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NGHIEN ClrU MO PHONG ANH HUONG CUA GOC PANH LUA
SOM KHI DUNG KHi CNG THAY THE CHO NHIEN LIEU XANG

RESEARCH FOR SIMULATION OF EFFECTS OF EARLY IGNITION ANGLE WHEN
USING CNG AS A SUBSTITUTE FOR GASOLINE FUEL
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Khoa Pién tir, Truong Pai hoc Kinh t& K§ thuat Cong nghiép

TOM TAT

Bai bdo nay diing phan mém AVL-Boost dé mé phong nhitng danh hwéng ciia viéc chuyén doi
déng co dang sir dung nhién lidu xang sang sir dung nhién liéu khi CNG. Cu thé, bai bdo nghién
cieu nhitng thay doéi géc danh lira sém ciia dong co khi sir dung nhién liéu khi CNG cho déng co
xdng bang phwong phdp phun tryc tiép vao dwong nap. M6 hinh mé phong thir nghiém trén déng
co Toyota-5A4, moi thong s6 vé két cau ciia dong co dwoc giiv nguyén ban. Két qua nghién ciru mé
phong cho thay, khi thay déi géc danh lira sém, cong sudt va tiéu hao nhién liéu ciia dong co sir
dung CNG duwoc cdi thién dén 6%, nhung phdt thai HC va NOx tang manh liét; HC tang 185% va
NOx tiang 25%. Tir nghién citu mé phong trén dwa ra dwge nhitng khuyén cdo cho nha san xudt ciing

nhie nguoi sir dung dieoe nhitng thay doi khi sir dung nhién liéu khi CNG cho dong co xang.
Tir khéa: Khi CNG; Sudt tiéu hao nhién liéu; Céng sudt; Mé phong.
ABSTRACT

This article uses the AVL-Boost software to simulate the effects of converting a gasoline
engine to a compressed natural gas (CNG) fuel system. Specifically, the study investigates changes
in the early ignition angle of the engine when using CNG fuel with both the direct injection method.
The simulation model was tested on a Toyota-5A4 engine, and all structural parameters of the engine
were kept the same. The simulation results show that when the early ignition angle is changed, the
power and fuel consumption of the CNG engine are improved by 6%, but HC and NOx emissions
increase significantly;, HC increases by 185% and NOx increases by 25%. The simulation study
provides recommendations for manufacturers and users on the changes that should be made when
using CNG as a fuel for gasoline engines.
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1. PAT VAN PE

Mtrc tiéu thy nhién li¢u ngay cang tang,
didc biét 12 nhién liéu hoa thach truyén thong,
xdng va dau diesel, diéu nay dang gay nguy co
can kiét nhanh ngudn nhién liéu truyén thong
[1] va 6 nhiém mai trudng tram trong do phat
thai doc hai cua dong co [2]. Tinh trang thiéu
nhién liéu va 6 nhiém méi trudng do khi thai
dong co dang ¢ murc bao dong [3]. Do do, van
dé dat ra 1a can nghién ctru va st dung céc loai
nhién liéu thay thé c6 muic d6 phat thai doc hai
thip dé giam 6 nhiém moi trudng va giam phu
thuéc vao nhién liéu truyén thong. Khi thién
nhién nén CNG la mdt nhién li¢u dap g duoc
cac yéu cau trén nén rat c6 tiém nang. Viéc ché
tao hay mua cac dong co CNG moi rét ton kém,
trong khi cac loai dong co xang thi dang ton tai
rat nhiéu. Do do, viéc nghién cuu co s¢ khoa
hoc cuia viéc str dung nhién liéu thay thé [4] va
nhién liéu khi thién nhién [5] 14 van dé cap thiét
trén thé giéi. Khi CNG [6] c¢6 nhiéu vu diém
nhat 1a vé phat thai.

2.CO SO LY THUYET CUA PHAN MEM
AVL-BOOST

2.1. M hinh hdn hgp nhién liéu

St dung phin mém AVL-Boost md
phong [7]. Cac thong sb cua dong co dugc
thiét 1ap trong budc nay. S6 phan tir trong mot
md hinh Species gém: nhién li¢u, O,, N, CO,,
H,0, CO va H,. AVL-Boost da xay dung mo
hinh hod hoc va dac tinh nhiét dong hoc cua
cac phan tr Species trén hai co so dit liéu 1a
avlchembrnd.inp va bst_therm [7].

2.2. M6 hinh chay

Cac yéu t6 anh huong dén qua trinh
chay: hinh dang budng chay; vi tri va thoi gian

danh lira; thanh phan cta khi nap.

Téc d6 chay cua khdi luong nhién liéu
dugc tinh theo phuong trinh 1:

dm A
Ttb: MATSL =P [A_ZJALSL (1)

Toc do chay sat vach c6 thé dugc miéu
ta bang sy suy giam theo ham mii:

(dmb j _m=m, 2)
dt wall—combustion T

Tbc d6 chay tong thé rat ra nhu mot gia
tri trung binh cua hai toc d chay.

dm, j [dmb J (dmb )
=(1—w. + w2 3
( dt overall ( ’ ) dt fractals dt wall—combustion ( )

Su chuyén tiép gitra ba mo6 hinh chay
dan dan bat dau khi trai qua khoang thoi gian
chuyén tiép t, xac dinh tia lra dau tién toi
thanh xy-lanh:

_ (m_mb)zr (4)
rf - (puATSL )tr

Hinh 1. Hién twong chay sat vach

(m—m, )tr

T (pMATSL )tr (5)

Gia tri T dugc gitr cho phu hop trong
sudt qua trinh chay sat vach sau do. P dam
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w, tang dan theo thoi gian, phu thudc vao khéi
luong khong chay tic thoi (m-m,).

2.3. M6 hinh truyén nhiét

L e

‘ pedl’ \

L

s ity

Hinh 2. Su trao déi nhiét

Su trao d6i nhiét cua xy-lanh & qua
trinh 4p suat cao trén hinh 2.

Theo Dinh luat nhiét dong hoc 1 [8].

v d d
=P QF _ QW _ hBB'

do da da

dmyg, (6)
do

Ton that nhiét vach hay qua trinh truyén
nhiét tr trong budng chay qua thanh vach duoc
tinh theo cong thuc:

Oy = Aoy (T, — ) (7
Hé sb truyén nhiét tinh theo mé hinh
Woschni 1978 [8]. Cac mo hinh toan noéi trén
két hop véi md hinh nhién liéu va mé hinh chay
cho phép xéac dinh dugc dac diém trao doi nhiét.

3. XAY DUNG MO HINH MO PHONG
PONG CO TOYOTA-5A

3.1. Giao dién ctia AVL Boost [7]
3.2. Cac phin tir ciia chwong trinh

Phan tir xy-lanh; phan tr binh on ap;
cac phan tir nap; phan tir 6ng; cac phan tir gan.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 304, thang 6 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn

3.3. Thiét 1ap mé hinh dong co Toyota-5A
trén AVL Boost

— Thiét 1ap mé hinh: Pinh nghia cac
phan tir 161 két noi chiing véi nhau.

— Lya chon thuat toan va nhap cac dir
liéu diéu kién bién, diéu kién dau vao.

— Chay md hinh va xuét ra két qua.

LS

Hinh 3. M6 hinh mé phéng cung cdp khi CNG
bang phwong phép phun

Sau khi thiét 1ap dugc mo hinh trén
phan mém, ta di danh gid do tin cdy cia mo
hinh.

M (kW)

e (kW h)

n {Spoed)

Hinh 4. So sanh két qua mé phong va thuc nghiém
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Do thi cho thiy su sai 1éch 10n nhat gitra
cong suat tinh toan va sb liéu do thuc nghiém
1a 7,3% tai toc do 4000v/p, sai léch trung binh
4,4%. Suét tiéu thy nhién liéu mo6 phong c6 sai
1éch 16n nhat 5,2% so vé6i thuc va sai 1éch trung
binh 3,16%.

Vi sai Iéch nho hon 5% nén mo hinh
dong co xay dung ¢ trén dam bao do tin cdy va
stt dung dé tinh todn md phong cac thong sb
lam viéc cta dong co khi str dung xang.

3.4. Goc danh lira s¢'m toi wu ciia dong co CNG

Goc danh lira sém anh huong dén cac
chi tiéu kinh t&, k§ thuat va phat thai [8, 9]. Mdi
loai nhién liéu déu goc danh Itira sém thich hop
dam bao dong co lam viéc tdi wu. Do do, g6c
danh lira sém can duoc nghién ctru diéu chinh
dé dam bao toi uu ¢ cac ché do tée do cua dong
co khi thay ddi loai nhién liéu st dung.

3.4.1. Anh hwéng géc dinh liva som dén dic
diém lam vigc ciia dong co

Tang goc danh Itra sém 4°, 8°, 12° va
16° so vGi goc s6m nguyéen ban (¢ ) va tién
hanh tinh todn moé phong ap suét cé ich trung
binh BMEP, tir d6 xac dinh duoc goc danh Itra
s6m ¢ _ma BMEP dat 16n nhéat tai mdi téc d6 va
dam bao chi s6 Octan RON ti thiéu yéu ciu
nhé hon tri s6 Octan RON = 120 cua CNG.

Goc danh Itra sém cia dong co Toyota-SA
nguyén ban ¢_toan tai ¢ toc do 1000v/p, 2000v/p,
3000v/p va 4000v/p 1a -10°, 0°, 8° va 16°.

3.4.1.1. Anh hwéng ciia géc danh lira sém dén
BMEP

O hinh 5, cang ting goc ¢, thi chi )
Octan RON cang tang va vuot qua gia tri 120

& cac tbe @6 1000, 3000 va 4000v/p. Trong khi
do, & toe do 2000v/p, BMEP tang 1én khi tang
¢, va van c6 xu huéng tiép tuc tang. O toc do
1000, 3000 va 4000v/p, BMEP tang va dat gia
tri cuc dai ing voi d§ tang goc danh Itra sém
12°, sau d6 giam khi ¢, tiép tuc tang.
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Hinh 5. Su thay doi BMEP theo géc ddanh lira sém
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Hinh 6. Chi s6 Octan yéu cau theo goc danh lira som

—Tde d6 1000, 3000 va 4000v/p: BMEP
dat 16n nhét khi ting goc danh lira sém 12° so
v6i goc nguyén ban.

— Tbc @6 2000v/p: BMEP dat 16n nhat
tai goc danh lua som 16°, d¢ dam bao chi so
Octan tdi thiéu yéu cau nhé hon gia trj gi6i han.

3.4.1.2 Anh huong cia géc danh liva sém dén
cong suat, tiéu hao nhién liéu va phat thai cua

dong co

Két qua mé phong cong suat, suat ti€u
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hao nhién li¢u va phat thai ddc hai cua dong co
stt dung CNG 6 ché d toan tai, toc do 4000v/p
khi thay ddi goc danh ltra som ¢, theo hudng
tang dan so v4i nguyén ban dén gia trj ting 12°
c6 BMEP 16n nhat khi ting goc danh lira som
¢, thi cong sudt va suét tiéu hao nhién liéu duoc
cai thién, phat thai CO cai thién it, trong khi
ham lugng phat thai HC va NOx tang cao.

Cu thé, khi ting goc danh lira som thém
lan luot 4°, 8° va 12° ctia dong co khi sir dung
xang thi cong suit ting tuong ung 1a 3,1%,
5,7% va 6,4%. Suat tiéu hao nhién liéu giam,
phat thai CO chi giam tdi da 3,2%, HC ting lan
luot 14 61,8%, 110,9% va 176,4%, NOx ting
manh 1an luot 14 9,7%, 15,8% va 18,0%.

Hinh 7 cho thiy trén toan dai téc do
1000-4000v/p, cong suat va suat tiéu hao nhién
lidu & goc danh lira som c6 BMEP 16n nhét cai
thién duoc 5%-8% va trung binh khoang 6%.
Ly do 1a qua trinh chay chinh dich vé gan diém
chét trén 1am nhiét do cao nhét cua khi thé tang
khoang 100°K (hinh 8), 4p suat ting va qua
trinh gidn n¢ sinh cong cua khi chdy hi¢u qua
hon.

(o o8

1000 1500 2000 2500 3000 3300 4000
Tocdd (v/iph)

Hinh 7. So sanh Ne va ge ¢ goc danh lira som nguyén
ban va géc danh lira sém cho BMEP 16m nhit
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Hinh 8. So sanh nhiét do khi thé cuc dai trong xy-
lanh ¢ goc danh lira som nguyén ban va goc danh
lita sém cho BMEP l6m nhat
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Hinh 9. So sanh phat thai CO ¢ goc danh lva som
nguyén ban va goc danh lira sém cho BMEP 16 nhat

Hinh 9 cho thiy phat thai CO cai thién
trung binh khoang 20% va khoang 10% ¢ toc
d6 3000-4000v/p. Hinh 10 cho thiy phat thai
HC ting khoang 185%, & hinh 11 chi ra phat
thai NOx tang khoang 25%.
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Hinh 10. So sanh phat thai HC ¢ goc danh lira
som nguyén ban va goc danh lra som cho BMEP

16m nhdt

HEC @@/kWh)




NGHIEN CUU - TRAO DOI

15

[
(5]
>

NOx(&kWh)

k-]

6 i I I ' Il
1000 1500 2000 2500 3000 3asoo 4000

Téc d§ (v/ph)
Hinh 11. So sanh phat thai NOx ¢ goc danh lia
som nguyén ban va goc danh liva som cho BMEP
lom nhat

3.4.2. Xdc dinh géc dinh liva sém toi wu ciia
dong co sw dung CNG

Khi ting goc danh loa som dén goc
danh lira sém c6 BMEP 16n nhat (ting 12° &
toc do 1000v/p, 3000v/p va 4000v/p va 16° &
tdc dd 2000v/p) cho két qua nhu sau:

+ Cong suat va sudt tiéu hao nhién liéu
duoc cai thién dén 6,5%, CO cai thién dén 10%:;

+ Phat thai HC ting 185%, NOx ting
25%.

Mubn phat thai HC va NOx khong ting
nhiéu qua thi chi nén ting goc danh ltra sém
khoang 4°. Khi d6 cong suat va suat tiéu hao
nhién li€u cai thién duoc khoang 3%, HC tang
gin 62% va NOx tang gan 10%. Tuy nhién, &
muc diéu chinh ting goc danh lira 4°, CO cai
thién duoc 1,5%.

4. KET LUAN

— Khi diéu chinh tang goc danh lira sém
s0 v6i nguyén ban, cong suit va tiéu hao nhién
li¢u cua dong co su dung CNG duoc cai thién
dén 6% nhung phat thai HC ting 185% va NOx
tang 25%.

— Str dung phuong phap phun CNG vao
duong nap cho két qua 6n dinh. Tuy nhién, can
nghién ctru thyc nghiém trang bi cac hé thong
nay va khao nghi¢ém danh gid tinh nang lam
viéc cua dong co trong diéu kién thuc té dé dé
xuét ing dung phuong phap cip CNG hop ly
cho tirng loai dong co, dam bao hai hoa cac chi
tiéu kinh té, k¥ thuat va phat thai cua dong co
chuyén doi. <
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