[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1395.16.9.35.4 ]

448-437 yo e 9 o louis 16 0951395 23T (ORI S (S Idio Adxo

iy Sy pele dolidle —p=_l— _
p . Z i o=
O 3 Sl (wiigo = &
VAR
mme.modares.ac.ir jﬂ_"{;,?/;

S gogw IS b (S ygs (3%0 0T Olowtily » (uswo (S ol sl Wb (2 25 dxdllao
Ol g 90 mas 4w )l oalaw! b
galaa 5L 8

O g (Gl (Staivo oS (S5 1y
f.jamadi@sirjantech.ac.ir. 7813733385 iy &8 (ol )

LXVLES

Al Oleb!

ot sy .ui)lf o (Sauas guas 4SS 51 oolazl b (E3ud 9> (S gohew U&a)ij S5 il el 5 colo 3 oyl adlas
Lylyds a8 Sloj Canl a5 (63959 (b yiolyly o ilaio b3l ()18 5 Ul (ghly mas a8 13545 o dloguiny L)S.o)i.)‘ obusly

ol (oting3y Al
139555 14 il

1395 315,029 ' s i

e 4 afly Shjsel b 3l g Moo higel aSed 93955 slosially ) (i lsis 4 o]y sl Cllas Wosls (5 pSejll ol 1395 4 11 culu s &)

b sgae )5SIS (5, b ptalojl ol b e 4Sid oolitial 3,50 (slmodls 2,8 edlitl (B s Glodily b sl il 5
olye & (2o Juw lod g gloj dasne slod il G Gen biie Cuol 0ud 6ySojlul oo B3 5l g, slex lodly
s 3 b a4 ) il (slaJte sl 003 4B S a3 &b (29 olgie 4 St oSSl ety g &b (slasagyg Sy (SarS]
Jie @by g ol e (1be slad (6399 (slajiel)ly I3 L ecal 003 il lagygy g 5 (93959 bt I (Jglite sl (85 o b
rm xS i (s b (e (53979 ol plas Joli o6) 4-10-1 5o 16 Jam din Jao plas plon 3 (s o el e

Mg GG

e slailesl plsl 395 ply el 4 s g5 b .cosl Jso BN 0.99995 5401 (slmodls (¢l e oy 0.0061
&ly pge adllas 3)50 (S Sl oy i > s ooy (i 5 duje pradio b Wl e 01d Wl Jao e lulyd )
g

Experimental Study of the Effect of Environmental Parameters on a Solar
Parabolic Water Heater Efficiency using Neural Network in Sirjan

Farnaz Jamadi

Department of Physics, Sirjan University of Technology, Sirjan, Iran
P.O.B. 7813733385, Sirjan, Iran, f.jamadi@sirjantech.ac.ir

ARTICLE INFORMATION ABSTRACT

In this study, after fabricating a solar parabolic water heater, an efficient model is suggested to predict
the efficiency of the solar water heater system (SWHS). Artificial neural networks (ANN) can create
logical relations among the input parameters and target(s). The Efficiency is trained as a function of the
input parameters, when conditions are desirable to measure the data, a network-trained function can be
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Solar water heater system measured by using experiments on a parabolic trough collector during four days in June. Variables such

Efficiency as solar radiation, ambient temperature and the output fluid temperature of the collector were considered

Neural Network as input parameters and the efficiency of the solar parabolic water heater was used as the output neural

Parabolic trough collector network. Different ANN models are presented based on the various input parameters and neurons. The

Solar radiation ANNS6 model with a 4-10-1 structure, with a root mean square error (RMSE) of 0.0061 and regression
coefficient for train data (Ryain) Of 0.99995, is the most accurate among the presented models. By
increasing the input parameters, the RMSE decreases and accuracy of the models increases. When
experimental tests are not impossible in similar conditions, the presented model can help researchers
predict the efficiency of studied SWHS by saving time and cost.
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Table 5 Different combinations of input and Regression coefficients of
the ANN models.
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Wools JS§° 3500 e ele
n=f)1Jw
0.69083 0.78052 0.1704 1x3x1
0.73704 0.83343 0.1635 1x5x1
0.71388 0.77015 0.1621 1x7x1
0.66213 0.77095 0.2320 1x9x1
0.64927 0.78451 0.1760 1x10x1
n =f(eramb) 2 J"“
0.90653 0.92735 0.0977 2x4x1
0.94183 0.94882 0.0868 2x5x1
0.94603 0.98905 0.0755 2x7x1
0.96413 0.98291 0.0668 2x8x1
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0.99959 1 0.0072 3x10x1
n = fU Tamp, time) 4 Jos
0.98063 0.96505 0.0462 3x4x1
0.98865 0.98740 0.0351 3x6x1
0.99469 0.99526 0.0251 3x7x1
0.99862 0.99797 0.0122 3x9x1
0.99939 0.99961 0.0090 3x10x1
n = f(,time, Tyy) 5dx
0.98820 0.99755 0.0359 3x5x1
0.99127 0.99965 0.0328 3x6x1
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0.99925 1 0.0102 4x4x1
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0.99942 0.99925 0.0091 4x6x1
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0.99968 0.99995 0.0061 4x10%x1
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Table 8 Measurement data for 17 June

T AT/ I(Wm?) Tn(’O)  Tam(°C) t(h)
15.2 0.008108 24 30 740 8:00
14.5 0.044872 25 60 780 8:30
17.2 0.043902 26 62 820 9:00
17.1 0.041667 27 62 840 9:30
20.3 0.04142 30 65 845 10:00
20.2 0.037647 31 63 850 10:30
19.7 0.032558 32 60 860 11:00
20.3 0.03 34 61 900 11:30
20.6 0.031694 34 63 915 12:00
21.6 0.029189 38 65 925 12:30
21.0 0.032432 36 66 925 13:00
19.6 0.030435 37 65 920 13:30
18.4 0.027174 38 63 920 14:00
17.6 0.02623 39 63 915 14:30
17.3 0.024096 39 61 913 15:00
14.6 0.023077 40 61 910 15:30
13.3 0.024719 40 62 890 16:00
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Fig. 16 Thermal collector efficiency for 17 June

95 17 55, 50 )5585 )l el 16 S
g Cawl ool [S3 10 Jes= 50 95 24 35y 0 (6,5 oll sleesls

el 508 ey 18 S 13 59, cnl 53 5805 5, lens],

445

Energy System, 4" International Conference on Renewable Energy
Research and Applications (ICRERA), Palermo, Italy, November
22-25, 2015.

[12]CH. B. Hibbert, M. Gillott, G. Kendall, An artificial neural network
for predicting domestic hot water characteristics, International
Journal of Low-Carbon Technologies, Advance Access published,
Vol. 4, No. 2, pp. 112-119, 2009.

[13] H. Benli, Determination of thermal performance calculation of two
different types solar air collectors with the use of artificial neural
networks, International Journal of Heat and Mass Transfer, Vol.
60, No. 1, pp. 1-7, 2013.

[14]Sh. Gorjiana, T. T. Hashjina, B. Ghobadiana, A. Banakar, Thermal
Performance Evaluation of a Medium-Temperature Point-focus
Solar Collector Using Local Weather Data and Artificial Neural
Networks, International Journal of Green Energy , Vol. 12, No. 5,
pp. 493-505, 2015.

[15] N. I. Santos, A. M. Said, D. E. James, N. H. Venkatesh. Modeling
solar still production using local weather data and artificial neural
networks, Renewable Energy, Vol. 40, No. 1, pp. 71-79, 2012.

[16]F. Jamadi, N. Aminizadeh, M.J. Arabpour, M. Khorasani, M.
Khaksar, Calculation of the geometric parameters and optical
characteristic of solar parabolic collector, The first National
Conference on Management Renewable Energy and Clean,
Hamedan, September 4, 2014. (in Persian _..,1s)

[17]F. Jamadi, Presentation a practical method to determine the
temperature of solar thermal energy storage tank, 1th national
conference on new techniques in laboratory equipment and oil
industry, Tehran, August 13, 2015. (in Persian _.,:)

[18]C. Aghanajafi, A. Dehghani, Advanced Solar Radiation Energy and
Industrial Application, pp. 41-42 Tehran: Khaje Nasir Toosi
University, 2008. (in Persian _..,5)

[19]A. Rezania, H. Taherian, D. D. Ganji, Experimental investigation
of a natural circulation solar domestic water heater performance
under standard consumption rate, International journal of Green
Energy, Vol. 9, No. 4, pp. 322-334, 2012.

Cawgn-10
69939 Jlew slos et jo3 B Jold (395 15 oudh (65503l slaosls
Obesily 5 605ys Sl 5 e los Jol e slod SIS 4
Wiloads 117 Jaax jo 68U )|~

ol 15 S Jlogas 10 Ll s Loo BB a1 593U Lo
el 00l oolo

AS?)lP ul.m.h‘) 9 Sl 00l )5.) 8 J5J> ) g’.‘as) 17 39y 6Lb ool
el 00308 o, 16 JSo 50 Dy sla ools Bax b 5, cpl jo ,eaSIS

g Cowl 00l ;S5 9 Joaz 40 (85522 3, oo (5ol slassls
el 0038 5 0y 17 IS5 50 59, ol yo ,eSIS 51> lendl

559515 55, 00l (5 S ojlul lo ools 7 Jgus
Table 7 Measurement data for 15 June

o AT AT G Tw(O) IWm)  th)
16.79 0.005405 4 30 26 740 8
17.37  0.062025 49 63 28 790 8:30
23.091  0.060494 49 70 29 810 9:00
20.38  0.056047  48.2 78.2 30 860 9:30
24.56 0.054545 48 79 31 880 10
25.31  0.052928 47 79 32 888 10:30
25.04 0.053073 475 80.5 33 895 11:00
26.05  0.052428 475 81 34 906 11:30
28.20 0.051502  46.3 81.3 35 899 12:00
30.26  0.051004 457 81.7 36 896 12:30
28.08  0.049451 45 82 37 910 13:00
30.19 0.048352 44 80.8 36.8 910 13:30
26.38  0.048889 44 80.5 36.5 900 14:00
27.48 0.047391  43.6 79.8 36.2 920 14:30
25.81  0.047778 43 79 36 900 15:00
29.20 0.046154 42 77.5 355 910 15:30
31.46  0.047727 42 7 35 880 16
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Table 9 Measurement data for 22 June
Tt AT/ |(Wm2) Tin (°C) Tamb (°C) t(h)
21.5 0.013 680 37 28 8:00
0.8 22.1 0.025 720 47 29 8:30
26.0 0.023 790 49 31 9:00
22.7 0.021 820 49 32 9:30
21.6 0.020 835 51 34 10:00
0.6+ 20.2 0.021 855 53 35 10:30
19.2 0.020 878 53.6 36 11:00
n 18.0 0.020 900 53.6 36 11:30
th 04 18.6 0.021 830 54 37 12:00
N 17.1 0.018 890 54 38 12:30
15.9 0.049 280 53.5 40 13:00
15.1 0.014 980 53.5 40 13:30
02 19.9 0.017 790 53 395 14:00
- n [ ] =
0 = ) ) 20.2 0.020 660 52 39 14:30
20.2 0.028 450 52 39 15:00
20.2 0.043 302 51 38 15:30
0.0 . . . 202 0.042 312 51 38 16:00
0.018 0.020 0.022
ATN(CCM?/W) 1.0
Fig.18 Thermal collector efficiency for 24 June
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Table 11 Error analysis of collector efficiency 061
Vv o An Tmin TImax TMean C")L' .
1419 377 753 1710 24.64 24.64  2015.6.15 B 0.4
18.449  2015.6.17 '
19.92 2.15.6.22
17.10  2015.6.24
0.24 H
[ ] " L
9515 395 59 Gasd e uS-"Ji-;| olesdly 12 Jgue
0.0

Table 12 SWHS efficiency for 15 June

n Ow ATw Tw o8 ATy Tin Tout t(h)
M) () (© M) (o (6 (9
24 0 30 30 8
0.6 0.4 2 26 0.4 16 63 79 8.5
0.9 0.8 4 30 0.8 30 70 100 9
0.8 0.8 4 34 0.9 31 75 106 9.5
0.7 0.6 3 37 0.8 28 79 107 10
0.7 0.6 3 40 0.9 31 79 110 10.5
0.7 0.4 2 42 1 345 80.5 115 11
0.6 0.6 3 45 1 39 81 120 11.5
0.5 0.2 1 46 1 427 81.3 124 12
0.4 0.6 3 49 1.2 453 81.7 127 125
0.4 0.6 3 52 11 43 82 125 13
0.4 0.6 3 55 1.2 452 808 126 13.5
0.4 0.4 2 57 1 395 80.5 120 14
0.3 0.4 2 59 1.1 402 798 120 14.5
0.2 0.4 2 61 0.99 36 79 115 15
0.1 0.2 1 62 1 385 775 116 15.5
0.09 0.2 1 63 1.1 38 77 115 16
U595 17 355, 3 ot o5 5505l ey 13 Jgaer
Table 13 SWHS efficiency for 17 June
n Qw ATy Tw Jc AT Tin Tout t (h)
M) (c) (O M) (¢ (O (9
33 0.33 43 80 37 8
086 038 2 35 0.44 58 105 47 8.5
083 051 27 377 061 81 130 49 9
0.76 0.49 2.6 40.3 0.65 85 134 49 9.5
0.7 047 25 428 067 89 140 51 10
065 045 24 452 0.7 92 145 53 10.5
0.6 0.43 2.3 475 0.71 94.4 148 53.6 11
059 043 23 498 073 964 150 53.6 115
0.56 0.4 21 51.9 0.7 93 147 54 12
0.55 0.38 2 53.9 0.7 93 147 54 125
053 036 1.9 558 068 895 143 53.5 13
0.48 0.32 17 57.5 0.67 88.5 142 53.5 135
047 028 15 59 0.66 87 140 53 14
0.3 019 1 60 0.63 83 135 52 14.5
0.22 0.13 0.7 60.7 0.59 78 130 52 15
014 008 0.4 611 052 69 120 51 15.5
0.08 0.04 0.2 61.3 0.45 59 110 51 16

0010 0015 0020 0025 0030 0035 0040 0045 0050
AT/ICCM?IW)

Fig.17 Thermal collector efficiency for 22 June
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Table 10 Measurement data for 24 June

9 o lasis 16 0,55 1395 L3T (Hurde Suilke uwire

TTtn AT/ I(Wm?) Tin (°C) Tamb (°C) t(h)
0.64 0 31 31 620 8:00
11.4 0.009 38.2 31.9 740 8:30
14.9 0.020 481 325 780 9:00
16.2 0.023 51.5 33 790 9:30
175 0.022 52.9 35 830 10:00
18.7 0.021 54 36 860 10:30
19.6 0.022 56.2 37 867 11:00
19.6 0.022 57.2 38 890 11:30
19.2 0.019 56 39 900 12:00
17.9 0.019 56 39 905 12:30
17.7 0.018 56.8 40 910 13:00
17.2 0.018 56.4 40 905 13:30
15.9 0.017 55 39.5 900 14:00
15.8 0.020 56.8 39 890 14:30
14.9 0.021 56 38 850 15:00
14.9 0.022 55 37.6 800 15:30
16.4 0.021 53 37 750 16:00
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Table 16 Error analysis of SWHS efficiency

o \ An TImax Tmin TIMean &L
0.039 0.0015 0.0777 0.524 0.446 0.486 15.6
0.446 17.6

0.517 22.6

0.520 24.6

b=e LSL"‘) dUaé ,.JL.T 17‘_]3»
Table 17 Error analysis of ambient temperatures

Vis Tamb1s Viz Tamb17 V22 Tamboz Vag Tambos t(h)
()] () (%) (%)
40.0 26 90.3 24 61.6 28 36 31 8

23.3 27.5 72.3 25 46.9 29
111 29 56.3 26 23.5 31

29.16 31.6 8:30
20.25 32.5 9

952255 5 oot ye3 S, Rl el 14 Jgue
Table 14 SWHS efficiency for 22 June

t (h) Tw ATy Ow T Tax AT e
(C) (c) (M) (C) (C) () (M)
8 29 30 70 40
85 31 1 0.2 60 96 40 0.5 0.37
9 35 3 0.6 62 104 50 0.6 0.88
95 38 3 0.6 62 113 51 0.7 0.86
10 405 27 06 65 126 61 0.8 0.65

16 541 05 0.09 62 104 42 0.5 0.17

Olosily 5 )5iSIS (29,5 5 (59955 GE9y sled 5 oSy Rl e T sles
Ll ool [SSI5 Joaz 50 (59524 59 5 s JS

555 24 35, 55 Sdeygs Sl plawdl; 15 Jgaer
Table 15 SWHS efficiency for 24 June

5.4 30 423 27 148 32 841 341  9:30 o (I:”)" Ag (M%”; (TC'§ (Té“)' (fCT)f (M?; 7
18 31 123 30 342 34 4 35 10 ) 1 33 5
011 32 625 31 072 35 1 3% 10:30 85 337 27 07 382 807 425 04 09
045 33 225 32 002 36 0 37 1100 9 375 3 06 481 107 586 05 09
28 34 025 34 002 36 0 37 1130 95 408 3 06 515 116 645 06 0.9
7.1 3% 025 34 132 37 1 38 12:00 10 436 28 05 526 126 731 07 08
135 36 203 38 46 38 4 39 12330 105 463 27 05 51 135 81 07 07
218 37 625 36 172 40 9 40 13:00 11 489 25 05 562 142 858 08 06
199 368 123 37 172 40 4 39 1330 115 512 23 04 572 145 878 08 05
174 365 203 38 133 395 4 39 1400 12 534 22 04 56 143 8 08 05
149 362 303 39 992 39 9 40 14130 195 554 2 04 56 138 82 08 05
185 % %08 3 99 39 16 4l 1500 13 571 17 03 568 138 812 07 04
101 35 428 40 46 38 9 40 1530 135 586 15 03 564 135 786 07 04
71 35 423 40 462 38 4 39 16:00 14 509 13 03 55 127 72 07 04
12.38 28.60 13.76 9.34 v 145 608 1 02 568 127 702 06 03
33.3 335 35.9 37.0  Twean 15 615 07 01 56 124 68 06 02
37 40 40 4 Twax 155 619 04 01 55 120 65 06 01
26 24 28 31 Tuin 16 621 02 004 53 115 62 06 007
1 16 12 10 AT
o 2l sles slbs U118 Jgur
Table 18 Error analysis of tank water temperature
Vag Tuwza (°C) V2 Tuz2 (°C) Vi Tw7(°C) Vis Twis (°C) t(h)
392.4 31 204.1 3 261.2 29 484 24 8
202.8 337 2295 35 200.5 31 400 2 8:30
177.2 375 155.0 317 103.2 35 256 30 9:00
100.2 408 97.0 403 513 38 144 34 9:30
519 436 54.0 428 217 405 81 37 10
203 463 245 452 134 415 36 40 10:30
37 489 7.0 415 14 44 16 42 11:00
015 512 01 498 0.7 46 1 45 11:30
6.7 53.4 31 51.9 8.1 48 0 46 12:00
21.07 55.4 141 53.9 14.8 49 9 49 12:30
39.6 57.1 319 55.8 234 50 36 52 13:00
60.7 58.6 54.0 575 329 50.9 81 55 13:30
82.6 59.9 783 59 428 517 121 57 14:00
99.8 60.8 97.0 60 524 52.4 169 59 14:30
1143 615 111.3 60.7 615 53 225 61 15:00
122.9 619 119.9 61.1 712 53.6 256 62 15:30
1275 62.1 124.3 613 799 54.1 289 63 16:00
17139 1495.3 10403 2604 v
50.8 50.2 45.2 46 Tiean
62.1 613 54.1 63 Trex
31 33 29 24 Toin
311 283 25.1 39 AT
414 387 323 51.0 o
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Table 19 Error analysis of inlet oil temperature

558 4 (53959 9, sled LT 19 Jga

20 Jgue

Vas Tinoa(°C) Vap Tino2(°C) Viz Tin7(°C) Vis Tins(°C) t(h)
458 31 196 37 943.1 30 2035.8 30 8
201.6 38.2 16 47 0.5 60 146.9 63 8:30
18.5 48.1 4 49 1.7 62 26.2 70 9:00
0.81 51.5 4 49 1.7 62 0.01 75 9:30
0.25 52.9 0 51 18.4 65 15.05 79 10
2.56 54 4 53 52 63 15.05 79 10:30
14.4 56.2 6.76 53.6 0.5 60 28.9 80.5 11:00
23 57.2 6.76 53.6 0.1 61 34.8 81 11:30
13 56 9 54 52 63 38.2 81.3 12:00
13 56 9 54 18.4 65 433 81.7 12:30
19.4 56.8 6.25 53.5 28 66 47.3 82 13:00
16 56.4 6.25 53.5 18.4 65 32.3 80.8 13:30
6.8 55 4 53 5.2 63 289 80.5 14:00
19.4 56.8 1 52 52 63 21.9 79.8 14:30
13 56 1 52 0.1 61 15.1 79 15:00
6.8 55 0 51 0.1 61 5.7 775 15:30
0.4 53 0 51 1.7 62 3.5344 77 16:00
48.6 16.1 61.9 149.4 v
52.4 51 60.7 75.1 Twean
57.2 54 66 82 Tmax
31 37 30 30 Tmin
26.2 17 36 52 AT
6.9 4 7.9 12.2 o
8IS ) (2a 5 8y sled U]
Table 20 Error analysis of outlet oil temperature
ToulZA ToulZZ Toull7 TcullS
Vog 0) Vo C) Viz C) Vis ¢C) t(h)
6724 40 2704 80 2162 70 4858 40 8
729 95 729 105 420 96 942 79 8:30
144 110 4 130 25 104 94 100 9:00
36 116 4 134 12 113 13 106 9:30
16 126 64 140 90 126 7 107 10
169 135 169 145 56 124 0.09 110 10:30
400 142 256 148 12 120 28 115 11:00
529 145 324 150 90 126 106 120 11:30
441 143 225 147 182 130 204 124 12:00
256 138 225 147 380 136 299 127 12:30
256 138 121 143 342 135 234 125 13:00
586 135 100 142 132 128 265 126 13:30
25 127 64 140 42 123 106 120 14:00
25 127 9 135 12 120 106 120 14:30
4 124 4 130 0.25 117 28 115 15:00
4 120 144 120 56 109 39 116 15:30
49 115 484 110 156 104 28 115 16:00
586 331 253 433 v
122.1176 132.1176 116.5294 109.7059 Twean
145 150 136 127 Trmax
40 80 70 40 min
105 70 66 87 AT
99 75 65 85 o
9524 522¢17 <15 slasg, 4o (gands 3 il glas ,JLT 21 Jguo
Table 21 Error analysis of solar radiation forl5, 17, 22 and 24 June
Vag ( V\'/z%rz) Va2 ( V\Ilzérz) Viz ( V\Illr;rz) Vis (V\;rl'; 2 t(h)
46225 620 4225 680 18225 740 18496 740 8
9025 740 625 720 9025 780 7396 790 8:30
3025 780 2025 790 3025 820 4356 810 9
2025 790 5625 820 1225 840 256 860 9:30
25 830 8100 835 900 845 16 880 10
625 860 12100 855 625 850 144 888 10:30
1024 867 17689 878 225 860 361 895 11:00
3025 890 24025 900 625 900 900 906 11:30
4225 900 7225 830 1600 915 529 899 12:00
4900 905 21025 890 2500 925 400 896 12:30
5625 910 55225 980 2500 925 1156 910 13:00
4900 905 55225 980 2025 920 1156 910 13:30
4225 900 2025 790 2025 920 576 900 14:00
3025 890 7225 660 1600 915 1936 920 14:30
225 850 87025 450 1444 913 576 900 15:00
1225 800 196249 302 1225 910 1156 910 15:30
7225 750 187489 312 225 890 16 880 16:00
5916.1 40772.1 2883.5 2319.2 v
834.5294 745.4118 874.5882 876.1176 Ivtean
910 980 925 920 Imax
620 302 740 740 Imin
290 678 185 180 Al
76.9163 201.9212 53.69796 48.15783 o

9 o lasis 16 0,55 1395 L3T (Hurde Suilke uwire
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