CIESC Journal, 2017, 68 (S1). 125-133

&

y

<<y

ﬁﬁ?‘iﬁ’ti lq DOI: 10. 11949/j. issn. 0438-1157. 20170626

= 4R SRR B M IR R AR A ) B it 1 BE B E R 1

HRELE, T T, LMV, =RV, &2, kE?
R ARAMR A RE TR H AR B R G2 S0 5 S0 %, K 4000305
2 PR AR BTSSR, EE 400030)

RE: PR =0 S E A A 25 <A PEIRTE I RO AR R it RS T = AR SRR AR S B R, X
HL T PR R R AR O U S RS A L RSO R Bl ) o B ML A A% i i AR R AT TN, THREARAT TR A AR AR
AT PRI FL Tt A A BROFIORHE S i« RS T A B B TS e SR ORI R 380 B2 08 FEL T 1R BE Y
oM, SEREEW] . AT 333 plomin ' I, SR S5 E 0] 2 0 PR LURRACFIGR AR Al 2 32 FH A, AR A
UL AR BR D)8 B2 A 052 T 12001 50065 HMERL IR 0. 8 V IHRORIE 75 5 R Y A £E FL i 4 B2 A3 o5 FhL I 2 B2
f90.86% . HLMBERERIE A S MR BERG NI, (I RIZHTIR/N s SONIH) AL Bk 30 O, LT 4 P RE S 0

S TRE,
KR . OARSE AR AARES; TSN BUERL; AR Wish
hESES: TMI911.4 XHRERS: A XEHS: 04381157 (2017) S1—0125—08

Numerical study on performance of air-breathing microfluidic fuel cell with
three-dimensional graphite felt anode

HUANG Chengcheng"?, YE Dingding'->, ZHU Xun'?, LI Jun'?, FU Qian"?, ZHANG Liang'?

(! Key Laboratory of Low-Grade Energy Utilization Technologies & Systems, Ministry of Education
Chongqing University , Chongqing 400030, China;® Institute of Engineering Thermophysics ,
Chongqing University , Chongging 400030, China)

LT 244k 2017 4F 55 68 % 46 S1 #] | www. hgxb. com. cn

Abstract: An air-breathing membraneless microfluidic fuel cell (MMFC) with a three-dimensional graphite

felt anode is proposed and simulated. The graphite felt, used as anode catalyst layer as well as diffusion

layer of fuel cell, provides more possibility to improve the performance of MMFCs owing to its large

porosity. A single-phase, three-dimensional and isothermal steady flow model under acidic electrolyte

condition is established for the proposed MMFC with comsol multiphysics. The characteristics of mass

transfer and fuel crossover as well as the influence of flow rate of reactants and thickness of the graphite

felt on the cell performance are discussed. The results show that comparing with the carbon paper and the

carbon cloth flow-through anode, the maximum current density and the maximum power density of the
MMFC with a graphite felt anode increased 12% and 50% at the flow rate of 333 pul-min"', respectively.

The ratio of parasitic current density caused by the fuel crossover to the output current density was 0. 86 %
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when the cell voltage is 0. 8 V. The current density and power density increase with increasing thickness of

graphite felt and reactant flow rate, and then trend to be steady.

Key words: microfluidics; fuel cells; graphite felt; flow-through anode; numerical simulation; mass

transfer; flow

—_

E

=

fen PR RE (45 2CF8 B0 F a8 R DRk & Jre fefi 1 0t

e B B R Y BB B R 0 R S OR A B T 4R

L, fORORE F L B T B R AR

s SR, B AT R LA SR B A AL
ZE) T ORI . MR — P % IR AR
HEY. TG MR TR U AR R B FL 3 ( membraneless
microfluidic fuel cell, MMFC) #FH. {8 18 i 2
AR RN L AL B AR B A R I A A 7
RIS, DAL ALY F AR R RS
BEER T, FRAR T HMAS [ R A
T RIS T T E B R A A SR AR DG IR,
I, WELRER T,

I MMEC R FI % i U0 o A0, (HAH
PeTi & . 28 P A S B A B ROV A R A
PRI R FH 28 A3 P A T A i S AR i, il
BB RS LIS T, FEr b B . B ¥ i 52 R
JEOCHHE, WFST R PR AT 2385 PR A I F v 1 R LL A%
GV B 4 i 24. 5065 o BRACHIBR A 2 MMEFC
Hh s T LA BE s 38 4 A 1 0] 7 2 Tl 4R/ ik
MRE IR e )Z, XARE R R
B E AR, LR TR EA =i g5 it
A)Z AT 20 BA A . 7E 2 LI U FEL b SRy flk L
P = AR, T EAARKW LRI,
A AR A U Oy OB AR 1 380 T 0 SR AL
BN ERIE B = dE S5 Ak )20, itk — iR T
HELAHCE A AL F b PR RE B L T AR K A 7T g

ASCUA R FH A 58 8 oy AT 32 3% B A /Y IR
MMFC 1E RN G, dEar T =45 R ECE AR,
Xof R Yt SRR A H A VR Y S RS . PG R Bl
1% R AR 1 R AT, oA it N RS
J SBEm e, I e A SR BHAR S E e S i
O CGPRRLRIR RO OoF i P BE P A Y 52
1

B AEAE

1.1 HEXE
B 1 s R ST ) LA AR X da AU 25 44 Py

I In

i

)

b

P BRRLRIE (AC), fBHIHB (ACL). Hif#
WOREHE AW EE  (RiFR “ EWiE”, MO Pk
R AR [WGE2AY 802 (CDL) #if#fk
2 (CCLY] 4 #ord k. BAFAAE oy VY
JURRSESE A . i T U X TF y-2 ST %
PR, PR B LAAT DXk g — 2 A Ry i 33 DOtk A 70
B, JUSEnER 1 R,

z

J

ambient air

_—

7 //
ACL" /
/
AC 7 (0,0,0)

B 1 i XEUR R
Fig. 1 Computational domain of present MMFC

\ fuel inlet

1 JARBR~TSH

Table 1 Dimensional parameters of geometrical domain

Dimension parameter Value/mm Source
length of channel 20 estimated
width of channel 1.5 Ref. [8]

height of AC 1 Ref. [8]
height of MC 2 Ref. [8]
thickness of ACL 0.5 estimated
thickness of CCL 0.02 Ref. [8]
thickness of CDL 0. 26 Ref. [8]
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Table 2 Properties used in model

Parameter Value Rel.
density,p 1000 kg*m? [8]
viscositys ¢ 0.001 Pa-s [8]

diffusivity of fuel,D; 5X10710 mZ.s—t  [8]
1000 molem ™3

2.1X107 5 m?.s~! [8]

fuel inlet concentration.Cy
diffusivity of oxygen, Do

oxygen mass fraction at 0.228

air/cathode interface,wo.o
porosity of anode.e, 0. 929 [18]
3.46X10712 m? [18]
1000 Sem™! (18]
porosity of CDL,e.qa 0.7 [19]

permeability of anode, K ,

conductivity of anode,o,

porosity of CCL,e,q 0.4 [19]
1.0X10712m2  [19]
1.5X10 # m?  [19]

1.15X10' Sem~ ! [20]

7.27X10° Sem~!  [21]

43 Sem~! [8]
0.1194 Asm~2  [22]
0.0015 A»m~2  [23]

permeability of CDL,K .4
permeability of CCL,K,,q
conductivity of CDL,o.q
conductivity of CCL,o..d
conductivity of electrolyte,o;
exchange current density of fuel,zo,¢

exchange current of oxygen,i¢.,0

charge transfer coefficient of anode,a, 0.5 [8]

charge transfer coefficient of 0.5 [8]
cathode,a.

reference concentration of fuel, Cy, e 500 [8]

reference concentration of 8.5 [8]

oxygen, Co, ref

number of electrons transferred of 1 [22]
anode,n,

number of electrons transferred of 1 [22]
cathode,n .
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