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Abstract: To address the demand for efficient thermal management of proton exchange membrane
fuel cells ( PEMFCs), this study investigates the enhancement of thermal management

performance using cooling channels equipped with novel bathtub-shaped convex tabulators. A
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full-cell metaphysics coupled model integrating electrochemistry, heat transfer, and fluid flow is

developed to systematically investigate the effects of the tabulators’ length ratio (LiL') ,

spacing ratio (P;L™') , and width ratio ( W:W ') on the heat transfer performance (Nu), flow

resistance ( ) of the cooling channels and the internal temperature field uniformity (¢) of the cell.

Results indicate that the bathtub-shaped convex turbulators significantly enhance the thermal

management performance of the fuel cell by modulating vortex structures, secondary flow

intensity, and boundary layer disturbance within the channel. Furthermore, the effects of various

structural parameters on thermal management performance exhibit complex nonlinear trends. A

comprehensive analysis of heat transfer and flow resistance reveals that the optimal design range

is achieved when L{L ' is approximately 0.3, P;L ' is around 0.22, and W W !

is near 0. 1.

Under these conditions, f increases by only 1.5% compared to the standard case, while Nu

increases by 21.01%. This study reveals the synergistic mechanism between heat transfer

enhancement and flow resistance induced by geometric disturbances, providing data and

methodological support for the design of next-generation PEMFC cooling channels that require

both high-efficiency thermal management and low flow resistance.

Keywords: proton exchange membrane fuel cells; metaphysics coupled; fuel cell thermal

management; novel cooling channel
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Fig. 1 Geometric model of PEMC with bathtub-type turbulator cooling channel
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Table 1 Geometric model parameters
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XU AR A E /mm 30
XU AR 96 BE / mm 2
XU A 1= BE / mm 2

P #0255 E /mm 0. 200

HEALJZ &5 B /mm 0.010

JBiF 22 el 25 BE /mm 0. 050
¥ K13 3 98 B /mm 1

¥4 H1 3 38 7 ¥ /mm 0. 500
R ) 38 38 B BE / mm 1
21 ) 38 3 15 B/ mm 1

LR K B /mm 9, 10, 11, 12

VB G AR FEBE /mm 0. 200, 0. 250, 0. 300, 0.350, 0.400

WL E B BE / mm 2,3,4,5,6
YT A PR B/ mm 0. 150
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Fig. 2 Diagram of geometric parameters for bathtub-type protruding turbulent cooling channels

K2 EARBF )R b A R AR FR R X 45 o O AR AT R AR B L R
Table 2 Research calculation case FH A BastRRA 22 RS SR il 28 % = 4k 5 18 7 1 90 Y-
Gl Lel” WW P HTHE 7 7 BRI AT SR ﬁ‘ﬂ*ﬁtiﬁ‘v}ﬁlﬁﬁuxﬂﬁiﬁi’%
! 0300 0- 150 0170 SR FH 2 ) 7 %6 HE AT 38 OIT LA KRG E 3
i z: jgz Z: 12 zjzz SR ME J RMS B3t . ) 1 45 @W”&ﬁ%%uzﬁ
\ o570 o150 o170 PRl 107", HARWSUR 2 WS E 107", 78 LRk
- 0. 100 0. 150 0. 170 FE SRR 29 1 000 45 J5 A6 I B A% A Ak 2 K Bt
. o100 o100 o170 T Ag A S 44 08 191 B 0 3 1 T
7 0. 400 0.125 0.170 SRR O R 25 3 s AR AT 100 90 S sk
8 0. 400 0.175 0. 170 B 5% 4% 28 B I ML ST 0 B 2 R TR R R 2 g o
9 0. 400 0. 20 0.170 BuE,
10 0. 300 0. 150 0.120 B S AR
11 0. 300 0.150 0. 140 W
12 0. 300 0. 150 0. 190 X EP) TV lepv) = S, “
13 0. 300 0. 150 0. 220 ﬁ¢u15§ﬁéﬂ$ﬁﬁﬂg K = 1, 2, -,
1.2 MEHEET N, Horp O 1 SRR MR 7 & i o 2 Ly

J T A58 B AR b T I A0 T 2 — A R R O 3 ALY K Z8 s v o M LR ST Y
SRRSO PEMFC 8P RS Rl 2 PR o HIRWE L e HALBR S, Bkt
MR, ABFFEIE T ANSYS Fluent 18.2 1 I,

zkxb. xjtu. edu. cn



112 [ 7 . ]

%60 %

EE B ¢

PEMFC #5854 19 Bt A 3 1A 249 1 U9 286 O 2 0
(LT B U A L S R T R R B R
Smr

%S,l)+v. () == Vp+V (u Vo) + S,

(5)
K p FURIE T 0" IR WA B TR
S, A EHRI, AN R TR XA TR 22 57, R
AR 38 T8 Hh Y Bl IR A
S, =0 (6)
Xt BLR R AR R R b s B G g
i

S, :—I%w (7

Ao s KARR AR Y 1BUZ FAEAL )2 198 i3 5
Jot ¥~ 52 e JE 9% R FEL YL A9 BE R ST 1E T AR AT R A
mr
JaT

(pv) §+ (ec,) (VT) =V (V) +S. (&)

Ko, FHERRA T iR S, 9 RE .
AR FL Y A A5 2 0 A SR 21 0 I 5 R
RN

L 1Y (epr,) = V (wepD V) +S., (9

o
e So R d0p B 73 B IR T 5 D FK O — T
SRR R R

K FLUENT #40RH A it S oC R B Py B 1) Al
SRR TS A, 02K AL 5 Butler-Volmer 77 2 ik A9
T A AL | R AT R R R 22 W AR I IE . A S 1
JI AR A

Ve (k'Ve) =S, (10)
Ve (ki'Ve.) =S, (1D
Ei N AP SN sl DO L S S e SSYORN
P ) B 7S AR LS T 1 LR SRR AL 5 S, LS,
G 91 Dy 1T ARV A% i L O BRI
1.3 hFREH

Ve 10 B A F ISR E SO R A
I HR 030 5 2R PR O S O 8 I U A B T 4
7E 353. 15 K AR  DUBLLLRT 1 52 e R AR R L itk
TAESAE T a3 A BB B R BRAE A F
W# 3,

zkxb. xjtu. edu. cn

3 BAERDFEMN

Table 3 Operation and boundary condition
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B e AR o 38 / 96 100
I3 45 AH X B/ %% 100
[ 1% 3845 7 / Pa 101 325
B SR ST R AL 3
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Table 4 Material properties of cooling water
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Fig. 4 Validation of the numerical simulation method
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