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TOM TAT

Bai bao trinh bay nghién cizu anh huéng hinh
dang buéng chay dén cong sudt va khi thdi trén
déng co diesel phun truc tiép, buong chay thong
nhat VIKYNO RV125-2 bang phan mém mb
phong KIVA-3V. Trong nghién cuu nay, d¢é sau
buong chdy, dwong kinh ddy buong chay va
duwong kinh miéng buong chdy duwoc thay doi,

trong khi vdn gii nguyén ty sé nén déng co. Két
qua nghién cizu chi ra rang, ting dwong kinh
miéng budng chdy cé tac dong tot nhat. Cu thé,
khi deong kinh miéng buong chdy thay doi tir
3.98cm 1én 4.7cm, cOng sudt tang 6.22%, trong
khi nong d@é NOx giam 0.85%. Tuy nhién bo hong
Sé tang 45.83%.

Tir khéa: Hinh dang buéng chay, KIVA-3V, md phong, déng co diesel RV125-2.

1. PAT VAN PE

Tir khi ra doi dén nay dong co diesel khong
ngimg dugc cai tién va phat trién dé ngay cang
hoan thién va dat ning sudt cao. Tai Viét nam,
Cong ty Trach nhiém hiru han Dong co va May
ndng nghiép Mién Nam (SVEAM) la mét trong
nhimg cong ty hang dau trong linh vuc co khi may
dong lyc va may ndng nghiép. Trong nhiing dong
san pham cua SVEAM, dong co diesel VIKYNO
RV125-2 chiém ti trong 16n nhét, khoang 30%
tong san lwong dong co diesel hang nam cua cong
ty [1]. Tuy nhién, do dong co duoc san xuat dya

trén ban quyén ciia Kubota cach ddy di 20 nam,
ché tao theo cong nghé cii nén nhimg dic tinh cia
dong co kha thap, can phai cai thién dé dap tng
duoc muc tiéu xuit khdu cling nhu nang cao thi
truong trong nudce. Mot trong nhitng giai phap kha
thi 1 cai tién hinh dang budng chay dong co nham
tdng cuong qua trinh hoa tron nhién liéu, tir do
gilip qué trinh chay hoan thién, ting cong suat va
giam khi thai.

Trong bai bao nay, tac gia da si dung phuong
phdp md phong véi phan mém KIVA-3V dé
nghién ctiu anh hwong cua cac thdng s hinh hoc
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cua budng chay dén dic tinh dong co Vikyno
RV125-2, tir d6 d& xuét hinh dang budng chay tét
nhat c6 thé.

2. PHUONG PHAP SO

Viéc nghién cau anh huong cua hinh dang
budng chay trén déng co diesel phun truc tiép
dugc thyuc hién bang phan mém mé phong CFD ba
chiéu KIVA-3V. Pay la chuong trinh md phong
ma ngudn m& dwoc phét trién boi Phong thi
nghiém Qudc gia Los Alamos (Hoa Ky), dwa trén
c4c phuong trinh bao toan va chuyén héa vé nhiét,
khéi lwong va md men giira cac pha khi trong xy
lanh [2]. Dong chay réi dwoc md phong bang mo
hinh Re-Normalisation Group (RNG) k-¢ cai tién,
duogc phét trién boi Han va Reitz, 1995 [3]. M6
hinh xé toi tia phun Wave Breakup dugc phét trién
boi Liu et al. [4]. Bén canh d6, KIVA-3V con st
dung rat nhiéu cac mé hinh phu khac dé mé phong
c4c qué trinh xay ra khi nhién liéu phun vao budng
6t cho dén khi bat dau bén lira nhu md hinh bién
dang caa hat nhién liéu xét dén hé sé can chuyén
dong cua hat trong budng chay, mé hinh chéy tré
Shell [5], md hinh chay chinh theo thoi gian dac
trung cuia Abraham et al. [6]. Dé khao sét su tac
dong cua cac théng s phun dén 6 nhidm moi
truong, KIVA-3V st dung moé hinh Zel’dovich
cho qua trinh hinh thanh NOy (Y.B.Zel’dovich,
1946, [7]) va tinh toan sy hinh thanh bd héng ciing
nhu qua trinh 6 xi héa bd hong dwoc méd phong
bing md hinh bd hong 8 budc cua Foster
(N.L.D.Khai; N.Sung, 2011, [8]).

3. TAO LUGI VA THONG SO MO PHONG

Bang 1 trinh bay c4c thong sb chinh cua dong
co VIKYNO RV125-2.

Bang 1. Thong sb dong co 1 xy lanh Vykino

RV125-2

Thong s6 Giatri
Nhién liéu Diesel
So xy lanh 1
DBuong kinh x Hanh trinh 94 x 90 mm

piston

Dung tich 624 cm?3
Ty so nén 18:1
S0 lugng xU pap 1 nap, 1 thai

Kiéu xy lanh U6t

Hé thong phdi khi DOHC

Thoi diém phéi khi

Thoi diém x0 pap nap 135°BTDC
dong

Thoi diém xa pép xa mé 130°ATDC

Kim phun

Kiéu kim phun Bosch CP1 1350Bar

4 x0.2867e-4cm?
0.0274¢/15 do

S6 16 tia x dién tich

Khoi lwgng phun/géc
quay

Viéc tao mé hinh luéi dong co dé tién hanh
md phong rat quan trong. Viéc xéac 1ap bién dang
hinh hoc cua budng chay trén dinh piston dwoc
thuc hién dua vao ban vé thiét ké tir nha san xuat
Vykino trinh bay trén hinh 1.

0
@94 0,2

Ny

Hinh 1. Ban v thiét ké piston Vykino RV125-2

Sau khi xac dinh cac thong s6 can thiét, ta thu
dugc mé hinh luéi ciia dong co Vykino RV125-2
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nhu Hinh 2 véi géc m6 phong 90°. Lugi mé phong
duoc chia 26 phan theo phwong tiép tuyén, 24
phan theo phuong huéng kinh, 24 phan theo
phuong doc truc, vai téng cong 24037 6 tinh toan
khi pit tdng & diém chét dudi. Thoi gian trung binh
hoan tat mot lan mé phong 1a khoang 2 gio trén
may vi tinh trang bi vi xt Iy Intel Core2 Duo
E7400@2.8GHz.

5":, 55
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TS
i e s
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Hinh 2. M6 hinh luéi budng dét pit tong Vykino
RV125-2

4. KET QUA VA THAO LUAN

Theo Yu Shi et al. [9], ba théng sé hinh hoc
c6 anh huong 16n dén qua trinh chay cua nhién lidu
ciing nhu cong suit va phat thai cua dong co 1a do
sdu budng chay (pip-height), duong kinh day
budng chay (bottom bowl diameter) va duong
kinh budng chéay (bowl diameter). Qué trinh mo
phong dugc thuc hién theo 3 hinh dang budng
chay khac nhau nhu Hinh 3 dé danh gia anh huong
cua ting thong s6 hinh hoc riéng biét: Tang do sau,
ting dudng kinh day va tang duong kinh miéng
budng chay nham dé xuat dang budng chay hop Ii
cho phép. Khi thay déi hinh dang, diéu co ban la
ty s6 nén dong co phai duoc giit khong thay doi,
nhu trinh bay trong Bang 2. Céac thong s6 md
phong duoc trinh bay trong Bang 3, trong d6 sd
vong quay dong co duoc gitr khong doi 1a 2400
vong/phat.

Bang 2. Thong sb hinh dang budng chay ban dau va budng chay da thay déi hinh dang

Do sau DPuong kinh day Pwong kinh miéng Tisb

(cm) (cm) (cm) nén
Buong chay ban dau 0.791 1174 3.98 16.33
Téng do sau 1.043 (32%) 1174 3.98 16.32
Tang dudng kinh day 0.791 1.592 (26%) 3.98 16.33
Tang dudng kinh miéng 0.791 1.174 4.70 (18%) 16.33

Bang 3. Thong sb qué trinh mo phong

Thong s6 Giatri
Théng s6 hinh hoc md phang (thsect.) 90.0°
Toc do dong co 2400 vong/phut

Thoi diém xa pap nap dong (IVC)

135degBTDC _ ky nén

Thoi diém xu pap xa mé (EVO)

130degATDC_ky chay

Nhiét d6 thanh xy lanh 400K

Nhiét d6 dinh Piston 400K

Nhiét d6 nap quy lat 400K

Hinh dang buong chay Theo hinh 4-1
Khoi lvgng phun 0.0274 g (80% tai)
Thai gian phun (goc phun) 9°

Nhién liéu dac trung C14H30
Nhiét do khi nap tai IVC 313K
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Hinh 3. Budng chéy ban dau va cac dang budng chay
da dugc thay ddi

Qua md phong, ching ta c6 thé nghién ciu
tac dong cua hinh dang hinh hoc cua budng chay
dén cong suat va 6 nhidm méi truong trén dong co
nghién ctru. P thi ap suat trung binh va nhiét do
trong xy lanh tai cac goc quay truc khuyu theo cac
hinh dang budng chay khac nhau duoc thé hién
trén Hinh 4 va Hinh 5.
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Hinh 4. M&i quan hé gitta &p suét trung binh va géc
quay truc khuyu theo cac dang budng chéy khac nhau

18004 —®— Budng chdy ban diu

—4— Tang do sdu

—=— Tang dudng kinh ddy

1600
1400 — Ting dudng kinh miéng
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Hinh 5. D6 thi nhiét d6 trung binh trong xy lanh khi
thay ddi hinh dang budng chay

Tir hai d6 thi trén cho thay khi ting duong kinh
day va tang duong kinh miéng budng chay thi c6
su khéc biét ro rét vé ap suit va nhiét do trung binh
trong xy lanh so véi budng chay ban dau. Cu thé,
khi tang duong kinh miéng budng chéay bang 50%
duong kinh pit-téng thi 4p suit cuc dai ting
4.85%, dong thoi nhiét do cuc dai ciing ting
3.07%. Con khi ting duong kinh day budng chay
bang 80% duong kinh budng chay thi ap suit cuc
dai giam 4.65%, dong thoi nhiét d6 cuc dai ciing
giam 5.21%. Ddi véi dang budng chay ting duong
kinh miéng, vi tri tdc dong cua tia phun nhién liéu
I&n véach budng chéy bi thay ddi, hanh trinh ty do
cua tia nhién liéu trong budng chay tang lén, luong
nhién liéu bam vao thanh budng chay it, su hoa
tron va toc do xody loc cua hon hop khong khi
nhién liéu tang (Hinh 6). Vi sy hoa trén nhién liéu
- khéng khi tét hon va toc do xoay 16¢ cua hdn hop
tang dan dén thoi ky chay hoa tron trudc xay ra
ménh liét hon, kéo theo sy gia ting cua 4p suat va
nhiét d6 cuc dai trong xy lanh. Con ¢ dang budng
chay tang duong kinh day, dong nhién liéu sau khi
phun s& chay theo bién dang day budng chay da
ma& réng, vi viy nang lugng dong hoc giam kéo
theo sy hoa tron kém di, dong thoi viing hoa tron
bi nho lai lam do xoay Iéc ciing giam dan dén su
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chéy it manh liét 1am &p suat va nhiét do6 cuc dai
trong xy lanh giam theo.

Temp: 350 400 450 500 550 600 650 700 750

Buong chay ban dau

EC T

Temp: 350 400 450 500 550 600 650 700 750

Tang duong kinh day

350 400 450 500 550 600 650 700 750

Temp

Téang d6 sau

Temp: 350 400 450 500 550 600 650 700 750

Tang duong kinh miéng

Hinh 6. Phan bé nhiét do trong xy lanh tai thoi diém 2° géc quay truc khuyu sau khi phun

Hinh 7 thé hién méi quan hé giita nong do bd
héng va géc quay truc khuyu. Khi thay doi hinh
dang hinh hoc budng chéy, loai budng chay nao
tao su hoa tron tét, tia phun it bam trén thanh
budng chay s& 1am su chdy ménh liét va toc d6 oxy
héa bd hong ciing ting nhanh (Arturo De Risi va
nhém téc gia, 2003, [10]). Theo Hinh 7, khi tang
d6 sau budng chay, ndng do bd hong ting cao nhét
66.66%; tir 2,4 x 10°g (budng chay ban dau) lén
4x10°g (tang do sau). O dang budng chay ting

duong kinh miéng, nong d6 bd héng ciing tang, cu
thé 1a ting 45.83% (3,5x10°g). O dang budng chay
nay, ndng do bd hong ban dau tiang rat cao, sau d6
giam dan. Két hop vé6i dd thi Hinh 8 (tc d6 oxy
héa bd héng) cho ta thiy, ban dau téc d6 chay cua
nhién liéu chua cao 1am nong d6 bd hong ting, qua
trinh chay tiép theo sau, téc d6 chay nhién liéu &
dang budng chay nay ting cao, luong bd hong
duogc san sinh trude d6 bi oxy héa manh dan dén
viéc giam nong do bd hong phét thai ra ngoai.
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Hinh 7. D4 thi bd héng phat thai twrong tng véi cac hinh dang budng chay khéc nhau
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Hinh 8. B4 thi md ta sy hinh thanh, 6xy héa bd héng va khéi lwong phat thai cudi cling

Trén Hinh 9 1a d6 thi bién thién NOX trong xy
lanh theo géc quay truc khuyu. Khi thay ddi hinh
dang hinh hoc caa budng chay thi khdi lrong NOx
¢6 sy thay doi: NOx tang ¢ dang budng chay ting
d6 sau va giam dang ké ¢ dang budng chay ting
duong kinh day. Nguyén nhan 1a do tang duong
kinh day, nhién liéu khi phun vao budng chéy tac
dong vao véach budng chay va chay theo bién dang
duong kinh day da dugc mo rong, su xody loc va
hoa tron giita nhién liéu va khong khi khong tot,

qua trinh chay hoa tron trudc khdng manh liét,
nhiét 6 budng chay khéong cao do d6 lugng NOX
ciing giam theo. Su phan bd nhiét d6 bén trong
budng chay trén mat cit ngang & vi tri 15 do
ATDC (Hinh 10) cho thiy ré hon. Do NOx rét
nhay cam véi nhiét do cao (> 1800K) nén khi nhiét
d6 trong budng chay ting duong kinh day giam,
luong NOX ciing giam manh. Dang budng chéay
tang duong kinh miéng c6 NOx giam nhe so véi
budng chay ban dau.
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Hinh 9. B4 thi bién thién NOXx phét thai twong ng v6i cac hinh dang budng chéay khac nhau

Temp Temp
2800 2800
2600 2600
2400 2400
2200 2200
2000 2000
1800 1800
1800 1600
1400 1400
1200 1200
1000 1000
800 800

600 600

Buong chdy ban dau Buong chay tang do sau

]
Temp emp
2800 i o
2600

2400
2400

2200
2200

2000
2000

1800
1800

1600
1800

1400
1400

1200
1200

1000
1000

300
300
500 600

Buong chay tang dwong kinh dday — Buong chdy ting dwong kinh
miéng

Hinh 10. Phan b nhiét d6 trong xy lanh tai 15°ATDC
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Hinh 11 1a d5 thi cdng suit dong co va tiéu hao
nhién liéu theo cac dang budng chay khéc nhau.
Hinh 11 cho thiy, dang budng chay ting duong
kinh miéng c6 cong suét 16n nhét, tiéu hao nhién
liéu thdp nhat, nguoc lai, dang budng chay ting
duong kinh day c6 cong suit nho nhat va tiéu hao
nhién liéu cao nhat. Cu thé, & dang budng chay
tang duong kinh miéng, cong suét ting 6.22%; tir
7.87kWh (budng chay ban dau) 1én 8.36kWh (ting
duong kinh miéng) dong thoi tiéu hao nhién liu
giam 5.38% tir 250.71g (budng chay ban déu)
xudng 236.08g (tang duong kinh miéng. Nguoc
lai, & dang budng chay ting dudng kinh day, cong
Suit giam 4.7%; tir 7.87kWh (budng chay ban dau)
xudng 7.5kWh (ting duong kinh day) dong thoi
tiéu hao nhién li¢u ting 4.86%; tir 250.71g (budng
chay ban dau) 1én 262.91g (tang duong kinh day).

8.5+

8.4 o »
1 —v— (CoOng sudt

8.3+ —m—Tiéu hao nhién liéu
8.2
8.1
8.0 —
7.94 v
- \

WV,

7.8 4

Cong suat kWh

77
76

7.5

Két hop Hinh 4 va Hinh 5 ta c6 thé giai thich duoc
nguyén nhan cua su tang va giam cdng suét ciing
nhu tiéu hao nhién liéu nay. Do &p suat va nhiét o
cua dang budng chay ting duong kinh miéng la
cao nhat, Iuong nhién liéu phun vao budng chay
dugc danh toi va hoa trén hoan toan véi khong khi
trong budng chéy Iam qué trinh chay di&n ra manh
liét, nhiét d6 chay tang, ap suit tang, hiéu suét
nhiét cao din dén cong suat ting va tiéu hao nhién
liéu giam. Nguoc lai, & dang budng chay ting
duong kinh day, nhién liéu phun vao dap vao vach
budng chéy chay doc theo vach budng chay va hoa
tron khong hoan toan vaéi dong khi bén trong
budng chay, qué trinh chay xay ra kém, téc do
chéy giam kéo theo &p suat trong budng chéy giam
va nhiét do ciing giam, hiéu suét nhiét thip lam
cong suat giam va tiéu hao nhién liéu ting.

—~ 266
F 264
v - 262
L 260
[ 258
k256
L 254
F 252
L 250
k248
F 246
F 244
L 242
F 240
L 238
L 236
F 234

Tiéu hao nhién liéu g/kWh

v [}

7.4 T T
1 2

T
3 4

Cic dang budng chay

Hinh 11. B4 thi cong su4t dong co va tiéu hao nhién liéu theo cac dang budng chay khéc nhau

1. Budng chay ban dau; 2. Tang d6 siu; 3. Tang duong kinh day; 4. Tang dudng kinh miéng
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5. KET LUAN

Hinh dang hinh hoc cua budng chay trén
dong co diesel phun tryc tiép Vikyno RV125-2
dugc nghién cttu bang md phong tai ché d6 hoat
dong 80% tai va tc do dong co 1a 2400 vong/phit.
Théng s6 “hinh dang hinh hoc” dugc thay doi dé
danh gia tac dong dén cong suat va khi thai cua
dong co trong khi ti s6 nén va cac théng sé khac
duoc gitr khong doi. Tir cac két qua phan tich &
trén, rat ra duoc mot sd két luan sau:

e Trong céc kiéu hinh dang budng chay dwoc
moé phong, ting dwong kinh miéng buong
chéy c6 tac dung tét nhat dén cong suét va khi
thai.

e Khi tang duong kinh miéng budng chay, &p
Suit va nhiét do cuc dai trong xy lanh déu

tang.

e  Khi ting duong kinh miéng budng chay, nong
d6 NOx giam va bd hong ting.

e S0 V6i hinh dang budng chay hién tai trén
déng co nghién ciru Vikyno RV125-2, hinh
dang budng chay co dwong kinh miéng ting
¢6 cong suit 16n hon 6.22%, c6 ndng dd NOx
giam 0.85%, nong do bd hong tang 45.83%.

LO1 CAM ON: Nghién citu ndy diroc tai tro boi Pai

hoc Qudc gia Thanh phd Hé Chi Mink (PHQG-HCM)

trong khudn khé dé tai ma s¢ C2014-20-20.

Influence of combustion chamber
geometry on performance and emissions of
diesel engine Vikyno RV125-2

e Nguyen Le Duy Khai*
e Nguyen Dac Khanh Hung?

'Ho Chi Minh City University of Technology, VNU-HCM

’Mercedes-Benz Vietnam Ltd.

ABSTRACT

This paper presents a research on the
influence of combustion chamber geometry on
performance and emissions of direct injection
diesel engine VIKYNO RV125-2 using three-
dimensional CFD code KIVA-3V. In this study,

the piston bowl depth (pip-height), bottom bowl
diameter and bowl diameter are changed while
the engine compression ratio is still kept.
Research results indicate that increased bowl
diameter works best. Specifically, when the bowl
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diameter changes from 3.98cm to 4.7cm, the
engine power is increased 22.6%, while the
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