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TOM TAT

(' nuc ta hién nay, xu hudng co gidi héa nong nghiép da Iam cho s6 luong
dong co diesel mdy ndng nghiép tang nhanh ¢a vé so lugng va chling loai. Tuy
nhién cdc dong co nay c6 cac tinh nang kinh té ky thuat chua cao, ddc biét la muic
phat théi cao gay nhiém méi truong khdng khi, anh hudng dén stic khde clia con
nguai va moi truong. Da ¢d nhiéu gidi phap dugc ap dung nhdm i thién cic thong
s0 nay clia dong cg, trong do cai tién két cau dutng nap la mdt trong nhiing giai
phép don gian nhung mang lai hiéu qua déng k€. Noi dung bai béo sé st dung két
hop gidia phdn mém mo phong Ansys-ICE va AVL-Boost d€ nghién cu danh gia
miic d0 cai thién cac tinh nang kinh t€ ky thudt va phat thai doc hai clia dong co khi
tién hanh cai tién dutng nap clia dong co diesel RV 165. Két qua nghién ctiu cho
thay dong co cdi tién da c6 lugng phat thai CO va PM giam 7,48% va 12,17% so véi
két cau nguyén ban.

Tirkhda: Dong co diesel, cdi tién dudng nap, phdt thdi dgc hai.

ABSTRACT

In our country today, the trend of agricultural mechanization has made the
number of diesel engines for agricultural machines increase rapidly in both quantity
and type. However, these engines have low engineering fearture, especially high
emission levels which causing air pollution, affecting the health of the community.
Many methods have been considered to reduce engine emissions, among which
improving the intake manifold profile is a promising research direction. This paper
will use the simulation software Ansys-ICE and AVL-Boost to study and evaluate the
enhancement of engineering feature and toxic emissions when improving the
intake manifold of the RV165 diesel engine. Research results show that the
improved engine has reduced (O and PM emissions by 7.48% and 12.17%
compared to the original structure

Keywords: Diesel engine, improved intake manifold, toxic emissions.
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1.MG PAU

Sau gan 40 nam d&i mdi, nén néng nghiép nudc ta da
¢6 nhiing budc phét trién dang ké, dua Viét Nam tiing budc
tré thanh mét trong nhiing nudc sdn xuat va xuat khiu
ndng san hang dau thé gidi. P& nang cao hon niia nang
suat, chat lugng va gia tri cdc néng san, trong nhiing nam
vUa qua Dang va Nha nudc ta da cd nhiing chinh sach
khuyén khich, thic ddy qué trinh co gigi hdéa trong san
xudt, ché bién nham tiing budc huéng téi mot nén néng
nghiép hang hda, hién dai, phét trién bén viing.

Trong qua trinh ca gidi hoa, ddng co diesel mot xylanh
dang 1a nguén ddng luc phd bién st dung trong nhiéu
céng doan san xuat nhu: may cay, bua, gat, tuét lda, may
bom nud&c, may say sat... Tuy nhién cac dong co nay
thudng st dung cac céng nghé don gian (hé théng nhién
liéu st dung bom co khi thong thudng, lam mat béc hoi,
bdi tron vung té...) nén cac tinh nang kinh té, ky thuat cta
dong co khong cao, ddc biét trong qua trinh hoat ddng con
sinh ra mot lugng dang ké cac phat thai doc hai nhu NO,,
CO, HC va PM.

Nhiéu gidi phap da dugc cac nha khoa hoc trong nudc
thuc hién nham tiing buéc nang cao cdng suat, giam tiéu
thu nhién liéu va phat thai déc hai cia nhém déng co nay
nhu thay d&i két ciu voi phun [1], thay d6i thai diém phun
va ap sudt phun [2], cai tién bién dang cam nhién liéu [3],
cai tién hé théng nap thai [4], cai tién dinh piston va hinh
dang buéng chay [5]... Trong cac giai phap nay cai tién
dudng nap la mét trong nhitng gidi phap don gidn nhung
mang lai hiéu qua trong viéc nang cao hé sé nap, cai thién
qua trinh hoa trén hén hop, ti d6 cai thién chat lugng qua
trinh chady, tang cong suat va giam phat thai doc hai.

NOi dung bai bao nay sé trinh bay két qua so sanh déi
chiing cac tinh nang kinh té, ky thuat va phat thai ctia dong
co khi st dung dudng nap nguyén ban va dudng nap cai
ti€én clla ddng co RV165 trén phan mém Ansys-ICE va AVL-
Boost. Cac két qua dat dugc sé 1a ca s& dé nhom nghién
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ctru thuc hién cac nghién ctiu cai tién tiép theo nham tiing
budc nang cao cdng sudt, gidm tiéu thy nhién liéu va phat
thai déc hai cia nhém dong co nay.
2. NOI DUNG NGHIEN CUU
2.1.Dong co va trinh tu nghién ciu

Dai tugng nghién ctu dugc lua chon la dong co RV165,
day la dong cao 4 ky, 1 xylanh ndm ngang dugc san xuat bai
Vikyno Viét Nam, cac thong sé ky thuat co ban clia dong co

dugc thé hién trong bang 1.

Bang 1. Cac thdng s6 ky thuat co ban clia dong co RV165

Loai 4ky, 1 xylanh, nam ngang
Dudng kinh x hanh trinh pittdng (mm) 110x 100

Thé tich xylanh (cm?®) 950

Cong suat dinh mdc (Ma luc/vong/phdt) 14,5/2.200

Sudt tiéu thu nhién liéu (g/Ma luc/gio) 185

Tiso nén 20

Hé thong lam mat

D6i luu tu nhién

Hé thong dot nhién liéu Phun tryc tiép
Hé thong khi dong Tay quay
Trong lugng (kg) 180

Kich thudc: Dai - Rong - Cao (mm) 871-453-625

Trinh ty nghién ctu dugc thuc hién theo hai budc:

+ Budc 1: So sanh danh gia cac thong s6 cla qua trinh
nap trong dong co khi trang bi dudng nap nguyén ban (NB)
va dudng nap cai tién (CT). Qua trinh nghién clu sé dugc
thuc hién trén phan mém Ansys-ICE. Théng qua qua trinh
mo phéng sé xac dinh va so sanh danh gia hé s6 nap cla
doéng co vai hai két cdu dudng nap néu trén tai cac ché dé
lam viéc. Cac két qua nay sé la co s& dé tién hanh cac
nghién ctiu ti€p theo & budc 2.

+ Budc 2: Trén co s& hé s6 nap da xac dinh & budc 1, xdy
dung mo6 hinh mé phdéng déng co trén phan mém AVL-
Boost, so sanh danh gia tinh nang kinh té ky thuat va phat
thai cta dong co khi trang bi dudng nap nguyén ban va
dudng nap cai tién.

Bang 2. Ché do thi nghiém va hé s6 trong lugng theo chu trinh thi 10
8178-4C1

o an Mé men xodn Hésd
Mode Toc do %) trong ligng
1 100 0,15
2| T6cdo dinh mic e 0,15
3 50 0,15
4 10 0,1
5 o 100 0,1
p Tc dd tng vi md men 7o 01
[6n nhat !
7 50 0,1
8 Toc do khong téi 0 0,15
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Hinh 1. So d6 thé hién cac ché do thi nghiém va trong s6 tuang ting cla chu
trinh thr1S0 8178-4C1

Qua trinh so sanh danh gia sé dugc thuc hién theo
phuong phap doi chiing 6 dudng dac tinh ngoai va theo
chu trinh th 1SO 8178-4C1, day la chu trinh thir tiéu chuan
ap dung réng rai cho déng ca khéng st dung trén cac
phuong tién giao théng (nonroad or ofroad engines). Ché
do6 tha nghiém theo chu trinh th 1ISO 8178-4C1 dugc miéu
ta trong bang 2 va hinh 1, trong d6 dua trén cac théng sé
ky thuat ctia déng co (bang 1) téc dd khong tai dugc lua
chon la 1000v/ph, téc dé dat M., la 1600v/ph va téc dé
dinh muc la 2200v/ph.

2.2. M6 phéng qua trinh nap ctia déng co bing phan
mém Ansys-ICE

2.2.1. Xdy dung mé hinh mé phong

Hinh 2. Két cdu duong duong nap ting vdi hai truong hgp nguyén ban (NB)
va cdi tién (CT)

Dua trén cac théng so kich thudc dudng nap déng co
RV165 ciing nhu phan tich thuc t&, dudng nap cai tién dugc
xdy dung trén co s& dudng nap nguyén ban trong do co
diéu chinh d6 cong dudng nap két hop véi cai tién bién
dang hong nap (hinh 2).
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a) b)

Hinh 3. M6 hinh 3D (a) va chia ludi dong ca RV165 (b)

Tu cac théng s6é kich thudc dudng nap nguyén ban
cling nhu cac kich thudc cai tién, tién hanh xay dung mé
hinh 3D hai dudng nap nguyén ban va cai tién trén Soild
work, ti€p theo chuyén sang Ansys-ICE dé tién hanh chia
lugi va chay m6 phong (hinh 3).

2.2.2. Két qua mé phéng

Hinh 4 thé hién van téc cla dong khi di vao xy lanh
trong qua trinh nap. C6 thé thay téc do chuyén déng cua
khoéng khi trong xy lanh thay d8i dan theo chu trinh Ién
xuéng cua piston (tu khi xu pap nap mé dén khi xu pap nap
déng). Biéu d6 mau sic clia cac dudng thé hién do 16n cla
trudng van toc trong xy lanh, tir hinh 4c ¢6 thé nhan thdy
rang van toc trung binh dong chay khi nap dat cuc dai khi
piston di dugc khoadng nlta hanh trinh cla qua trinh nap.
Ngoai ra, c6 thé nhan thay xuat hién chuyén dong réi-xody
cla dong khéng khi trong xy lanh dong co.
S N

2.779e+02

1.853e+02

9.263e+01

0.000e+00
[msA1]

A A
He s6 nap

Mode

Hinh 5. Hé s6 nap ctia dong co theo chu trinh 1S0 8178-4C1
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Hinh 5 thé hién két qua mé phéng hé s6 nap (n,) Ung
vGi hai trudng hgp dudng nap nguyén ban va cai tién cla
dong co theo cac ché dé lam viéc (Mode) clia chu trinh tha
ISO 8178-4C1. K&t qua cho thay hé sé nap trong truéng hap
cdi tién déu cao hon so vdi trudng hgp nguyén ban tai tat
c& cac Mode trong chu trinh thit. Cu thé, n, tdng cao nhat |a
2,41% tai t6c d6 2200v/ph va tang trung binh 2,18% trén
toan b6 8 mode tha nghiém.

Hinh 6 thé hién két qua hé s6 nap n, theo dic tinh t6c
dé déng co, ta co thé thdy rang n, ty 1& nghich véi téc do
déng co trong ca hai trudng hgp nguyén ban va cai tién. Hé
s6 nap trong trudng hop cai tién déu |6n hon so véi duding
nap nguyén ban ctia déng co, ngoai ra n, cé gia tri [6n nhat
khi dong co lam viéc tai t6c d6 thap 1200v/ph va cé gia tri
nho nhat khi déng co lam viéc tai 2200v/ph.

Tang hé sé nap sé gilp cai thién chat lugng qua trinh
chay qua d6 nang cao céng suat, giam tiéu thu nhién liéu
va phat thai doc hai cia déng co. Ngoai ra, cac két qua
khao sat hé s6 nap nay sé la diéu kién bién dau vao cho
mo hinh mé phdng déng ca trén phan mém AVL-Boost dé
danh gia tinh nang kinh té - ky thuat cting nhu phat thai
Ung véi 2 trudng hgp bién dang dudng nap khac nhau.
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Hinh 6. Hé s nap theo ddc tinh téc do dong co
2.3. M6 phéng ddng co trén phan mém AVL-Boost
Xdy dung mé hinh
Tén phan ti Ki hiéu
" bong co E
Xy lanh C
% Loc gi6 cL
Binh tiéu am PL
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Phan ti can R

Diéu kiénbien  SB

Hinh 7. Md hinh mé phdng ddng ca RV165 trén phan mém AVL Boost

Dua trén cac théng so6 két cdu va cac nguon tai liéu lién
quan, mé hinh mé phéng cla dong co RV165 trén phan
mém AVL-Boost dugc thé hién trén hinh 7.

- Co s& ly thuyét mo phdng qua trinh lam viéc clia dong
co trén AVL-Boost dugc dua trén phuong trinh bao toan
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nang lugng theo dinh luat nhiét déng hoc 1. Qua trinh
truyén nhiét ti buéng chdy ra xung quanh dugc dua trén
mo hinh truyén nhiét qua thanh véach véi hé so truyén nhiét
dugc tinh theo mé hinh Woschni 1978. M6 hinh chdy dugc
Iua chon la mé hinh AVL MCC st dung cho déng co diesel
phun truc ti€p (DI engine).

- M6 hinh phat thai sé tinh toan dua trén cac cac co s&
sau:

+ CO 13 sdn phdm cta qua trinh chay thiéu O,. Ham
lugng phat thai CO dugc tinh todn theo H.A.M Knoef, va
Valério, et al [6].

+ Cd ché hinh thanh NO, dugc dua trén co s& ly thuyét
cla Pattas va Hafner [7]. Qua trinh hinh thanh NO, dugc thé
hién qua sau phuong trinh phan Ung theo co ché
Zeldovich. Cac hé sé ctia chubi phuong trinh dugc tinh toan
theo céc théng sé lam viéc clia déng co nhu téc d6, lugng
nhién liéu, 4p suat, nhiét do, hé sé du lugng khong khi A,
thdi gian cling nhu s6 viing chay.

+ Thanh phan phat thai dang hat (PM) c6 thé xac dinh
dua trén hai cdu thanh chinh trong PM clia dong co diesel
l[a mudi than (soot) va cac hydrocarbon khéng chdy duoc
hdp phu trén bé mat cta soot. Ngoai ra, trong thanh phan
clia PM con c6 thé c6 sunfates va ham luong rat nhd cac
chat nhu nitro dioxit, kém... hap phu trén bé mat soot. Phat
thai soot thuong dugc xac dinh dua theo co ché duoc dé
xudt bdi Hiroyasu va cong su [8]. Ca ché nay con dugc goi la
co ché hai budc, mo ta su hinh thanh va éxy hoa cltia cac
phan ti bé hong bai hai hoac nhiéu phan tng.

+ Do ham lugng phat thai HC clia dong co diesel néi
chung la rat nhé nén trong nghién ctu nay, mé hinh chéy
cla dong co (md hinh MCC) bd qua thanh phan phat thai
HC.

2.4. Hiéu chinh m6 hinh mé phéng

300 65
=a=ege TN - A =-ge MP
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Hinh 8. M6 men va suat tiéu hao nhién liéu clia dong co gitia md phong va
thuc nghiém

Dé ddm bao do tin cdy clia m6 hinh, mé hinh mé phéng
déng co RV165 trén AVL-Boost sé dugc hiéu chinh nham
dam bao sai léch két qua cia mé men (M,) va suét tiéu hao
nhién liéu (g,) tai dac tinh ngoai gitta mé phdéng va thuc
nghiém nhé hon 5%. Két qua hiéu chinh dugc thé hién trén
Hinh 8, xét trung binh trén toan dac tinh sai léch mé men
va suat tiéu hao nhién liéu gita mé phong va thuc té lan
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luot 1a 2,36% va -2,31%. Cac sai léch nay déu nhé hon 5%
do vay mdé hinh mo phéng dong co RV165 da dugc hiéu
chinh dam bao dé tin cdy can thiét.

3.KET QUA VA THAO LUAN

3.1. So sanh céc tinh nang kinh té ky thuat va phat thai
cia dong co khi sit dung duong nap nguyén ban va
dudng nap cai tién & dac tinh ngoai

290 L
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see@++ Me NB
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240 48
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Hinh 9. Céc chi tiéu kinh té, kj thudt va phat thai cia dong co tai ddc tinh
ngoai khi trang bj dutng nap nguyén ban va dudng nap cai tién
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Hinh 9 thé hién cac chi tiéu kinh té, ky thuat va phat thai
clia dong co tai dac tinh ngoai khi trang bi duong nap
nguyén ban va cai tién. Xét trung binh trén toan dac tinh so
véi trudng hgp trang bi duong nap nguyén ban, khi trang
bi dudng nap cai ti€n mdé men doéng co ting trung binh
2,40%, suat tiéu thu nhién liéu gidm 2,34%. DGi véi cac
thanh phan phat thai muc thay ddi lan luct 1a CO gidm
13,00%, PM gidm 9,80% con NO, tang 8,08%

3.2. So sanh phat thai ctia déng co khi sit dung dudng
nap nguyén ban va duéng nap cai tién khi thi nghiém
theo chu trinh tht 1ISO 8178-C1

M6 hinh chay MCC bé qua thanh phan khi thai HC nén
lugng phat thai PM dugc xac dinh theo kinh nghiém (thanh
phan soot). Théng thudng trong PM clia dong co chiia 40%
dau béi tron; 31% mudi than (soot); 14% mudi sunfat ngam
nuéc; 7% nhién liéu diesel; 8% cac loai con lai [9]. Vi vay,
luong phat thai PM sé dugc xac dinh gan ding qua cong
thdc PM = soot/0,31.

K&t qua mé phdng cac thanh phan phat thai cia dong
cd vai dudng nap nguyén ban va cai tién theo chu trinh thur
ISO 8178-C1 dugc thé hién trén hinh 10. VSi 8 mode thir &
téc do c6 cong sudt I6n nhat (mode 1-4, n = 2200v/ph), t6c
dd c6 m6é men 16n nhat (mode 5-7, n = 1600v/ph) va t6c d6
khéng tai (mode 8, n = 1000v/ph).
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Hinh 10. Két qua md phdng cac thanh phan phat thai cla hai dong co theo
150 8178-C1
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Trén co s& ham lugng phat thai tai tiing mode, tién
hanh tinh phat thai trung binh cta chu trinh (g/kWh) theo
cac cong thuc (1):

> CO,.WF, D NO,,.WF,
COTB I — O><TB RN
Ne,.WF Ne, .WF
D PM,.WF,
PM,, =<—=———
Ne, WF, (M

Trong d6: WF, la trong s tai mode thi i (hinh 1); Ne; la
cobng sudt tai mode i (kW); CO; NO,, PM, la phat thai tuong
Ung tai mode thui(g/h),i=1+8.

ONOx aco EPM

8.20 750

6.58
6.26

] 5.06

420

Phat thai (g/kWh)

0.83

0.20

CcT

Hinh 11. So sanh mc phat thai trung binh clia hai dong co véi gia tri tiéu
chudn

Két qua tinh toan theo chu trinh tha ISO 8178-C1 cho
thay khi déng co st dung dudng nap CT, lugng NO, thay
déi khong nhiéu (ting 5,16%) trong khi ham Iuong CO va
PM gidm dang ké véi muc gidm lan lugt 1a 7,48% va 12,17%.
Nguyén nhan la do viéc cai thién hé s nap khong chi gitp
giam céng nap ma con giip dong co lam viéc véi hon hop
nhat hon (khi khéng thay déi lugng nhién liéu/chu trinh)
qua dé gitp cai thién qua trinh dét chéay nhién liéu, nang
cao cOng suat, giam tiéu thu nhién liéu va phat thai déc hai
(dac biét la tai cac ché d6 tai I6n nhu tai mode 1, mode 5).

So V@i gidi han muc phat thai theo tiéu chuin Tier 2 c6
thé thay thanh phan PM cla ddng co khi trang bi dudng
nap CT da tiém can vdi tiéu chuén Tier 2 (cao han 0,375%).
4, KET LUAN

Bai bdo da trinh bay két qua mé phong danh gia anh
hudng clia két cdu dudng nap cai tién dén cac tinh nang
kinh té ky thuat va phat thai cia dong co RV165 trén co sG
két hop gitta phan mém Ansys-ICE va AVL-Boost, céc két
qua chinh cta bai bdo nhu sau:

- Viéc diéu chinh d6 cong dudng nap va bién dang
hong nap gilp tang hé sé nap ciing nhu chuyén déng xody
r6i nham cai thién qua trinh hoa tron gilra nhién liéu va
khoéng khi bén trong xylanh déng co.

- Két qua mo phang trén dudng dac tinh ngoai cho thay
viéc cai thién hé s6 nap giup giam céng nap, déng co lam
viéc vGi hoa khi “nhat hon”, cai thién chat lugng qua trinh
chay qua doé giup mémen déng co tang trung binh 2,4%,
suat tiéu thu nhién liéu gidam 2,34% trén toan dac tinh.
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- K&t qua tht nghiém theo chu trinh ISO 8178-C1 cho
thay lugng phat thai CO va PM gidm dang ké 1an luct 7,48%
va 12,17% so véi két cdu nguyén ban. So véi gidi han muc
phat thai theo tiéu chudn Tier 2 c6 thé thdy thanh phan PM
clia dong co khi trang bi dudng nap CT da tiém can vdi tiéu
chuén nay.

LOI CAM ON

Nghién ctu nay dugc hé trg kinh phi tir Trudng Dai hoc
Cong nghiép Ha Noéi thong qua dé tai nghién ctu khoa hoc
cdp trudng nam 2021. Nhom nghién cdu tran thanh cdm on
Trung tdm nghién ciiu Béng co, nhién liéu va khi thai cla,
Trudng Pai hoc Bach khoa Ha No6i da hé trg trang thiét bi
dé nhom tac gid hoan thanh nghién ctu nay.
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