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ABSTRACT

This report presents a study of heat exchange of flat-plate solar water heater. The objectives
of the study are to build a solar heat exchanger and study the effects of various parameters (i.e. water
flow rate and flow pattern) on the thermal efficiency of solar heat exchanger. In the experiments, to
determine the efficiency of a solar heat exchanger, various primary data such as water temperatures at
inlet and outlet of solar collector, ambient temperature, wind velocity flows over a collector and solar
intensity, were measured. The result showed that the thermal efficiencies of solar collector were in the
ranges of 30-40% and 20-30% in clear-sky day and clouded-sky day respectively.

When the solar collector was used to produce hot water at flow rates of 0.006 and 0.02 s
(five-time flow), it was found that the thermal efficiencies of solar heat exchanger were in the ranges
of 45-50% and 55-60%. respectively. Meanwhile, the temperatures of water at the outlet of heat
exchanger were in the ranges of 45-55°C and 35-400C at water flow rates of 0.006 and 0.02 Vs
respectively. For the case of hot water mixed and water flow rate of 0.02 Us (five-time flow), the
efficiency of solar heat exchanger was found in the range of 55-60% as well as the hot water
temperature was about 70-85°C, which was 20-40°C higher than that of hot water unmixed at the
same flow rate. Moreover, it was found that the thermal efficiencies of solar heat exchanger in the

cases of one-time flow and five-time flow were slightly different in all cases.
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qloss,top = (hp—cl i hr,p—cl pr s Tcl ) (25)

A [ a J (K @ [ [ 1Ay 3
doh, ,  fedulszdnimsunsdnnudounndigesed ludumuilaladuly

1 1
A 2 2
o el ST N e s (2.6)
e
p c
Ta '}‘a
V4
I P oS TZ R,
T ; T
c2 c2
1/hC7'524 1/hr,c1--c2 E; &
ci Tc1
1/n}:)-c:l 1/hr,p--C} ; R3
S S -
o Tp 2
Ax ? R |
T ¥ =
B
/ R
Rihe 1/hr,b—a 5
i
a
(b)
c; Y ) @
319 2.12 2995A710T0UTMTY 2 cover [1]
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A =) a o 4 A 1 o Y A J
o Nu ADUTIHAUNUDS k A8MANUUIANUIOU LAY Lps ADILUSH N

FENNUHUIS U

é L% %
Hollannds et al. (1976) %45194911 198 Duffie and Beckman (1980) “lﬁ'mmzmwuf

youladauues (Nu) Lazisdiad (Ra) ﬁ’wia"lﬂﬁy
N, =1+1.44[1 ~1708/ (R,cosB)]" {1 -1708 (sin 1.8 B)/R ,cos p]

+ [(RacosﬁosB/S ) IT (2.8)

A A a2 Aa g ' o/ B A g = 2 q YY1 A
o B ADYNIBUINUAIUBYNIT 75 IATDINNIY + lﬁu@qxﬂlaﬂl‘ﬂﬁﬂllﬁn']ﬂﬂﬁclﬂ(lsﬁﬂ'l‘n

Wuvan meuddaiuan gl uiueme

Y

R, = gBATL /ver (2.9)
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E4 E4
voannuensznIedgasiduaziinialaduly ®,) 1ddsde |
R3 = 1/(hp—cl +hr,p-cl ) (210 )

v EY
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RZ = l/(hcl—c2 +hr,cl—c2) (211 )

£Y 1 ] z [
ANUAUMUdoMT navesnwdouninudullaladuuen lufausserniasenq

= 4? 1o ] Ao =1 a a Y
(R1) ,» HATUUBYNUANUITIUNNANI UV UDAITUTIT LLﬁ&QﬂmQN%@@W@QﬁW

Ry = Ui, 5 o) (2.12)

A =
Watmuff et al. (1977) %9519971 1@® Duffie and Beckman (1980) EUDAUNITON IS A

4 4
Lﬂﬂﬁ']ﬁiﬂﬂ1143%1!1’71ﬁiJ‘]Jia‘:ﬁ‘VlﬁﬂﬁW'lﬂ’ﬂi!%lﬂuﬂﬂﬁ

A=Y 3450 % (2.13)

A o

2 a Y 2
o hW ﬂ@ﬁﬂﬂizﬁ‘y]ﬁﬂ'ﬁWTﬂ'ﬂlﬁ@uIﬂﬂﬁll ,W/m'K

3
V. ABANNLIIY , m/s

X

2 = 1 3 v = ' v @ v A
duilszansnisunsediauseuainuautaladuuen et Inofadgqsuses

o Y a 1 U = Y
gnaseuaqulaseuysallasiosihdvunlngndmn b, awsedonldn

hr,c2-a i 8c20(T<:2 _Ts T(:22 S Ts2 XTc2~Ts )/(Tcz A\ Ta) (214)

1 a 9

4 ’ 4
Swinbank (1963) 4951091110 Duffie-and Beckman (1980) uuzihigungiivesiiesth (T, ) ¥4

Q Q

De

@ v Y J

Yuaghugungiivesonmnadou (T, ) Uy Empirical A4ANNduiuseaei

T, =0.0552 T (2.15)

=

4 1 a a QJ
iommaaudmmu R, R, uag R, 1ud sramnsamaduilssdninmsqayie

1
v

vy Yo A
ANusoulanet

U, =1/R, +R, +R,) (2.16)
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v @ S @

g S v @ o \ é ' g
AUUBATIMIFYFIANUTDUNIAIUDUVRIR TSI ddonilanireiunsused
qloss , top = Ut (Tp e Ta) (217)

Welhaums 2.5) whivaums 2.17) 22189

(hp—cl i hr,p—cl XTp o Tcl ) == Ut (Tp iy Ta ) (218 )
T, =T, -4~ T U\ L/} (2.19)

=) = ) [ tad' 1y 3 9
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T, =T, - U[T, =T, Yoy, + 1, ;) (2.20)
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y 1 [ 4 E4
T levezauyd 183 R, Tandesmnuiloioudu R, (31 2.12 b) Aiiu
U, =1R, (2.22)

dy Yy o Y a R s 9 E) 9 v @ v A a =
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o aQa a v v @
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filowim’ = U, /&0 uag ¢ = T-T,- S /U, auns 2.27) vwdouInmi1dh

CO/dx -mh =0 (2.29)

L o o &
“BQ?JﬂTJS’;‘UB'UL“UGIﬂQﬂ’E]Vl‘]JH

d¢/dxlx=0 =0 ; (1)|x=(W_D)/2 s S/U (2.30)

Maouna lWvesaunis 229) muisodeulan

O = C,sinh (mx) + ¢, cosh (mx) 231)

fnefiuaz aunsont g lasldnzuetwafiedd llimunslusaeuialy e
Téwad
(T-T,~S/U.)/(Ty=T,~S/U;) = cosh(mx)/ coshm(W-D) /2] (2.32)

NFNNT (2.32) eu1gan1 - dT/ dx = (WD)2 uazmﬂﬂm\lﬁﬂ{q =-kd dT / dx

, 15aMIMshanuseun x = (W=D)/2

q . ko dT/dx|x=(W-D)/2

qﬁn

I

kSm/U,) [$ - U(T, — T,)] tanh [m(W-D)/2] (2.33)
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g (W-D) [S- U(T, — T))] tanh [m(W-D)/2] /[m(W-D)/2] (2.34)

130 q g = WD)[S-U(T,-T,)I (2.35)

o F  Aoszdninimuesaly (Fin efficiency) ozamnsonildaingilii 2.17
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q tube o D [S ¥ UL(Tb fex Ta)] (237)
ﬂ’JmifJ“Lmﬂmecl‘lfﬂi“’IU‘vuﬂl ‘Hllﬂ q ﬁ'lll']iﬂﬂ']‘.lﬂﬂqm@ulﬂu

geiergl = [(W-D)F+D] [S-U/(T, — T,))] (2.38)
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9 ] dysl nﬁ' 1 9 c{ 1 1 = 1
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heat removal factor and flow factor)
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Temperature (Celsius) | Wind velocity | Solar intensity Eff.
Time (Ti-Ta)/1
Ta Te Tp (m/s) (I)(W/m) (%)

9.20 26.0 39.3 65.2 1.8 588 41.6 0.067
9.40 24.3 49.0 73.9 2.3 488 19.4 0.102
10.00 24.0 48.6 75.1 1.6 477 18.2 0.107
10.20 24.2 454 69.0 1.7 477 26.4 0.094
10.40 25.6 44.8 66.6 1.3 382 20.2 0.107
11.00 26.4 42.9 61.2 1.2 323 21.1 0.108
11.20 25.1 44.8 65.2 1.1 378 22.0 0.106
11.40 26.1 48.3 76.2 1.0 626 35.0 0.080
12.00 27.0 59.2 90.2 1.2 760 304 0.083
12.20 27.2 63.7 99.8 0.3 880 33.2 0.082
12.40 30.6 66.2 99.6 2.2 790 227 0.087
13.00 25.3 55.9 80.6 0.6 445 11.7 0.124
13.20 25.5 454 65.6 1.3 322 10.9 0.125
13.40 26.5 50.3 83.0 2.1 760 34.5 0.074
14.00 26.7 58.4 90.7 0.9 655 23.2 0.098
14.20 27.6 56.1 89.1 1.1 736 31.0 0.083
14.40 26.6 50.5 73.2 1.7 381 8.9 0.122
15.00 25.9 41.9 56.7 1.0 224 7.2 0.137
15.20 27.5 36.8 494 0.4 245 334 0.089
15.40 29.3 454 66.0 0.8 393 29.3 0.093
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Temperature (Celsius) | Wind velocity | Solar intensity Eff.
Time (Ti-Ta)/1
Ta Te Tp (m/s) (I)(W/m") (%)

9.20 26.6 41.5 731 1.8 708 41.21 0.066
9.40 28.4 56.0 89.0 1.0 683 28.14 0.089
10.00 28.2 60.0 89.1 1.6 815 34.45 0.075
10.20 31.1 67.3 90.5 1.0 779 34.76 0.076
10.40 28.8 69.4 92.6 1.0 833 34.27 0.077
11.00 31.0 71.1 90.4 0.5 872 41.11 0.068
11.20 29.8 73.3 99.8 1.1 972 35.50 0.072
11.40 30.7 72.6 99.4 1.0 940 35.16 0.073
12.00 344 75.8 99.8 0.5 833 33.59 0.079
12.20 314 132 99.6 0.3 894 36.11 0.076
12.40 29.8 74.1 99.8 0.5 898 34.19 0.078
13.00 29.9 73.7 99.5 0.6 863 8235 0.081
13.20 33.2 73.7 99.9 1.3 885 32.46 0.075
13.40 30.2 67.8 95.6 2.1 588 8.08 0.111
14.00 31.7 69.7 95.6 0.1 579 18.60 0.110
14.20 29.5 53.3 73.2 0.1 420 25.82 0.104
14.40 29.5 49.9 69.6 0.1 378 25.15 0.106
15.00 311 47.5 69.6 1.0 497 36.89 0.077
15.20 30.0 45.3 62.5 0.4 338 29.35 0.096
15.40 29.2 40.3 533 0.2 166 5.29 0.145
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= Temperature (Celsius) Wind velocity | Solar intensity | Eff. | (Ti-Ta)/lIt
o Ta Te | Tp | Tw,i | Tw,o (m/s) (I)(W/m2) (%)
9.00 | 27.4 | 35.2 | 53.8 | 28.0 | 314 2.10 354 56.8 0.075
9.20 | 28.2 | 40.9 | 59.6 | 28.5 | 32.3 1.98 478 57.8 0.066
9.40 | 28.2 | 45.7 | 63.0 | 285 | 32.7 0.74 530 59.0 0.065
10.00 | 28.9 | 46.1 | 67.6 | 29.0 | 33.6 0.47 587 59.1 0.066
10.20 | 32.3 | 51.5 | 71.1 | 29.5 | 344 1.26 645 60.3 0.060
10.40 | 30.0 | 50.9 | 72.4 | 29.7 | 34.9 0.91 627 58.7 0.068
11.00 | 29.8 | 59.0 | 75.0 | 30.0. | 36.1 1.41 723 57.8 0.063
11.20 | 29.9 | 57.8 | 80.4 | 30.0 | 36.6 0.90 789 58.1 0.064
11.40 | 31.9 | 61.5 | 85.2 | 31.0. | 37.6 0.39 885 59.3 0.060
12.00 | 30.2 | 60.9 | 87.6 | 31.6 | 38.2 0.48 912 58.0 0.063
12.20 | 32.1 | 63.9 [ 89.0 | 31.9 | 38.8 0.57 94i 58.5 0.060
12.40 | 31.1 | 62.5{ 89.0 | 32.1 | 39.3 0.80 984 57.6 0.059
13.00 | 31.5 | 63.3 | 90.5 | 32.5 | 39.8 0.80 934 57.4 0.063
13.20 | 31.5 [ 62.5 | 88.4 | 32.8 | 39.8 0.28 895 58.1 0.064
13.40 | 31.9 | 61.1 | 86.3 | 33.0 | 39.6 0.62 860 57.8 0.063
14.00 | 31.8 | 61.1 | 84.9 | 33.1 | 394 0.84 851 57.5 0.062
14.20 | 31.0 | 60.4 | 84.5 | 334 | 39.8 0.85 678 56.2 0.079
14.40 | 30.5 | 54.2 | 72.7 | 33.5 | 38.6 0.34 645 57.3 0.065
15.00 | 30.4 | 53.4 | 71.9 | 33.7 | 38.1 0.15 622 57.5 0.067
1520 | 31.4 | 55.1 | 73.9 | 33.7 | 384 0.45 630 57.6 0.068
15.40 | 30.6 | 52.6 | 68.7 | 33.5 | 37.9 0.71 537 56.6 0.071
16.00 | 30.8 | 49.7 | 62.8 | 32.8 | 36.6 0.42 443 57.5 0.072
16.20 | 30.0 | 46.3 | 56.7 | 32.5 | 354 0.65 355 56.5 0.075
16.40 | 30.5 | 44.5 | 54.4 | 32.0 | 334 0.29 344 58.8 0.070
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=4 Temperature (Celsius) Wind velocity | Solar intensity | Eff. | (Ti-Ta)/It
o Ta Tc Tp | Tw,i [ Tw,0 (m/s) (I)(W/m2) (%)
9.00 | 29.9 | 43.7 | 59.6 | 28.0 | 41.1 0.64 445 48.4 0.067
9.20 | 31.9 | 46.6 | 63.3 | 285 | 38.8 1.50 450 49.7 0.070
9.40 | 31.2 | 50.0 | 69.4 | 285 | 435 0.84 587 48.6 0.065
10.00 | 31.7 | 54.1 | 75.8 | 29.0 | 46.2 0.50 643 48.5 0.069
10.20 | 31.2 | 56.6 | 80.2 | 29.5 | 48.2 0.52 714 47.6 0.069
10.40 | 31.9 | 57.1 | 82.1 | 29.7 | 49.5 0.37 767 48.0 0.065
11.00 | 33.5 | 62.7 | 91.7 | 30.0 | 62.1 0.42 830 45.4 0.070
11.20 | 32.5 | 62.8 | 89.4 | 30.0. | 50.1 0.58 872 47.8 0.065
11.40 | 32.2 | 64.0 | 90.8 | 31.0. | 50.4 0.66 903 47.2 0.065
12.00 | 33.6 | 65.7 | 92.9 | 31.6 | 55.0 0.14 924 47.7 0.064
12.20 | 33.1 | 65.2 | 93.5 | 31.9 | 52.3 0.53 986 47.4 0.061
1240 | 32.4 | 649 | 93.6 | 32.1 | 52.8 0.61 957 46.7 0.064
13.00 | 32.3 | 61.4 | 87.8 | 325 | 52.6 1.08 781 45.2 0.071
13.20 | 32.8 | 64.9 | 91.8 | 32.8 | 53.0 0.90 922 46.1 0.064
13.40 | 32.9 | 63.2 | 90.7 | 33.0 | 52.8 1.00 898 45.9 0.064
14.00 | 32.5 | 65.3 [ 91.6 | 33.1 | 525 0.39 873 46.7 0.068
14.20 | 34.6 | 64.5 | 89.9 | 334 | 52.6 0.68 870 47.1 0.064
14.40 | 36.1 | 63.4 | 88.0 | 33.5 | 61.5 0.30 753 45.7 0.069
15.00 | 34.0 | 59.2 | 80.0 | 33.7 | 489 0.31 662 47.8 0.069
15.20 | 34.0 | 55.7 | 71.2 | 33.7 | 43.6 0.80 593 48.7 0.063
15.40 | 33.9 | 53.3 | 70.5 | 33.5 | 49.0 0.46 512 46.8 0.071
16.00 | 32.9 | 51.2 | 66.4 | 32.8 | 484 0.39 440 46.0 0.076
16.20 | 33.5 | 49.8 | 61.9 | 32.5 | 47.0 0.24 365 46.6 0.078
16.40 | 33.7 | 454 | 52.9 | 32.0 | 44.0 0.56 274 46.9 0.070
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5 Temperature (Celsius) Wind velocity | Solar intensity | Eff. | (Ti-Ta)/It
e Ta Tec Tp | Tw,i | Tw,o (m/s) (I)(W/m2) (%)

9.00 | 29.7 | 42.1 | 52.8 | 28.0 | 45.9 0.47 193 45.3 0.120
9.20 | 30.5 | 48.3 | 68.6 | 28.5 | 50.8 0.29 482 52.9 0.079

9.40 | 31.1 | 52.6 | 77.0 | 28.5 | 56.5 0.89 530 50.4 0.087
10.00 | 31.6 | 56.8 | 83.2 [ 29.0 [ 62.1 0.86 570 48.7 0.091
10.20 | 34.0 | 62.6 | 92.0 | 29.5 | 70.2 0.63 660 48.7 0.088
10.40 | 33.3 | 68.8 | 96.3 | 29.7 | 77.9 0.70 653 44.8 0.096
11.00 | 32.8 | 70.2 | 97.8 | 30.0.| 82.0 3.25 806 41.6 0.081
11.20 | 32.4 | 71.3 | 98.2 | 30.0-| 81.8 0.78 859 46.3 0.077
11.40 | 32.1 | 71.1 | 97.7°| 31.0-| 80.7 0.54 910 47.5 0.072
12.00 | 351 | 71.4 | 97.7 | 31.6 | 74.1 0.14 910 514 0.069
12.20 | 33.8 | 71.4 | 94.8 | 31.9 | 83.2 111 301 21.0 0.203
12.40 | 32.1 | 49.9 | 63.1 | 32.1 |- 65.7 0.29 151 14.0 0.205
13.00 | 32.2 | 46.5 | 59.9 | 32.5 | 58.5 1.14 160 23.6 0.173
13.20 | 32.0 | 45.0 | 57.0 | 32.8 | 52.7 0.13 163 33.6 0.153
13.40 | 32.8 | 67.4 | 96.9 | 33.0 | 68.3 0.99 875 49.4 0.073
14.00 | 33.0 | 72.9 | 97.9 | 33.1 | 83.4 0.39 814 45.5 0.080
14.20 | 33.1 | 72.2 | 82.3 | 33.4 | 83.6 0.40 763 45.6 0.064
14.40 | 334 | 69.6 | 96.2 | 33.5 | 81.3 0.74 715 43.6 0.088
15.00 | 33.2 | 66.1 | 92,5 | 33.7 | 78.1 2.11 548 374 0.108
15.20 | 33.7 | 62.4 | 86.7 | 33.7 | 72.3 1.26 495 40.8 0.107
15.40 | 33.3 [ 53.6 | 71.5 | 335 | 64.8 0.29 353 41.6 0.108
16.00 | 32.5 | 50.4 [ 65.5 | 32.8 | 59.8 0.76 261 374 0.126
16.20 | 32.1 | 45.4 | 59.3 | 32.5 | 54.2 0.40 216 38.7 0.126
16.40 | 32.4 | 44.1 | 56.0 | 32.0 | 51.6 0.30 206 41.7 0.115




74

a v a dyy a a o 4 S g {
AT NN V.6 ﬂl@l]vﬁﬂ‘lﬁ’l‘lﬂi)'lﬂfﬂﬂ’lﬂﬁf’)\‘i‘H'l‘LliSﬁ‘Y]ﬁﬂ1WLlN\ﬁ'lJL!.ﬁQ LﬁBE‘]JLL‘U’Uﬂﬁ.lﬂﬁ“llﬂ\ﬂu'n‘ﬂuu‘ﬂﬂllﬂﬁlﬁﬂ’l

' f 4
1Hg7 18A3IM13 11 0.006 Gnsdeuiiuaziihgu lnanaw

= Temperature (Celsius) Wind velocity | Solar intensity | Eff. | (Ti-Ta)/It
= Ta [ Tc | Tp | Tw,i | Tw,o (m/s) (I)(W/m2) (%)
9.00 | 30.3 | 34.5 | 42.6 | 28.0 | 394 1.50 167 44.9 0.074
9.20 | 29.6 | 42.9 | 61.8 | 28.5 | 44.6 1.50 371 44.0 0.087
9.40 | 29.9 | 39.4 | 49.5 | 28.5 | 44.8 0.43 352 45.6 0.056
10.00 | 30.5 | 44.1 | 53.6 | 29.0 | 50.6 0.54 558 46.7 0.041
10.20 | 31.1 | 48.6 | 59.9 | 29.5 | 54.9 1.00 664 45.8 0.043
10.40 | 29.5 | 52.4 | 71.3| 29.7 | 57.8 0.89 642 43.2 0.065
11.00 | 29.8 | 46.9 | 66.5 | 30.0. | 57.5 0.88 609 43.0 0.060
11.20 | 31.5 | 42.9 | 56.3 | 30.0- | 51.4 1.07 357 42.0 0.069
11.40 | 31.5 | 51.4 | 75.3/| 31.0 | 575 1.64 905 44.8 0.048
12.00 | 31.6 | 51.2.| 67.0 | 31.6 | 64.5 1.25 923 44.5 0.038
12.20 | 33.1 | 64.6 | 98.8 | 31.9 | 63.8 1.00 917 43.4 0.072
12.40 | 31.9 | 62.5:| 94.5 | 32.1 | 67.6 1.59 956 41.6 0.065
13.00 | 33.0 | 69.8 | 98.0 | 32.5 | 76.7 1.50 873 38.9 0.074
13.20 | 33.3 | 68.3 | 99.1 | 32.8 | 79.3 0.56 916 40.7 0.072
13.40 | 31.8 | 68.7 | 99.7 | 33.0 | 78.6 0.29 851 40.0 0.080
14.00 | 33.0 | 69.2 [ 96.5 | 33.1 | 794 1.08 805 38.1 0.079
14.20 | 32.2 | 67.8 | 96.0 | 33.4 | -80.3 1.17 769 36.7 0.083
14.40 | 33.0 | 67.7 | 95.2 | 335 | 78.6 1.12 687 36.2 0.091
15.00 | 32.9 | 64.8 | 93.8 | 33.7 | 76,5 0.81 642 36.7 0.095
15.20 | 33.0 | 61.3 | 91.1 | 33.7 | 73.1 1.00 571 36.1 0.102
15.40 | 32.2 | 56.9 | 83.7 | 33.5 | 67.8 1.00 494 36.0 0.104
16.00 | 32.0 | 514 | 73.5 | 32.8 | 61.2 0.60 397 37.4 0.104
16.20 | 31.6 | 474 | 67.2 | 32.5 | 58.1 1.00 342 36.1 0.104
16.40 | 31.2 | 44.2 | 59.0 | 32.0 | 52.8 0.55 256 36.0 0.108
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l Temperature (Celsius) Wind velocity | Solar intensity | Eff. | (Ti-Ta)/It
i Ta Tc Tp | Tw,i | Tw,0 (m/s) (I)(W/m2) (%)
9.00 | 24.1 | 43.2 | 66.6 | 23.1 | 30.8 1.00 496 58.08 0.086
9.20 | 24.8 | 46.6 | 68.1 | 23.8 | 31.7 0.84 618 58.67 0.070
9.40 | 25.7 | 48.9 | 69.6 | 24.7 | 31.9 1.20 662 58.61 0.066
10.00 | 26.4 | 494 | 729 | 253 | 32.9 1.05 737 58.67 0.063
10.20 | 26.3 | 50.5 | 76.6 | 25.2 [ 33.9 1.12 792 58.24 0.063
10.40 | 26.3 | 52.1 | 79.5| 25.2 | 355 0.50 846 58.56 0.063
11.00 | 27.8 | 55.6 | 83.4 | 26.7 | 37.0 0.50 901 58.51 0.062
11.20 | 28.2 | 58.6 | 85.4 [ 27.1 | 37.8 0.50 935 58.39 0.061
11.40 | 29.5 | 59.7 | 87.4 | 28.3 | 38.7 0.20 961 58.88 0.060
12.00 | 28.5 | 60.3 | 89.4 [ 274 | 39.2 0.20 978 58.51 0.062
12.20 | 28.4 | 60.8 | 89.6 | 27.3 | 395 0.20 976 58.41 0.063
12.40 | 29.4 | 62.8 [ 90.1 | 30.0 | 39.7 0.20 966 58.11 0.063
13.00 | 29.4 | 61.1 | 89.2 | 30.0 [ 40.2 0.20 960 58.02 0.062
13.20 | 29.9 | 60.5 | 87.8 | 31.2 | 39.7 0.20 918 58.02 0.063
13.40 | 31.0 | 61.2 | 87.3.| 31.7 | 39.7 0.40 903 58.06 0.062
14.00 | 30.2 | 59.6 | 83.8 | 31.0 | 395 0.20 832 58.16 0.064
14.20 | 31.1 | 59.1 | 82.3 | 32.3 | 394 0.19 800 58.27 0.064
14.40 | 31.6 | 55.5 | 77.4 | 32.8 | 385 0.45 715 58.18 0.064
15.00 | 32.1 | 54.8 | 74.5 | 334 | 38.1 0.44 662 58.37 0.064
15.20 | 31.4 | 49.5 | 66.2 | 32.2 | 363 0.59 537 58.57 0.065
15.40 | 29.9 | 46.8 | 62.4 | 30.0 | 355 0.79 481 58.26 0.068
16.00 | 30.8 | 44.5 [ 56.5 | 31.0 | 345 1.15 368 58.36 0.070
16.20 | 30.3 | 42.2 | 54.4 | 30.8 | 34.0 0.54 306 58.19 0.079
16.40 | 29.7 | 41.1 | 50.9 | 30.0 | 334 0.62 280 58.18 0.076
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3 Temperature (Celsius) Wind velocity | Solar intensity | Eff. | (Ti-Ta)/It
= Ta Tc Tp | Tw,i | Tw,0 (m/s) (I)(W/m2) (%)
9.00 | 23.5 | 43.7 | 67.3 | 23.0 | 36.7 1.00 386 45.70 0.113
920 | 24.1 | 46.8 | 73.1 | 23.7 | 37.2 1.50 448 45.52 0.109
9.40 | 249 | 479 | 76.2 | 23.9 | 384 1.76 457 45.15 0.112
10.00 | 25.8 | 54.7 | 90.4 | 24.8 | 41.5 1.20 634 45.82 0.102
10.20 | 26.6 | 55.4 | 83.1 | 25.5 | 47.9 1.15 835 46.05 0.068
10.40 | 27.6 | 58.4 | 86.1 | 26.5 | 50.1 0.66 858 46.51 0.068
11.00 | 28.1 | 58.3 | 84.2 | 27.0 | 50.9 0.48 763 46.27 0.074
11.20 | 29.7 | 59.0 | 86.7 | 285 | 51.5 0.36 862 47.16 0.066
11.40 | 29.7 | 61.9 | 90.7 | 28.5 | 54.3 0.75 925 45.88 0.066
12.00 | 30.0 | 62.7 | 90.2 | 28.8 | 54.2 0.25 885 46.77 0.068
12.20 | 30.8 | 65.3 | 94.3 | 29.6 | 56.8 1.00 926 44.84 0.069
12.40 | 31.1 | 66.1") 95.7 | 29.9 | 57.5 1.00 977 44.93 0.066
13.00 | 30.4 | 60.4 | 91.8 | 30.5 | 56.1 0.61 933 45.60 0.066
13.20 | 30.5 | 60.5-1 91.6 | 30.8 | 56.0 0.80 914 45.14 0.067
13.40 | 30.2 | 61.8 | 89.9 | 30.8 | 55.5 0.80 864 44.89 0.069
14.00 | 31.1 | 62.0 | 88.2 | 31.0 | 54.4 0.49 828 45.95 0.069
14.20 | 30.9 | 59.3 | 85.1 | 31.0 | “52.9 1.04 770 45.03 0.070
14.40 | 31.8 | 56.5 | 81.8 | 32.0| 51.2 0.40 719 46.61 0.069
15.00 | 31.2 | 545 | 77.9 | 32.2 | 49.0 0.49 648 46.34 0.072
15.20 | 32.8 | 534 | 73.7 | 33.4 | 46.7 1.50 529 45.30 0.077
15.40 | 31.7 | 50.4 | 67.4 | 32.0 | 444 0.46 501 47.50 0.071
16.00 | 31.0 | 45.5 | 58.3 | 315 | 41.2 1.20 334 45.78 0.082
16.20 | 29.6 | 42.6 | 52.4 | 30 40.8 0.20 257 45.09 0.089
16.40 | 28.9 | 36.4 | 43.3 | 29.6 | 40.1 0.20 216 44.40 0.066
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= Temperature (Celsius) Wind velocity | Solar intensity | Eff. | (Ti-Ta)/It
im
: Ta | Te | Tp | Tw,i | Tw,o (m/s) (IN(W/m2) (%)

9.00 | 30.0 | 48.2 | 75.7 | 29.5 | 40.6 1.50 498 54.9 0.092
9.20 | 294 | 54.1 | 81.0 | 30.1 | 43.0 1.30 613 54.2 0.084
9.40 | 28.7 | 59.2 | 87.9 | 30.0 | 46.5 1.59 574 51.1 0.103
10.00 | 30.3 | 66.6 | 97.4 | 31.6 | 52.7 0.26 651 51.9 0.103
10.20 | 30.6 | 69.7 | 97.7 | 31.8 | 59.1 0.22 701 50.6 0.096
1040 | 30.3 | 72.4 | 98.7 | 31.6 | 61.4 0.86 795 49.5 0.086
11.00 | 30.2 | 73.8 | 99.3 | 31.4 | 87.2 0.50 873 44.0 0.079
11.20 | 29.8 | 66.5 | 94.8 | 30.8 | 84.7 0.50 752 42.8 0.086
11.40 | 30.2 | 53.2 | 75.7 | 31.7 | 66.1 0.26 890 51.8 0.051
12.00 | 29.6 | 68.7 | 98.0 | 31.4 | 72.8 0.19 562 42.2 0.122
12.20 | 30.8 | 73.9 | 99.3 | 31.9 | 81.0 0.74 990 46.9 0.069
1240 | 31.2 | 72,5 | 98.8 | 32.5 | 67.6 0.22 982 51.3 0.069
13.00 | 31.8 | 75.3 | 99.4 | 33.1 | 80.6 0.62 963 471 0.070
13.20 | 31.5 | 68.3-| 98.4 | 32.9 | 79.0 1.08 900 45.8 0.074
13.40 | 32.1 | 66.2 [ 97.1 | 33.8 | 74.3 0.29 876 48.7 0.074
14.00 | 314 | 66.5 | 96.1 | 32.4 | 74.6 0.14 813 48.2 0.080
14.20 | 30.4 | 66.7 | 95.8 | 31.0 | “74.8 0.32 770 46.8 0.085
1440 | 31.5 | 55.8 | 784 | 31.0 | 64.9 0.32 643 49.5 0.073
15.00 | 31.7 | 58.0 | 80.4 | 32.0 | 62.8 0.54 556 47.8 0.088
15.20 | 31.8 | 52.4 | 71.8 | 32.2 | 60.0 1.06 461 46.1 0.087
1540 | 32.3 | 53.2 | 71.6 | 334 | 575 0.38 433 47.7 0.091
16.00 | 32.0 | 50.5 | 66.5 | 32.0 | 55.7 0.40 345 46.2 0.100
16.20 | 30.2 | 45.2 | 57.8 | 31.5 | 508 0.45 247 42.4 0.112
16.40 | 30.4 | 42.8 | 52.6 | 30.0 | 48.2 0.36 172 40.1 0.129
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o Temperature (Celsius) Wind velocity | Solar intensity | Eff. | (Ti-Ta)/It
= Ta Tc Tp | Tw,i | Tw,0 (m/s) (I)(W/m2) (%)
9.00 | 24.8 | 49.8 | 724 | 24.1 | 50.7 1.23 498 41.6 0.095
9.20 | 251|533 | 81.3 | 24.3 | 56.8 0.54 586 41.8 0.096
9.40 | 257 | 544 | 857 | 24.9 | 58.8 1.45 628 40.0 0.095
10.00 | 28.2 | 614 | 95.0 | 274 | 64.4 0.80 689 40.4 0.097
10.20 | 28.1 | 64.8 | 96.9 | 27.3 | 65.9 1.00 769 40.5 0.089
10.40 | 29.1 | 68.3 | 984 | 28.2 | 72.4 0.55 825 40.5 0.084
11.00 | 28.1 | 68.7 | 98.9 | 27.3 | 76.5 0.50 875 40.1 0.081
11.20 | 29.3 | 72.0 | 99.4 | 284 | 76.9 0.56 919 40.5 0.076
1140 | 29.1 | 74.4 | 99.5 | 28.2 | 77.5 0.50 943 40.6 0.075
12.00 | 29.6 | 75.2 | 99.7 | 28.7 | 76.4 0.64 953 40.7 0.074
12.20 | 29.7 | 73.5 | 994 | 29.7 | 79.5 0.50 952 40.2 0.073
12.40 | 29.9 | 74.2. | 99.8 | 30.5 | 81.2 0.50 954 39.8 0.073
13.00 | 31.0 | 76.2 |1 99.6 | 31.6 | 81.7 0.28 934 40.1 0.073
13.20 | 31.8 | 75.3| 99.4 | 32.4| 80.7 0.57 904 39.5 0.075
13.40 | 30.4 | 75.0 [ 99.0 | 31.0 | 81.9 0.20 857 39.3 0.080
14.00 | 31.0 | 72.9 | 99.0 | 31.6 | 79.6 0.20 800 39.2 0.085
14.20 | 31.3 | 66.8 | 100.0 | 31.9 | 75.6 0.40 780 39.6 0.088
14.40 ( 32.4 | 61.2 | 97.8 | 33.0 | 70.7 0.20 702 40.7 0.093
15.00 | 31.8 [ 65.1 | 95.2 | 324 | 63.6 0.65 607 40.1 0.104
15.20 | 30.7 | 63.8 | 92.0 | 31.3 | 61.2 0.80 566 39.8 0.108
15.40 | 314 | 594 | 68.6 | 32.0 | 57.5 0.80 456 40.9 0.082
16.00 | 30.6 [ 55.6 | 77.2 | 31.2 | 54.8 0.31 380 40.0 0.123
16.20 | 314 | 50.6 | 69.2 | 32.0 | 51.2 0.57 305 39.5 0.124
16.40 | 30.7 [ 49.2 | 65.9 | 31.3 | 49.2 0.42 274 39.6 0.128
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