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Fuel Cell Thermal Management Simulation
Model
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Abstract: According to the thermal characteristics of fuel cell,
the radiation module of fuel cell vehicle is calculated and the
simulation is modified with experiment results. Two different
models, logarithmic mean temperature difference(LMTD) and e-
NTU, are used in the radiation calculation. Both models prove to
be suitable for the calculation of thermal management system in
the fuel cell vehicles. A comparative study of the two methods
shows the errors of LMTD are bigger in low flow rate of coolant,
whereas ¢-NTU is superior to LMTD which is therefore used

more widely for its accuracy.
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Fig.1 Radiator in wind tunnel tests
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Tab.1 Experiment conditions and results

BENE R/ K/ ERME/ WOk A
(Lemin™)  (mes) (md+hD &/ C B/kW

4,26 3 054 53.0 10.9

5. 35 3 833 52. 6 11.9

57 6.43 4 608 52. 2 12.5

7.52 5 384 52.0 13.4

8. 58 6 143 51.8 13. 8

4,25 3 044 53.1 12. 8

5. 34 3 826 53.7 15.2

115 6. 40 4 581 54. 8 17.3

7.49 5 367 54.5 18. 6

8.59 6 156 53.6 19.5

4,23 3027 55. 8 14,5

5. 31 3 802 55.3 16,7

172 6. 39 4 576 55. 2 18.7

7.49 5 367 55.6 20. 6

8. 57 6 137 54.9 22,2
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Tab.2 Contrast between the calculated and
actual heat release by LMTD

(Lemin™!) (m+s 1) B/kW B/kW

4, 26 10. 89 12, 81 —17. 62
5.35 11. 88 14. 25 —19.93

57 6. 43 12.52 14. 85 —18. 65
7.52 13. 38 15, 88 —18. 67
8. 58 13. 82 16. 47 —19. 20
4,25 12. 83 13. 37 —4. 24
5.34 15. 21 15. 09 0.78

115 6. 40 17. 30 16. 72 3.33
7.49 18. 62 17.72 4.84
8.59 19. 53 18. 26 6. 52
4,23 14, 48 14, 05 2.95
5.31 16. 70 15, 60 6. 56

172 6. 39 18.74 16. 65 11. 16
7.49 20. 61 18. 02 12. 56
8. 57 22,17 19, 30 12. 96
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Fig.2 Relation between errors and velocities
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Fig.3 Relation between errors and coolant flow rate
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Tab.3 Contrast between the calculated and actual
heat release by the modified LMTD

BT R/ RE/ ThREH FRIRTA

(L * min~1) (me+s1) /KW 'H/kW wE/%
4, 26 10. 89 13.21 —21. 34
5.35 11. 88 14. 70 —23.72
57 6. 43 12,52 15, 48 —23.65
7.52 13. 38 16. 38 —22.42
8.58 13. 82 17.16 —24,22
4,25 12. 83 13.93 —8. 63
5.34 15,21 15,73 —3.39
115 6. 40 17. 30 17. 25 0. 28
7.49 18. 62 18. 47 0. 84
8.59 19. 53 18. 84 3. 56
4,23 14, 48 14,72 —1.64
5.31 16. 70 16. 34 2.13
172 6. 39 18.74 17. 44 6. 95
7.49 20, 61 18.78 8. 88
8. 57 22,17 20, 21 8. 84
1517
Lol = 1MTD

5L £ 1ELMTD

RE/%
I

123 éll 56 7 8 9101112131415
E ¥ SR
4 LMTD 5§ LMTD #3iR & K/ LS
Fig.4 Comparison of errors of LMTD
modified and LMTD unmodified
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Tab.4 Contrast between the calculated and
actual heat release by ¢~ NTU

BHB R/ R/ EhREh  HREER RE/
(L * min™1) (mes™ 1D '/kW '/kW %
4,26 10. 89 12. 01 —10.23
5. 35 11. 88 13.72 —15. 44
57 6. 43 12,52 14,02 —12.05
7.52 13. 38 15. 04 —12.42
8. 58 13.82 15, 20 —10. 04
4,25 12, 83 13.17 —2.70
5. 34 15. 21 15. 76 —3.62
115 6. 40 17. 30 17.52 —1.27
7.49 18.62 18. 17 2. 44
8. 59 19. 53 17. 99 7.91
4,23 14. 48 14. 36 0.79
5.31 16. 70 16. 00 4.16
172 6. 39 18. 74 16. 95 9.56
7.49 20. 61 17. 95 12. 90
8. 57 22.17 19. 39 12. 56
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Fig.5 Comparison of errors of three methods
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Tab.5 Variance of error of three methods

YRS WEHE
LMTD 152
£IE LMTD 156
eNTU 83
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SRR A I SR 22 080/ {EL[R] B 8 0 T /NI A
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