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Tom tit

Bai bao nay tac gid trinh bay két qua nghién ciru
danh gia dnh huong cua nhiét dé vdn hanh toi
hiéu qua lam viéc cua pin nhién ligu kiéu mang
trao déi. Trong nghién cizu nay md hinh 3-D tinh
todn pin duroc xay dung va gidi bang phicong phdp
phan tiz hitu han. Diéu kién nhiét dé van hanh
dwoc nghién ciu diéu tra anh hieong dén tham so
lam viéc cua pin. Két qua chi ra rang tgi nhiér do
cao c6 thé lam tang théng lwong dong dién va ting
dwoc mdt dg cong suat cua pin. Tuy nhién, néu
nhiét do hoat dong cua pin qua cao thi théng
lrong mdt dg dong va mér dg cong sudt giam. Khi
tang nhiét dg Van hanh thi dé dan dién cia mang
trao d6i va nong d céc chdt tham gia phan iing
dién héa cé xu hwéng tang dan, nhung néu nhiét
dé tang qua cao ca hai tham sé nay lgi c6 xu
hwong giam.

Twr khéa: PEMFCs, nhiér d6 van hanh pin nhién
liéu, m6 hinh 3-D pin nhién liéu.

Abstract

This article presents the results of the research
effection of operating temperatures on the
performance of proton exchange membrane fuel
cell. In this study, the 3-D fuel cell calculation
model was created and solved using the extended
finite element method. Effect operating
temperatures on the parameters of the fuel cell
were investigated. The results showed that the fuel
cell operating at high temperature increases the
current density flux on the plates and the power
density. However, the operating temperature of the
fuel cell is too high lead to the current density flux
on the plates and the power density reduction. The
fuel cell operates at a high temperature that the
concentration of electrochemical reactants and
protonic conductivity of the membrane increases.
However, the operating temperature of the fuel

cell is too high lead to both these parameters
reduction.

Keywords: PEMFCs, fuel cell
temperatures, fuel cell model 3-D.

operating

1. Mé dau

Pin nhién liéu kiéu mang trao d6i (PEMFCs) la
cdng nghé tién tién cé thé thay thé cho cac cong nghé
chuyén déi nang luong truyén thong [1], do nhu ciu
st dung nang lugng bén viing va sach hon trén thé
gidi ngay cang tang [2], thém vao d6 hiéu suat chuyén
d6i ning lwong cao hon so véi cac loai pin nhién liu
khéc [3, 4]. Trong thoi gian gan day mét sb lwong Ién
nghién ciru d& cap dén viéc thiét ké pin nhién liéu kiéu
mang trao d6i dé gidp cai thién hiéu suat, giam chi phi
va do bén cua ching [5, 6]. Viéc thiét ké va phat trién
PEMPFCs chu yéu dya trén diéu tra sb, vi thiét ké c6
thé gitip dua pin vao thir nghiém va tng dung nhanh
hon. Thém vao d6, phuong phap diéu tra sé cho phép
ta nghién ctru nhiéu cau tric phuc tap va cac diéu kién
hoat dong khac nhau cua pin nhién liu. Véi nhiéu loi
thé vurot troi so vai phuong phép thyuc nghiém thi viéc
xay dung mé hinh Iy thuyét va mé hinh sé Ia thyc su
can thiét [7].

Hiéu qua hoat dong ciia PEMFCs phu thugc nhiéu
yéu té nhu cu trdc hinh hoc ciia pin (kich thudc kénh
dan, kiéu dang va do day Iop chat khi khuéch tan, cau
trac mang trao ddi,...), diéu kién van hanh (nhiét do, &p
sut, do 4m chét phan ung,...), van dé kiém soat nudc
tao ra va lam mat cho pin nhién ligu,... Vi vay, dé khao
st duoc sy anh huéng cua cac yéu té nay ching ta can
phai xay dung mot md hinh sb dé tinh toan danh gia
anh huong cua cac tham sb nay dén sy van hanh cia
PEMFCs. Nhiét 6 van hanh Ia mot trong nhiéu yéu té
anh huong 16n d&én hiéu qua hoat dong cua PEMFCs,
nén viéc phai xac dinh duoc nhiét d6 van hanh téi wu
caa pin nhién liéu 1a rat can thiét [8].

Trong nghién cau nay tac gia xay deng mo hinh 3-
D tinh todn cho PEMFCs st dung phan mém Ansys-
CFD. M6 hinh tinh todn nay cho phép danh gia anh
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huéng cua nhiét do6 dén kha ning van hanh cua
PEMFCs. Két qua nghién ciru 1a co s¢ dé xac dinh
khoang nhiét do van hanh téi uu cho PEMFCs.

2. Co s& ly thuyét tinh toan pin nhién ligu

2.1. M6 hinh tinh toan cac phan #ng dién hoa
trong pin nhién li¢u

M6 hinh tinh toan cac phan tng dién hda la tinh
toan tdc do cua cac phan ¢ng tai cac cuc Anode va
Cathode. Pong luc cac phan ung nay 1a dién thé bé
mit, 1a su khéc biét gitra dién thé cua pha chat ran va
dién thé pha cua chat dién phan hoic mang. Mé hinh
dién héa pin nhién liéu dugc md ta qua hai phuong
trinh (1), (2) nhu sau [9-11]:

l7(0-501' Vd)sol) + Rsol =0

V(O-mem : V¢mem) + Rmem =0

1)
)

Trong dé:

Gsol, Omem: 1an luot 13 d6 dan dién cua pha rin va
mang [Q1.m1].

dsol, Gmem: 1an Tugt 1a dién thé dién tich tai pha rin
va mang [V].

Rsol, Rsol: 1an Iuot 12 dong dich chuyén thé tich cua
pha rin va mang [A/m3].

Mat d6 dong cuc bo bén trong 16p xac tac dugc
tinh toan sur dung cdng thirc chung cua Butler-Volmer
duéi day [9-11]:

— ]ref

HZ v Aan Fr]an acat Fr]an
an (Hm) [eXp( RT )_ EXp( )] ®)

02 Vo Aan Fncat acat Fncut
) Fon () s om (-] ()

Oy e
Trong d6: Ha/Hayrer VA O2/Og e dai dién cho nong
do loai tham chiéu trén cyuc duong va cuc am; Jef I3
mat do dong trao d6i tham chiéu; a 1a hé sé dich
chuyén; y 1a hé s6 ndng do; F 12 hing sb Faraday; 1 1a
viing bé mat qua thé, gy ra ton that cho kich hoat.

Reat = 1o (

Sy khac nhau gitra dién thé chét ran va mang tai
cuc Anode dugc tinh theo phuong trinh (5). Sy khac
nhau dién thé pha rin, mang va dién thé ho mach Vo
duoc tinh toan theo cong thac (6) [9-11]:

Nan = Psol = Pmem (5)

Ncat = Psol = Pmem - Voc (6)

Déi véi mang duogc coi la ving xdp, d6 dan dién
protonic dugc tinh toan nhu sau [12]:

1 1
G = (0,5142, - 0,326) 6125 (303 7) 7
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Trong dé:

A: Lugng nuéc chira trong mang trao doi

Luong nudc chira trong mang dugc tinh todn theo
cbng thuc sau [12]:

A =0,043 +17,8a - 39,85a% + 36a° (a<l)  (8)
A=14+1,4(a-1) (a>1) 9)
a=—"+2s (10)

sat

Trong d6: s 1a phan trim theo thé tich cta nudc &

dang long; a 1a nuéc hoat dong; Puy 14 4p suat héa hoi

Clia nuGC; Pey 13 &p sudt bao hoa nuée.

2.2. Dinh lugt bdo toan va cdic phwong trinh
cha dgo

Phuong trinh dinh luat bao toan khéi lwong [13]:

d(p-w)  9(p.v) + a(p-w)

0x dy oz Sm =0 (1)
Phuong trinh bao toan md men [13]:
6(p u) d(p.u) d(p.u)  oP
+v +w =
0x ay 0z T ox
du a du (12)
(#eff 3 x) +-- (Meff 3 y) 55 (Heti52) + Sx
O0v) | apw) | apy) 0P
0x dy 0z 0x
v a v a v s (13)
FM (Meft a) + B (Meft @) +t3 (Meft E) +S,
LW | 0w | dpw) 9P
ox 0y 0z T ox
ow (14)
(Ileff 6x) +— (.ueff 3y ) & (pefr E) +S,
BN WO (A WO
= (kx)’sy_ (ky>'sz_ (kz) (15)

Trong d6: u, v, w 1an luot 1a van tdc theo cac phuong
X, y, z; p 1a mat do cua khi; P 12 &p sut tinh; pesr 12 hé
s6 van tc; p 1a van téc cua khi; ky, ky, k; 1an Tuot 12
d6 tham thau cua 16p xuc tac va lép khi khuéch tén.

Phuong trinh nhiét [13]:

d(p.c,. .Cp. .Cp-
L205 T)Ha(p 5 T)+Wa(p -T) _
ax 6y 0z
aT (16)
(keff Fp ) +t35 (keff 3y ) +t3; (keff 5) + Sh
Sh = hreact - Ran, cat-Nan, cat+|2Rohm + hL (17)

Trong d6: S 1a tdng ngudn nhiét; kes 1a diéu kién
nguon tuong tng voi do dan nhiét hiéu dung; hreact 12
su thay doi enthalpy do phan tng dién hoa; Ran,cat 12
dong dich chuyén; Nan,cat 12 qua thé dién cuc; Ronm 12
dién tré thuan; hy 1a thay d6i enthalpy do hoa hoi cua
nudc.

Phwong trinh dich chuyén cac loai trong pin [13]:
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dap.yi . 9p.yi 9p.vi
+w =
ox dy 0z 18
9 o020y + 2 o0, 2y L o, Wy s (1)
0x(P iax) 6y(p iay) 6z(p iaz) i

Trong d6: Dj 1a 6 khuéch tan ctia mdi loai thr i;
Si 1a diéu kién ngudn cho mdi loai duoc mé ta theo
cong thuc dudi day [13]:

My u

Sh, = — SF 2Rin <0 (19)
M,

S0y = =5 Reae <0 (20)
M

SHZO = _%Rcat >0 (21)

Str dung Dinh luat khuéch tan Fick dung dé phan
tich tinh toan luu lugng khdi lwong khuéch tan [13].

15
o (Po\ (T
o= (5)(7)

Trong dé: D 1a khéi lwong khéch tan ctia mdi loai
thir i tai nhiét d6 va ap sudt tham chiéu (T, = 300K,
P, = 101325Pa).

2.3. Thiét Iap md hinh tinh toan pin nhién ligu

(22)

M® hinh tinh toan pin nhién liéu duoc xay dung
trén phan mém Ansys, két cdu mo hinh tinh pin dwoc
thé hién & Hinh 1, cac thdng sé vé kich thudc cua pin
duoc luya chon theo Bang 1.

Bdng 1. Thong sé co bén ciia pin nhién ligu [14]

Tham sé Giatri Do.m
Vi
Chiéu sau kénh khi 50 mm
Chiéu dai kénh khi mm
Chiéu rong kénh khi mm
Chiéu day l6p khuéch tan 0,3 mm
Chiéu day Iop xic tac 0,0129 mm
Chiéu day I6p mang 0,108 mm
Do xbp mang, em 0,25 -
bién 4p mdé mach 0,96 V
Mat d6 dong tham chiéu
20 A/m?
Cathode
Mat d6 dong tham chiéu Anode 5000 Alm?
Luu luong cap khi Hz 1,5.10* g.st
Luu lwong cip khong khi 1.10°3 g.st
Do am cuaa khi Hz 20 %
Do am cua khong khi 15 %
Ap suat van hanh cia pin 2 atm
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Céc ché d6 tinh toan trén md hinh: tinh toan pin ¢
diéu kién nhiét &6 van hanh khac nhau dé danh gia anh
huéng cua no téi hidu qua lam viéc cua pin. Tai moi
ché do nhiét 49, pin dwoc van hanh vai nhiéu mirc dién
&p khac nhau. Cac thdng s chinh cua pin duoc khao
sat gom: du doan su thay doi duong cong phan cuc,
mat do cong suat cua pin khi thay doi &p suat van hanh.
Dénh gia kha ning ngdm nudc va do dan dién cua
mang trao d6i. Phan tich quy luat phan b mét do dong
dién va sy phan bd truong nhiét do trong pin.

—» Ban cic Anode
Kénh din khi Anode
|, L6p khi khuéch tin Anode

L &p xuc tac Anode
Ldp xuc tac Cathode

" Ldp khi khuéch tan Cathode
— Kénh dan khi Cathode

—— Ban cyc Cathode

L6p mang«—

Hinh 1. Mé hinh tinh toAn PEMFCs trén phdn mém
Ansys-CFD

3. Két qua va thao luan
3.1. Anh hwéng cia nhigt dé van hanh téi dp
ddn dién va lwong nwéc chira trong mang

Do dan dién (o) va luong nudc chia trong mang
(1) c6 mdi quan hé mat thiét véi nhau. Khi mang chira
quéa nhiéu nuéc hoic mang qua kho déu l1am cho kha
nang din dién cia mang kém, didu nay lam ting ton
that dién &p cua pin. Hinh 2 chi ra rang, tai nhiét do
298K thi A 16n nhit va c6 xu huéng giam dan khi ting
nhiét do, tai nhiét do 373K thi A dat gi4 tri nho nhat.
Quy luat nay dung cho toan bo dai dién ap hoat dong
caa pin.

Trén toan bo dai dién ap van hanh cua pin, do dan
dién cua mang ¢ c6 xu hudng tang khi taing nhiét do
va giam dan khi nhiét d6 tang qua gidi han cho phép.
Tai ba gia tri nhiét do tinh todn la 298K, 353K va
373K thi o dat gié tri 16n nht tai nhiét do6 353K.

Khi pin van hanh ¢ dai dién 4p trén 0,6V thi gia tri
ctia A va o khong 6n dinh va bién dong manh. O dai
dién ap dudi 0,6V thi gia tri A va o it thay ddi va c6 xu
huéng 6n dinh.

180
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Hinh 2. Anh hwéng ciia nhiét dg téi dp din dign va

3.2. Anh hwéng cia nhiét dg van hanh téi tgi

luwgng nwdc chira trong mang

néng dp céc chdt phdn itng hoa hec

9.10e-01
8.65e-01
8.19e-01
T.74e-01
7.28e-01
5.83e-01
6.37e-01
5.82e-01
5.46e-01
5.01e-01
4.55e-01
4.10e-01
3.54e-01
3.19e-01
2.73e-01
2.28e-01
1.82e-01
1.37e-01
9.10e-02
4.55e-02
0.00e+00

Hinh 3. Anh hwéng cia nhiét dg téi néng dé Ha
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Hinh 4. Anh hwéng ciia nhiét dé téi néng dp O
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Két qua trén Hinh 3 va 4 duoc khao sét tai 4 mat
cit Z;=0mm; Z,= 16,7mm; Zs = 33,3mm; Z;= 50mm.
Tai 3 nhiét do T, = 289K; T,=353K; T3= 373K.

Hinh 3 va 4 thé hién sy thay ddi nong do cac chat
phan tng (Hz, Oy) tai hai ban cuc Anode va Cathode
theo cac nhiét do van hanh khéc nhau. Két qua tinh
toan chi ra rang nhiét d6 van hanh cia pin anh huéng
I6n dén ndng d6 cac chat tham gia phan tng dién hoa.
Cu thé, tai nhiét d6 353K thi H, va O, tham gia phan
(g nhiéu nhat két qua 1a nong d6 cac chat nay tai hai
ban cuc 1a nho nhat so véi truong hop nhiét do van
hanh la 298K va 373K.

Két qua tinh toan pin tai 3 gia tri nhiét d¢ ciing chi

ra rang su phan b4 nong do céac chit nay khong déu,
tai vling tiép gidp vai chat xdc tAc nong do cac chat
nay nho nhét, cac ving ¢ xa lép chat xlc tac nong do
cac chat nay tap chung nhiéu hon. Nhu vay, dé ting
hiéu qua hoat dong cua pin can thiét phai thiét ké kénh
dan khi sao cho ching c6 kha nang tiép xdc vai 16p
x(c tac nhiéu nhit dé cac phan ung dién héa dién ra
manh nhat, didu nay c6 thé l1am tang mat do cong sut
cua pin.
3.3. Anh hwéng cia nhiét dé vgn hanh téi
thong lwong mat do dong di¢n, mdt do cbng
sudt ciia pin, sw phan bé mat dé dong dién va
phan bé truwong nhiét dj

1 r 14
2,09 ‘1’0 < 12 5
208  ® [ =2
20 B
£ 0.7 - 10 =
€06 082
':E:. 0.5 2
g 04 06
E 0.3 L 04 §
502 -
<« r . «3-
201 s

0 - 0.0

0 05 1 15 2 25 3 35 4 45

Thong lugng mat do dong dién [A.cm™?]
— —e— — Mat dé dong tai 298 [K]

= —@— = Mat dd dong tai 353 [K]

— —&— — Mt d§ dong tai 373 [K]
——&—— Mat d0 cong suat tai 298 [K]

Hinh 5. Anh hwéng ciia nhiét dp dén théng lweng
mdt dp dong dién va mdr dg cong sudt ciia pin

Théng lwgng mat do dong dién va mat do cong
suét pin |a hai théng sé co ban, quyét dinh dén chi tiéu
ky thuat cta pin nhién liéu cting nhu kich thuéc co
ban caa pin. Hinh 5 chi ra rang khi nhiét do tang thi
thong lugng mat do dong dién va mat do cong suat c6
xu huéng ting, tuy nhién néu nhiét do ting qua mirc
thi ca hai gia tri nay déu giam. Tai 3 gié tri nhiét do
tinh toan la 298K, 353K va 373K thi thong lugong mat
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do dong va mat do cong suat dat gia tri 16n nhat tai
nhiét d6 353K. Nguyén nhan chinh Ia tai hai gia tri
nhiét d6 298K va 373K c¢6 ndng do cac chat tham gia
phan tmg dién hoa giam va do dan dién cua mang
giam (diéu nay ngin can kha niang trao doi proton qua
mang), két qua 1a théng luong mat do dong dién va
mat do cong suét pin giam. Pin c6 thé phat huy mat do
cong suat cao nhat tai dién 4p van hanh khoang 0,5V,
& cac murc dién ap 1én hon hoac nhé hon 0,5V mat do
cong suat c¢6 xu hudng giam va diéu nay dung cho ca
ba gia tri nhiét d6 van hanh cua pin.

8 75e+04
8.31e+04
7 88e+04
7 44e+04
7.00e+04
656e+04
6 130+04
5 60e+04
5 250+04
4.816+04

4.386+04
- 3040+04
3500+04
3.06e+04
2630+04
219e+04
1.756+04
1.316+04
8 750+03
4.386+03
0.840-24

AREE
-
-HHEE

Hinh 6. Anh hwéng ciia nhiét dg van hanh téi sw
phan bé mét dp dong dign trén cac ban cuc

Cathode: Anode

Cathode | Anode

.
Cathode: Anode

3548402 3730402

. l 354402 . 373402

3548402 3730402

354402 3730402

3540402 3730402

{ 354e+02 373402
H 3540402 3730402
H 3548402 3736402
H 3540402 3730402
E 354402 3736402
H 354402 3730402
| 1 B e B e
! 3530402 3730402
1 353e+02 3730402
h 3530402 3730402
| 3538402 3736402
i 3530402 3730402
: I I 3530402 | 3730402
h SRethe 3730402
H 3836302 3730402
; 353402 3730402

298 K 353K 373K

Hinh 7. Anh hwéng ciia nhigt dp dén sw phén bé
trwong nhiét dj trong pin

Hinh 7 thé hién két qua tinh toan sy phan bé
treong nhiét do cua pin theo nhiét @6 khac nhau. Két
qua chi ra rang truedng nhiét do cao tap chung chu yéu
& phan gitra ciia pin va tai mang trao d6i. Phia ban cuc
Cathode c6 nhiét d cao hon phia ban cuc Anode. Két
qua nay co thé duoc ly giai 1a tai phan giira cua pin
xay ra cac phan tng dién hda va cac phan trng nay sinh
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ra nhiét. Cac phan tmg dién hda tai ban cyc Cathode
sinh ra nhiéu nhiét hon so v&i phan ng tai ban cyuc
Anode.

4. Két luan

Két qua tinh ton pin nhién lidu theo cac ché do nhist
d6 van hanh khac nhau dua ra mét sé két luan nhu sau:
cting mat kich thudc cua pin thi mat do cong suat cd thé
dugc nang cao khi tang nhiét ¢4 van hanh cua chdng.
Tuy nhién, nhiét d6 ting qua cao thi hiéu qua lam viéc
cua pin giam manh do ton that dién ap tang.

Khi tang nhiét d¢ thi cac phan (mg dién hoa xay ra
manh mé& hon, dan dén lam tang dugc thong lugng mat
d6 dong dién va mat ¢ céng sut cua pin. Tuy nhién,
nhiét @ van hanh cua pin khéng nén qué I6n vi khi do
cac phan ing hoa hoc trén ban cuc dién ra cham hon.

Khi tang nhiét d6 lam cho lugng nudc chira trong
mang giam dan, do nhiét d6 ciia mang ting 1én din
dén mang bi kho. Tang nhiét d6 thi d6 dan dién cua
mang ¢6 xu hudng ting, tuy nhién néu ting qua cao
d6 dan dién cua mang giam do mang bi khé.
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