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TOM TAT

Bai bdo trinh bay nghién ciru vé viéc thiét ldp cau hinh hé thong cung cdp nhién liéu khi
thién nhién nén (CNG) cho dong co xdang 4 ky diéu khién dién tir nham t6i wu hoa hiéu sudt va giam
phat thai. Nghién ciru sir dung két hop phwong phdp mé phong trén phan mém AVL-Boost va thuc
nghiém dé danh gid cdc dac tinh kinh té - ky thudt. Két qua nghién citu cho thay, viéc xdc Idp cdu
hinh bé trén va diéu khién phun khi phit hop gitip mé hinh mé phong dat dé tin cdy cao véi sai s6
50 voi thuc nghiém khong qua 5%. Tai cac ché dé van hanh khdc nhau, mdc di cong sudt dong co
gidam trung binh tir 7% dén 21% do anh hwéng ciia hé sé nap va nhiét tri nhién liéu, nhung hiéu qud
cdi thién méi trieong 1a rat ré rét. Cu thé, phat thai CO giam tir 82% + 88% va HC giam tir 86% +
91% so véi khi sir dung nhién liéu xang nguyén ban. Két qud nay cung cdp co sé khoa hoc cho viéc
chuyén déi va hiéu chinh cac dong dong co xang thé hé méi sang sir dung nhién liéu khi sach.

Tw khoa: Dong co CNG,; AVL-Boost; Phat thai dong co; Chuyén déi nhién liéu.

ABSTRACT

This paper presents a study on configuring a Compressed Natural Gas (CNG) supply
system for the electronically controlled 4-stroke gasoline engine to optimize performance and
reduce emissions. The research employs a combination of simulation using AVL-Boost software and
experimental methods to evaluate economic and technical characteristics. The results indicate that
establishing an appropriate mixer configuration and gas injection control ensures high reliability of
the simulation model, with an error of less than 5% compared to experimental data. Across various
operating modes, although the engine power decreased by an average of 7% to 21% due to the
influence of the volumetric efficiency and fuel heating value, the environmental improvement was
significant. Specifically, CO emissions decreased by 82% to 88%, and HC emissions decreased by
865% to 91% compared to the original gasoline fuel. These findings provide a scientific basis for
converting and calibrating modern gasoline engines to use clean gaseous fuels.

Keywords: CNG engine; AVL-Boost, Engine emissions; Fuel conversion.
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1. GIOI THIEU CHUNG

Trong boi cénh an ninh nang luong
va cac quy dinh vé bao vé moi tru:ong ngay
cang nghlem ngit, viéc tim kiém nguon nhién
liéu thay thé sach cho dong co dbt trong l1a
mot hudéng di chién luoc. Khi nén thién nhién
(CNG) véi thanh phan cha yéu 1a methane
(CH,) da chimg minh dugc uu thé nho dic tinh
nhi¢t dong hoc phu hgp cho qua trinh chay
trong dong co [1]. Vlec ung dung CNG khong
chi gitp tan dung nguon tai nguyen san c6 ma
con gop phan giam thiéu dang ké cac thanh
phan khi x4 gy hiéu tmg nha kinh va 6 nhiém
moi truong. Tuy nhién, viéc chuyén ddi cac
dong dong co xang hién dai, dic biét la dong
co 4 ky diéu khién dién tir, sang st dung CNG
dbi miat voi thach thire 16n vé sy syt giam cong
suit. Nguyén nhan chi yéu do nhiét tri thip
ctia hdn hop khi-khong khi va sy chiém chd
ctia nhién liéu khi trong duong 6ng nap lam
suy giam hé s nap. Bén canh dé, thanh phan
héa hoc cta khi thién nhién thay d6i tuy theo
nguodn khai thac, gdy anh hudng truc tiép dén
qua trinh nap va chay cua dong co [2]. Do do,
viéc xac 1ap mot cau hinh hé thong cung cap
nhién liéu khi t6i vu 12 yéu cau tién quyét dé
duy tri tinh ning k¥ thuat cua dong co. Nham
giam thiéu khéi luong thuc nghiém va nang
cao d6 chinh xac trong qué trinh thiét ké, bai
béo nay sir dung phdn mém chuyén dung AVL-
Boost d¢ m6 phong dic tinh lam viéc ciia dong
co khi chuyén d6i sang dung CNG. Nghién
cuu tap trung vao viéc xac lap cAu hinh b tron
va hé thong diéu khién phun khi, tir d6 danh
gi4 chi tiét anh huong cia cac ché d6 van hanh
dén cong suét, suét tiéu hao nhién liéu va dic
biét 1a ndng d6 cac chat phat thai CO, HC. Két
qua tur nghién curu s€ lam sang té kha nang dap
g cac tiéu chuan moi truong ciia dong co
chuyén déi, dong thoi cung cdp cac thong sd
ky thuat quan trong cho viéc ché tao bo thiét
bi chuyén d6i nhién lidu khi trén thyc té.
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2. PHUONG PHAP NGHIEN CUU

Pé thuc hién viéc xac 14p cdu hinh va
danh gia anh huodng cua cac ché d6 van hanh,
nghién ctru str dung két hop phwong phap mo
phong s6 va thyc nghiém kiém chimng.

2.1. P6i twong nghién ciru

Déi tugng nghién ctru 1 dong co xing
4 ky cua hang Toyota san xuat nam 2005 lip
trén xe Vios. Pay la dong dong co 4 xi lanh
thang hang, trang bi hé thong diéu khién dién
tr va cong nghé phdi khi thong minh VVT-i.
Céc thong s k¥ thuat co ban cua dong co duoc
trinh bay trong Bang 1.

Bdng 1. Théng s6 co ban ciia déng co

Théng sb Ky hiéu | Gia tri
H’anh trinh piston/Buong 3D 84.7/75
kinh (mm)
S6 xylanh (-) i 4
Cong suat dinh mire (kW) | N, 80
Moé-men cuc dai 6 n =
4200 v/ph (Nm) M 140
S6 vong quay dinh mtrc
(v/ph) n, 6000
Ty s6 nén (-) g 10,5:1

2.2. Cic md hinh mé phéng trén phin mém
AVL-Boost

Nghién ctru tng dung phan mém AVL-
Boost dé thiét 1ap mo6 hinh nhiét dong hoc cua
dong co. Cac thanh phan chinh cua dong co
nhu hé théng nap, cac xi lanh, h¢ théng thai
va cac voi phun dugec mo hinh hoa bang cac
module tuong ng trong phan mém.

Mo hinh chay: Str dung ham Vibe, m6
hinh Fractal d¢ m6 phong qua trinh téa nhiét

trong xi lanh. Cac thong s6 nhiét dong hoc cua &
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mdi chét khi duoc thiét 1ap dua trén 1y thuyét
vé khi thuc dé phan 4nh chinh x4c dic tinh cua
CNG [1-4].

Mo hinh trao d6i nhiét: St dung mod
hinh Woschni dé tinh toan ton that nhiét truyén
qua thanh budng chay.

Mo hinh phat thai: Cac ndng do khi xa
nhu CO, HC va NO_ dugc tinh toan dua trén
cac phan ung hoa hoc can bang va khong cin
bang tai cac diéu kién nhiét d6 va ap suét tic
thoi trong chu trinh lam viéc [1-4].

2.3. Thiét ké m6é phéng nhim xac lap céu
hinh hé thong cung cap CNG [3]

Heé thng cung cap nhién liéu khi dugc
thiét ké theo nguyén 1y phun khi CNG vao
du’ong dng nap thong qua mot bd tron dugc xac
lap cau hinh téi wu. Nhién lieu CNG tir binh
chira cao ap di qua van giam ap dé ha ap sut
xudng muc 1am viéc phit hop trudce khi dua vao
bo tron. Vi¢e dinh luong nhién liéu duoc diéu
khién dua trén tin hiéu tir cam bién vi tri buém
gava tdc do dong co dé dam bao hé s6 du luong
khong khi A nam trong ving tdi uu.

Bwing cép CNG

] ;B
i Venturip,”

Hinh 1. M6 hinh dong co trén AVL Boost [3]:
(a) Mo hinh mé phong dong co phun xang va phun
CNG; (b) Mé hinh mé phong déng co cung cdp
CNG bang bé hoa trén kiéu ong venturi

2.4. Phuwong phap thue nghiém kiém chirng

Sau khi thiét 1ap mo hinh mé phong
trén AVL-Boost, danh gid do tin cdy cta md
hinh. Nhom tac gia duoc ket qua tinh toan mo
phong véi cac thong sé vé cong sudt, suat tiéu
hao nhién liéu va cac thanh phan phat thai cta
dong co khi sir dung CNG dugc cung cap boi
hé théng diéu khién phun va bo hoa trén so véi
dong co xang nguyén thuy [3].

Nghién ctru duogc thuc hién trén duong
dic tinh ngoai 100% tai tir toc do 1000v/ph
+ 4000v/ph khi stt dung xang RON 92, CNG
dugc cung cip boi bd hoa tron va CNG phun
vao ctra nap diéu khién dién tu.

3. KET QUA NGHIEN CUU
3.1. Panh gia dic tinh ngoai ciia dong co' [1-4]

Két qua md phong Vél thuc nghiém cho
thay sy sut giam cong suat (N,) va mo-men
xoan (M) khi dong co chuyén tir sir dung xing
sang CNG tai ché do toan tai (100% budm ga).

Vé cong suat: Tai dai tbc do tir 1000
dén 4000 vong/phit, cong suat dong co khi st
dung CNG gidm trung binh tir 7% + 21% so véi
xdng nguyén ban. Sy sut giam 16n nhat xay ra ¢
ving toc do cao.

Vé mo-men: Puong dic tinh mé-men
cua CNG c¢o6 xu hudng song song nhung thap
hon duong dac tinh xang.

Nguyén nhan chinh cua sy syt gidm
nay la do CNG Ia nhién li¢u khi, khi nap vao
duong 6ng nap nd chiém mot phan thé tich cua
khong khi, lam giam hé sb nap 1. Ngoai ra, tde
d6 chay cia CNG cham hon xang dan dén quéa
trinh chay kéo dai, 1am giam 4p suét chay cuc
dai trong xi lanh [1-3].
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3.2. Suit tiéu hao nhién liéu [1-4]

Mic du cong suat giam, nhung suét tiéu
hao nhién li¢u tinh theo nang lugng cua dong
co khi sir dung CNG lai cho thay nhirng tin hiéu
tich cuec.

Két qua ghi nhan suét tiéu hao nhién
liéu gidam khoang 3% + 6% so v&i khi van hanh
bang xang ¢ cung ché do tai.

Diéu nay c6 duoc 1a do CNG c6 kha
nang hoa tron véi khong khi tdt hon, tao thanh
hén hop dong nhit hon so véi xing hat. Hon
nira, voi cau hinh hé théng diéu khién phun khi
da xéac 1ap, qua trinh chay duoc tdi uu hoa gitp
nang cao hi¢u suét nhiét cua dong co.

3.3. Dac tinh phat thai [1-4]

Pay 1a két qua quan trong nhit ching
minh tinh hi€u qua cua viéc xac 1ap cau hinh hé
thong CNG trén dong co.

Phat thai CO va HC: Nong d6 CO giam
manh tr 82% + 88%, trong khi HC giam tu
86% + 91% so voi xang.

Phat thai NO_: Ngugc lai véi CO va
HC, phat thai NO_ ¢6 xu hudng tang trung binh
khoang 15%.

Viéc gidm manh CO va HC la do trong
thanh phan héa hoc cia CNG (chu yéu 1a CH,),
ty 1€ nguyén tir Carbon/Hydro thap hon xang,
dong thoi qué trinh chay dién ra hoan toan hon
trong diéu kién thiéu nhién liéu cuc bo it xay ra
[1-3].

NO, tang nhe do nhiét d§ chay cua
nhién liéu khi & mot s ving trong budng chay
cao hon, thuc ddy phan tng oxy héa Nito theo
co ché Zeldovich. Tuy nhién, mirc ting nay van
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nam trong giGi han cho phép va c6 thé kiém
soat bang viéc di€u chinh goc danh Itra sém
hodc h¢ thong EGR.

Tur cac két qua trén, cdu hinh h¢ thong
cung cap CNG dugc lya chon nhu sau:

3.4. Ciu hinh hé thong cung cip CNG sir
dung bd hoa trén va hé théng phun CNG
vao cira nap

Hong Khuéch tin

Hinh 2. So' do hé thong cung cdp CNG diing b
hoa tron.
Trong dang nay gom:
Binh chita CNG; Van khéa ; BY diéu dp
(regulator); Bé hoa tron (mixer); Buom ga; Ong
nap; Pong co

Y NG

N

Hinh 3. So' do hé thong phun CNG.
Trong cdu hinh ndy gom:
Binh chira CNG; Van khoa,
Bé diéu dap; Rail phin phoi CNG, Kim phun CNG;

ECU diéu khién; Cam bién
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4. KET LUAN

Nghién ctru da xay dung cdu hinh hé
thong cung cap nhién liéu CNG cho dong co
diéu khién dién tir dugc chuyén doi tir dong co
xang truyén thong. Hé théng gdom cac bo phan
chinh nhu binh chira CNG, b giam ap, kim
phun khi va ECU, dam bao cung cip nhién liéu
6n dinh va phu hop véi két ciu dong co ban
dau.

Két qua cho thdy viéc st dung nhién
liéu CNG gitip giam déng ké phat thai CO va
HC nho dac tinh chay sach cua nhién li¢u khi.
Dong thoi, hé thong diéu khién dién tir cho phép
dinh Iuvgng nhién li€u chinh xac hon trong cac
ché d6 lam viéc khac nhau, gop phan nang cao
hiéu qua va tinh 6n dinh cta dong co. Két qua
nghién ctru 14 co s cho viéc phat trién va Gng
dung dong co str dung nhién lieu CNG nham
giam phat thai va bao v€ moi truong. %
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