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ARTICLE INFORMATION ABSTRACT

Original Research Paper Increasing of capacity in lead-acid batteries and reducing charging time in lower temperature are
Received 06 December 2017 considered as some main challenges of designers and manufacturers. Geometrical properties of battery
Accepted 23 February 2018 plates such as thickness and maximum activated area are some of effective parameters on battery

Available Online 15 March 2018 performance. Thus, determining of optimum values for independent variables is an important problem

for battery industry. In the present study, a numerical solution code is developed using computational

K ds: . . ; . .
,_s;’;v 22,3 battery fluid dynamic method to simulate battery behavior. Numbers of 50 runs are suggested using response
Optimization surface method. For each response one empirical model is extracted as a function of independent
Response surface method variables and from these models the optimization process is done. The results shows that in positive
Electrade electrode thickness of 0.078 cm, negative electrode thickness of 0.53 cm, separator thickness of 0.04 cm
Simulation . ) L. . K . L
and maximum activated areas for positive and negative electrode of 80 cm™ is an optimum condition to
get maximum capacity, minimum charging time and temperature. A confirmation test is done and it
demonstrates that the results are in good agreement to predicted optimum results. In conclusion, the
present study shows that by changing geometrical properties of the battery one can improve its
performance.
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Table 4 Reponses of each run accoring to amounts of independent variables

|):'>|).®L5|).3JEMW;Q&L&Q}‘&‘j‘ﬁ‘,&&LQ@Q4 Js»

T(K) CT(s) C(Ccm?®) Amaa(cm™) Amaa(cm™) RLs(cm) RL,(cm) RL;(cm) 1>l o Lo
1.0726 0.2853 0.26229 95 95 0.06 0.107568 0.06 1
1.079 0.2471 0.311628 95 83.1079 0.06 0.06 0.06 2
1.0881 0.1949 0.347538 95 95 0.0124317 0.06 0.06 3
1.0679 0.2113 0.215742 90 90 0.08 0.08 0.04 4
1.0816 0.2741 0.341592 90 90 0.04 0.08 008 5
1.0792 0.2532 0.315623 95 95 0.06 0.06 0.06 6
1.0868 0.2602 0.386538 100 100 0.04 0.04 008 7
1.0675 0.2652 0.246489 95 95 0.107568 0.06 0.06 8

1.07 0.1808 0.251699 90 100 0.08 0.04 0.04 9
1.0792 0.2532 0.315623 95 95 0.06 0.06 0.06 10
1.0792 0.2532 0.315623 95 95 0.06 0.06 0.06 1
1.0792 0.2532 0.315623 95 95 0.06 0.06 0.06 12
1.0685 0.217 0.219338 90 100 0.08 0.08 0.04 13
1.085 0.184 0.329606 100 100 0.04 0.04 0.04 14
1.0789 0.2162 0.311628 83.1079 95 0.06 0.06 0.06 15
1.0766 0.2898 0.337996 100 100 0.08 0.04 0.08 16
1.087 0.2303 0.382044 90 100 0.04 0.04 0.08 17
1.0813 0.3088 0.341592 100 90 0.04 0.08 0.08 18
1.0769 0.22 0.274172 100 100 0.04 0.08 0.04 19
1.0761 0.2513 0.327209 90 90 0.08 0.04 0.08 20
1.0767 0.1942 0.269678 90 100 0.04 0.08 0.04 21
1.0766 0.257 0.330805 90 100 0.08 0.04 0.08 22
1.0705 0.2052 0.256194 100 100 0.08 0.04 0.04 23
1.0767 0.2855 0.334401 100 90 0.08 0.04 0.08 24
1.0792 0.2532 0.315623 95 95 0.06 0.06 0.06 25
1.0816 0.3416 0.372893 95 95 0.06 0.06 0.107568 26
1.0813 0.2779 0.341592 90 100 0.04 0.08 0.08 27
1.0792 0.2532 0.315623 95 95 0.06 0.06 0.06 28
1.069 0.1751 0.247205 90 90 0.08 0.04 0.04 29
1.0843 0.1618 0.323613 90 100 0.04 0.04 0.04 30
1.0752 0.3427 0.302638 100 90 0.08 0.08 0.08 31
1.0796 0.2592 0.319618 95 106.892 0.06 0.06 0.06 32
1.0701 0.2009 0.251699 100 90 0.08 0.04 0.04 33
1.0868 0.2559 0.382044 100 90 0.04 0.04 0.08 34
1.0792 0.2532 0.315623 95 95 0.06 0.06 0.06 35
1.0792 0.2532 0.315623 95 95 0.06 0.06 0.06 36
1.0796 0.2917 0.319618 106.892 95 0.06 0.06 0.06 37
1.0687 0.2454 0.222934 100 100 0.08 0.08 0.04 38
1.0753 0.349 0.305635 100 100 0.08 0.08 0.08 39
1.081 0.313 0.345188 100 100 0.04 0.08 0.08 40
1.0751 0.3084 0.302638 90 100 0.08 0.08 0.08 41
1.0837 0.158 0.323613 90 90 0.04 0.04 0.04 42
1.0686 0.2411 0.219338 100 90 0.08 0.08 0.04 43
1.0594 0.1145 0.162908 95 95 0.06 0.06 0.012432 44
1.0765 0.1904 0.265183 90 90 0.04 0.08 0.04 45
1.0844 0.1798 0.323613 100 90 0.04 0.04 0.04 46
1.0662 0.1346 0.320386 95 95 0.06 0.0124317 0.06 47
1.0868 0.2265 0.377549 90 90 0.04 0.04 0.08 48
1.075 0.3027 0.299642 90 90 0.08 0.08 0.08 49
1.0768 0.2157 0.269678 100 90 0.04 0.08 0.04 50
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Table 5 Optimum amounts for different responses

Des. T° t  C°  Amas Amaxs RLs RL, RL,

102 1072 102 1072 1072 &

0.93 383 100 100 4 4 1
0.83 14.2 80 803 79 4 2
0.69 1.069 90 100 8 3
0.77 175 364 80 80 4 4 7.3 4
057 1072 165 275 80 80 7.8 4 5.3 5

! Desirability

2 Simultaneous objective function
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Fig. 5 Contour of dimensionless temperature in thickness of electrodes
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Fig. 6 Contour of charging time in thickness of electrodes
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