopl T between 1 Tpipel | T below1 (o) ‘0 [{e) ‘0 (W/m’)
9:00 28.3 22.70 19.50 27.73 20.40 20.00 19.70 34.00 32.00 23.20 21.5 497.92
9:30 32.10 26.20 21.80 31.70 23.90 23.80 22.80 32.70 31.20 28.50 22.70 610.54
10:00 37.20 29.90 24.30 36.40 27.60 26.50 25.50 33.30 30.40 31.10 23.90 712.97
10:30 42.90 34.80 28.00 44.30 33.50 32.30 30.80 32.00 29.50 30.80 23.80 798.28
11:00 45.60 38.80 31.20 45.80 35.70 34.10 32.10 31.50 26.90 29.90 25.90 863.11
11:30 50.60 42.60 34.10 49.80 38.40 36.70 34.00 34.30 32.90 36.10 27.27 906.028
12:00 51.50 44.60 35.80 51.70 40.60 38.70 36.10 35.40 34.30 37.10 28.30 939.15
12:30 53.30 47.40 38.40 53.80 42.70 40.70 38.00 36.60 35.50 39.00 29.40 951.02
13:00 55.30 49.80 40.90 55.80 44.9 42.80 40.10 38.13 37.23 40.87 30.20 960.31
13:30 55.50 51.20 42.70 56.10 46.40 44.30 41.50 39.80 38.50 41.60 30.50 883.67
14:00 56.00 52.00 43.90 57.00 47.30 45.30 42.40 41.50 40.00 42.70 31.30 866.08
14:30 54.90 52.30 45.00 56.40 47.90 46.10 43.00 42.90 41.50 43.70 30.30 804.05
15:00 53.50 52.00 45.60 55.20 48.10 46.50 43.70 44.30 42.80 44.70 32.80 707.84
15:30 51.10 50.70 45.20 52.70 47.80 46.50 43.70 45.70 43.40 45.30 30.60 616.13
16:00 48.80 49.40 45.40 49.30 47.10 46.10 44.00 45.60 44.30 45.00 29.50 488.81
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wian@ ('C) WHEY ('C) TFI | Ttank | TFO | Tamb Solar
o T top B T mid B T below B T top 2 T between 2 T pipe 2 T below 2 C0) C0) C0) ‘C) (W/mz)
9:00 28.50 21.70 18.80 27.53 2243 20.33 19.63 34.00 32.00 23.20 21.5 497.92
9:30 32.70 25.10 21.30 33.00 27.80 25.70 24.00 32.70 31.20 28.50 22.70 610.54
10:00 37.20 28.60 23.80 38.10 30.90 30.10 27.00 33.30 30.40 31.10 23.90 712.97
10:30 42.80 33.10 27.00 39.50 35.70 29.70 25.20 32.00 29.50 30.80 23.80 798.28
11:00 46.50 36.80 27.20 46.50 36.30 36.50 31.20 31.50 26.90 29.90 25.90 863.11
11:30 50.20 40.20 29.50 50.23 37.20 39.13 32.97 34.30 32.90 36.10 27.27 906.028
12:00 51.20 42.30 34.30 51.70 38.70 40.80 34.20 35.40 34.30 37.10 28.30 939.15
12:30 53.40 44.70 36.30 52.80 40.20 42.30 35.60 36.60 35.50 39.00 29.40 951.02
13:00 54.70 46.90 38.40 54.50 41.80 44.00 37.20 38.13 37.23 40.87 30.20 960.31
13:30 54.80 48.40 40.50 54.40 42.90 45.10 38.50 39.80 38.50 41.60 30.50 883.67
14:00 55.40 49.00 41.60 55.00 43.90 45.80 39.20 41.50 40.00 42.70 31.30 866.08
14:30 53.40 49.10 42.40 54.60 44.90 46.60 39.70 42.90 41.50 43.70 30.30 804.05
15:00 51.20 48.70 42.70 53.60 45.40 46.70 40.10 44.30 42.80 44.70 32.80 707.84
15:30 49.00 47.50 42.20 51.60 45.60 46.50 40.40 45.70 43.40 45.30 30.60 616.13
16:00 44.90 46.10 41.50 48.50 45.50 46.00 40.70 45.60 44.30 45.00 29.50 488.81
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witan@ ('C) Wy ('C) T FI Ttank | TFO | Tamb Solar
e TtopC | TmidC T below C T top 3 T between 3 T pipe 3 T below 3 ‘c) ‘o) ‘o ‘o) (W/m’)
9:00 24.50 20.40 20.20 27.40 20.90 22.30 19.20 34.00 32.00 23.20 21.5 497.92
9:30 26.90 25.50 21.70 30.20 23.70 22.70 21.90 32.70 31.20 28.50 22.70 610.54
10:00 30.30 27.70 23.70 34.50 27.40 26.90 24.50 33.30 30.40 31.10 23.90 712.97
10:30 33.70 30.50 25.60 38.50 30.00 31.50 27.90 32.00 29.50 30.80 23.80 798.28
11:00 33.30 33.10 26.80 41.90 33.80 35.40 30.80 31.50 26.90 29.90 25.90 863.11
11:30 37.20 33.20 26.40 44.00 38.80 35.90 32.20 34.30 32.90 36.10 27.27 906.028
12:00 41.10 33.40 28.50 44.60 29.20 37.30 33.30 35.40 34.30 37.10 28.30 939.15
12:30 42.70 33.80 29.60 46.80 41.00 38.30 35.10 36.60 35.50 39.00 29.40 951.02
13:00 44.60 34.40 30.07 47.60 45.07 39.43 36.70 38.13 37.23 40.87 30.20 960.31
13:30 45.10 34.60 32.00 47.80 34.60 41.70 38.10 39.80 38.50 41.60 30.50 883.67
14:00 45.40 34.90 31.50 48.10 36.30 43.00 38.90 41.50 40.00 42.70 31.30 866.08
14:30 45.90 35.00 30.90 48.50 40.20 43.80 39.50 42.90 41.50 43.70 30.30 804.05
15:00 44.90 34.90 31.70 46.10 41.50 44.30 40.00 44.30 42.80 44.70 32.80 707.84
15:30 43.40 33.80 30.10 44.50 44.40 44.20 40.20 45.70 43.40 45.30 30.60 616.13
16:00 24.50 20.40 31.00 40.80 41.80 43.70 40.80 45.60 44.30 45.00 29.50 488.81
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miialn@ ('C) iy (C) TFI Ttank | TFO | Tamb | Solar
o TtopA | TmidA | ThelowA | Ttopl T between 1 T pipel | T below 1 ‘C) {e) (o) ‘0 (W/m’)
9:00 27.60 23.60 21.40 26.60 21.60 21.50 21.60 25.00 22.10 22.80 22.50 523.53
9:30 31.40 26.60 23.00 29.80 24.50 24.10 23.70 25.20 22.30 24.70 23.20 616.94
10:00 30.40 28.00 24.40 29.50 26.80 26.50 25.40 25.70 23.00 26.10 23.60 420.82
10:30 26.30 26.40 24.80 25.80 26.60 26.50 25.50 24.60 24.80 25.60 23.00 113.43
11:00 37.90 30.70 26.80 35.50 27.40 27.30 26.90 27.20 25.40 27.20 25.70 739.94
11:30 43.30 35.30 29.10 40.60 31.40 30.70 29.70 28.60 26.80 29.20 29.10 889.35
12:00 46.00 38.60 31.70 43.70 34.90 34.30 32.50 30.90 27.20 32.90 29.80 912.07
12:30 48.60 41.70 34.30 46.10 37.80 37.00 34.90 30.90 28.90 34.70 29.90 904.04
13:00 51.10 44.30 36.30 47.90 39.90 39.10 36.40 32.90 32.80 36.40 29.60 886.46
13:30 51.50 46.20 38.00 48.80 41.60 40.80 37.70 36.30 34.50 38.50 30.60 836.51
14:00 52.40 46.70 39.10 49.80 42.70 42.10 38.50 38.00 36.90 39.90 30.80 775.55
14:30 51.10 47.10 40.30 47.60 43.20 42.70 39.30 40.30 38.40 41.20 30.10 699.99
15:00 49.80 46.50 40.10 46.40 43.10 42.80 39.40 41.80 39.80 41.80 31.50 605.49
15:30 47.70 45.50 39.20 45.90 42.80 42.80 39.30 42.90 40.90 42.30 30.70 509.19
16:00 43.50 44.10 39.20 42.10 42.60 42.80 39.30 42.50 40.20 40.70 29.40 362.48
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wian@ ('C) WHEY ('C) TFI | Ttank | TFO | Tamb Solar
o T top B T mid B T below B T top 2 T between 2 T pipe 2 T below 2 C0) C0) C0) ‘C) (W/mz)
9:00 27.80 23.00 20.80 27.20 23.30 22.20 21.80 25.00 22.10 22.80 22.50 523.53
9:30 31.10 26.00 23.10 31.80 25.70 25.80 23.80 25.20 22.30 24.70 23.20 616.94
10:00 30.40 27.90 25.00 31.20 27.90 27.60 24.60 25.70 23.00 26.10 23.60 420.82
10:30 26.50 27.00 25.80 27.50 27.00 27.90 25.80 24.60 24.80 25.60 23.00 113.43
11:00 39.30 29.90 25.30 39.00 28.00 28.40 26.70 27.20 25.40 27.20 25.70 739.94
11:30 43.90 34.40 29.20 45.40 31.40 32.90 29.00 28.60 26.80 29.20 29.10 889.35
12:00 46.70 37.80 32.30 48.30 34.70 36.60 31.80 30.90 27.20 32.90 29.80 912.07
12:30 49.50 41.10 34.90 50.90 36.60 39.30 33.60 30.90 28.90 34.70 29.90 904.04
13:00 52.20 43.90 36.90 52.00 38.30 41.00 34.90 32.90 32.80 36.40 29.60 886.46
13:30 52.70 45.80 39.00 52.20 40.50 42.40 36.60 36.30 34.50 38.50 30.60 836.51
14:00 53.20 46.90 39.90 52.10 41.70 43.60 37.60 38.00 36.90 39.90 30.80 775.55
14:30 51.60 47.40 41.40 50.80 42.70 44.20 38.30 40.30 38.40 41.20 30.10 699.99
15:00 50.90 47.60 41.70 49.50 43.20 44.20 39.00 41.80 39.80 41.80 31.50 605.49
15:30 48.80 46.60 41.60 47.90 43.60 4430 39.50 42.90 40.90 42.30 30.70 509.19
16:00 45.70 46.00 40.60 43.30 43.80 42.90 38.50 42.50 40.20 40.70 29.40 362.48
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witan@ ('C) Wy ('C) T FI Ttank | TFO | Tamb Solar
e TtopC | TmidC T below C T top 3 T between 3 T pipe 3 T below 3 ‘c) ‘o) ‘o ‘o) (W/m’)
9:00 26.90 24.40 22.10 29.60 23.50 23.80 21.90 25.00 22.10 22.80 22.50 523.53
9:30 30.70 27.90 23.50 33.40 26.60 25.90 24.20 25.20 22.30 24.70 23.20 616.94
10:00 30.60 30.20 23.90 32.80 28.70 27.50 26.00 25.70 23.00 26.10 23.60 420.82
10:30 27.70 27.20 23.40 28.20 27.70 26.60 26.30 24.60 24.80 25.60 23.00 113.43
11:00 35.80 34.80 26.20 40.00 29.70 29.20 27.90 27.20 25.40 27.20 25.70 739.94
11:30 43.10 34.00 29.20 45.50 33.70 31.30 29.70 28.60 26.80 29.20 29.10 889.35
12:00 47.30 31.90 29.30 49.00 37.10 34.70 32.60 30.90 27.20 32.90 29.80 912.07
12:30 50.10 33.30 30.00 50.80 39.40 35.70 34.40 30.90 28.90 34.70 29.90 904.04
13:00 52.80 34.20 29.60 52.20 41.00 37.30 35.80 32.90 32.80 36.40 29.60 886.46
13:30 53.80 37.30 31.00 52.00 42.50 39.60 37.20 36.30 34.50 38.50 30.60 836.51
14:00 54.50 36.50 33.00 52.60 43.90 41.30 38.70 38.00 36.90 39.90 30.80 775.55
14:30 53.40 32.10 30.70 50.60 44.50 42.90 39.50 40.30 38.40 41.20 30.10 699.99
15:00 52.70 36.00 31.90 49.60 44.60 43.90 40.40 41.80 39.80 41.80 31.50 605.49
15:30 51.50 32.30 31.60 47.70 44.50 44.30 40.70 42.90 40.90 42.30 30.70 509.19
16:00 48.00 33.60 31.80 44.10 42.10 43.70 40.30 42.50 40.20 40.70 29.40 362.48
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miialn@ ('C) iy (C) TFI Ttank | TFO | Tamb | Solar
o TtopA | TmidA | ThelowA | Ttopl T between 1 T pipel | T below 1 ‘C) {e) (o) ‘0 (W/m’)
9:00 29.40 23.50 20.90 28.90 22.20 21.70 21.60 22.70 21.70 23.00 23.10 491.88
9:30 33.50 27.00 24.60 33.30 25.30 24.90 24.40 24.80 22.90 25.00 24.30 617.48
10:00 37.80 29.80 27.10 37.70 28.50 27.70 26.70 26.70 24.40 27.00 25.70 707.29
10:30 42.80 33.90 29.40 41.90 31.50 30.30 28.70 28.50 25.60 28.50 27.60 780.96
11:00 46.30 37.40 31.60 44.90 34.20 32.70 30.80 30.40 27.90 31.00 28.10 830.56
11:30 49.00 40.60 33.90 48.10 36.60 34.80 32.50 32.70 29.90 33.00 27.30 869.69
12:00 51.20 43.10 36.00 50.30 38.90 36.90 34.50 34.10 31.60 34.60 29.70 887.99
12:30 53.90 45.80 37.80 52.80 40.90 38.90 35.90 36.20 33.80 36.60 28.70 903.68
13:00 55.20 47.80 39.40 53.70 42.60 40.60 37.30 37.90 35.50 38.10 30.00 885.47
13:30 55.30 48.70 40.40 53.50 42.60 40.40 37.10 38.10 37.30 39.90 31.10 824.79
14:00 55.40 49.60 41.60 54.30 43.90 41.90 38.40 39.70 38.80 40.70 30.80 763.74
14:30 52.70 49.30 41.50 53.60 44.60 42.70 39.00 40.90 40.20 42.40 31.90 664.82
15:00 51.90 48.60 41.40 52.10 44.90 43.20 39.60 41.80 41.00 42.60 30.90 563.02
15:30 48.70 47.20 40.90 50.20 44.60 43.20 39.50 42.60 41.70 43.20 29.30 470.96
16:00 45.70 45.60 40.10 48.10 44.00 43.00 39.40 43.10 42.50 42.90 29.10 341.20
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wiailn@ ('C) WHdY ('C) TFI | Ttank | TFO | Tamb Solar
o T top B T mid B T below B T top 2 T between 2 T pipe 2 T below 2 ‘C) Co) Co) ‘C) (W/mz)
9:00 29.40 23.50 20.90 27.90 23.20 23.10 21.70 22.70 21.70 23.00 23.10 491.88
9:30 34.40 27.40 25.00 33.00 25.90 26.30 23.90 24.80 22.90 25.00 24.30 617.48
10:00 38.80 30.50 27.30 36.70 28.30 29.10 25.70 26.70 24.40 27.00 25.70 707.29
10:30 42.80 34.40 29.80 40.50 30.40 31.60 27.50 28.50 25.60 28.50 27.60 780.96
11:00 46.00 37.70 31.90 43.30 32.50 34.20 29.70 30.40 27.90 31.00 28.10 830.56
11:30 49.30 40.90 34.00 45.80 34.70 36.50 31.30 32.70 29.90 33.00 27.30 869.69
12:00 52.80 43.60 36.00 48.70 36.60 38.60 32.80 34.10 31.60 34.60 29.70 887.99
12:30 54.60 46.10 38.00 50.20 38.70 40.50 34.50 36.20 33.80 36.60 28.70 903.68
13:00 54.90 47.80 39.40 50.90 40.00 42.00 35.50 37.90 35.50 38.10 30.00 885.47
13:30 55.30 48.80 40.60 51.30 41.50 43.40 36.90 38.10 37.30 39.90 31.10 824.79
14:00 55.10 49.50 41.60 50.60 42.50 43.90 37.50 39.70 38.80 40.70 30.80 763.74
14:30 52.60 49.20 41.60 49.00 43.10 44.10 38.30 40.90 40.20 42.40 31.90 664.82
15:00 50.70 48.30 41.20 47.70 43.30 44.20 38.60 41.80 41.00 42.60 30.90 563.02
15:30 48.90 47.10 41.10 45.70 43.20 43.70 38.70 42.60 41.70 43.20 29.30 470.96
16:00 45.20 45.20 39.90 41.10 42.90 41.60 36.40 43.10 42.50 42.90 29.10 341.20
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witan@ ('C) Wy ('C) T FI Ttank | TFO | Tamb Solar
e TtopC | TmidC T below C T top 3 T between 3 T pipe 3 T below 3 ‘c) ‘o) ‘o ‘o) (W/m’)
9:00 27.10 23.80 21.10 29.10 23.70 23.00 21.80 22.70 21.70 23.00 23.10 491.88
9:30 31.60 29.60 24.20 33.90 26.40 24.80 24.60 24.80 22.90 25.00 24.30 617.48
10:00 34.90 27.70 26.10 36.90 29.10 26.90 26.60 26.70 24.40 27.00 25.70 707.29
10:30 38.10 31.60 27.50 39.60 31.00 28.70 28.20 28.50 25.60 28.50 27.60 780.96
11:00 40.80 35.40 28.80 42.70 33.70 31.40 30.30 30.40 27.90 31.00 28.10 830.56
11:30 43.60 36.20 28.00 44.30 35.80 33.70 32.00 32.70 29.90 33.00 27.30 869.69
12:00 45.70 33.40 29.00 45.30 37.80 35.10 33.40 34.10 31.60 34.60 29.70 887.99
12:30 48.00 32.40 30.40 46.50 39.50 37.00 35.10 36.20 33.80 36.60 28.70 903.68
13:00 50.30 31.70 31.30 47.80 41.10 39.20 36.60 37.90 35.50 38.10 30.00 885.47
13:30 50.50 34.70 32.70 48.30 42.30 40.40 37.60 38.10 37.30 39.90 31.10 824.79
14:00 49.90 33.10 32.40 47.00 42.50 41.80 38.50 39.70 38.80 40.70 30.80 763.74
14:30 48.80 36.70 32.80 46.20 43.40 42.50 39.20 40.90 40.20 42.40 31.90 664.82
15:00 47.40 34.30 32.00 44.70 42.90 43.00 39.30 41.80 41.00 42.60 30.90 563.02
15:30 45.10 36.70 30.60 42.10 42.70 43.20 39.20 42.60 41.70 43.20 29.30 470.96
16:00 42.60 32.90 30.50 40.20 41.60 43.30 38.90 43.10 42.50 42.90 29.10 341.20
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ﬁumuﬂuwmwu NINY 1 I/min

miialn@ ('C) il (C) TFI | Ttank | TFO | Tamb | Solar
o TtopA | TmidA | ThelowA | Ttopl T between 1 Tpipel | T below1 (o) ‘0 [{e) ‘0 (W/m’)
9:00 28.3 22.70 19.50 26.40 19.80 19.20 18.70 20.30 19.30 19.90 19.30 548.23
9:30 32.10 26.20 21.80 30.10 23.20 22.50 21.80 28.00 20.10 23.90 21.00 630.92
10:00 37.20 29.90 24.30 29.60 25.00 24.40 23.30 28.90 21.30 26.40 20.20 279.17
10:30 42.90 34.80 28.00 28.80 26.10 25.60 24.10 29.30 22.10 27.30 20.90 272.40
11:00 45.60 38.80 31.20 29.73 26.60 26.07 24.90 27.80 24.40 27.70 22.70 354.27
11:30 50.60 42.60 34.10 36.50 28.80 28.20 26.70 27.60 25.30 28.90 24.80 922.08
12:00 51.50 44.60 35.80 42.50 32.30 31.10 29.10 29.80 26.40 31.40 24.90 861.39
12:30 53.30 47.40 38.40 44.00 35.80 34.40 31.70 32.80 29.30 35.00 25.40 771.67
13:00 55.30 49.80 40.90 45.40 37.00 35.70 32.60 32.90 30.70 35.80 27.30 800.44
13:30 55.50 51.20 42.70 44.70 38.20 36.90 33.70 34.00 32.50 36.90 25.80 758.51
14:00 56.00 52.00 43.90 46.10 39.20 37.80 34.70 35.20 33.50 37.60 27.70 721.99
14:30 54.90 52.30 45.00 45.10 39.40 38.10 34.80 37.50 35.10 38.60 26.80 625.60
15:00 53.50 52.00 45.60 44.00 39.60 38.20 35.20 39.30 35.90 38.90 28.20 548.77
15:30 51.10 50.70 45.20 41.20 38.40 37.50 34.50 40.50 36.40 38.60 27.80 462.12
16:00 48.80 49.40 45.40 37.90 37.50 36.60 33.60 41.30 35.80 37.60 25.80 255.63
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wian@ ('C) WHEY ('C) TFI | Ttank | TFO | Tamb Solar
o T top B T mid B T below B T top 2 T between 2 T pipe 2 T below 2 C0) C0) C0) ‘C) (W/mz)
9:00 27.90 21.10 18.30 26.10 19.60 19.80 18.70 20.30 19.30 19.90 19.30 548.23
9:30 30.50 24.90 21.70 29.90 24.50 24.10 22.10 28.00 20.10 23.90 21.00 630.92
10:00 30.00 26.00 23.60 30.50 26.40 26.60 24.20 28.90 21.30 26.40 20.20 279.17
10:30 28.70 27.00 24.60 29.70 27.70 28.00 25.30 29.30 22.10 27.30 20.90 272.40
11:00 30.30 27.80 25.40 30.93 27.90 28.67 26.03 27.80 24.40 27.70 22.70 354.27
11:30 37.30 30.60 27.00 36.40 29.40 30.30 27.30 27.60 25.30 28.90 24.80 922.08
12:00 43.40 35.00 29.30 42.70 32.00 33.50 29.10 29.80 26.40 31.40 24.90 861.39
12:30 44.60 38.30 32.40 43.90 34.70 36.50 31.50 32.80 29.30 35.00 25.40 771.67
13:00 45.90 39.70 33.30 45.40 35.90 37.90 32.30 32.90 30.70 35.80 27.30 800.44
13:30 44.70 40.40 34.70 44.40 36.50 38.70 33.30 34.00 32.50 36.90 25.80 758.51
14:00 45.40 41.40 35.30 44.70 37.50 39.40 34.10 35.20 33.50 37.60 27.70 721.99
14:30 45.80 41.90 36.30 44.40 38.10 39.60 34.40 37.50 35.10 38.60 26.80 625.60
15:00 43.80 41.40 36.30 43.50 38.70 39.70 35.10 39.30 35.90 38.90 28.20 548.77
15:30 40.20 39.80 35.50 41.00 38.60 39.00 34.70 40.50 36.40 38.60 27.80 462.12
16:00 36.80 38.40 33.80 36.80 38.80 38.00 18.70 41.30 35.80 37.60 25.80 255.63
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51]?]\11!111!?41!%814 MINY 1 I/min

98

witan@ ('C) Wy ('C) T FI Ttank | TFO | Tamb Solar
e TtopC | TmidC T below C T top 3 T between 3 T pipe 3 T below 3 ‘c) ‘o) ‘o ‘o) (W/m’)
9:00 25.70 24.40 19.30 28.30 20.70 19.70 18.50 20.30 19.30 19.90 19.30 548.23
9:30 27.90 24.60 21.30 30.60 24.60 23.40 21.90 28.00 20.10 23.90 21.00 630.92
10:00 27.10 26.60 21.70 29.10 26.00 25.20 24.00 28.90 21.30 26.40 20.20 279.17
10:30 26.30 23.50 21.70 27.90 26.80 26.10 24.80 29.30 22.10 27.30 20.90 272.40
11:00 27.80 24.10 23.20 29.50 27.40 27.00 25.80 27.80 24.40 27.70 22.70 354.27
11:30 34.00 32.20 25.30 36.60 29.80 28.80 27.30 27.60 25.30 28.90 24.80 922.08
12:00 38.70 27.60 24.80 40.90 32.70 31.10 29.10 29.80 26.40 31.40 24.90 861.39
12:30 40.20 34.10 26.50 41.80 35.50 34.00 31.60 32.80 29.30 35.00 25.40 771.67
13:00 41.50 31.30 28.00 42.40 36.10 34.50 32.30 32.90 30.70 35.80 27.30 800.44
13:30 40.50 29.70 27.20 40.80 36.60 35.40 33.20 34.00 32.50 36.90 25.80 758.51
14:00 42.20 32.50 28.00 42.60 37.60 36.30 33.90 35.20 33.50 37.60 27.70 721.99
14:30 40.90 34.40 27.90 41.00 38.20 37.40 34.70 37.50 35.10 38.60 26.80 625.60
15:00 39.70 35.20 28.00 39.40 38.10 37.70 35.00 39.30 35.90 38.90 28.20 548.77
15:30 37.40 36.40 27.70 37.00 37.30 36.90 34.60 40.50 36.40 38.60 27.80 462.12
16:00 33.80 34.00 27.00 33.80 37.00 35.90 34.20 41.30 35.80 37.60 25.80 255.63
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"lwammuﬂuwmmu MINY 1 I/min

miialn@ ('C) iy (C) TFI Ttank | TFO | Tamb | Solar
o TtopA | TmidA | ThelowA | Ttopl T between 1 T pipel | T below 1 ‘C) {e) (o) ‘0 (W/m’)
9:00 28.3 22.30 18.60 26.40 19.80 19.20 18.70 20.30 19.30 19.90 26.70 548.23
9:30 31.10 26.20 21.50 30.10 23.20 22.50 21.80 28.00 20.10 23.90 21.00 630.92
10:00 29.80 26.80 23.00 29.60 25.00 24.40 23.30 28.90 21.30 26.40 20.20 279.17
10:30 28.70 27.40 23.90 28.80 26.10 25.60 24.10 29.30 22.10 27.30 20.90 272.40
11:00 30.30 28.20 24.80 29.73 26.60 26.07 24.90 27.80 24.40 27.70 22.7 354.28
11:30 38.10 31.70 26.80 36.50 28.80 28.20 26.70 27.60 25.30 28.90 24.80 922.08
12:00 43.90 37.00 29.00 42.50 32.30 31.10 29.10 29.80 26.40 31.40 24.90 861.39
12:30 45.10 38.90 31.10 43.80 35.00 33.90 31.30 32.10 28.10 34.20 25.00 917.93
13:00 46.50 41.20 32.30 45.40 37.00 35.70 32.60 32.90 30.70 35.80 27.30 800.44
13:30 45.20 41.60 33.50 44.70 38.20 36.90 33.70 34.00 32.50 36.90 25.80 758.51
14:00 47.10 42.90 34.30 46.10 39.20 37.80 34.70 35.20 33.50 37.60 27.70 721.99
14:30 45.90 43.20 34.80 45.10 39.40 38.10 34.80 37.50 35.10 38.60 26.80 625.60
15:00 44.00 42.40 34.70 44.00 39.60 38.20 35.20 39.30 35.90 38.90 28.20 548.78
15:30 40.80 40.30 33.90 41.20 38.40 37.50 34.50 40.50 36.40 38.60 27.80 462.12
16:00 37.40 38.30 32.90 37.90 37.50 36.60 33.60 41.30 35.80 37.60 25.80 255.63
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wian@ ('C) WHEY ('C) TFI | Ttank | TFO | Tamb Solar
o T top B T mid B T below B T top 2 T between 2 T pipe 2 T below 2 C0) C0) C0) ‘C) (W/mz)
9:00 27.90 21.10 18.30 26.10 19.60 19.80 18.70 20.30 19.30 19.90 26.70 548.23
9:30 30.50 24.90 21.70 29.90 24.50 24.10 22.10 28.00 20.10 23.90 21.00 630.92
10:00 30.00 26.00 23.60 30.50 26.40 26.60 24.20 28.90 21.30 26.40 20.20 279.17
10:30 28.70 27.00 24.60 29.70 27.70 28.00 25.30 29.30 22.10 27.30 20.90 272.40
11:00 30.30 27.80 25.40 30.93 27.90 28.67 26.03 27.80 24.40 27.70 22.7 354.28
11:30 37.30 30.60 27.00 36.40 29.40 30.30 27.30 27.60 25.30 28.90 24.80 922.08
12:00 43.40 35.00 29.30 42.70 32.00 33.50 29.10 29.80 26.40 31.40 24.90 861.39
12:30 44.90 37.20 31.70 43.90 34.30 35.80 31.00 32.10 28.10 34.20 25.00 917.93
13:00 45.90 39.70 33.30 45.40 35.90 37.90 32.30 32.90 30.70 35.80 27.30 800.44
13:30 44.70 40.40 34.70 44.40 36.50 38.70 33.30 34.00 32.50 36.90 25.80 758.51
14:00 45.40 41.40 35.30 44.70 37.50 39.40 34.10 35.20 33.50 37.60 27.70 721.99
14:30 45.80 41.90 36.30 44.40 38.10 39.60 34.40 37.50 35.10 38.60 26.80 625.60
15:00 43.80 41.40 36.30 43.50 38.70 39.70 35.10 39.30 35.90 38.90 28.20 548.78
15:30 40.20 39.80 35.50 41.00 38.60 39.00 34.70 40.50 36.40 38.60 27.80 462.12
16:00 36.80 38.40 33.80 36.80 38.80 38.00 33.60 41.30 35.80 37.60 25.80 255.63
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witan@ ('C) Wy ('C) T FI Ttank | TFO | Tamb Solar

e TtopC | TmidC T below C T top 3 T between 3 T pipe 3 T below 3 ‘c) ‘o) ‘o ‘o) (W/m’)
9:00 25.70 24.40 19.30 28.30 20.70 19.70 18.50 20.30 19.30 19.90 26.70 548.23
9:30 27.90 24.60 21.30 30.60 24.60 23.40 21.90 28.00 20.10 23.90 21.00 630.92
10:00 27.10 26.60 21.70 29.10 26.00 25.20 24.00 28.90 21.30 26.40 20.20 279.17
10:30 26.30 23.50 21.70 27.90 26.80 26.10 24.80 29.30 22.10 27.30 20.90 272.40
11:00 27.80 24.10 23.20 29.50 27.40 27.00 25.80 27.80 24.40 27.70 22.7 354.28
11:30 34.00 32.20 25.30 36.60 29.80 28.80 27.30 27.60 25.30 28.90 24.80 922.08
12:00 38.70 27.60 24.80 40.90 32.70 31.10 29.10 29.80 26.40 31.40 24.90 861.39
12:30 40.10 31.70 26.50 42.00 34.60 33.30 31.00 32.10 28.10 34.20 25.00 917.93
13:00 41.50 31.30 28.00 42.40 36.10 34.50 32.30 32.90 30.70 35.80 27.30 800.44
13:30 40.50 29.70 27.20 40.80 36.60 35.40 33.20 34.00 32.50 36.90 25.80 758.51
14:00 42.20 32.50 28.00 42.60 37.60 36.30 33.90 35.20 33.50 37.60 27.70 721.99
14:30 40.90 34.40 27.90 41.00 38.20 37.40 34.70 37.50 35.10 38.60 26.80 625.60
15:00 39.70 35.20 28.00 39.40 38.10 37.70 35.00 39.30 35.90 38.90 28.20 548.78
15:30 37.40 36.40 27.70 37.00 37.30 36.90 34.60 40.50 36.40 38.60 27.80 462.12
16:00 | 33.80 34.00 27.00 33.80 37.00 35.90 34.20 41.30 35.80 37.60 | 25.80 255.63
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miialn@ ('C) iy (C) TFI Ttank | TFO | Tamb | Solar
o TtopA | TmidA | ThelowA | Ttopl T between 1 T pipel | T below 1 ‘C) {e) (o) ‘0 (W/m’)
9:00 27.8 23.20 20.70 29.70 23.80 23.40 23.30 23.20 23.40 20.40 24.30 487.01
9:30 32.80 27.60 23.70 32.00 25.10 24.60 24.20 26.00 24.90 25.20 25.00 600.98
10:00 36.90 31.10 25.70 35.80 28.30 27.60 26.40 26.90 25.00 28.20 24.30 693.68
10:30 39.60 33.50 27.30 36.70 30.50 29.50 27.70 27.50 25.10 30.70 24.80 636.42
11:00 46.30 37.80 29.90 41.70 32.90 31.80 30.00 27.90 24.80 32.30 26.70 770.32
11:30 49.90 41.10 31.80 44.50 35.20 33.90 31.40 28.20 25.00 34.60 27.40 883.85
12:00 50.70 44.30 34.20 48.60 37.90 35.90 33.20 29.50 27.00 34.80 29.80 936.51
12:30 52.80 46.00 35.50 49.70 39.90 38.30 34.70 29.60 27.20 37.20 27.00 920.28
13:00 50.80 45.90 36.80 48.50 41.10 39.50 35.80 30.00 27.30 38.40 26.60 895.66
13:30 49.40 45.60 36.70 48.20 40.10 38.30 35.50 29.70 27.90 36.40 27.70 835.70
14:00 45.40 44.30 36.30 43.80 40.00 38.40 34.90 29.90 30.90 36.40 27.70 807.92
14:30 49.10 45.00 36.90 46.90 39.00 37.60 35.30 31.70 34.00 36.30 29.10 761.40
15:00 46.70 44.70 36.90 44.70 38.90 37.40 35.20 34.10 35.20 36.70 29.10 619.38
15:30 44.40 43.30 36.10 42.70 38.70 37.50 34.90 35.50 35.20 35.80 29.30 500.62
16:00 42.20 42.20 35.80 39.70 36.70 36.10 33.90 36.60 34.70 35.60 27.50 396.48
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wian@ ('C) WHEY ('C) TFI | Ttank | TFO | Tamb Solar
o T top B T mid B T below B T top 2 T between 2 T pipe 2 T below 2 C0) C0) C0) ‘C) (W/mz)
9:00 29.30 23.80 21.40 25.10 23.70 23.50 18.60 23.20 23.40 20.40 24.30 487.01
9:30 32.50 26.40 24.10 31.50 25.40 25.50 23.90 26.00 24.90 25.20 25.00 600.98
10:00 36.60 29.60 26.70 35.50 28.20 28.90 26.40 26.90 25.00 28.20 24.30 693.68
10:30 39.20 32.30 28.50 36.10 30.20 31.00 27.80 27.50 25.10 30.70 24.80 636.42
11:00 46.30 36.10 30.70 40.50 32.30 33.20 29.70 27.90 24.80 32.30 26.70 770.32
11:30 50.30 39.40 32.80 42.70 34.10 35.10 30.90 28.20 25.00 34.60 27.40 883.85
12:00 49.90 42.40 35.40 46.00 35.10 37.50 32.40 29.50 27.00 34.80 29.80 936.51
12:30 51.90 44.20 37.00 47.10 36.70 38.80 33.00 29.60 27.20 37.20 27.00 920.28
13:00 49.20 44.50 38.20 45.20 37.40 39.50 33.90 30.00 27.30 38.40 26.60 895.66
13:30 49.30 43.70 38.20 45.10 35.60 38.10 33.30 29.70 27.90 36.40 27.70 835.70
14:00 43.50 43.30 38.20 40.60 35.10 38.10 32.90 29.90 30.90 36.40 27.70 807.92
14:30 48.20 43.20 37.70 43.50 35.00 36.90 32.80 31.70 34.00 36.30 29.10 761.40
15:00 45.70 43.00 38.00 41.70 36.30 37.20 33.20 34.10 35.20 36.70 29.10 619.38
15:30 43.40 42.00 37.20 40.10 36.20 37.20 33.40 35.50 35.20 35.80 29.30 500.62
16:00 41.40 41.20 37.10 37.40 36.00 35.90 32.50 36.60 34.70 35.60 27.50 396.48
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witan@ ('C) Wy ('C) T FI Ttank | TFO | Tamb Solar
e TtopC | TmidC T below C T top 3 T between 3 T pipe 3 T below 3 ‘c) ‘o) ‘o ‘o) (W/m’)
9:00 27.10 23.10 22.70 29.90 23.40 22.80 21.80 23.20 23.40 20.40 24.30 487.01
9:30 30.20 25.30 24.50 32.50 26.00 25.60 24.30 26.00 24.90 25.20 25.00 600.98
10:00 33.80 28.30 24.70 35.10 28.30 27.40 26.10 26.90 25.00 28.20 24.30 693.68
10:30 37.00 31.00 25.10 35.70 30.00 28.50 27.50 27.50 25.10 30.70 24.80 636.42
11:00 42.80 34.70 26.70 39.40 32.20 30.10 29.20 27.90 24.80 32.30 26.70 770.32
11:30 46.60 38.00 28.80 42.40 34.50 31.90 30.80 28.20 25.00 34.60 27.40 883.85
12:00 47.10 41.00 30.60 45.30 36.20 33.00 32.50 29.50 27.00 34.80 29.80 936.51
12:30 47.90 42.20 28.00 44.90 37.10 34.50 32.90 29.60 27.20 37.20 27.00 920.28
13:00 46.60 42.00 29.10 44.00 37.00 34.80 33.40 30.00 27.30 38.40 26.60 895.66
13:30 45.80 41.20 29.70 42.60 35.90 33.40 33.30 29.70 27.90 36.40 27.70 835.70
14:00 42.30 41.10 29.00 38.40 35.50 33.50 32.60 29.90 30.90 36.40 27.70 807.92
14:30 45.10 40.70 29.90 41.10 35.40 33.80 33.00 31.70 34.00 36.30 29.10 761.40
15:00 43.40 40.70 29.90 39.50 36.30 35.00 33.60 34.10 35.20 36.70 29.10 619.38
15:30 41.00 39.60 30.20 37.90 36.00 35.20 33.50 35.50 35.20 35.80 29.30 500.62
16:00 39.50 38.80 29.50 36.30 35.50 35.90 34.20 36.60 34.70 35.60 27.50 396.48
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M 14 Jan-26 Feb | 27 Feb-12 Apr | 13 Apr-28 May | 29 May-15Jul | 16 Jul-31 Aug | 1 Sep-15Oct | 16 Oct-29 Nov | 29 Nov-13 Jan
6:00 0 0 15 20 14 0 0 0
7:00 79 64 67 71 63 57 81 73
8:00 193 149 121 124 118 134 196 207
9:00 284 223 167 169 165 200 287 309
10:00 350 282 206 205 204 253 353 378
11:00 391 320 239 227 231 287 394 420
12:00 396 329 252 233 235 295 408 435
13:00 377 314 241 223 219 280 394 420
14:00 337 277 211 201 194 247 353 378
15:00 273 219 171 165 157 195 287 309
16:00 185 146 123 121 112 130 196 207
17:00 75 63 66 69 59 56 81 73
18:00 0 0 15 20 13 0 0 0

v6
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I3 a.n. n.N. a.n. 134.8. Nn.A. 1. n.fA. a.f. n.8. f.f. .8 5.9,
6:00 16.98 18.38 21.63 24.88 25.93 25.75 25.08 25.15 24.85 23.93 21.40 18.13
7:00 18.89 20.58 23.76 26.70 27.24 26.79 25.98 26.04 25.84 25.05 22.75 19.78
8:00 20.95 22.95 26.05 28.65 28.65 27.90 26.95 27.00 26.90 26.25 24.20 21.55
9:00 23.01 25.32 28.34 30.60 30.06 29.01 27.92 27.96 27.96 27.45 25.65 23.32
10:00 24.93 27.53 30.48 3243 31.38 30.05 28.83 28.85 28.95 28.58 27.00 24.98
11:00 26.57 29.42 32.31 33.99 32.50 30.94 29.60 29.62 29.80 29.54 28.16 26.39
12:00 27.83 30.87 33.71 35.19 33.37 31.62 30.20 30.20 30.45 30.28 29.05 27.48
13:00 28.63 31.79 34.60 35.94 3391 32.05 30.57 30.57 30.86 30.74 29.61 28.17
14:00 28.90 32.10 34.90 36.20 34.10 32.20 30.70 30.70 31.00 30.90 29.80 28.40
15:00 28.63 31.79 34.60 35.94 33.91 32.05 30.57 30.57 30.86 30.74 29.61 28.17
16:00 27.83 30.87 33.71 35.19 33.37 31.62 30.20 30.20 30.45 30.28 29.05 27.48
17:00 26.57 29.42 32.31 33.99 32.50 30.94 29.60 29.62 29.80 29.54 28.16 26.39
18:00 24.93 27.53 30.48 3243 31.38 30.05 28.83 28.85 28.95 28.58 21.40 24.98
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NAIYe “Empirical relation for Pipe and Tube Flow” [21] Hausen l@tauaauns
Empirical & wsu1Flums Ivauny Fully Developed Laminar Flow in Tubes at Constant Wall
Temperature Al

Nuy = ~ 3.66
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Abstract

In this paper, a study of water tubes affocated in a cooling wall was carried out including tube spacing, water iniet
terperature and water flow rate. A 2-dimension finite difference method was performed Lo calculate the temperature distributions
in the wall. The sfudied cooling wall was & black-painted cement slab of which the dimensions were 1.5 m width x 2.5 m height x
0.1 m thickness and the embedded tube diameter was 0.0127 m. The calculations were performed with the wealher daia of
Chiang Mai on a day in April. It was lound that as the inlet water temperature increased, the suitabie position of water lube set
should be close to the ouler wall surface thus the accumulated heat in the wall could be effectively extracted and the inner wall
temperature could reach the minimum value, With the tube position at the center of the slab and the tube number of 16, the inner
wall temperature was at 3260 compared with that of a normal wall at 430C. When the water flow rate and the tube number were
increased, mare heat could be absorbed which resulted in lowest inner wall temperature. From the study, it was found thal when

the flow rate was over 6 LPM and the tube number was over 16, the improvement on the inner wail ternperature was insignificant.

Keywords: Cooling wall, Tubes allocation, Cooling load reductien, Finite difference method
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Abstract

In this paper, a study of water tubes allocated in a cooling wall was carried out including tube
spacing, water inlet temperature and water flow rate. A 2-dimension finite difference method was
performed to calculate the temperature distributions in the wall. The studied cooling wall was a black-
painted cement slab of which the dimensions were 1.5 m width x 2.5 m height x 0.1 m thickness and the

embedded tube diameter was 0.0127 m. The calculations were performed with the weather data of
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Chiang Mai on a day in April. 1t was found that as the inlet water temperature increased, the suitable
position of water tube set should be close to the outer wall surface thus the accumulated heat in the wall
could be effectively extracted and the inner wall temperature could reach the minimum value. With the
tube position at the center of the slab and the tube number of 18, the inner wall temperature was at 32°c
compared with that of a normal wall at 43°C. When the water flow rate and the tube number were
increased, more heat could be absorbed which resulted in lowest inner wall temperature. From the study,
it was found that when the flow rate was over 6 LPM and the tube number was over 16, the improvement

on the inner wall temperature was insignificant.

Keywords: Cooling wali, Tubes allocation, Ceoling load reduction, Finite difference method
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