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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 
used to predict the efficiency of the solar system. The used data for the neural network analysis were 
measured by using experiments on a parabolic trough collector during four days in June. Variables such 
as solar radiation, ambient temperature and the output fluid temperature of the collector were considered 
as input parameters and the efficiency of the solar parabolic water heater was used as the output neural 
network. Different ANN models are presented based on the various input parameters and neurons. The 
ANN6 model with a 4-10-1 structure, with a root mean square error (RMSE) of 0.0061 and regression 
coefficient for train data (Rtrainl) 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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Fig. 1 The structure of the neural network 
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Table 1 Characteristics of parabolic trough collector 
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Fig. 2 Schematic of reflector surface  

 2    

  
Fig.3 Image of reflector surface 

 3  

Fig. 4 Absorber tube 
 4   

F=0.25m Rim angle= 99 

Aperture width=0.89 m 
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Table 2 Characteristics of measurement devices

           
  TES-1333  2000Wm-2  10Wm-2±  TES    

  
TES-1384   C 100 - 

+1370  C  
0.05±1 C  TES    

3   
Table 3 Characteristics of Behran oil 

( C))(kg/m3   100 C
(cSt)  

10W- 40  224  869  15.5  
 
 
 
 

  
Fig. 5 Image of pyranometer and datalogger  

 5    

  
Fig. 6 Image of the solar system 
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Fig.7 Schematic of the solar water heater system 
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Table 4  Results of the ANN model with different size of training and 
test set and mean RMSE (1394/3/25)   

                                              

  
0.03741  
0.038886  
0.051148  
0.064143  

  
0.044540  
0.085933  
0.168393  
0.150781  

--(%)   
20-10-70  
20-15-65  
20-20-60  
20-25-55  
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 5    
  

Table 5  Different combinations of input and Regression coefficients of 
the ANN models. 

 
           

  
 

  

 1  = ( ) 
0.69083 0.78052 0.1704 1×3×1 
0.73704 0.83343 0.1635 1×5×1 
0.71388 0.77015 0.1621 1×7×1 
0.66213 0.77095 0.2320 1×9×1 
0.64927 0.78451 0.1760 10×1×1 

 2  = ( , ) 
0.90653 0.92735 0.0977 2×4×1 
0.94183 0.94882 0.0868 2×5×1 
0.94603 0.98905 0.0755 2×7×1 
0.96413 0.98291 0.0668 2×8×1 
0.99011 0.99969 0.0349 2×10×1 

3 = ( , , )  
0.97582 0.98464 0.0523 3×3×1 
0.98567 0.99234 0.0459 3×5×1 
0.98120 0.97630 0.0506 3×6×1 
0.99824 0.99836 0.0147 3×8×1 
0.99959 1 0.0072 3×10×1 

 4  = ( , , time)  
0.98063 0.96505 0.0462 3×4×1 
0.98865 0.98740 0.0351 3×6×1 
0.99469 0.99526 0.0251 3×7×1 
0.99862 0.99797 0.0122 3×9×1 
0.99939 0.99961 0.0090 3×10×1 

5  = ( , time, ) 
0.98820 0.99755 0.0359 3×5×1 
0.99127 0.99965 0.0328 3×6×1 
0.99393 0.99246 0.0266 3×7×1 
0.99776 0.99986 0.0158 3×8×1 
0.99928 0.99998 0.0092 3×10×1 

6 = ( , time, , )   
0.99925 1 0.0102 4×4×1 
0.99857 0.99962 0.0126 4×5×1 
0.99942 0.99925 0.0091 4×6×1 
0.99946 0.99997 0.0081 4×7×1 
0.99954 1 0.0071 4×8×1 
0.99959 0.99998 0.0069 4×9×1 
0.99968 0.99995 0.0061 4×10×1 

  
 

 6 4 2015 
Table 6 Mean relative and absolute errors for 4 days (2015) 

) 2015(      
15   0.0061  0.027  

17   0.0063  0.036  

22   0.0049  0.009  

24   0.0111  0.0122  

   15 8 16 
6   

 8 
 . 

       15   0.99969  .
      1       
     .   

 9 
 

 
Fig. 8 Predicted efficiency versus actual efficiency for15 June (all data) 

  8          15  )
  

 
Fig. 9 Predicted efficiency versus actual efficiency for15 June (train 
data) 
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Fig.10 Predicted efficiency versus actual efficiency for 17 June 

  10           17  
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Fig. 11 Predicted efficiency versus actual efficiency (for 22 June) 
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Fig. 12 Predicted efficiency versus Actual efficiency (15 June) for 
upper limit of inputs 
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Fig. 13 Predicted efficiency versus Actual efficiency for 24 June  
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Fig. 14 Predicted efficiency versus Actual efficiency (15 June) for 
down limit of inputs 
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Table 7 Measurement data for 15 June 

th T/I T Tin
 

( C) Tamb( C) I(Wm2) t (h) 

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 47.5 80.5 33 895 11:00 
26.05 0.052428 47.5 81 34 906 11:30 
28.20 0.051502 46.3 81.3 35 899 12:00 
30.26 0.051004 45.7 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 35.5 910 15:30 
31.46 0.047727 42 77 35 880 16 

0.045 0.050 0.055
0.0

0.2

0.4

0.6

0.8

1.0

th

T/I(oCm2/W)

Fig. 15 Thermal efficiency of collector for 15 June 
15 15   

8 17 
Table 8 Measurement data for 17 June

th T/I I(Wm-2) Tin
 ( C) Tamb ( 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 

0.030 0.035 0.040
0.0

0.2

0.4

0.6

0.8

1.0

th

T/I(oCm2/W)  
Fig. 16 Thermal collector efficiency for 17 June

 1617   

  24   10  
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Table 9 Measurement data for 22 June 

  

th T/I I(Wm2) Tin
 ( C) Tamb ( C) t(h) 

21.5 0.013 680 37 28 8:00 
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 
20.2 0.021 855 53 35 10:30 
19.2 0.020 878 53.6 36 11:00 
18.0 0.020 900 53.6 36 11:30 
18.6 0.021 830 54 37 12:00 
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 
19.9 0.017 790 53 39.5 14:00 
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 
20.2 0.042 312 51 38 16:00 

  

0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050
0.0

0.2

0.4

0.6

0.8

1.0

th

T/I(oCm2/W)
  

Fig.17  Thermal collector efficiency for 22 June
17 22   

11   .

15 12 

17 22 13 14 
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Table 10 Measurement data for 24 June 

  

th T/I I(Wm2) 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 48.1 32.5 780 9:00 
16.2 0.023 51.5 33 790 9:30 
17.5 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 

0.018 0.020 0.022
0.0

0.2

0.4

0.6

0.8

1.0

th

T/I(oCm2/W)
  
Fig.18 Thermal collector efficiency for 24 June 

18 24   

 11 
Table 11 Error analysis of collector efficiency 

  Mean  max  min      v  

2015.6.15  24.64  24.64  17.10  7.53  3.77  14.19  
2015.6.17  18.449            
2.15.6.22  19.92            
2015.6.24 17.10            

 1215 
Table 12 SWHS efficiency for 15 June 

  

 qw 
(MJ) 

Tw 

( C) 
Tw 

( C) 
qc 

(MJ) 
Tf 

( C) 
Tin 

( C) 
Tout 

( C) 
t (h) 

   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 34.5 80.5 115 11 
0.6 0.6 3 45 1 39 81 120 11.5 
0.5 0.2 1 46 1 42.7 81.3 124 12 
0.4 0.6 3 49 1.2 45.3 81.7 127 12.5 
0.4 0.6 3 52 1.1 43 82 125 13 
0.4 0.6 3 55 1.2 45.2 80.8 126 13.5 
0.4 0.4 2 57 1 39.5 80.5 120 14 
0.3 0.4 2 59 1.1 40.2 79.8 120 14.5 
0.2 0.4 2 61 0.99 36 79 115 15 
0.1 0.2 1 62 1 38.5 77.5 116 15.5 
0.09 0.2 1 63 1.1 38 77 115 16 

13  17  
Table 13 SWHS efficiency for 17 June

  

 qw 
(MJ) 

Tw 

( C) 
Tw 

( C) 
qc 

(MJ) 
Tf 

( C) 
Tin 

( C) 
Tout 

( C) 
t (h) 

   33 0.33 43 80 37 8 
0.86 0.38 2 35 0.44 58 105 47 8.5 
0.83 0.51 2.7 37.7 0.61 81 130 49 9 
0.76 0.49 2.6 40.3 0.65 85 134 49 9.5 
0.7 0.47 2.5 42.8 0.67 89 140 51 10 
0.65 0.45 2.4 45.2 0.7 92 145 53 10.5 
0.6 0.43 2.3 47.5 0.71 94.4 148 53.6 11 
0.59 0.43 2.3 49.8 0.73 96.4 150 53.6 11.5 
0.56 0.4 2.1 51.9 0.7 93 147 54 12 
0.55 0.38 2 53.9 0.7 93 147 54 12.5 
0.53 0.36 1.9 55.8 0.68 89.5 143 53.5 13 
0.48 0.32 1.7 57.5 0.67 88.5 142 53.5 13.5 
0.47 0.28 1.5 59 0.66 87 140 53 14 
0.3 0.19 1 60 0.63 83 135 52 14.5 
0.22 0.13 0.7 60.7 0.59 78 130 52 15 
0.14 0.08 0.4 61.1 0.52 69 120 51 15.5 
0.08 0.04 0.2 61.3 0.45 59 110 51 16 
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Table 14 SWHS efficiency for 22 June   

t (h) Tw 

( C) 
Tw 

( C) 
qw 

(MJ) 
Tin 

( C) 
Tout 

( C) 
Tf 

( C) 
qc 

(MJ) 
 

8 29   30 70 40   
8.5 31 1 0.2 60 96 40 0.5 0.37 

9 35 3 0.6 62 104 50 0.6 0.88 
9.5 38 3 0.6 62 113 51 0.7 0.86 
10 40.5 2.7 0.6 65 126 61 0.8 0.65 

10.5 41.5 2.5 0.5 63 124 61 0.8 0.6 
11 44 2.3 0.4 60 120 60 0.8 0.56 

11.5 46 2.3 0.4 61 126 65 0.8 0.52 
12 48 2.1 0.4 63 130 67 0.9 0.46 

12.5 49 1.9 0.4 65 136 71 0.9 0.39 
13 50 1.7 0.3 66 135 69 0.9 0.36 

13.5 50.9 1.6 0.3 65 128 63 0.8 0.37 
14 51.7 1.3 0.2 63 123 60 0.8 0.32 

14.5 52.4 1 0.2 63 120 57 0.7 0.26 
15 53 0.8 0.2 61 117 56 0.7 0.21 

15.5 53.6 0.6 0.1 61 109 48 0.6 0.18 
16 54.1 0.5 0.09 62 104 42 0.5 0.17 

24 15 

1524  
Table 15 SWHS efficiency for 24 June 

  

t (h) Tw 
(°C) 

 
°C 

qw 
(MJ) 

Tin 
(°C) 

Tout 
(°C) 

f 
(°C) 

qc 
 (MJ) 

 

8 31   31 33 2   
8.5 33.7 2.7 0.7 38.2 80.7 42.5 0.4 0.9 

9 37.5 3 0.6 48.1 107 58.6 0.5 0.9 
9.5 40.8 3 0.6 51.5 116 64.5 0.6 0.9 
10 43.6 2.8 0.5 52.9 126 73.1 0.7 0.8 

10.5 46.3 2.7 0.5 54 135 81 0.7 0.7 
11 48.9 2.5 0.5 56.2 142 85.8 0.8 0.6 

11.5 51.2 2.3 0.4 57.2 145 87.8 0.8 0.5 
12 53.4 2.2 0.4 56 143 87 0.8 0.5 

12.5 55.4 2 0.4 56 138 82 0.8 0.5 
13 57.1 1.7 0.3 56.8 138 81.2 0.7 0.4 

13.5 58.6 1.5 0.3 56.4 135 78.6 0.7 0.4 
14 59.9 1.3 0.3 55 127 72 0.7 0.4 

14.5 60.8 1 0.2 56.8 127 70.2 0.6 0.3 
15 61.5 0.7 0.1 56 124 68 0.6 0.2 

15.5 61.9 0.4 0.1 55 120 65 0.6 0.1 
16 62.1 0.2 0.04 53 115 62 0.6 0.07 

17  
   

16  2015  

 19 20 21 

16 4   2015 

 .

16 
Table 16 Error analysis of SWHS efficiency   

 V    max  min  Mean    
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  
17  

Table 17 Error analysis of ambient temperatures 

  

v15 
 

Tamb15 
(°C) 

v17 
 

Tamb17 
(°C) 

v22 
 

Tamb22 
(°C) 

v24 
 

Tamb24 
(°C) 

t(h) 
 

40.0 26 90.3 24 61.6 28 36 31 8 
23.3 27.5 72.3 25 46.9 29 29.16 31.6 8:30 
11.1 29 56.3 26 23.5 31 20.25 32.5 9 
5.4 30 42.3 27 14.8 32 8.41 34.1 9:30 
1.8 31 12.3 30 3.42 34 4 35 10 
0.11 32 6.25 31 0.72 35 1 36 10:30 
0.45 33 2.25 32 0.02 36 0 37 11:00 
2.8 34 0.25 34 0.02 36 0 37 11:30 
7.1 35 0.25 34 1.32 37 1 38 12:00 
13.5 36 20.3 38 4.6 38 4 39 12:30 
21.8 37 6.25 36 17.2 40 9 40 13:00 
19.9 36.8 12.3 37 17.2 40 4 39 13:30 
17.4 36.5 20.3 38 13.3 39.5 4 39 14:00 
14.9 36.2 30.3 39 9.92 39 9 40 14:30 
13.5 36 30.3 39 9.9 39 16 41 15:00 
10.1 35.5 42.3 40 4.6 38 9 40 15:30 
7.1 35 42.3 40 4.62 38 4 39 16:00 

12.38 28.60 13.76 9.34 v 
 33.3  33.5  35.9  37.0 TMean 
 37  40  40  41 TMAX 
 26  24  28  31 TMIN 
 11  16  12  10 T 

18   
Table 18  Error analysis of tank water temperature 

  

v24 Tw24 (°C) v22 Tw22 (°C) v17 Tw17(°C) v15 Tw15 (°C) t(h) 
392.4 31 294.1 33 261.2 29 484 24 8 
292.8 33.7 229.5 35 200.5 31 400 26 8:30 
177.2 37.5 155.0 37.7 103.2 35 256 30 9:00 
100.2 40.8 97.0 40.3 51.3 38 144 34 9:30 
51.9 43.6 54.0 42.8 21.7 40.5 81 37 10 
20.3 46.3 24.5 45.2 13.4 41.5 36 40 10:30 
3.7 48.9 7.0 47.5 1.4 44 16 42 11:00 

0.15 51.2 0.1 49.8 0.7 46 1 45 11:30 
6.7 53.4 3.1 51.9 8.1 48 0 46 12:00 

21.07 55.4 14.1 53.9 14.8 49 9 49 12:30 
39.6 57.1 31.9 55.8 23.4 50 36 52 13:00 
60.7 58.6 54.0 57.5 32.9 50.9 81 55 13:30 
82.6 59.9 78.3 59 42.8 51.7 121 57 14:00 
99.8 60.8 97.0 60 52.4 52.4 169 59 14:30 
114.3 61.5 111.3 60.7 61.5 53 225 61 15:00 
122.9 61.9 119.9 61.1 71.2 53.6 256 62 15:30 
127.5 62.1 124.3 61.3 79.9 54.1 289 63 16:00 

1713.9 1495.3 1040.3 2604 v 
50.8 50.2 45. 2 46 TMean 
62.1 61.3 54.1 63 Tmax 
31 33 29 24 Tmin 

31.1 28.3 25.1 39 T 
41.4 38.7 32.3 51.0  
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Table 19  Error analysis of inlet oil temperature   

  

v24 Tin24(°C) v22 Tin22(°C) v17 Tin17(°C) v15 Tin15(°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 5.2 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 5.2 63 38.2 81.3 12:00 
13 56 9 54 18.4 65 43.3 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 28.9 80.5 14:00 

19.4 56.8 1 52 5.2 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 77.5 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 TMean 

 57.2  54  66  82 TMAX 

 31  37  30  30 TMIN 

 26.2  17  36  52 T
6.9 4 7.9 12.2  

20 
Table 20 Error analysis of outlet oil temperature   

 

v24 Tout24 
(°C) v22 Tout22 

(°C) v17 Tout17 
(°C) v15 Tout15 

(°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 TMean 

 145  150  136  127 Tmax 

 40  80  70  40 Tmin 

 105  70  66  87 T 
99  75  65  85   

21  151722 24   
Table 21 Error analysis of solar radiation for15, 17, 22 and 24 June

 

v24 I24 
( Wm-2) v22 I22 

( Wm-2) v17 I17 
( Wm-2) v15 I15 

(Wm-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 IMean 

 910  980  925  920 Imax 

 620  302  740  740 Imin 

 290  678  185  180 I 

 76.9163  201.9212  53.69796  48.15783  
   


