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MO PHONG ANH HUONG CUA CAC THONG SO PEN QUA TRINH
LAM VIEC CUA PIN NHIEN LIEU TREN O TO

SIMULATION WITH EFFECTIVE PARAMETERS TO WORKING PROCESS OF
FUEL CELL TECHNOLOGY ON AUTOMOBILE

P Khic Son
B6 mén Co khi O t6, Khoa Co khi, Truong Pai hoc Giao thong Van tai

TOM TAT

Nguén nang heong héa thach trén thé giGi ngay cang can kiét, cho nén viéc tim ra nguon
néng liwong thay thé bén ving sir dung trén 6 t6 thdt sw can thiét. Mgt trong cac nguon nang lwong
méi dang dirge cac nha khoa hoc trén thé gidi tdp trung nghién ciru dé la pin nhién liéu (fuel cell).
Bai bdo trinh bay mét s6 théng sé anh hwéng dén qud trinh lam viéc ciia pin nhién liéu nhu ap sudt,
nhiét do... trén co so do sé dwa ra danh gia qua trinh lam viéc cua pin nhién liéu voi sw anh huong
cia cdc théng s6 do. Tac gia da sir dung phan mém mé phong Matlab-Simulink dé mé phong qud
trinh lam viéc cua pin nhién li¢u.

Tw Khoa: Pin nhién liéu trén o to.
ABSTRACT

The worlds fossil energy sources are becoming more and more scarce, hence the need for
an efficient sustainable energy supply to be used in automobiles. One of the new energy sources
which is being focused in current researches is on researching by the world's scientists is fuel cell.
Fuel cell is not only an alternative energy source that is less polluting and independent of fossil
fuel resources while being fully compatible in conventional automobiles. In addition to applications
in automobiles, fuel cell allows a wide range of applications scalable from residential usage to
telecommunication devices such as cell phones, notebooks.

Keywords: Fuel cell; Automobiles, Vehicle;, Energy; Alternative.

1. PAT VAN DPE

Trong qua trinh lam viéc cua pin nhién
liéu c6 rat nhiéu thong sé anh hudng dén hiéu
qua lam viéc cua pin nhu nhiét do, ap suét. ..
Pin nhién liéu khong truc tiép ddt chay hydro
ma dung chét xuc tac dé tach cac electron tir
cac nguyén tr hydro cé trong nhién liéu dé
tao thanh céc ion, sau d6 hudng cac ion va cac

electron nay theo mdt chiéu nhit dinh dé tao ra
dong dién. Mit khac, san pham ciia qua trinh
phan tng chi 1a nudc, hoan toan khong gy 6
nhiém. Trong hau hét cac pin nhién li¢u, nhiét
d6 hoat dong gan nhu khong thay d6i. Bé diéu
khién cong suat dong dién ciia pin nhién li¢u,
ngudi ta chu yéu thay d6i ap suit dong nhién
ligu.
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2. KHAI NIEM, NGUYEN LY VA THONG
SO LAM VIEC CUA PIN NHIEN LIEU

2.1. Khai niém pin nhién liéu

Pin nhién liéu 1a thiét bi st dung hydro
lam nhién liéu dé sinh ra dong dién, proton,
nhi¢t va nudc. Cong ngh¢ pin nhién liu dua
trén phan tng chay don gian sau:

2H,+0,=2H,0 (1.1)

Nhién li¢u hydro dugc nap t6i cuc anot
(cuc am) cua pin, trong khi oxy nap vao cuc
catot (cuc duong) cua pin. Thong qua mot phan
ung hoa hoc, hydro s¢ dugc phan ly thanh mot
electron va mot proton. Céc electron di theo
mot chiéu do d6 tao thanh dong dién cung cap
cho tai. Con proton sé€ di qua 16p dién phan va
duoc tap hop lai & catot. Electron, proton va
oxy sé& két hop véi nhau tao thanh nudc. Qua
trinh dugc md ta & so dd sau:

(O]
L — — o o e
[ Hlmetrin Corona ] /
il o | g, O
*
H. H H H* + 0;
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Hinh 1. Nguyén ly lam viéc cua pin nhién liéu

Nhién liéu hydro c6 thé duoc nap tir
nhiéu hop chét cac-bon hydro khac nhau va co
kha ning tai tao. Vi thé, hydro c6 thé ldy tur
trong khi ga tu nhién hay ruou methanol. Pin
nhién liéu ciing c6 nghia 13 cung cap dong dién
thong qua mot phan ung hda hoc, do d6 no
c6 khi thai sach hon so voi qua trinh d6t chay
nhién liéu tryuc tiép.

2.2. Céc thong sé danh gia pin nhién liéu
Strc dién dong thuan nghich cua pin:
Xét phan tmg tong quat :

aA+bB —-cC+dD (1-3)

Trong do :

- A, B 1a cac chit tham gia phan tng;

- C, D 1a cac chét san pham cua phan
ing;

-a, b, ¢, dla cac hé sb can béng phan
ung.

Su thay ddi ning lwong tu do Gibbs cua
phan tng biéu thi bang biéu thirc:

. i
AG=AG " +RTIn =2

AH

(1-4)

Trong do :

- f 1a hoat do ctia chat I (I=A, B, C, D);

- R 1 hang s6 khi Iy tuong (R = 8,314J.
mol . K™);

- T 1a nhiét d6 Kelvin.

Thé biéu thuc (1-1) va biéu thuc (1-3)
vao biéu thire (1-4), ta duoc:

R f- £
-nFE = —nFE +RTIn =2
f, fg

. RT, fif]
Suyra: E=E" ——In—=2%
nF f,.f]

Trong tinh toan, ngudi ta thuong thay
cac gia tri cua hoat do cua cac chit A, B, C, D
bang cac gia tri 4p suat riéng phan (P) cua cac
chét do.

(1-5)

. RT. PP
Dodo: E=E - —In—=-Z2
nF PP

ATE

(1-6)
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Biéu thirc (1-5) va (1-6) xac dinh mbi
lién hé giira strc dién dong ctia pin & ap suat tiéu
chuan (latm) E° va strc dién dong cua pin ¢ ap
suat bat ky E. Strc dién dong E° & mot nhiét do
nao do co thé tinh toan tir AG® ctia phan tng
trong pin & nhiét 4o do theo biéu thirc (1-3).

2.3. M6 phoéng qua trinh lam viéc ciia pin
nhién liéu

Xét pin nhién li¢u dung nhién li¢u tinh
khiét va phan tng trong pin 1a:

1
H,+-0, = H,0()

Tt biéu thire (1-3), ta c6 thé tinh dugc
suc dién dong thuan nghich cia pin nhién liéu
& diéu kién ap suat tiéu chuan (1 atm) va nhiét
do6 tuyét d6i (298°K) nhu sau:

__ B3 oy
2.96,487

208

Lo 1
boivéiphanung: H, +-0,— H,O(g)
e 7 -
T L 118V,
2.96,487
Tir biéu thic (1-6), ta co thé thdy sic
dién dong cua pin ¢ nhiét do T tang khi &p suat
riéng phan cua nhirng chat tham gia phan ung
hodc gidm 4p sudt riéng phan cla cac san pham.

ta co thé tinh: Eg_;s =

Strc dién dong E cua pin nhién li¢u tinh
theo biéu thic (1-5) va (1-6) chi 1a gia tri tuong
{mg Iic mé mach (dong dién do pin tao ra bang
khong). Thuc té, khi pin nhién liéu van hanh,
dién 4p do no tao ra thudng thap hon do su sut
ap. Su sut ap chu yéu bao gdm: Sut ap do sy
kich hoat, sut 4p do dién tr¢ trong ctia pin nhién
lidu va sut 4p do ndng do cac chat phan ung.

tbhiéndp (V)

Sire dién ddng thufin nghich ~

- Sytdp do kich hoat

Sutidip do ndng dé
cde chiit phin dng
| Sutipdo dié¢n trd trong ciia pin

s}

Mt dd déng dién (mAkm’)

Hinh 2. Do thi biéu dién su sut dp cua pin nhién liéu
Sut ap do kich hoat (AV ):

bay la nang lugng kich hoat ctia phan
ung dién hoa tai cac dién cuc. Su mat mat nay
phu thudc vao phan ing xay ra, vat liéu va cAu
tric cua chat xac tac dién cuc, mic do hoat
dong cac cac chét phan tng, mat d¢ dong di¢n.

Do sut 4p nay thudng duogc tinh bang
phuong trinh Tafel:

e ™y
ET ! f
AV, = In — (1-9)
cnF |1 )
Hodc: AV, =a +bln(i) (1-10)
Trong do:
RT : RT
qa=—-— ]_'[']_ 1. A b -
onF (Gg v onF

- a1 hé s6 di chuyén electron ctia phan
ung tai dién cuc;

- 1 1a mat d6 dong dién;

- iQ la mat d6 dong dién trao ddi & trang
thai can bang.

Sut ap do dién trd trong cua pin nhién
ligu (AV,):

bay 1a sy sut ap do dién tr¢ cua cac
thanh phan c4u tao nén pin nhién liéu (dién tro
trong cua pin nhién li¢u). BJ sut ap nay duoc
xéac dinh bang cong thirc sau:
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AV, =R_.i (1-11)
Trong do:
- R, 1a dién tr¢ trong cta pin nhién ligu;
- 1 1a cuong do dong dién trén mot don
vi dién tich (mat d§ dong dién).

Sut ap do nong do cac chat phan tng
(AV)

Pay 1a su sut 4p do ndng do cac chit
phan tmg giam di trong qua trinh pin hoat dong.

Dién 4p roi boi ndng do cac chat phan
mg khong chi xay ra boi chat dién phan. Khi
chat phan tng hodc san pham & thé khi, sy thay
d6i 4p suat riéng phan ctia cic chat tai cac khu
vuc phan Gng cling lam thay d6i néng do cua
chung. Khi phan ung xay ra, oxy (thuong la
oxy tur khong khi) gﬁn bé mat dién cuc bi léy
di, 4p suat riéng phan cua oxy bi giam di so voi
ap sudt cua khoéi khong khi dua vao. Su thay
ddi 4p suat riéng phan nay ciing 1a nguyén nhan
gay nén sy syt ap cua pin nhién li¢u. DS sut ap
nay duogc xac dinh bang cong thic:

AV, =4,3110° T[In(B,,) = In(B, )] (1-12)

Do do, dién ap thuc té cua pin nhién
liéu (V) c6 thé dugc tinh bang cong thirc sau:

E_, =E, —AV, - AV, — AV _(1-13)

Nhu vay, hiéu suat dién ap cua pin nhién
liéu c6 thé dugce tinh bang cong thirc:

qv- — E-:ell
‘ E

(1-14)

1]

Tuy theo tirng loai pin nhién li¢u, hiéu
suat dién 4p cua pin nhién li¢u khoang 50% —
60%.

3. MO PHONG CAC THONG SO ANH
HUONG PEN QUA TRINH LAM VIEC
CUA PIN NHIEN LIEU

3.1. So' @6 md phéng
St dung phan mém Matlab-Simulink

dé mo phdng qua trinh lam viéc cua pin, ta co6
so do khoi qué trinh 1am viéc cia pin nhu sau:

Hinh 3. So' d6 khéi mé phong pin nhién liéu
*Thuat toan:
Khi ta cho T = (300-350) °K, P, = 1
atm, P =1 atm, chia khoang nhiét d6 tox T =

(300-350) °K twong tng tir 0 dén 10 trén dd thi,
ta s& c¢6 dd thi nhu sau:

Hinh 4. D6 thiE_, va T

Khi cho T = const = 340 °K, P, =1
atm, P_, = (1+10) atm, véi 05 mirc thay doi 4p

suat P_,, ta s€ ¢6 do thi sau:

Hinh 5. D6 thi E_,va P,),
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4. KET LUAN

Cong nghé pin nhién li€u ngay cang
dugc cac nha khoa hoc trong nude va trén thé
gidi tap trung nghién ctru nham giam thiéu tac
hai moéi truong do phuong tién van tai gy ra.
Bai bao tap trung d& cap dén qua trinh lam viéc
ctia pin nhién liéu, cac thong sb lam viéc cua
pin cling nhu mo6 phdng qua trinh lam viéc cua
pin véi céac dd thi mé ta mot cach truc quan, dé
hiéu. %
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