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TCorresponding, author :
hcju@inha.ac.kr Abstract >> This study introduced a direct contact heat exchanger to enhance the

_ efficiency of polymer electrolyte membrane fuel cells (PEMFCs) systems. According
ggsiz';’:d ;‘12’:?;%22;24 to previous research, 28% of the operating costs of fuel cell systems are attrib-
Accepted 23 April, 2024 uted to heat exchanger devices, prompting the design of a direct contact heat ex-

changer to address this issue. Optimal configurations were determined through
computational fluid dynamics analysis and experimental device fabrication, and
the enhanced heat exchange performance of the heat exchanger was ex-
perimentally confirmed. Through this, the contribution of the direct contact heat
exchanger to the heat management and efficiency enhancement of PEMFC sys-
tems was established.
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Table 1. Description and operation condition of the flow plate in
computational domain

Description Value
Flow plate width (wcn) 0.5m
Flow plate length (Lcn) I m

Inlet air flow fa‘f/tle 0.61321 CMM
per flow plate (., )
Inlet air flow rate 132729 ms

per flow plate (.., )

Inlet water f1 t
e water Fow fate 45597 x 10°LPM
per flow plate (m,., )

Inlet water flow rate

-2
per flow plate (m,, ) 1.51992 x 10" m/s

Waveform landscape 5.52 x 107

Angle of flow plate (6cn) 30°
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Table 2. Description of the flow plate cases

Case No. h,, (mm) hen (mm) L, (mm)
1 5
h,+3.6
2 7
3 9
hy,+4.6
4 11
5
5 7
h,+5.6
6 11
7 5
h,+ 6.6
8 9
9 5
h,+3.6
10 9
11 7
h,+4.6
12 11
6
13 5
h,+5.6
14 9
15 7
h,+ 6.6
16 11
17 7
h,+3.6
18 11
19 5
h,+4.6
20 9
7
21 7
h,+5.6
22 9
23 5
h,+ 6.6
24 11

*Height of CS (hy), interval of FP (he), interval of CS (L;)
CS, curved Surface; FP, flow plate
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Table 3. Results of heat exchange dynamics parametric study case

Fig. 6o Lehl 37] &%
6](h,) 7 mm?] caseo] X

JolsE 37

s R 715}
E3F 929} Afo)

y
9

9

9] vortex flow T,—%

& Hoj

2o
[
e
2}
>.
J
fo
Y

:rL7}O§ 1,]--,4017\% 011:} 3719 main stream->

Case AP AT A Twater Utotal per channel Utotal hiotar
No. [Pa] [°’C] [°C] [W] [kW] [W/C'm’]
1 26.88 18.38 12.15 231.102 24.497 21.938
2 25.59 18.40 12.24 232.814 24.678 23.097
3 24.52 17.24 11.34 240.671 22.864 18.526
4 23.25 17.27 11.35 240.883 22.884 18.994
5 24.52 16.04 10.53 246.867 21.231 15.119
6 22.03 16.29 10.81 253.432 21.795 16.980
7 23.25 14.70 9.75 252.025 19.658 12.585
8 21.93 15.11 9.91 256.161 19.981 14.172
9 21.68 18.13 12.03 255.315 24.255 21.674
10 18.55 18.30 12.10 256.800 24.396 24.198
11 22.97 16.82 11.16 261.637 22.501 17.489
12 20.43 16.89 11.19 262.340 22.561 19.189
13 22.98 15.42 10.21 263.915 20.585 13.745
14 21.80 15.63 10.33 267.017 20.827 15.217
15 21.24 14.40 9.52 266.586 19.194 12.669
16 19.54 14.67 9.71 271.907 19.577 14.440
17 16.29 17.93 11.88 278.517 23.952 22.323
18 10.80 18.18 12.05 282.502 24.295 25.450
19 20.65 16.52 10.98 283.819 22.138 16.694
20 19.69 16.62 10.94 282.785 22.057 17.888
21 20.17 15.23 10.11 283.108 20.384 14.304
22 19.99 15.45 10.19 285.348 20.545 15.187
23 20.22 14.01 9.26 278.657 18.670 11.719
24 18.59 14.33 9.45 284.375 19.053 13.553

*Air pressure drop between inlet & outlet (A Pajr)

*Alir temperature difference between inlet & outlet (A Tair)
*Water temperature difference between inlet & outlet (A Twater)
*Total heat-transfer (Uioa), total heat-transfer coefficient (hiotar)
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Table 4. Heat analysis results of various thermal flow conditions in case No.18

) Predicted external
Inlet water Inlet air air temperature [C] Pressure‘ 4 Temperature Utotat Vst bt
temperature | temperature - I drop of air |difference of water| per channel kW] |[WAC-m]
[C] [C] | mnitial object | W] [Pa] [C] (W]
analysis
-5 7.2 17.87 10.02 12.70 297.713 25.603 26.569
0 5.5 13.47 10.13 9.41 220.573 18.969 26.387
5 3.7 9.03 10.30 6.20 145.322 12.498 26.226
15 7 2.5 7.26 10.39 4.93 115.708 9.951 26.448
25 4.8 9.19 11.28 5.91 138.383 11.901 25.594
30 7.3 13.84 11.55 8.77 205.502 17.673 25.551
35 9.9 18.56 11.94 11.50 269.521 23.179 25.406
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