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NGHIEN CUU PANH GIA TINH NANG LAM VIEC CUA PONG CO XANG
O TO KHI CHUYEN SANG SU DUNG NHIEN LIEU HYDRO

Hoang Pinh Long’

Tom tat: Pimg trude nguy co can kiét nguon nhién lidu héa thach va sie phdt thai gdy 6 nhiém méi trwong
tram trong ciia dong co 6 16 hién hanh, viéc nghién ciu sir dung hydro 1am nhién liéu thay thé trén cic dong
co nay ¢é Y khoa hoc va nghia thuee tién cao. Bai béo nay trinh bay két gud nghién ciru mé phong danh gia
tinh kinh té va tinh hiéu qua cia déng co hydro dwoc chuyén doi tir dong co xang 6 té INZ-FE trén xe
Toyota Vios. Bong co khong thay déi két cau ma chi thay hé théng phun xang gian tiép bang hé thong phun
hydro vao dwong ong nap. Viéc nghién cizu danh gid dwoc thwc hién bang cdch so sanh dp sudt chi thi trung
binh ciia dong co khi sir dung hydro va khi sir dung xing ¢ ché do todn tdi (buém ga mé hodn toan) va so
sanh hiéu sudt nhiét ciia ddng co & cling toc dé va &p sudt chi thi trung binh. Két qua nghién civu cho thdy &p
suat chi thi trung binh ¢ todn tdi ciia dong co khi sir dung hydro giam 11% so véi khi sir dung xang trong khi
hiéu sudt nhiét tang dang ké. O cling ché dé toc do va &p sudt chi thi trung binh, hiéu sudt nhiét ciia dong co
hydro cao hon hiéu sudt nhiét cia dong co xang 3,9% vé gid tri hiéu sudt va heong tiang tiong doi Ia 8,8-

11,5% i tri hiéu sudt dong co nguyén thiy.

Tur khéa: Bong co hydro, dac tinh 1am viéc, md hinh héa dong co.

1. PAT VAN PE

Cung véi sy bung no cia nén kinh té dat nudc,
dong co ddt trong ngay cang phat trién va duoc sir
dung rong réi trén moi linh vuc kinh té, xa hoi. Hién
nay, sy tang trudng manh vé sé lugng dong co va 6
t0 s dung nhién li¢u hoa thach xdng va diesel dang
lam cho véan dé 6 nhiém méi truong tir khi thai dong
co trd nén tram trong va 1am can kién nhanh ngudn
nhién ligu ndy. Bién phap hiéu qua trugc mat dé
khic phuc cac van d& nay la nghién ctu sir dung
nhién ligu thay thé co muc phét thai doc hai thap
trén cac dong co 6 t6 hién hanh. Trong céc loai
nhién ligu thay thé, hydro (H,) 1a nguon nhién liéu
c6 thé tai tao, c6 thé duoc san xuét tir ngudn nudc vod
tan nén dugc xem la nhién liéu tiém ning cho dong
co dbt trong (Ghazi, 2003). H, khi phan ung véi 6
Xy tao ra san pham sach, chi co nudc nén khong gay
6 nhiém moi truong va khong gay hiéu tmg nha kinh
nhu khi str dung céc loai nhién liéu hoa thach. Thém
nira, theo Pourkhesalian et al (2010), nhién liéu H,
c6 dic diém chay nhanh, tri sé ¢ tan cao, chéng
kich no t6t nén rét thich hop véi dong co danh lira
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cudng biic va do d6 dé dang dugc sir dung lam nhién
ligu thay thé trén cac dong co xang hién hanh.

Dé c6 thé chuyén ddi dong co 6 to hién hanh
sang sir dung nhién liéu hydro can phai nghién cau
danh gia su thay d6i vé dic tinh 1am viéc cua dong
co dé c6 thé chon phuong an thiét ké chuyén doi hop
ly. D6i véi viéc nghién cau st dung céc loai nhién
ligu thay thé khac, dé c6 nhiéu cong trinh nghién ctu
danh gia kha nang thich ang vai nhién liéu méi cua
dong conhu cong trinh nghién ctu md phong so
sénh dac tinh l1am viéc va phat thai cia dong co khi
stir dung LPG va xang (Bayraktar, 2008), so sanh dac
tinh 1am viéc cua dong co sir dung CNG va xang
(Mustafi et al, 2006), so sadnh dac tinh lam viéc va
phat thai ctia dong co stir dung céc loai nhién li¢u khi
khdc nhau (Escalante et al, 2010). Cac két qua
nghién ciru da phan tich dugc dac tinh sir dung va
dua ra cac khuyén céo vé cach thuc sir dung cac loai
nhién liéu thay thé dugc dé xuat trén cac dong co
hién hanh. Bai bao nay trinh bay phuong phap xay
dyng md hinh mé phong va két qua nghién ciu danh
gia tinh kinh té va tinh hi¢u qua cua dong co INZ-
FE khi s dung hydro so véi nguyén thuy su dung
xang. Két qua nghién ciru cd thé 1am co so dénh gia
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vé phuong dién ky thuat kha nang sir dung hydro
trén cac dong co hién hanh va gidp d& xuat str dung
hiéu qua nhién liéu H; trén dong co 6 6.

2. MO HINH TOAN

Viéc nghién ctru dugc thuc hién bang phuong
phap mé hinh hdéa dong co hydro trén co s¢ dong co
phun xing gian tiép INZ-FE dang lp trén xe Tyota
Vios. Céc thdng s6 co ban ciia dong co duge chi ra

dm _ ﬂ

do do

du dm _dQ dV

m_

o do  do Z,:Jde

Trong d6, m la khéi lugng ctia méi chat (khi thé)
trong xi lanh; u — Noi ning riéng; p - Ap suat khi
thé; m; - Khéi lugng khi nap, khi thai va khi ro lot; h;
- Entanpi cua khi nap, khi thai va khi ro lot; Q -
Nhiét trao doi véi thanh budng chay; V - Thé tich xi
lanh; 6-g6c quay truc khuyu.

trén Bang 1. Pong co khong thay d6i gi vé két cau
ma chi thay viéc cép xing vao duong nap bang viéc
cap hydro vao dudng nap. Mo hinh tinh toan mo
phong dugc xay dung dua theo phuong phép cua
Ferguson (1986) sir dung cac phuong trinh bao toan
khéi luong va ning lugng cia khi thé trong xi lanh
tai mdi thoi diém goéc quay cia truc khuyu. Dang vi
phén cua cac phuong trinh ndy nhu sau:

(D)

()

Str dung mé hinh chay Vibe (Ferguson, 1986),
moé hinh truyén nhiét ctia khi thé véi vach budng
chay ciia Woschni (1967) va bién d6i cac phuong
trinh trén s& rut ra dugc mot hé phuong trinh vi phén
Cép I moé ta sy thay doi ap suit, nhiét do, sy sinh
cong theo goc quay truc khuyu:

dp _A+B+C .
de D+E
AT =T
dT, _hm’uj:hz,p,l AJJ( ! W’J)+ v, dlny, % (4)
do (1—x) c,, 0InT, do
o NI Cmgnnn s
do @MC, ;X C,p 0INT, dO  xc, , |dO 0]
w _ v (6)
do do
d 1 1
a2 (1 Xm) Z A( ) =h,x** Z Aj(Tb_Tw,i) (7)
do @ j=p.lh j=p.Lh
dH, CI
— 1-x°)h +Xx 8
de 10) [( ) ho} ®)
Trong d6: A= — (dV VG j ©)
dd o
AT =T AT —T
oy, B ATy oy 2 AT (10)
omc,, dInT, T, omc,, dInT, T,
_ x—x*)C
b Cpolb w
2 2 2
Doyl % (alnvbj +v_b8|nvb CE—(1-x) v [mnvu] AL (12)
Coplp L OINP poinp ¢, T, 2Inp polnp

60 KHOA HQC K¥ THUAT THUY LO1 VA MOI TRUONG - SO DAC

BIET (10/2019) - HOI NGHI KHCN LAN THU XIl - CLB CO KHi - DONG LUC



Trong d6, v, p, T 1a thé tich riéng, 4p suét, nhiét
do cua khi thé trong xi lanh; cac chi s6 u-khi chua
chéy, b-khi da chay; o-tdc d6 goc cua truc khuyu.
Giai cac phuong trinh vi phan (3) dén (8) két hop
céc diéu kién dau, diéu kién bién, thong sb ki thuat
dong co trén Bang 1, théng s6 1y hoa cia xing va
hydro (Ghazi, 2003) trén Bang 2 bang cach st dung

phuong phap Rungge-Kutta va lap trinh giai sir dung
ngon nglr FORTRAN ta s¢ xac dinh duoc P, T , T,
va cAc thong s6 suy dién khéc ctia chu trinh theo géc
quay cua truc khuyu. Tir d6, tinh dugc céc thdng sb
lam viéc ciia dong co nhu &p suat chi thi trung binh
pi va hiéu suit nhiét ciia dong co.

Bang 1. C4c thong sb ciia dong co INZ-FE

Thong sb Tri sb Thong sb Tri sb
S6 xi lanh 4 Goc déng mugn xp nap (do- sau diém | 52 — 12
chét dudi)
DPuong kinh xi lanh/Hanh trinh pit | 75/84,7 | G6c m& sém xp thai (do-trude diém 34
tong (mm/mm) chét dudi)
Thé tich cong tac 1 xI (lit) 0,374 | Goc déng muon xp thai (do-sau diém 2
chét trén)
Ti s6 nén 10,5:1 | Cbng suat dinh mirc (kW) 80
Go6c mé som xp nap (do- trusc | -7 — 33 | Toc do dinh muc (v/p) 6000
diém chét trén)
Bang 2. Mgt sb tinh chit ciia xing va hydro
Nhién liu Xing H, Nhién liéu Xing H,
Khéi lugng phan tir (kg/kmol) 114 2 Octan (RON) 90-100 130
Lugng khong khi ly thuyét / 1 kg | 14,7 34,7 Nhiét tri (kJ/kg) 44.000 120.000
nhién lig¢u (kg/kg)
Nhiét d6 tu chay (46 C) 650 858 Téc do chay (m/s) 0,43 3,2-4,4

3. KET QUA TiNH TOAN VA PHAN TiCH

Pé danh gia tinh kinh té va tinh hiéu qua cua
dong co INZ-FE khi sir dung hydro, ¢4 thé so sénh
&p suét chi thi trung binh cyc dai cua dong co hydro
véi ap suét chi thi trung binh cuc dai caa dong co
nguyén thity sir dung xdng va so sanh hidu suat nhiét
cta hai dong co & cling téc do dinh muc cia dong co
la 6000 v/p va cling &p suét chi thi trung binh & cac
ché d¢ tai véi hé sé du lugng khdng khi A=1 va géc
danh Iira sém t6i vu. M6 hinh md phong duoc lap &
trén cho phép tinh todn dugc tat ca cac théng sé cia
chu trinh cbng tac cta dong co khi sir dung xang va
khi str dung hydro, tir @6 tinh dugc p suat chi thi
trung binh va hi¢u suét nhiét cua dong co. Két qua
tinh toén cho thay, & ché d6 buém ga mé hoan toan,
gdc danh lira som ti wu ctia dong co chay hydro 1a 5
d6, nhé hon 14 d¢ so véi goc danh lra sém tdi wu
cua dong co chay xing do tbc do chay cua hydro 16n
hon cta xing. O ché do nay, &p suat chi thi trung

binh cua dong co khi chay xang dat dugc la 11,02
bar trong khi ciia dong co hydro 1a 9,81 bar, thap
hon 11% so véi chay xang. Diéu nay hoan toan c6
thé giai thich dugc vi hydro nhe, co thé tich riéng
I6n hon réat nhiéu so véi xing nén chiém thé tich
khdng khi cia khi nap 16n hon.

Két qua tinh todn cac théng sé chu trinh dong
co tng véGi 2 loai nhién lidu & cing toc d6 va é&p
suat chi thi trung binh dugc chi ra trén cac d6 thi
Hinh 1 d&n Hinh 8. Thoi diém dénh lira dugc chon
t6i wu voi ting loai nhién liéu. Hinh 1 so sanh do
thi cong va va Hinh 2 so sanh qui luat chay cua
dong co xang va dong co hydro & toc dd 6000v/p,
&p suét chi thi pi=9,81 bar. C6 thé thay dong co
hydro ¢6 &p suat cuc dai cao hon so v&i dong co
xang do tbc d6 chay nhanh hon, thoi gian chay
ngin hon. Goc danh lira som cua dong co hydro
dugc diéu chinh dé thoi diém chay xay ra mugn
hon so voi dong co chay xang dé dam bao qué
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trinh chay tét nhat. Ap suat khi thé cua dong co
hydro giam nhanh hon & thoi ky gidn né (duong
4p suit cua dong co hydro nam dudi duong ap
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Suit ctia dong co xing) vi & giai doan nay nhiét do
khi thé ciia dong co hydro thip hon so véi dong co
xang (Hinh 3).

=

e o @
B o

Ti € nhién liéu da chay
o
3]

=}

360 390
Goc quay truc khuyu (dd)

420
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Hinh 5 so sanh cdng, tén that nhiét chu trinh va
Hinh 6 so sanh ti 1& nhiét c6 ich (hiéu suét nhiét), ti
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Hinh 3. Nhiér d@é khi thé ciia déng co xing
va déng co hydro & téc dg 6000v/p, &p suat chi thj
pi=9,81 bar

R® rang rang, véi cing cong chu trinh (Hinh 5)
thi nhiét ton that cho vach budng chay va nhiét ton
that do khi thai mang di ciia dong co hydro déu nho
hon cta dong co xang. Diéu nay la vi nhiét do khi
thé ciia dong co hydro (Hinh 3), nhiét d6 va khoi
lugng khi thai ciia dong co hydro (Hinh 4) déu nho
hon cac gia tri twong ung cia dong co xang. Chinh
vi vay ma hiéu suét nhiét cua dong co hydro (Hinh
6) lon hon so véi dong co xang (16n hon 3,9% vé gia
tri hiéu suat, con néu tinh theo gia tri ting trong doi
thi 1a gan 9%).

Hinh 7 so sénh nhiét ton that do truyén nhiét cho
véch budng chay va do khi thai mang di ciia dong

hydro ¢ tée dé 6000v/p, &p sudat chi thj pi=9,81 bar

I& nhiét ton that cia dong co xang va dong co hydro
& tbc do 6000v/p, &p suét chi thi pi=9,81 bar.
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Hinh 4. Khai lwong va nhiét dg khi thai cia dong
co xdng va déng co hydro étéc dj 6000vip, &p
sudt chi thi pi=9,81 bar

co xing va dong co hydro ¢ 6000v/p va céc ché do
tai khac nhau. C6 thé thay rang trén toan bo pham
vi tai (mdi ché d6 tai twong tng mot 4p suat chi thi
trung binh), nhiét ton that do truyén nhiét cho véach
buong chay va nhiét ton that do khi thai mang di
cua dong co hydro déu nho hon cac sé lidu tuong
g cua dong co xing. Két qua la tong ton that
nhiét nho hon nén dong co hydro c6 hiéu suat nhiét
cao hon hiéu suat nhiét ciia dong co xing & cing ap
suat chi thi trung binh (Hinh 8), tac la véi cing
cdng suét thi dong co hydro c6 hiéu suit nhiét cao
hon, hay noi cach khac la dong co hydro cé tinh
kinh té cao hon dong co xang. Nhu vay, khi chuyén
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doéng co xang 6 t6 sang sir dung hoan toan hydro
cung cap vao duong nap ma khong thay doi gi vé
két ciu dong co thi tinh hiéu qua cua dong co (thé
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co xdng va déng co hydro &téc dj 6000vip, &p sudt
chi thi pi=9,81 bar
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Hinh 7. Nhiét ton thdt ciia dong co xing va déng co

hydro ¢ 6000v/p va tai khac nhau

4. KET LUAN

Bai bao dd xdy dung dugc mo hinh md phong
déng co xang 6 t6 INZ-FE st dung xang va s
dung hydro. M6 hinh dugc xay dung ap dung cho
hai loai nhién liéu trén cung mot dong co nén mac
du chua dugc kiém ching bang thuc nghiém van
c6 y nghia 16n khi sir dung dé danh gia sy thay doi
tinh nang 1am viéc cua dong co khi chuyén tir sir
dung xing sang sir dung nhién li¢u hydro. Két qua
nghién ctru cho thay khi chuyén d6i dong co tir
chay xang sang chay H, cip nhién liéu vao duong
nap ma khong thay doi két cau dong co thi &p suat
chi thi trung binh giam 11% nhung hiéu suét nhiét
tangdang ké. O clng ché do tdc do va ap suat chi

hién qua &p suat chi thi trung binh) giam khoang
11% nhung hiéu suit nhiét cua dong co tang 3,9%
vé& gié tri hiéu suat.
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Hinh 8. Hiéu sudt nhiét ciia dong co xang va dong
co hydro ¢ 6000v/p va tai khdc nhau

thi trung binh, hiéu suit nhiét cua dong co hydro
cao hon hiéu suat nhiét cua dong co xing 3,9% vé
gia tri hiéu suit va luong ting tuong ddi 1a 8,8-
11,5% cua gia tri hiéu suat dong co nguyén thuy.
Két qua nay c6 thé khing dinh néu xét vé dic tinh
lam viéc thi cac dong co xang 6 t6 hién hanh hoan
toan ¢ thé chuyén sang sir dung hydro ma khéng
can phai thay doi vé két cau dong co. Pong co
chuyén doi co tinh hi¢u qua (cong suat) giam mot
chat nhung tinh kinh t& (hiéu suat) duoc cai thién
dang ké. Tuy nhién, can trang bi thém thiét bi an
toan chéng chdy nguogc trén dong co va hé thong
tram nap hydro cho dong co dam bao an toan
chéng chay no.
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Abstract:
INVESTIGATION STUDY OF PERFORMANCE CHARACTERISTICS OF GASOLINE CAR
ENGINE FUELED WITH HYDROGEN

Faced with the risk of exhausting fossil fuel sources and the serious environmental pollution emissions of
current automotive engines, the study of using hydrogen as an alternative fuel on these engines has scientific
and practical significances. This paper presents the results of a simulation study of performance
characteristics of hydrogen engines converted from 1NZ-FE automotive gasoline engines on Toyota Vios.
The engine does not change the structure but only replaces the indirect fuel injection system with the
hydrogen injection system into the intake pipe. Evaluation studies are performed by comparing the indicated
mean pressure of the engine when using hydrogen and when using gasoline in full-load mode (fully throttle
opening) and comparing the thermal efficiency of the engine at the same speed and indicated mean pressure.
Study results show that the indicated mean pressure at engine full load when using hydrogen is reduced by
11% compared to using gasoline while the thermal efficiency increases significantly. At the same speed and
indicated mean pressure, the thermal efficiency of hydrogen engines is 3.9% higher than that of the gasoline
engine in terms of the value of efficiency and relative increase of 8.8-11.5% of the original engine
performance value.

Keywords: Hydrogen engine, working characteristics, engine modeling.
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