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Abstract: Currently, one of the effective solutions to reduce exhaust emissions
for diesel engines is to use exhaust aftertreatment units to meet increasingly
tightened emission standards. This paper presents the results of research and
evaluation of the emission reduction ability of DPF filters when installed on the
exhaust manifold of diesel engines equipped on vehicles in circulation using
simulation software AVL-Boost. Research results show that the significant
emission reduction efficiency of the DPF filter does not significantly affect the
performance of the engine. The research results are the basis for researching,
designing, manufacturing, installing and testing the emission reduction efficiency
of DPF filters on diesel engines installed on vehicles circulating in Vietham.
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Nghién clru giam phat thai cho déng co’
diesel lap trén xe tai c® nhé bang bd loc
DPF
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1Khoa Co khi, Dai hoc Céng nghé GTVT, 54 Triéu Khic, Thanh Xuan, Ha Noi.

2Trung tdm C6ng nghé co khi, Pai hoc Céng nghé GTVT, 54 Triéu Khic, Thanh
Xuan, Ha Noi.

Tém tat: Hién nay, mot trong nhirng gidi phap hiru hiéu dé gidm phat thai cho
dong co diesel 1a st dung cac bo x& ly khi thai nhdm dap &ng tiéu chuén khi
thai dang ngay cang dwoc that chat. Bai béo trinh bay cac két qua nghién ctu,
danh gia kha nang giam phat thai cta bd loc DPF khi dwoc lap trén dwdng éng
xa& dong co diesel trang bi trén cac phwong tién van tai dang lwu hanh bang
phan mém md phéng AVL-Boost. Két qué nghién ctu cho thay hiéu qua gidm
phét thai dang ké cta bd loc DPF ddng thoi khdng anh huwéng dang ké dén tinh
naéng k¥ thuat-kinh t& ctia dong co. Két qua nghién ctru 1a co s& dé nghién ctru
thiét ké, ché tao, 18p dat va th&r nghiém hiéu qua gidm phét thai ctia bd loc DPF
trén dong co diesel 13p trén cac phwong tién van tai dang lwu hanh tai Viét Nam.

T kh6a:Bé loc DPF; xe tai c& nhd; dong co diesel ISUZU 4BD1T; phat thai;

Ngay dang bai: phan mém AVL-Boost.

16/12/2021

1. Giéi thiéu

Ngay nay, phan I&n cac phwong tién giao
thdng van tai dwoc trang bi déng co dét trong da
va dang gdép phan quan trong vao qua trinh céng
nghiép hoa - hién dai héa dat nwéc, tuy nhién
day ciing 1a nguén phat thai gay ra nhirng tac
dong xau dén moi trwdng, gay nguyhai cho strc
khée clia con ngwdi va lam suy gidm chat lwong
cudc sbéngdac biét & cac dd thi Ion. Khi thai tw
cac phwong tién tham gia giao théng hién nay
dang lamét trong nhirng tdc nhan I&n nhat lam
anh hwdng dén qua trinh bién déi khi hau.Theo
danh gia clha cac chuyén gia, 6 nhiém khong khi
& cac dé thi Ién & nwdc ta nhwHa Néi, Tp. HO
Chi Minh do phwong tién giao thédng gay ra
chiém ti 1& khoang 70% [1].Trong d6 ham lwong
phat thai cua cac phuwong tién st dung nhién liéu

diesel chiémmot ti 1& dang ké. Déi véi dong co st
dung nhién liéu xang la tdc nhan chinh gay nénd
nhiém CO va HC trong khi d6 déng co st dung
nhién liéu diesel lai la tAc nhan chinhgay phat
thai bd hong (particulate matter — PM), NOx va
SOx [2, 3].

Theo bao céao cua B Giao thdng Van tai,
dén thoi diém 15/3/2018, tbng sbphwong tién co
gi¢i dwong bd da dang ky trong ca nwéc la
55.138.589 xe mo6 t6 va3.769.126 xe 6 t0 [4]. Sy
phét trién cla kinh té dat nuwdc, nhu ciu di lai,
van chuyénhang héa clia nguoi dan tang cao
dan t¢i sbé lwong cac phuwong tién giao théng
tangnhanh, dac biét la cac phwong tién st dung
dong co diesel nhw xe buyt, xe tai.

Quyét dinh s6 16/2019/QD-TTg cha Tha
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twéng quy dinh mc tiéu chuan khi thai cha xe 6
t6 tham gia giao thong va xe 6 t6 da qua s dung
nhap khau, theo d6 tiéu chuankhi thai véi cac xe
dang lwu hanh sé dwoc that chat hon [5]. Vi vay,
nghién clru dé gidmcac thanh phan khi thai doc
hai tlr khi thai xe 6 t6 dang lwu hanh |a van dérat
cép thiét.

Do kich thwéc nhé gon, dé di lai trong khu
vuc d6 thi cé dac diém dwong nhd hep, xe tai
nhe da dan tré nén phd bién va la mét trong
nhirng phwong tiénchuyén ché hang hoéa trong
cac khu dé thi. Cac phwong tién xe tai nhe noi
trén da phandwoc lap rap trong nwéc va la cac
loai xe tai ben c& nhd (trong tai 1 + 3 tan), cac
dong xe tai naydéu st dung céng nghé ci, da
phan cac xe nay déu chwa I&p bo xr ly khi thai
hoac da ci trong khi ham lwgng phat thai déc hai
I&n, chéat lwong dong co thap. Theo nghién ctu
[6] cd dén 45% sb lwong xe tai c& nhd dudi 2 tan
khéng dat mirc tieu chuan khi thai theo Quyét
dinh sb 16/2019/QD-TTg. Vi vay, day la dbi
twong phu hop dé& nghién clru gidm phat thai,
mang y nghia thyc tién cao.

Céc giai phap lien quan dén thay dbi két
cau dong co 6 t6 mang lai hiéu qua dang ké,tuy
nhién giadi phap nay khong phu hop véi xe 6 to6
dang Iwu hanh do phai thay dbi kétcau ctia déng
co. Giadi phap str dung cac b6 x ly khi thai la
gidiphap hiéu qua va co tinh khathi cao da dwoc
ap dung & nhiéu nwéc trén thé gi¢i.Tuy nhién tai
Viét Nam, viéc nghién ciru cac giai phapnay van
con han ché. Céng trinh [7] nghién ciru gidm phat
thai ddc hai cho déng co diesel tang ap 1ap trén
xe buyt. Cac giai phap giam phat thai dwoc ap
dung trong nghién cltru nay tap trung vao giam
phéat thai NOx bang phwong phap luan hdi khi
thai; gidm phat thai PM bang bd loc DPF két
hopvéi bd chuyén dbi xic tdc DOC.Két qua
nghién ctru gép phan dinh hwéng gidi quyét van
dé brc xtc cla thyc tién vé 6 nhiém khong khi
do phuong tién giao théng s&r dung dong co
diesel, dac biét la déng codiesel trang bi trén xe
buyt. Tuy nhién, bién phap gidm NOx bang luan
hoi khi thai tuy don gidn nhwng lai lamtang dang
ké tiéu thu nhién liéu va lam gidm cong suét dong
co. Cong trinh [8] nghién clru giam phat thai déc
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hai cho dong co diesel xe tai nhe dang Iwu hanh
bang phwong phap két hop cac bd xt Iy khi thai
DOC, DPF va SCR. Giai phap x ly khi thai bang
suw két hop cac bd x& ly khi thai mang lai hiéu
qua xtrly cao trén dong co diesel xe tai hang nhe
gilp gidm dang ké lwong phat thai NOx, CO, HC
va phét thai PM. Tuy nhién, viéc lap nhiéu thiét bij
trén dwong thai lam anh hwédng dén tinh ning
kinh té- ky thuat ctia déng co ddng thoi lam tang
chi phi dé trang bi cac thiét bj déi véi cac cha
phwong tién. Mat khac, hién nay cac phwong tién
lap déng co diesel dang lwu hanh theo quy dinh
chi phai dap rng mre tiéu chuan phat thai vé do
khéi. Do dé, trang bi bd loc DPF trén ddng co
giup cac phwong tién van tai dang Ivu hanh dap
&ng dwoc mérc tieu chudn khi thai hién hanh
ddng thoi gidm thidu dwoc chi phi cho cac chi
phwong tién va doanh nghiép van tai.Vi vay, can
c6 cac nghién ctu ly thuyét va thwe nghiém viéc
st dung bd loc DPF cho dong co diesel trang bi
trén cac phwong tién van tai nham danh gia hiéu
qua cat giam phéat thai PM cho cac phwong tién
nay.

Bai b&o nay trinh bay cac két qua nghién
ctrugidm phét thai PM bang bd loc DPF cho déng
co diesel 1ap trén cac xe tai ¢& nhdé dang lwu
hanh tai Viét Nam trén phdn mém mé phdng
AVL- Boost. Két qua nghién ciru nham danh gia
hiéu qua gidm phat thai PM cho déng co déng
thoi 1am co s& dé thiét ké, ché tao, 1ap dat bd loc
DPF trén déng co diesel |ap trén cac phwong tién
van tai dang Iwu hanh.

2. P6i twong va phwong phap nghién ciru
2.1. Béi twong nghién ciru

Péi twong nghién clru dwoc lya chon la
dong co diesel ISUZU 4BD1T. Bong co ISUZU
4BD1T dwoc st dung phd bién trén cac 6 to
khéch, 6 t6 tai c& nhd va trung binh. Béng co
ISUZU 4BD1T la loai déng co diesel trung téc 4
ky, tdng ap bang tuabin khi x&, cac xi lanh bd tri
thdng hang, phun nhién liéu trwc tiép, dung bom
cao ap kiéu Bosch, lam mét bang nwéc [9]. Cac
thong sb k¥ thuat chinh ctia ddng co dwoc trinh
bay trong Bang 1.
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2.2. Phwong phap nghién ciru

Pé nghién clru anh hwdng cla viéc st
dung bd loc DPF dén cac thdong sé kinh té-ky
thuat va méi trwdng clda dong co ISUZU 4BD1T
nhém nghién cu s&r dung phwong phap nghién
ctru mé phéng bang phan mém AVL-Boost [10-
12]. Theo phuwong an da chon, bé loc DPF sé
duoc 1ap trén dwong 6ng thai cha dong co. Do
do trén mé hinh ddng co diesel-DPF, ngoai cac
phan t& co ban nhw mé hinh dong co diesel
nguyén thiy sé& c6thém phan tl bd loc (DPF1) dé
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mo6 phdéng qué trinh loc phéat thai PM cda ddng
co. Phan t bd loc duwoc 1ap trén duwdng 6ng thai
sau tuabin tang ap. M6 hinh mé phdéng dong co
ISUZU 4BDA1T c6 lap bo loc DPF trén duwong thai
sau khi xay dwng dwoc trinh bay trén Hinh 1.
Kich thwéc khao sat va két cau bd loc DPF dwoc
thé hién trong Bang 2.V tri 1ap bd loc dwoc khao
séat khi thay ddi khoang cach L, (mm) dwoc tinh
tr dau ra cla tuabin khi thai dén cb gop vao cla
bd loc DPF nhuw dwoc thé hién trong Bang 3.

Bang 1. Cac thdng sb k§ thuat chinh ctia dong co diesel ISUZU 4BD1T [9]

Théng s6 Ky hiéu Gia tri DPon vi
The ty céng tac 1-3-4-2
BPuwong kinh xi lanh D 102 mm
Hanh trinh piston S 118 mm
Sé xi lanh i 4 -
Thé tich cong tac \ 3856 cm?
Ty sb6 nén € 17,5 -
Co6ng suat dinh mrc Ne 78,3 kW
Vong quay rng v&i Ne Ne 2500 vg/ph
M6 men cwc dai &@ 1600 vg/ph Memax 3254 N.m
Géc phun s&m nhién liéu tinh theo
géc qFl)Jay truc khuyu ' - 16 do
Suét tiéu hao nhién liéu e 210 g/kW.h
Ap suét phun nhién liéu Po 185 kG/cm?
Bang 2. Thong sb kich thwéc va két cdu bd loc DPF cho ddng co
~ B Ky Phwong an Pon
Thdng so A .
hiéu PA1 PA2 PA3 PA4 PAS5 \4
Chiéu dai 16i loc Lope 200 220 240 260 280 mm
DPuwdng kinh 16i loc Dopr 150 mm
Thé tich loc Y, 3,53 3,89 4,24 4,59 4,95 lit
Méat do cell loc CPSI 400 1/in?
Thé tich cb gop vao Vin 0,5 Iit
Thé tich cd gop ra Vout 0,5 Iit

Nham dam bao dd chinh xac cla md hinh,
dong co dwoc ther nghiém trén Bang thd AVL-
UTT tai Phong thi nghiém Déng co dbét trong —
Trwong Dai hoc Cong nghé Giao théng van tai
(UTT) dé lay sb lieu kiém chirng va hiéu chinh
mo hinh. Két qud md phéng va thuc nghiém vé
céng suét va suét tiéu hao nhién lieu dwoc so

sanh khi dong co hoat déng theo dac tinh
ngoai.Sai léch vé cong suat 1a 4,87%, sai léch vé
suét tiéu hao nhién liéu la 0,73% (Hinh 2) cho
thdy mé hinh dam bao d6 tin cay dap ng yéu
cau cho cac nghién ctru md phdng tiép theo.Cac
thong sb ky thuat-kinh t& ctia déng co va hiéu
qua giam phat thai cta bd loc DPF dwoc khado
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sat & ché do cong suat dinh mc va theo dac tinh
tai tai toc d6 c6 md men I&én nhat n = 1600
(vg/ph).

Phwong an tai sinh loc dwgc lwa chon la tai

PL1

Nguyén & nnk

sinh PM bang O, tdc dung chinh la lam tang
nhiét do ctia PM, t&r d6 tang téc do6xy hoa PM,
gitp cho quéa trinh @&t chay PM dién ra nhanh
hon.

E1

@ [ T

R1 R2

R5 RG

MP3

X P2 3 S N
10 12 T] 18

MP& MP7

R7

R3, R4

MP4 MP5

MP3 MPg

PL2 MP12

5t

s5B2

ATB2

Hinh 1. So d& md phéng déng co diesel ISUZU 4BD1T cé 1ap bd loc DPF
Bang 3. Phuong an 13p dat bo loc DPF trén déng co

A £ Cia Phuwong an .
Théng so Ky hiéu DPon vi
PA2 PA3 PA4
Khoang céach tlr tuabin
. L 300 500 700 900
dén bd loc DPF P mm
80 220
Ne, KW —&— Ne_MP - @® — Ne_TN ge, g/(kW h)

70

60

50

40

S~ - -
-- o

20
1000 1200 1400 1600

—&— ge_MP - @ -ge_ TN

216

214

212

210

S<m-"

208

1800 2000 2200 2400

ne, vg/ph
Hinh 2. Bac tinh cdng suét va suét tiéu hao nhién liéu moé phdng (MP) va thwc nghiém (TN)
theo dac tinh ngoai ctia dong co
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3. Két qua nghién ctru va thao luan

Nguyén & nnk

3.1. Két qua mo6 phéng céac thdng sé ky thuat-
kinh té va phat thai cta déng co

Bang 4. Céac théng sb cla dong co khi thay ddi kich thuwéc bd loc tai téc d6 n = 2500 vg/ph

Khéng Chiéu dai 16i loc, Lopr (Mm)
N < Don e
Thoéng so . lap bo
| 200 220 240 260 280
oc
Cong sudtdong co, Ne KW 7881 78,22 781 77.9 77.7 77.63
Phat thai PM truéc bd
DPT: alFMIIIoeho — yiwh 0328 0,364 0,37 0377 0383 0,387
Nhiet do khixa trroebo 846 854 858 862 867 868
DPF, Texh
Luu lwong khi X3, Gen ~ g/s 97,4 95,2 94,9 94,5 94,2 94,1
Ap suatkhixatruoebo - o 1,07 1,086 1,106 1126 1,136
DPF, Pe><h—in
Ap suat khi xa sau bo bar ] 1,037 1,036 1,035 1035 1,034
DPF, Pexh—out
Khoiluong PMtrong 1\ v - 831105 846.10° 863105 877.10° 887.10°

kg khi x&

Bang 5. Cac thdng sb clia dong co khi thay ddi vi tri 1ap bd loc tai téc dd n = 2500 vg/ph

Khoang céch tir tuabin dén bé loc DPF, L, (mm)

Théng s6 Pon vi
300 500 700 900

Cong suét dong co, Ne kW 77,86 77,9 77,92 77,93
Phat thai PM trwéc bd DPF g/kWh 0,38 0,377 0,377 0,379
Nhiét dé khi xa trwéc bd DPF, K 873 862 852 839
Texh
Lwu lwgng khi xa, Gexn gls 94,4 94,5 94,5 94.4
Ap suat khi xa trroc bo DPF, bar 1,109 1,106 1,104 1,102
Pexh—in
Khéi lwong PM trong 1 kg khi xa kg/kg 8,71.10° 8,63.10° 8,63.10° 8,69.10°

Két quéd md phdng dong co tai ché d6 toan
tai (n = 2500 vg/ph), vi tri I&p bd loc L, = 500 mm,
kich thwéc bd loc thay déi dwoc thé hién trong
Bang 4. Két qua md phdng cho thay khi 1&p bo
loc cdng suat dong co gidm khong dang ké (AN
= 1,5%). Cac théng sb clha khi xa (nhiét do, ap
suét, lwu lwong, thanh phan) thay dbi khéng dang
k& khi thay ddi kich thuéc bd loc.

Két quéd md phdng dong co tai ché d6 toan
tai (n = 2500 vg/ph), chiéu dai bd loc Lopr = 240
mm, Vi tri I&p bo loc thay dbi dwoc thé hién trong
Bang 5. K&t qua md phdng cho thay khi 1&p bo
loc cdng suét ddng co gidm khong dang ké. Nhiét

dd khi xa giam khi vi tri 1ap bo loc cang xa tuabin.
Ap suét va lvu lwong khi xa trwéc bd loc khong
thay dbi khi vi tri 1&p bo loc thay dbi.

Két qué md phdng déng co theo dac tinh
tai tai tbc dd md men dat cwc dai (n = 1600
vg/ph), chiéu dai bd loc Lopr = 240 mm, vi tri 1ap
bd loc L, = 500 mm dworc thé hién trong Bang 6.
Két qua mé phdng cho thy khi dong co giam tai,
cac théng sb cla khi x& (nhiét do, ap suét, lwu
lwgng) giam.

Céac thong sb thu duoc tr két qua mod
phdng déng co dwoc dung lam théng sb dau vao
dé nhap vao mé hinh phan tich b loc DPF.
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Bang 6. Cac théng sb clia dong co khi hoat dong theo dac tinh tai tai tbc d6 n = 1600 vg/ph

Ché dé tai, %

Théng s6 Pon vj

100% 75% 50% 25%
Co6ng suét dong co, Ne kW 54,64 40,35 25,28 9,73
Phat thai PM trwéc bd DPF g/kWh 0,503 0,3384 0,184 0,0084
Nhiét do khi xa trwéc bd DPF, K 819 240 651 542
Texh
Lwu lwong khi xa, Gexn ols 59,3 57,8 56,5 55,4
Ap suat khi xa trwéc b DPF, bar 1,05 1,04 1,03 1,02
I:)exh—in
Khdi lwong PM trong 1 kg khixa  kg/kg  12,9.10° 6,56.10°  2,29.10° 0,04.10°

3.2. Két qua md phéng phan tich bé loc DPF

Kich thwdc bo loc dwoc lwa chon véi chiéu
dai Lpopr = 240mm. B6 loc DPF dwoc lwa chon la
loai téi sinh thu dong bang O.. Qué trinh dbt chay
PMdwoc thwe hién nhd nhiét d6 cao cua khi xa.
Vé&i két qua dau vao 1a lwong phat thai PM thu
dwoc sau khi chay mé hinh déng co, mé hinh
phan tich bé loc DPF cho ra két qua 1a chiéu cao
cta PM tich Iu§, tai sinh & I&p bé mat (cake), 16p
séat vach (depth) va khéi lwong PM da bi dét chay
trong qué trinh tai sinh loc tai cac ché dd hoat
dong khac nhau clia dong co. Trong thoi gian
400 giay lvong PM & I&p depth tang nhanh nhw
dwoc thé hién trén Hinh 4.

Két qua md phdng tir Hinh 5 cho thay, tai vj
tri z = 0 mm, giay th& 20 bat dau xay ra qua trinh
dét chay PM, giay th& 80 gan nhw dét chay hoan
toan; Vj tri z = 60 mm, giay th 20 bat dau xay ra
qua trinh dét chay PM, giay thtr 60 gan nhuw dbt
chay hoan toan; Vi tri z = 60 mm, giay thir 20 bét
dau xay ra qua trinh dét chay PM, giay tht 60
gan nhw dét chay hoan toan; Vi tri z = 120 mm va
z = 180 mm, gidy th&r 40 bat dau xay ra quatrinh
dét chay PM, giay th& 75 gan nhw dét chay hoan
toan; Vi tri z = 240 mm, giay thr 60 bat dau xay
ra qua trinh dét chay PM, giay th& 100 gan nhw
dbt chay hoan toan.

Két qud md phéng trén Hinh 6 cho thay

tdng khdi lwong PM bi dét chay gan nhw hoan
toan sau 75 gidy khi thay ddi vi tri 1ap bo loc tai
ché d6 toan tai n = 2500 vg/ph. Diéu nay dwoc
gidi thich do tai ché dd toan tai nhiét do khi xa
tang cao, tao diéu kién thuan loi cho qua trinh
Oxy hoa PM.

Két quad md phéng téng khédi lwong cia PM
trong qua trinh tai sinh khi dong co hoat ddng
theo dac tinh tai tai tbc d6 n = 1600 vg/ph dwoc
thé hién trén Hinh 7. Ta thay tai téc d6 n = 1600
vg/ph:

- PM bj dét chay hoan toan sau 150s tai
ché do 100% tai;

- PM bj dét chay 60% sau 400s tai ché do
75% tai;

- Tai ché d6 50% va 25% tai, PM khong bi
dét chay. Qua trinh tai sinh loc khéng dién ra do
nhiét d6 khi thai thdp lam anh hwéng dén quéa
trinh dxy hoa PM. Tuy nhién, tai ché do tai nho
lwgng phét thai PM sinh ra khong dang ké so véi
cac ché do tai cao.

Nhw vay, tuy vao ché dd hoat dong cua
déng co ma hiéu qua giam phat thai PM khéac
nhau do anh hwéng cta nhiét dd khi thai. Tai ché
do toan tai lwong PM bj dbt chay gan nhw hoan
toan sau 150s. Tai cac ché do tai bd phan, ty
léPM bj dbt chay gidm dan, tuy nhién do lwong
phét thai PM tai cAc ché do nay thap hon nén bd
loc DPF van lam viéc hiéu qua.
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Tong luong bo hong o lop Depth (kg/n*3)

Hinh 4.

T 19 49 L 19 49 49

50

L 19 49 49

100

L 19 49 T L 49 T 19 L 49
150 200 250
Thoi gian (s)

19 49 L 49 T 49 L T 49 49
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Qua trinh tich luyPM & I&p depth tai ché dé toan tai n = 2500 vg/ph
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50% chieu dai cua bo loc (m)
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—— Tong luong bo hong Lp = 300mm (kg/nm3)
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Hinh 6. Téng khéi lwgng PM trong qua trinh tai sinh khi thay di vi tri 1ap b loc tai

ché d6 toan tai n = 2500 vg/ph
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Hinh 7. Téng khéi lwgngPM trong qua trinh tai sinh khi ddng co’ hoat déng theo
dac tinh tai tai tbc do6 n = 1600 vg/ph

4. Két luan

S& dung bd loc DPF la mét gidi phap hiru
hiéu dé giam phat thai PM cho déng co diesel lap
trén cac phwong tién van tai dang lwu hanh nham
dap trng murc tiéu chuén khi thai ngay cang dwoc
that chat.

S& dung bd loc DPF loai tai sinh thu déng
bang O véi thé tich loc 4,24 lit c6 thé gidm trén
95% phat thai PM cho déng co nghién ctru. Céng
suét déng co giam khong qua 1,5%.

Vi tri 18p dat bd loc DPF trén dwong thai
cla dong co c6 anh hwéng dén hiéu qua giam
phét thai do nhiét d6 khi thai vao b loc thay dbi.
DPé& dam bao hiéu qua tai sinh loc can 1ap bo loc
DPF tai vi tri cach tuabin tang ap trong khoang
0,5+0,9 m.

Két qua nghién ctru md phdng la co s& dé
nghién ctru thiét ké, ché tao, I&p dat va tho
nghiém hiéu qua gidm phat thai ctabd loc DPF
trén dong co diesel 1p trén cac phwong tién van
tai dang Iwu hanh.
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