NGHIEN CUU - TRAO DOI

NGHIEN clrU MO PHONG ANH HUONG CUA CAC
PHUONG PHAP CUNG CAP CNG DEN TINH NANG KY THUAT VA
PHAT THAI CUA PONG CO CNG PU'Q'C CHUYEN POI TU
DONG CO PHUN XANG DIEN TU

THE STUDY OF THE EFFECTS OF CNG SUPPLY METHODS ON TECHNICAL
FEATURES AND EMISSION OF CNG ENGINE CONVERTED FROM ELECTRONIC
FUEL INJECTION ENGINE
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Khoa Co khi, Truong Pai hoc Thuy lgi

TOM TAT

Bai bdo nay trinh bay két ‘qua nghién ciru mo6 phong anh hwong cua cac phirong phap cung
cap khi thién nhién nén CNG dén ddc tinh ky thudt va phdt thai ciia dong co CNG dugc chuyen
doi tir dong co phun xdang dién tir kiéu INZ-FE do hang Toyota san xudt. Két qua cho thdy, déng
co phun xang khi chuyén sang sir dung CNG cdp vao dwong nap (ca khi ding bg tron va khi phun
dién ti) va khong thay doi két cau ciing nhie géc danh lira sém thi cong sudt giam nhiéu nhung ham
liong phat thai, sudt tiéu hao nhién liéu dwgc cdi thién dang ké so véi dong co xang nguyén thiiy.

Sit dung phwong phdp phun CNG diéu khién dién tir thi ham lwong phdt thai CO va HC thap
hon so voi dong co CNG s dung bg hoa tron trong khi phat thai NO, cao hon. Tuy nhién mirc chénh
léch ham lwong phdt thdi gifta hai phirong phdp cdp CNG khéng nhzeu chi tur 5% ~+ 6%.

Tw khéa: Khi thién nhién nén (CNG); Pong co CNG.
ABSTRACT

This article presents the results of simulation research on the effects of CNG compressed
natural gas supply methods on the technical characteristics and emissions of CNG engines converted
from INZ-FE electronic fuel injection engines manufactured by Toyota. The results show that when
the fuel injection engine switches to using CNG supplied to the intake manifold (both when using the
mixer and when using electronic injection) and does not change the structure or ignition advance
angle, the power is greatly reduced, but emissions and fuel consumption are significantly improved
compared to the original gasoline engine.

Using the electronically controlled CNG injection method, CO and HC emissions are lower
than those of CNG engines using a mixer, while NO_emissions are higher. However, the difference
in emission content between the two CNG supply methods is not much, only 5% ~+ 6%.

Keywords: Compressed natural gas (CNG); CNG engine.
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1. GIOI THIEU

Khi thién nhién 1 nhién liéu thay thé c6
tiém ning 16n. Khi thién nhién c6 thanh phan
chinh 12 methane (70-90%) cong thém mot s6
cac hydrocacbon va céc tap chét khac. Do do,
stt dung khi thién nhién 1am nhién liéu rat tot
cho dong co ddt trong dbt chay cudng birc. Khi
thién nhién c6 ty 1¢ C/H nho hon so voi xdng va
diesel nén phat thai CO va CO, thap hon. Mat
khac, khi thién nhién c6 gidi han thanh phan hon
hop chédy dugc rong hon céac loai carburhydro
khac nén dong co chay tot hon va c6 thé lam
viéc v6i hon hop ngheo hon. Nhi¢t d§ mang lira
ctia hon hop thap nén nong do NO, trong san
pham chay ciing thip. Nhién liéu c6 thé duoc
lwu gitr & dang khi thién nhién nén (CNG) dé
cung cip cho dong co clia cic phuong tién van
tai [1, 2]. Bai bao nay tap trung vao nghién ctru
lam rd 4nh huong cta cac phuong phap cung
cAp CNG dén tinh ning ky thuat va phat thai
cua dong co, nghién ctru dugc thuc hién trén
dong co INZ-FE phun xang dién tor do Toyota
san xuat.

2. PHUONG PHAP NGHIEN CUU

Nghién ctru dugc thuc hién mé phong
bang phin mém AVL-Boost trén dong co
Toyota Vios INZ-FE st dung nhién liéu xang
truyén théng va nhién liéu khi thién nhién nén
(CNG) dugc cung cip bang hai cach: Mot 1 tir
mot bd hoa tron bd tri trén duong nap va hai la
sir dung hé théng diéu khién dién tir phun vao
duong nap dong co [3, 4]. Sau d6 cong suit, mod
men, ti€u thu nhién li¢u va phat thai ciia dong
co duoc so sanh v6i hai phuong phap trén dé
dua ra nhan xét.
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Bdng 1. Théng s co ban ciia dong co Toyota Vios

INZ-FE

Théng s6 Ky hiéu | Gia tri
H,anh trinh piston/Puong D 84.7/75
kinh (mm)
S6 xylanh i 4
Cong suit dinh mirc (kW) N, 80
Mo men cuc dai &
n =4200 v/ph (Nm) M 140
S6 vong quay dinh mtrc
(v/oh) n, 6000
Ty s6 nén € 10,5:1

3. KET QUA NGHIEN CUU

3.1. X4y dung mo6 hinh mo phéng trén AVL-
Boost

Duya vao cac thong s k¥ thuét cta nha
san xuét cling nhu cac théng sb do dac trén thuc
té, mo6 hinh mé phong dong co duoc xdy dung
nhu thé hién trén hinh 1 bang phan mém chuyén
ding mé phong dong co dbt trong AVL-Boost
(3, 4].

Buomg cip CNG

(a) M6 hinh mo phong dong co phun xang va phun
CNG
(b) M6 hinh mé phong dong co cung cap CNG
bang bé hoa trén kiéu ong Venturi

Hinh 1. M6 hinh déng co INZ-FE trén AVL-Boost &
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3.2. Panh gia do tin cy ciia mo hinh

Bang 1 thé hién so sanh két qua tinh toan mo phong cong suét va suit tiéu hao nhién lidu cta
dong co & duong dic tinh ngoai vai s lidu thuc nghiém. Do thi cho thay sy sai léch 16n nhat giita
cong sudt tinh toan va so liéu do 1a 7,8% tai toc dd 4000v/ph va sai 1éch trung binh 2,0% trén toan
dai téc do ctia dong co. Suét tiéu thu nhién liéu moé phong cé sai 1éch 10n nhét 2,4% so voi thuc va

sai 1éch trung binh 0,1% trén toan dai toc do.

Badng 1. So sanh két qua tinh toan mé phong cong sudt va suat tiéu hao nhién liéu cia dong co ¢ duong
ddc tinh ngoai voi so liéu thuc nghiém

Téc do dong co (v/iph) | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | TB
N, — thuc nghiém
W) 7.1 12.5 200 | 282 | 350 | 41.1 | 464 | 53.0
N_—mb phong (kW) | 7.5 12.8 191 | 27.0 | 369 | 444 | 500 | 52.1
Sai léch (%) 52 2.5 47 | 42 | 55 79 | 78 | -17 | 20
g, — thuc nghi¢m 3627 | 3063 | 272.0 | 2547 | 245.6 | 2569 | 279.7 | 281.0
(kKW.h)
g —md phong (kW.h) | 355.6 | 300.3 | 271.8 | 258.1 | 251.4 | 253.9 | 2825 | 285.0
Sai léch (%) 2.0 2.0 0.1 13 24 | 12 | 1.0 14 | 01

3.3. Panh gia tinh ning kinh té, ky thuit va
phat thai cia dong co INZ-FE khi chuyén
sang sir dung nhién licu CNG

Viéc nghién ciru mo phdng danh gia
tinh nang kinh té, k¥ thuat va phat thai cua
dong co INZ-FE khi st dung nhién licu CNG
dugc thyc hién qua viéc so sanh két qua tinh
toan md phong cac thong s6 cong suit, suat tidu
hao nhién li¢u va phat thai cia dong co khi st
dung CNG duoc cung cép boi hé thong phun va
boi bd hoa tron kiéu éng Venturi so voi khi sur
dung xang.

- Cong suit: Bang 2 so sanh cong suét
ctia dong co & ché do toan tai tir tbc do 1000v/
ph +4000v/ph khi sir dung xdng RON 92, CNG
phun vao ctra nap va CNG dugc cung cap boi
b6 hoa tron kiéu dng Venturi. C6 thé thay trén
toan dai toc do, cong suat cua dong co khi sir
dung CNG déu thap hon so vé&i khi st dung
xang. Trong do, phuong phap phun CNG cho
cong suat thap khoang 4,8% + 16,3%, trung
binh 16,2% so v&i khi s dung xang trong khi
phuong phap st dung bd hoa tron kiéu ong
Venturi cho cong suat thip hon khoang 21,1%
+26,7%, trung binh 20,7% so v&i khi st dung
xang.
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Bdng 2. So sdnh cong sudt mé phong khi sir dung xang va CNG & cdc toc dé

Téc d dong co (v/iph) | 1000 1500 2000 2500 | 3000 | 3500 | 4000 | 4500 | TB
Xang RON 92 (kW) 7.5 12.8 19.1 27.0 36.9 44.4 50.0 | 52.1
CNG-tron (kW) 5.6 9.8 14.9 21.3 27.0 334 38.8 | 41.2
Chénh 1éch (%) -25.2 -23.3 -21.7 21.1 | -26.7 | -24.7 | -22.4 | -21.0 | -20.7
CNG-phun (kW) 4.8 10.7 16.9 23.0 30.8 36.9 41.8 | 432
Chénh 1éch (%) -35.9 -16.4 -11.3 -148 | -16.6 | -17.0 | -16.4 | -17.1 | -16.2

- Suét tiéu hao nhién li¢u: Trén Bang
3 so sanh suét tiéu hao nhién li¢u cua dong co
& ché do toan tai tir te do 1000v/ph + 4500v/
ph khi sir dung xang RON 92, CNG phun vao
ctra nap va CNG dugc cung cip boi bd hoa
tron kiéu 6ng Venturi. Do thi cho théy, sudt tiéu
hao nhién li€u cia dong co dugc cai thién rd
rét khi st dung nhién liéu CNG so v6i nhién

liéu xang. Murc giam tiéu hao nhién li¢u trung
binh khoang 7,2% khi st dung phun CNG va
giam 3,9% khi str dung b hoa tron so voi khi
su dung xang. Do CNG c6 nhiét tri khéi luong
cao hon xing nén cong sut sinh ra tinh trén
mot don vi khdi lugng nhién lidu tiéu thy cao
hon.

Bdng 3. So sanh sudt tiéu hao nhién liéu mé phéng khi sir dung xing va CNG & cdc toc do

Tdc do dong co (v/iph) | 1000 1500 2000 2500 | 3000 | 3500 | 4000 | 4500 | TB
Xé?g/ligls) 92 355.6 300.3 271.8 | 258.1 | 251.4 | 253.9 | 282.5 |285.0
CNG-tron (g/kW.h) 354 301.0 264.2 | 2447 | 236.3 | 240.8 | 258.7 | 263.0

Chénh 1éch (%) -0.3 0.2 -2.8 -5.2 -6.0 -5.1 -84 | -7.7 | -39
CNG-phun (g/kW.h) 356 2953 2523 | 2355 | 2283 | 232.86 | 239.1 |242.0

Chénh 1éch (%) 0.3 -1.7 -7.2 -8.7 -9.2 -8.3 -153 | -15.1 | -7.2
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- Phat thai CO: D thi trén Bang 4 cho
thdy, ham luong phat thai CO cua dong co khi
sir dung CNG giam trung binh dén 76,2% va
77,4% trén toan dai téc do tuong tng véi tron
va phun CNG. Vi nhién liéu CNG (thanh phan
chinh la CH,) coty le:: C/H nhé hon so V('),’i xang
(thanh phén chinh gan véi CH ) voi cau tric

don gian hon, hdn hop chay dong nhit hon va
chay kiét hon nén phat thai CO cta dong co
khi str dung CNG thép hon nhiéu so véi khi sir
dung xang. Pong co phun CNG phat thai CO
thdp hon khong nhiéu so v6i dong co CNG sir
dung bd hoa tron, mirc chénh léch trung binh
dudi 5%.

Bdng 4. So sanh nong dg phdt thai CO khi sir dung xing va CNG & cdc toc do

Tdc d dong co (v/iph) | 1000 1500 2000 2500 | 3000 | 3500 | 4000 | 4500 | TB
Xang RON 92 (ppm) | 5372.1 | 5976.2 | 6729.0 | 7052.0 | 7263.6 | 7356.1 | 7694.4 | 7865.0
CNG-tron (ppm) 1209.3 | 8724 7319 | 854.8 | 854.8 | 958.1 | 1072.2 | 1178.0
Chénh 1éch (%) -77.5 -85.4 -89.1 -87.9 | -88.2 | -87.0 | -86.1 | -85.0 | -76.2
CNG-phun (ppm) 1168.4 | 854.8 6752 | 710.1 | 710.1 | 801.0 | 885.2 | 1184.0
Chénh léch (%) -78.3 -85.7 -90.0 -899 | -90.2 | -89.1 | -88.5 | -849 |-774

- Phat thai HC: Bang 5 cho thiy dong
co khi str dung CNG c¢6 ham lugng phat thai
HC giam nhiéu so véi khi sir dung xang trén
toan dai toc d6 cua dong co, giam trung binh
dén 81,1% ddi véi bo tron va 81,4% véi phun
CNG trén toan dai téc do va giam 16n nhat dén
92,5% & toc d6 3000v/ph. Khi st dung CNG,
phat thai HC giam manh nhu vay 1a do hon hop
CNG-khong khi dong nhat hon so véi hdn hop
xang-khong khi nén chay kiét hon. Thém nira,

nhién liéu CNG c6 ty s6 C/H nho hon so véi
nhién liéu xang trong khi phat thai HC cung
dugc tinh quy vé ham luong C,H; nén ham
luong phat thai HC cua dong co khi sir dung
CNG sé& thap hon nhiéu so vé6i khi st dung
nhién li€u xang. Pong co phun CNG phat thai
HC thap hon khéng déng ké so véi dong co
CNG str dung bd hoa tron. Murc chénh 1€ch 16n
nhit khoang 5%.

Bdng 5. So sanh phat thai HC khi sir dung xang va CNG ¢ cdc toc do

Tde do dong co (v/iph) | 1000 1500 2000 2500 | 3000 | 3500 | 4000 | 4500 @ TB
Xang RON 92 (ppm) | 1295.7 | 1433.0 | 1600.6 | 1805.3 | 1922.5 | 1922.5 | 1901.3 | 1900.0
CNG-tron (ppm) 137.4 137.4 137.4 | 1374 | 144.6 | 1555 | 171.6 | 170.0
Chénh 1éch (%) -89.4 -90.4 -91.4 -924 | -925 | 919 | -91.0 | -91.1 | -81.1
CNG-phun (ppm) 132.2 132.2 1322 | 140.8 | 140.8 | 148.0 | 164.8 | 162.0
Chénh 1éch (%) -89.8 -90.8 -91.7 -922 | -92.7 | 923 | 913 | 915 |-814
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- Phat thai NO_: Bang 6 cho thdy ham
luong phat thai NO, giam dang ké khi sir dung
nhién li¢u CNG so voi khi sir dung xdng, muc
giam trung binh trén 50%. Diéu nay dugc giai
thich do nhiét &6 chay ctia CNG thip hon xing,

do d6 1am giam nhiét d9 qua trinh chay dan t6i
phat thai NO_ giam. Pong co phun CNG phat
thai NO_cao hon mdt chit so voi dong co CNG
su dung bd hoa tron, murc chénh I¢ch trung binh
khoang 6%.

Bang 6. So sanh phat thai NO_khi sw dung xang va CNG ¢ cac toc do

Tocdodongeo | 100 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | TB
(v/ph)

Xénfp};rng 1,802.9 | 1,891.5 | 2,282.6 | 2,980.9 | 3,759.6 | 4272.1 | 4,346.4 | 4,457.0

CNG-tron (ppm) | 520.8 | 874.7 | 1,199.8 | 1,419.0 | 1,472.4 | 1,499.7 | 1,499.7 | 170.0

Chénhléch (%) | -71.1 | -53.8 | 474 | -524 | -608 & -649 | -655  -962 |-56.9

CNG-phun (ppm) | 606.6 | 900.9 | 1,209.8 | 1,430.2 | 1,515.9 | 1,604.3 | 1,654.7 | 1,712.0

Chénh léch (%) | -664 | -524 | 470 | -52.0 | -59.7 | -62.4 | -61.9 | -61.6 |-51.5

4. KET LUAN

DPong co phun xing khi chuyén sang sir
dung CNG cép vao dudng nap va khong thay
d6i két cdu ciing nhu goc danh lira sém cia
dong co thi cong suat giam nhidu nhung ham
lwong phat thai duoc cai thién dang ké so voi
dong co xdng nguyén thuy. Suat tiéu hao nhién
li¢u cua dong co CNG cling dugc cai thi¢n so
voi1 dong co xang nguyén thuy.

Dong co phun CNG c6 ham lugng phat
thai CO va HC thap hon so véi dong co CNG
st dung by hoa tron trong khi phat thai NO_
cao hon. Tuy nhién, mirc chénh l¢ch ham lugng
phat thai gita hai phuong phap cap CNG khong
nhiéu, chi tir 5% + 6%.
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