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TOM TAT

Bai bdo trinh bay két qua thwe nghiém danh gid anh hudng cia ty 1é khi thdi tuan hodn
(%EGR) dén cdc chi tiéu kinh té, nang lirong, méi truong ciia dong co diesel Hyundai D4CB 2.5
TCI-A (4 kp, 4 xi lanh, phun nhién liéu kiéu CommonRail, tang dp tua bin khi thai VGT ¢6 lam mat
khi nap, swr dung hé th(fng EGR ap sudt cao). Thur nghiém dwoc thuc hién trén hé théng thiét bi déng
bo va hién dai cua hang AVL, két hop voi bo dieu khién ECU mé ciia hdang Woodward (MotoHawk
0565-128). Cdc chi tiéu dwoc danh gid bao gom: sudt tiéu hao nhién liéu, mé men xodn va ham
liwong cdc chdt 6 nhiém chinh trong khi thai (NOx, CO, HC, PM). Két qud cho thdy khi ting % EGR
dén nguéng toi wu (khoang 20+25%), lrong NOx giam dang ké (1én dén 56,4%), tuy nhién kém theo
la sw gia tang ciia cdc chdt é nhiém khdc (CO, HC va PM); sudt tiéu hao nhién liéu chi bi anh hirdng
nhe (giam khodng 3,2%). Két qua nghién citu cung cdp danh gia dinh heong, véi dé tin cdy cao vé
danh hwéng cia %EGR, dong thoi la co sé dé diéu khién %EGR phi hop khi thay doi quy ludt cung
cap nhién liéu (voi cdc chién lwoc phun khdc nhau), loai nhién liéu sir dung (biodiesel B10, B20).

Tir khéa: Tuan hoan khi thai (EGR); Péng co diesel Hyundai D4CB; Sudt tiéu hao nhién
liéu; Phat thai NOx, CO, HC, PM.

ABSTRACT

This paper presents experimental results evaluating the impact of exhaust gas recirculation
(EGR) rate on the economic, energy, and environmental performance indicators of the Hyundai
D4CB 2.5 TCI-A diesel engine (four-stroke, four-cylinder, Common Rail fuel injection, variable
geometry turbocharger with intercooler, equipped with a high-pressure EGR system). The
experiments were conducted using a modern, fully integrated test system from AVL, combined with
an open ECU from Woodward (MotoHawk 0565-128). The evaluated parameters include brake
specific fuel consumption, engine torque, and the concentrations of major exhaust pollutants (NOx,
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CO, HC, and PM). The results show that increasing the EGR rate to an optimal range (approximately
20+25%) leads to a significant reduction in NOx emissions (up to 56.4%), but is accompanied by
increases in other pollutants (CO, HC, and PM). Fuel consumption is only slightly affected, with
a reduction of about 3.2%. The study provides a quantitative and highly reliable assessment of the
influence of EGR rate and serves as a basis for appropriately controlling EGR under varying fuel
injection strategies and fuel types, such as biodiesel blends (B10, B20).

Keywords: Exhaust gas recirculation (EGR); Hyundai D4CB diesel engine; Brake specific
fuel consumption (BSFC); NOx, CO, HC, PM emissions.

1. PAT VAN PE

Tuan hoan khi thai (EGR) 1a giai phap
dua mot phan khi thai quay tré lai dudong nap
ctia dong co nhim lam giam ndng d6 6xy cua
khéi khi nap méi, tir d6 ha thap nhiét do va ap
suat cuc dai trong budng chay, gitip giam dang
ké lugng khi NOx thai ra, [1], [2].

Hé théng EGR cén duogc trang bi trén
dong co dé dap tmg cac tiéu chuan 6 nhiém tir
Euro 3 tr¢ di, [4]. Tiéu chuan Euro 6 duogc ap
dung tir nim 2015 v&i gidi han nghiém ngat vé
muc phat thai NOx, PM, CO va HC, dac biét
1a xe lap dong co diesel. So véi Euro 5, Euro
6 giam dén 67% mirc phat NOx cho phép ddi
v6oi Phuong tién co gidi duong bd (PTCGDB)
hang nhe va 37% d6i v6i dong co diesel trén
PTCGDB nang, [3]. Bé dap ting Euro 6, cac
nha san xuat 6 to phai sir dung dong thoi cac
cong ngh¢ nhu bd loc chét thai dang hat (DPF),
hé thdng khtr NOx kiéu xtc tac chon loc (SCR),
cai tién quy ludt cung cap nhién liéu va 1am mat
khi EGR, [3]. Nam 2016, Hoi dong quéc té vé
Giao thong sach (ICCT) dua ra ban tom tat k§
thuat vé tiéu chuan khi thai Euro 6, [3] trong
d6 nhdn manh vé vai trd cia EGR trong viéc
kiém soat NOx. Viéc sir dung EGR két hop véi
b6 xir Iy khi thai kiéu SCR sé& gitp dong co dat
duoc ngudng phat thai NOx cta Euro 6. Vai
trd cia EGR trong viée dap tig cac tiéu chuan
Euro duoc trinh bay trén Hinh 1, [4], cho théy,
dé dong co diesel co thé dat dugc tiéu chudn

khi thai ttr Euro 3 tré 1én thi khong thé thiéu hé
thong EGR.
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Hinh 1. Vai tro ciua EGR trong viéc dap ung cdc
tiéu chudn khi thai [4].

Maic du EGR gitp glam NOx hiéu qua,
nhung ciing anh huong manh dén suat tiéu hao
nhién li¢u dong co. Khi tang ty 1€ khi EGR
(%EGR), s& lam tang phat thai CO, HC va PM,
[1]. Do do6, viéc diéu khién % EGR tbi wu 1a
rat quan trong dé dé dam bao su can bang, thoa
hiép giita mirc phat thai NOx, cac chat 6 nhiém
khéc va sudt tiéu hao nhién liéu. bong co diesel
hién dai sir dung hé thong EGR diéu khién dién
tir dé kiém soat chinh xac lugng khi EGR nham
diéu chinh kip %EGR phu hop vé6i ché do van
hanh, [2]. Lam mat khi EGR tru¢c khi dua vao
duong nap 13 mot bién phap hiéu qua nham dat
dugc cac muyc tiéu, [2].

Hountalas, [5], da nghién ciu éanh
hudng cua nhiét do va %EGR dén chi tiéu kinh
té va mirc phat thai cua dong co diesel phun
nhién liéu truc tiép lip trén xe tai hang ning

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
ZCI  TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

thong qua thuc nghiém trén bé thir véi ché do
lam vi¢c 1a 100% tai, tai n = 1130 vg/ph va n
= 1420 vg/ph, nhiét do khi EGR thay doi tir
90+240 °C. Két qua cho thay, néu nhiét do khi
EGR cao s€ anh huong x4u dén hiéu suét nhiét,
lam tdng phat thai PM. Xuexuan Nie va cong
su da tht nghiém trén dong co diesel 4 ky 4 xi
lanh, tang ap tua bin khi thai c6 lam mat khi
tang ap, dung hé thong phun nhién ligu kiéu
CommonRail, st dung cac by xur 1y khi thai
DOC, DPF va SCR, hé théng EGR kiéu ap suit
cao [1]; cho thdy, su két hop t6t gitra %EGR
va SCR c6 thé dua muc phat thai NOx vé bang
0 khi dong co lam viéc & n = 1600 vg/ph, tai
100% tai.

Viéc nghién ctru vé EGR trén dong co
diesel phun nhién liéu diéu khién dién tir da
dugc nhom tac gia bai bao thuc hién tor nam
2014, voi mot sd cong trinh di cong bd, [6],
[7], [8]. Trong cong trinh [6], da sir dung phan
mém AVL Boost dé danh gia anh huong cua
%EGR dén chi tiéu k¥ thuat va méi trudng cia
dong co diesel mot xi lanh ding hé théng phun
nhién lidu kiéu co khi, cho thay, véi %EGR =
15+20% & n = 2400 vg/ph va n = 2600 vg/ph,
tai 100% tai, co thé giam tir 80-90% phat thai
NOx nhung phat thai PM ting khoang 4+6 lan
so voi khi khong s dung EGR, [6]. Trong cong
trinh [7], d2 nghién clru thuc nghiém xac dinh
cac thudc tinh hoa - 1y cua dong khi EGR (nhiét
do, ap suat, hoi nudc, CO,) khi dong co diesel
D4CB 2.5 TCI-A st dung cac loai nhién li¢u
khéc nhau (diesel BO va biodiesel B10, B20) ¢
n= 1750 vg/ph. Trong cong trinh [8], da nghién
ctru thuc nghiém nham xac dinh dic diém diéu
khién, van hanh hé théng EGR (d¢ rong xung
dong/mo van EGR, %EGR, ham lugng 0xy...)
cua dong co D4CB 2.5 TCI-A khi lam viéc &
cac ché do tai va tbc do khac nhau, st dung
ECU diéu khién nguyén thuy cta dong co;
két qua cho thdy, ¢ tbc d6 n = 2000 vg/ph thi
%EGR dat gia tri 16n nhét, vao khoang 20%.

Bai bao nay trinh bay két qua nghién ctru
thuc nghiém danh gia anh hudng cia %EGR
dén cac chi tiéu kinh té, ning luong va moi
truong cua dong co diesel D4CB 2.5 TCI-A lip
trén xe Hyundai Starex, trén hé théng thiét bi
thir nghiém hién dai, dong bd ctua Hing AVL,
[9], két hop v6i ECU mé cua hing WoodWard
(MotoHawk 0565-128), [10].

2.POITUQNG, TRANG THIET BINGHIEN
CUU; LOAI NHIEN LIEU SU DUNG

2.1. P6i twong nghién ciru

bong co diesel D4CB 2.5 TCI-A
(lap trén xe Hyundai Starex) 1a dong co 4 ky,
4 xi lanh, ding hé thng phun nhién liéu kiéu
CommonRail (CR), tang ap tua bin khi thai VGT
¢6 lam mat khi ting ap, dung hé thong EGR kiéu
ap suat cao c6 lam mat khi EGR vé6i van EGR
dién tir duoc diéu khién truc tiép tir ECU, voi
cac thong sb duoc trinh bay trong Bang 1.

Bdng 1. Théng s6 kj thudt chinh ciia dong co
D4CB 2.5 TCI-A, [7].

STT Théng sb Gia tri
1 Kiéu dong co 4ky, 4 ?ﬂ lanh, 1
hang
buong kinh xi lanh
2 (D) x Hanh trinh pit 91 x96
tong S (mm)
3 Ty sé nén 17,6
H¢ théng phun ApAsuflt phun 16n
N nhat 1a 1600 bar;
4 nhién liéu kiéu CR ‘- 2
voi phun CR kiéu
(CP1-H) Ay
dién tu
Tua bin khi xa
5 H¢ thong tang ap (VGT), ¢6 lam
mat khi tang ap
A 1A Ap suét cao, co
6 He thong EGR 1}, 1 mat khi EGR
7 | Tiéu chuan khi thai Euro 3
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2.2. Trang thiét bi thir nghi¢m

Qua trinh nghién ctru thyc nghiém dugc
tién hanh trén bé thu dong co thudc Trung tam
Cong nghé Co khi, Truong Pai hoc Cong nghé
Giao thong van tai, st dung hé thong thiét bi
thir nghi¢m hién dai, d@)ng bd cuia Hang AVL
véi so dd bd tri cac trang thiét bi chinh dugc
trinh bay trén Hinh 2.

BOBCAT

AVL 413

AVL PLU(| TESTO - . .
SE 160 H 350 H.OCL‘EE’:‘ FEM }—D{ K3

D4CB 25TICI-A

L= ook

T L

Hinh 2. B tri trang thiét bi thir nghiém, [8],[9], [11].
Alpha 160 - Phanh dién; AVL-553S-200 - H¢
théng kiém sodt nhiét @6 nude lam mdt; AVL PLU
160 - Thiét bi do lwong nhién liéu tiéu thu, Bobcat
- Heé thong tw dong héa thiét bi do va bé thir; I/O
Cube - Hop néi cdp tin hiéu tir cac cam bién; FEM
- Bé chuyén doi tin hiéu; K57 - Bang diéu khién
trung tam; ECM 556-128 - ECU mo WoodWard/
Motohawk ding dé diéu khién dong co D4CB 2.5
TCI véin hanh theo yéu cau nghién civu; Throttle
pedal - Ban dap ga cua D4CB 2.5 TCI; FTIR - H¢
thong thiét bi phan tich khi thai ciia AVL; AVL
415SE - Thiét bi do PM; PC - May tinh; Testo 350
- Thiét bi do heu liwong khi EGR; Picoscope - Thiét
bi do dac tinh tin hiéu diéu khién tir ECU.

2.3. Ché d9 van hanh, loai nhién liéu sir dung

Qua trinh thu nghiém dugc tién hanh
theo trinh tu nhu sau:

(1) Po cac chi tiéu kinh té, nang lugng
va moi truong cua dong co D4CB 2.5 TCI-A

khi van hanh theo dac tinh ngoai, st dung ECU
mo MotoHawk ECM 556-128 [10], 1a san
pham cta d& tai NCKH & PTCN cép Qudc gia,
[11]; ECM 556-128 cho phép diéu khién dong
co D4CB 2.5 TCI-A theo ché d¢ thir can thiét
1ap (lwong phun, ap suat phun nhién liéu; thoi
gian m¢ van EGR...);

(2) Panh gia anh huong cua %EGR dén
cac chi tiéu kinh té, ning lwong va moi truong
cua dong co tai cac ché do tai khac nhau, ¢ n
= 2000 vg/ph (ving téc do thip cua dong co,
c6 %EGR 1a 16n nhat, [8]); ECM 556-128 sé&
diéu khién do mé van EGR theo yéu cau nghién
ctru. %EGR dugc xac dinh thong qua két qua
do Iuu lugng dong khi EGR va luu lugng cia
dong khi nap.

3.KET QUA THU NGHIEM VA BAN LUAN
3.1. Md men, suit tiéu thu nhién liéu

Anh huong cia %EGR dén mo men
(M, N.m), suét tiéu hao nhién liéu (g_, g/kW.h)
khi van hanh tai cac ché do tai khac nhau, tai
n = 2000 vg/ph dugc trinh bay trén Hinh 3 va
Hinh 4. Ta thay:

200 —&— 72% tai
-- - 44% tai
_____ 18% tai
. B -- 18% tai
£
Z.
Z100 A e =
o * A
=
53.,_ ] —mmee X R 4
0
0 10 20 30 40 50

% EGR

Hinh 3. Anh huong ciia %EGR dén M,
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Hinh 4. Anh huong ciia %EGR dén g

- Tai ché d¢ tai nho va tai trung binh,
khi %EGR nho hon 40% thi g_tang khong qua
nhiéu (duéi 3%); M, it thay doi khi ting %EGR
(nhét 1a tai ché d6 tai nho). Diéu nay c6 thé giai
thich 13 do & ché d¢ tai thap va trung binh, hé
s6 du lugng khong khi va ham luong 6xy trong
hdn hop khi nap 16n nén c6 thé mé rong dugc

%EGR ma khong 1am anh huong nhiéu dén g

- Tai ché d6 tai cao, trong dai %EGR
nhé hon 35% thi khong co6 sy thay ddi nhiéu
vé g, khi ting %EGR. Tuy nhién, néu % EGR
vuot qua 35% sé co sy gia ting manh vé g

Nhu vay, néu xét vé chi tiéu kinh té thi
tai n = 2000 vg/ph, %EGR hgp ly nén dudi
35%.

3.2. Phat thai cac chit 6 nhiém

Anh huong cua %EGR dén phét thai
NOx (ppm) va do khoi (FSN), khi van hanh tai
cac ché d¢ tai khac nhau, tai n = 2000 vg/ph
dugc trinh bay trén Hinh 5 va Hinh 6. Ta thay:

—e— 72% 1
-- k- 44% 13

NOx [ppm]
w
[ ]
[ ]
>

—8— 72% tai

B khai [FSN]

Hinh 6. Anh hudng ciia %EGR dén dg khéi

- Khi tang %EGR, ham lugng NOx
giam manh (mtc giam 16n nhat tir 39,2 dén
89,15% tiiy thudc vao ché do tai va téc do),
nguyén nhan la do khi tang %EGR lam giam
ndng do 6xy, giam nhiét d6 cuc dai trong budng
chay, [1], [2], [7];

- Tai ché d6 tai thap va trung binh, khi
tang %EGR thi do khoi ting khong nhiéu do &
nhimng ché do nay ndng do 6xy trong hdn hop
khi nap 1a 16n;

- Tai mot ché dd van hanh nhat dinh
s& ton tai mot gia tri %EGR gidi han khi xem
xét vé do khoi (khi %EGR vuot qua gia tri gioi
han nay s& c6 su ting manh vé do khéi). Gia trj
%EGR gi6i han nay & ché d tai thap va trung
binh c6 thé 1én dén 25+35%, & cac ché do tai
cao ¢o xu hudng giam xudng con khoang tir
20+25%.
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Anh huong cia %EGR dén phét thai
CO (ppm) va HC (ppm) khi van hanh tai cac
ché d6 tai khac nhau & n = 2000 vg/ph duoc
trinh bay trén Hinh 7 va Hinh 8. Ta thiy:

30000

25000

—&— 72% tai
— 20000 e 'f"
E --&l- 44% 13
o I 4
E 19000 ---lk - 18% tai
Y 10000

5000

Hinh 7. Anh huong ciia %EGR dén phat thai CO

3000

2500 :

—@— 72% tai
— 2000 --k-- 44% 1A
£ .
o ---Ik-- 18% tai

% EGR

Hinh 8. Anh huong ciia %EGR dén phat thai HC

- Mirc phét thai CO va HC khi khéng
¢6 EGR (%EGR = 0) 1a trong dbi thip (khoang
300 ppm d6i v6i CO va khoang 75 ppm ddi voi
HO);

- O ché d6 tai thdp va tai trung binh,
murc phat thai CO va HC tang khong nhiéu khi
%EGR dudi 20%. Tuy nhién, néu %EGR vuot
qua 20% thi phat thai CO va HC c6 xu hudng
ting rit manh, cho thiy chit luong qua trinh
chdy c6 xu hudng gidam nhanh khi tang %EGR
& ché @6 tai cao.

4. KET LUAN

Di danh gia duoc chi tiét, lwong hoa
anh huong cia %EGR dén cac chi tiéu kinh té,
nang luong va mai truong cua dong co diesel
D4CB 2.5 TCI-A & cac ché d¢ tai dién hinh,
tai n = 2000 vg/ph véi cac trang thiét bi nghién
ctru ddng b, hién dai.

Két qua thuc nghiém cho théy, hoan
toan co thé lya chon duoc mot khoang gia tri
cia %EGR nham dam bao sy thoa hi€p, can
bang giita cac chi tiéu kinh té, ning luong va
moi trudong cia dong co. Ngoai ra, cac gia tri
%EGR gioi han khi xem xét theo mtrc phat
thai PM, CO, HC c6 xu hudng nhé hon gia tri
%EGR gidi han khi xem xét theo sut tiéu hao
nhién liéu va mé men xoén ctia dong co.

Ngoai viéc danh gia luong hda anh
huong ctia %EGR, két qua nghién ciru con 1a
co s dé xay dung MAP diéu khién %EGR phu
hop cho dong co D4CB 2.5 TCI-A (v61i ECM
MotoHawk 0565-128) trén toan vung lam viéc,
khi ¢ su cai tién vé quy ludt cung cép nhién
liéu (phun nhiéu giai doan vdi cac chién luoc
phun khéac nhau) va thay d6i loai nhién liéu sir
dung (B10, B20), [11].<
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