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TOM TAT
Hién nay, dong co D!es,el con dugC Sur dung khé} nhiéu ddc biét la trong linh vuc vdn tai
va hang hai. Tuy nhién dé toi uu cong suat, giam suat tiéu hao nhién li¢u va giam 0 nhiem thi
can cai tien thém. Trong bai bao nay tac gia dung phan meém AVL — FIRE dé nghién cuu sy
anh huwong cua kim phun nhién liéu trong buong dot thong nhat, cu thé la dwong kinh lo tia
phun den: cdng suat, moment ciing nhu khi thai trén dong co Diesel (dong co Diesel Kia JD —
K3500). Ket qua md phdng cho ta thay duoc véi duong kinh d=0,16mm thi cong suat va
moment tot nhat va nguoc lai Voi d:O.me cho ra khi thai tot nhat. Két qua nghiér) cuu trén
lam co so tim ra nhing bién phap cdi tien kim phun nhién liéu, nang cao hiéu suat va giam
khi thai dong co Diesel.

Tar khoa: Puong kinh 16 tia phun; cong sudt; mé phong; AVL — FIRE; déng co Kia JD — K3500.
ABSTRACT

Nowadays, Diesel engines are so popular, especially in the field of transportation and
marine. However, in order to increase power, reduce consumption and emission, further
improvement is necessary. In this research, AVL - FIRE software was used to study the effect
of injectors to the combustion chamber, the injection hole diameter related to: power, torque
as well as exhaust gas on Diesel engine (Kia JD - K3500 Diesel engine). The results show
that with d = 0.16mm, the best power, low fuel consumption but high emissions. And
d=0.2mm, the lowest emission. The results of this research improve fuel injectors and diesel
engine performance.

Keywords: nozzle diameter; power; simulation; AVL - FIRE; Kia JD - K3500 engine.

khong khi ma nhién liéu dugc bom vao anh

1. GIOI THIEU Y I ‘ RN
: huong dén viéc tang cuong nguyén tuo hda

T khi ra doi dén nay dong co Diesel
khéng ngimg duoc cai tién va phét trién dé
dap ng nhu cau thi truong. Tuy nhién van
con ton dong mot sb van dé kho khan trong
viéc nang cao duoc cdng suit dong co va
giam lugng khi thai. Pong co Diesel hoat
dong o toe do cao doi hoi viéc nguyén tir hoa
nhién liéu - xay ra chu yéu do xam thyc va
nhiéu loan trong viing lan can caa voi phun
phai thlch hop trong bUOng dét vai thoi gian
cyc ngan. Mot sé thong sé quan trong bao
gom kich thudc 13 tia phun, xam thuc, do con
cia chum tia, van tdc nhién liéu, mat do

nhién liéu [1]. P& nghién ciu anh huong cua
thoi gian phun dén dic tinh qua trinh chay va
khi thai trén dong co Diesel, tic gia Nguyén
Vin Tong Em va Nguyén Lé Duy Khai da sir
dung phan mém mé phong KIVA-3V thay doi
thoi gian phun tir 6° dén 12° gdc quay truc
khuyu (CA) trong khi do gitr nguyen thoi
dlem phun dé danh gia su tic dong dén Cong
suét, suat tiéu hao nhién liéu va phat thai bd
hong cing nhu NOx trong khi thai dong co
Diesel RV125-2. Két qua chi ra rang cbng
suat cuia dong co dat gid tri 16n nhat, dong thoi
bd héng va NOx giam dang ké khi thoi gian
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phun nam trong khoang tir 6° d&én 9° CA [2].
Bén canh do, tac gia Tran Quang Vinh ciing
mé phong qué trinh phun nhién liéu va qua
trinh chay trong dong co D1146TIS sir dung
phan mém CFD AVL-Fire d danh gia qua
trinh chdy bén trong dong co [3]. Ngoai ra,
véi nghién ctu anh huong caa kich thudce hat
nhién liéu, ndng d6 nhién liéu va toc 6 phun
nhién liéu vao budng dbt cua tac gia Rohit
Sharma, Rana Ranjit Singh va Shailendra
Kumar Vishwaka cho két qua céc 15 tia phun
nhién liéu nhé hon c6 kich thudc giot nho
hon, tham chi khi giam &p suat phun sy
nguyén tir hda nhién lidu van tt hon, bay hoi
nhanh hon va tron tét hon [4]. Vi nghién cau
cua Dr. Hiregoudar Yerrennagoudaru, Kullaya
Swamy K g6c nhién liéu véi cac huéng phun
khéc nhau c6 anh huong 16n dén hiéu suit
dong co cling nhu khi thai [5].

2. COSOLY  THUYET

Qua trinh hoa tron hdn hop trong long
xy lanh 1a mét qua trinh rdi loan giira khdng
khi c6 &p suat cao va nhién lidu c6 dong ning
I6n & dang swong trong thoi gian rat ngan tir
1,6 dén 60 us. Qué trinh chay va céc théng sb
cia qua trinh chay phu thugc rat nhiéu vao
chat lugng va thoi gian chuan bi hdn hop
nhién liéu. Kim phun nhién liéu anh hudng
rat 16n dbi vai hiéu suat va khi thai cua dong
co diesel. Mot trong nhitng van dé kho khin
nhat gap phai trong qua trinh phat trién dong
co Diesel hoat dong ¢ téc do cao la phai
nguyén tir héa nhién liéu thich hgp trong
budng ddt trong thoi gian cuc ngin. Mot s6
thong s6 quan trong bao gém kich thuéc 15
tia phun, xam thuc, d6 cdn caa chum tia, van
tbc nhién liéu, mat a6 khéng khi ma nhién
liu duoc bom vao anh hudng dén viéc ting
cudng nguyén tir hda nhién liéu. Két qua thu
nghiém cho thay rang 15 ¢6 duong kinh dau
ra nho hon lam ting hé sb phun dén pham vi
nhat dinh gay ra su gia ting qua trinh nguyén
tr hda nhién liéu.

Qua trinh phun nhién liéu anh huong rat
nhiéu dén cong suat cua dong co, tuy nhién
trong qué trinh phun khéng thé tranh khoi
hién tugng xam thuc, nd 1am giam hiéu suét
phun va lam xéi mon kim phun [6].

. héa hoi vach giéi han
16i tia phun \

/ \3_,, / f} \

16 tiaphun  Phan ra
S0’ cap

goc phun
Phéan ra thi cap

dong chay trong d6 xuyén thau

16 tia phun \\
——

Phan rd so cap: —-—=r- -
|

tia nhién liéu

xam thyc  nhiéu loan

Hinh 1. Téng quan vé c&c qué trinh xdy ra
trong kim phun nhién li¢u [6]

Khi nhién li¢u di vao cua 16 tia phun, sé
hinh thanh mot viing ap suét thap. Va khi diéu
nay xay ra tuan hoan né s& lam giam dién tich
nhién liéu di vao, noi d6 duoc goi la “vena
contracta” (dudng kinh dong nho nhat) [6].

Noi dwong kinh nhé nhit
(Vena Contracta)

Khu \'l,rc’tua'i‘n’hoﬁn
ap suat thap

Hinh 2. Vi tri xay ra xam thyc trong kim
phun nhién liéu [6]

Thong luong khdi g va dong luong
M¢qua 16 kim phun c6 thé duoc xéac dinh
thong qua van toc u, mat do p va dién tich
dong A:

me= [, u.p.dA @))
geo
M = ngeo u?.p.dA )

Mot hé s6 Ca duoc xac dinh dé lién két
dién tich 16 tia phun thuc té véi dién tich 16
tia phun toan phan ma khong co I6p bién.
Ca= 2 3)

Ageo-P1

Trong d6 A va p la cc gid tri cho truong
hop thuc t€ va Ageo va pl la cac gia tri ly
tuong khéng co 16p bién.
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Pwérng kinh thiét kED
f..
/

2 |

Chigu dai 16 phun L

Hinh 3. Hién firong xam thuec xay ra trong 16
tia phun nhién liéu [6]

Khu vyc cd dién tich nho nhét (tai “’vena

Contracta’’) dugc danh dau la ¢ trong hinh 4

theo dinh nghia Nurick [6]. Hé s6 co Cc dugc
xac dinh nhu sau:

Ac

Cc = Ageo 4)

Trong d6 Ac la dién tich I tia phun tai
vi tri ¢ trong hinh 4 va Ageo la dién tich 16
tia phun ly thuyét. Van téc thyc té hoic co
ich qua 15 kim phun duoc xac dinh bang cach
str dung théng lwong khdi va dong luong:

Uef = — (5)

Van téc ton that ly thuyét dugc tinh tur
phuong trinh Bernoulli:

2AP

— (6)

u =
th 1

~ Hé s6 van téc Cv duoc dinh nghia 1a ti
SO gitra van toc co ich va ly thuyeét:
— Uef
CV B Uth (7)
Cudng d9 cua xam thuc dugc goi 1a s
xam thuc. Dieu nay co6 thé duoc dinh nghia
theo nhiéu cach. S6 xam thuc duoc dinh
nghia theo Nurick la:

K — pl—Pvapor (8)
P1—P;

Trong d6 P 1a ép suat, s6 1 1a dau vao 16
tia phun va 2 1a dau ra 16 tia phun, Pvapor la
ap suat hoi cua nhién liéu.

Trong mét voi phun, hé s phun Cd 12 ti
¢ cua luu lugng thuc té€ voi Iuu luong ly

thuyét. Hé s6 phun Cd dugc tinh bing cac
phuong trinh hién tuong. Ngoai cac diéu kién
nhu luu lwong dong chay, cac dic diém hinh
hoc cua luu luong voi phun, thi ban kinh dau
vao 1 tia phun va ti 18 chiéu dai véi duong
kinh cua 15 voi phun ciing anh hudéng dén hé
s6 phun Cd. Pugc xac dinh théng qua cac
tham sé dau vao C1 va C2. Bing cach nay, ta
c6 thé udce tinh &p suat dau vao pl cho dong
chay rdi nhu sau:

— P (Ugeoy2
pl_p2+2(cd) )
3. THIET LAP MO PHONG

Viéc nghién ciru anh huong cua duong
kinh 15 tia phun dén cbng suit dong co
Diesel Kia - JD K3500 duoc thuc hién bang
phan mém AVL Fire [7]. Pay la phan mém
duoc xay dung trén nén tang 1a cac mé hinh
toan md phong cac qua trinh ma ly thuyét
CFD quan tam giai quyét, dac biét trong linh
vyc dong co d6t trong nhu qua trinh chay,
qua trinh phun nhién liéu, qua trinh truyén
nhiét, chuyén dong cua cac phan tir, cac phan
ing hoa hoc xay ra trong qué trinh trao doi
chat, xu ly khi thai (after-treatment),... Doi
véi mdi bai todn cu thé, Fire déu co rat nhiéu
md hinh toan hién dai véi mac d6 phuc tap
cling nhu quan diém tinh toan khac nhau
gitp nguoi ding co thé lya chon phuong an
hop ly nhat ddi véi bai toan cia minh. Cong
cu tinh todn md phong dong co Diesel (ESE
Diesel) cia AVL Fire c6 giao dién tuong dbi
don gian va dé st dung nhung van dam bao
két qua tinh toan tin cay va chinh xac [7].

3.1 Tao lwéi va thong s6 mod phéng

Bdng 1. Trinh bay cac théng sé chinh cia
dong co Diesel Kia - JD K3500 [8].

Thong sé Gia tri
Nhién ligu Diesel
S6 xy lanh 4
buong kinh x Hanh trinh 98 x 104
piston (mm)

Dung tich (cc) 3455
Ti s6 nén 22
S6 luong XU péap 8
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Kiéu Xy Ianh Uét ‘General engine parameters?l Piston mowverment specificationl
e FeR A= - General parameters
Thoi diem phoi Khi Engine name [Kia - JD K3500 |
Géc m("), Sé-m Xupap nap (O) 120 Engine layout Inline :I
Mumber of cylinders [-] (4
Gé6c dong muodn xupap nap (°) 400 Bore [m] 0.09800
S q ’ s 10 Compression ratio [-] 22.00
Gb6c mo som xupap thai (°) 500
Géc dong muon xupap thai (°) 120
Kim phun
Kiéu kim phun Da 15 tia
AgX . \ , General engine parameters Piston movement s ecificationél
S6 16 tia x duong kinh (mm) | 4 x 0,182 Poctms et mpocifocatinn : :

@+ Piston displacement function
Crank radius [m] 0.05200

Connecting red length [m] 0.17500

Piston pin offset [m] 0. OO0
I Stroke deflection

I”b:énggé! Thiét lap Hiéu chinh - i
ggugsg thén §§: i~ Curwe

@ Stroke [m] 0.10400
Kétqué Xirlid e Hinh 7. Thiét Igp céc thong sé ciia dong co
Hinh 4. So d6 tién hanh thuc nghiém

:I Injectorl Block structurel Selectionsl Const CF{I

- ”ﬁ Piston geometry parameters
TODC [m] clearance gap 0.00050
Db [m] bowl diameter 0.05100
— I T [m] bowl depth 001811
“!‘ Tm [m] bowl crown height [0.00910
| E4 [m] radius 0.00900
J User C4 R 0.03500
. 53 [m] distance 0.00812
T~ S 52 [m] distance 0.01501

R4 X [m] center of radius 0.01750
F4 Z [m] center of radius 0.00911

Hinh 5. Bién dang thiét ké piston cia dong Phi [deg] angle 59.01757
co Kia - JD K3500 sau khi thiet lap Hinh 8. Théng sé hinh dang ciia piston déng
co Kia - JD K3500

ot et it bt e Esert e, 4Pt pe Wt

Piston Injector I Block structurel Selectionsl Const CF{I
Injector geometry parameters

Mumber of nozzle holes [-] 4

Inj. Mozzle position Z-coordinate [m] 0.00143

Mozzle diameter at hole center positions [m] |0.00350

Mozzle hole outer diameter [m] 0.00016
Mozzle hole inner diameter [m] 0.00000
Meozzle heole half cuter cone angle [deg] &.00000
Mozzle hole half inner cone angle [deg] 0.00000
Inj. Spray angle delta 1 [deg] 160.00000

[T Recessed injector
Recessed injector width [m] 0.00800
Recessed injector height [m] 0.00100

Hinh 6. Phdn dwoc chia ludi md phong doi
véi kim phun c6 4 lo tia phun Hinh 9. Théng sé hinh dang cuia kim phun
dong co Kia - JD K3500
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Hinh 10. M6 hinh luéi piston dong co Kia -
JD K3500

3.2 Thiét lap cac tham s6 mo hinh héa
(Simulation Parameters)

=172 Solver E

®14 Module activation
= Boundary conditions
“13 BC[1]: BND_Piston

Run mode Crank-Angle -
®13 BC[2]: BND_Liner

¥ Second order
=12 BC[3]: BND_Axis

“73 BC[4]: BND_Segment_1 Delta_alpha Table
= :
14 BC[5]: END_Cemp_Veol Start angle 550 o
=12 BC[6]: BND_Head
=1 Fluid properties End angle 250 deg

“1 FP[1]: NoMame
—1®1% Initial conditions
S5 IC[1]: NoName
= Additional terms
“1 Gravitational body force

1800 1/min

I Activate Engine cycle freezing

Engine speed

o
_J[J Retational Frame I Restart without time information

Hinh 11. Thiét Igp ché dé md phong

=115 Solver ES
=12 Run mode

i
=1 Boundary cenditicns —
12 BC[1]: BMD_Piston
2 BC[2]: BND_Liner
12 BC[3]: BND_Axis

=2 BC[4]: BND_Segment_1
=4 BC[5]: BND_Comp_Vol
=2 BC[E]: BND_Head —
=1 Fluid properties
St FP[1T: NoMame
=113 Initial conditions
ST ICE NoMame
—1 Additional terms
1 Gravitational body force
512 Rotational Frame

-
¥ Species transport

I~ General gas phase reactions

¥ Combustion
¥ Emission

W Spray

I wallfilrn

I User-functions
= Solver control

Hinh 12. Thiét ldp cdc mé dun tinh todn

Sau khi thiét lap céc théng sé ta tién
hanh thuc hién chay mé phong, thoi gian
trung binh hoan tit mot lan mé phong 1
khoang 4 gio trén may vi tinh trang bi vi xtr
ly Core i5 - 4500U.

4. KET QUA VA THAO LUAN

Thuc hién qua trinh mé phong, toc do
dong co thay doi tr 600 dén 5000
(vong/pht) tuong ung voi 5 duong kinh 15
tia khac nhau la D1=0,16mm; D2=0,17mm;
D3=0,18mm D4=0,19mm; D5=0,2mm cho
mdi téc d6 dong co.

O hinh 12 thé hién @6 thi cong suat —
moment dong co tai cac tdc do theo cac
duong kinh 16 tia phun khac nhau. Véi
duong kinh D=0,2mm cbng suit va momen

rat thap nhét tai toc do thap, truge khi van toc
dong co dat 2000 vong/phuat thi véi duong
kinh cang nho thi cong suat va moment cang
thap. Khi qua thoi diém téc do 1800
vong/phut thi dwong kinh cang nho thi cho
cdng suat va moment xoin cang cao, va van
téc cang cao thi chénh léch cang rd.

Biéu db cong suit - moment

50 160

45

140

8
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. / /
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=

&0
—D1=0.160
15 —D2=0170
—D3=0180
D4=0.190 10
—D5 =0.200
10
/ 20
7
0 0
0 1000 2000 3000 4000 5000 6000

Téc @ [vong/phiit]

Hinh 13. Sw dnh hwong cia dwong kinh 16
tia phun den cdng suat va moment déng co

- Tc d6 dong co tir 4000 (vong/phut):
« Cong suat giam lan luot 1a D1, D2, D3,
D4, D5 : 2,44% ; 2,42% ; 2,63% ; 2,95%.

* Moment giam lan luot 1a D1, D2, D3,
D4, D5 :2,36% ; 2,24% ; 2,32% ; 2,58%.

0,3000 D1 =0,16
—D2 =017
D3 =0,18
D4 =0,19
0,2500 D5 = 0,20
§ 0,2000
=
Ej
&
=
=
% 0,1500
3
=
=&
& 0,1000
g o
wn
0,0500
0,0000 T T T T T 1
0 1000 2000 3000 4000 5000 6000
Téc 46 dong co [vong/phit]

Hinh 14. Sy dnh hwong ciia dwong kinh 16
tia phun den suat tiéu hao nhién li¢u
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Tai van téc trugc 1800 vong/phit. Suat
tiéu hao nhién liéu cang cao véi duong kinh
cang nho, va sau 1800 thi dwong kinh cang
nho thi suat tiéu hao cang it.  Tai toc do
dong co 4200 (vong phut) suét tiéu hao nhién
liu ting lan luot 1a D1, D2, D3, D4, D5:
2,59% ; 2,52% ; 2,76% ; 3,11%.

Biéu d9 ty 1& khdi lwgng NOx

nnnnnn

nnnnnn

Ty 1& khai lweng NOx

uuuuuu

Toe 45 dong co [vong/phiit]

Hinh 15. Sy dnh hirong cia dirong kinh 16
tia phun den phat thai NOx

Lugng NOx sinh ra c6 xu hudng giam
khi tbc do dong co cang cao (ngoai trir
D=0,2). Va duong kinh cang nho thi lugng
NOXx sinh ra cang lon. Viéc giam duong kinh
16 tia phun s& lam gia tang lwgng NOX sinh
ra. Nhung véi duong kinh 15 tia phun D5 tai
lic nay khéng con hién tuong nho giot nhu
tai van toc 600 vong/phut. Lugng NOXx sinh
ra véi duong kinh 16 tia phun D5, D4, D3,
D2, DI ting lan luot la 5,35% ; 8.19% ;
8.95% ; 12,98%. Theo dd thi, cung mot
duong kinh 16 tia phun, lwong NOXx sinh ra
tai van toc 1200 vong/phit giam so véi luong
NOXx sinh ra tai van toc 600 vong/phut. Riéng
duong kinh 16 tia phun D5 do tai van tc 600
vong/phat bi nho giot sinh ra lugng NOX qua
nhé nén so véi van téc 1200 vong/phdt thi
luong NOXx sinh ra khéng giam ma lai tang
1én dén 89,29%.

Bi€u d® ty 1& kh&ilug'ng mudithan

T} 16 khéi lromg musi than

uuuuuuuu

3000 4000 5000
Téc 46 déng co [vong/phit]

Hinh 16. Sy dnh hirong ciia dirong kinh 16
tia phun den phét thai mugi than

Vé muoi than ta c6 thé thdy ¢ toc do
truéc 3000 vong / phat (ngoai trr D=
0,2mm) thi duong kinh cang nho thi luong
mudi than sinh ra cang nho. Va nguoc lai ¢
téc do cao, duong kinh 13 tia phun cang nho
thi muoi than sinh ra cang Ién.

D1=0.16 D2=0.17 D3 =0.18 D4=0.19 D5 =0.20

Mugi than

Hinh 17. Biéu do so sdnh cdc dic tinh ngoai
dong co tai vdn toc 1800(vong/phat)

Tai téc d6 dong co 1800 (vong/phit), xét
vé mit céng suat, moment va suat tiéu hao
nhién liéu cua cac duong kinh 16 tia phun
khac nhau cho gia tri gan bang nhau. Xét vé
mat phat thai NOx thi véi duong kinh D5 cho
phét thai nho nhat so voi cac duong kinh con
lai, duong kinh cang giam thi lwong phat thai
NOx cang ting l1én. Xét vé mat phat thai
mudi than thi véi duong kinh D1 cho phét
thai nho nhat so véi cac duong kinh con lai,
duong kinh cang tiang thi lugng phat thai
muoi than cang tang 1én.

—D1=0,16—D2=0,17—D3 =0.18
D4 =0,19—D5 =0,20

Cong suat

Muéi than ) M6 men

. dt tiéu hao nhién

ligu

Hinh 18. Biéu do so sdnh cdac dac tinh ngoai
dong co tai van toc 3000(vong/phut)

Tai téc d6 dong co 3000 (vong/phit), xét
vé mit céng suat, moment va suat tiéu hao
nhién liéu cia cac duong kinh 15 tia phun
khéc nhau cho thay sy chénh léch rd rang.
Véi duong kinh 16 tia phun cang nhé thi cang
cdng suit, moment cang ting va suét tidu hao
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nhién liéu cang giam. Xét vé mat phat thai
NOX thi vai duong kinh D5 cho phét thai nho
nhét so véi cac duong kinh con lai. Va véi
duong kinh cang giam thi lugng phéat thai
NOx cang tang 1én. Tuong ty nhu phat thai
NOx, v& mat phat thai mudi than thi voi
duong kinh D5 ciing cho phat thai nho nhat
S0 Vi cac duong kinh con lai. Va véi duong
Kinh cang giam thi lugng phat thai NOx cang
tang 1én.

—DI1=0.16—D2=0.17—D3 = 0.18

D4=0.19—D5=0.20

Cong suat
5

Mudi than M6 men

Suét tiéu hao

NOx A 1ia
nhién ligu

Hinh 19. Biéu do so sdnh cac dac tinh ngoai
dong co tai van toc 4200(vong/phat)

Tai toc do dong co 4200 (vong/phit), xét
vé mat cong suit, moment va suat tiéu hao
nhién liéu cua cac duong kinh 15 tia phun
khéc nhau cang cho thdy su chénh léch rd
rang hon so voi cac tbc do thip hon. Vi
duong kinh 16 tia phun cang nhé thi cang cong
Suit, moment cang tiang va suét tiéu hao nhién
lieu cang giam. Xét vé mat phét thai NOx thi
vé6i duong kinh D5 cho phét thai nho nhat so
véi cac duong kinh con lai. Va véi duong
kinh cang giam thi lugng phat thai NOx cang
tang 1én. Twong tu nhu phat thai NOx, vé mat
phat thai mudi than thi véi duong kinh D5
ciing cho phat thai nho nhat so véi cac dudng
kinh con lai. Va véi duong kinh cang giam thi
lugng phat thai NOx cang tang lén.

5. KET LUAN

Nhin chung, qua két qua mé phong ta
thiy véi duong kinh nho cho cong suat va
moment 1on, tiéu hao nhién liéu nho. Tuy
nhién, & duwong kinh nho thi cho lugng khi xa
NOx va mudi than Ién. Nguoc lai, duong
kinh 13 tia 16n cho khi xa thap.

TAI LIEU THAM KHAO

[1] Pham Dinh Tho, Nghién cizu qua trinh phun nhién li¢u trong déng co Diesel, 2006.

[2] Tran Quang Vinh, M6 phdng qua trinh phun nhién liéu va qud trinh chdy trong déng co
D1146TiS si dung phan mém CFD AVL-FIRE, Pai hoc Bach khoa Ha Néi, 2007.

[3] Nguyen Le Duy Khai Nguyen Van Tong Em, A Study on the Effects of Duration of

Injection
Engine. Science

on Emissions and Combustion Characteristics in a Direct Injection Diesel
Technology Development Journal, 17(4): p. 67-76, 2014.

[4] Rohit Sharma, Rana Ranjit Singh “Experimental study of the Effect of Fuel Injector
nozzle holes on Direct Injection Diesel Engine”.

[5] Dr. Hiregoudar Yerrennagoudaru, Kullaya Swamy K B, “Effect of Nozzle Holes and
Turbulent Injection on Diesel Engine Performance”.

[6] Design of Direct Injection Fuel Injector Nozzle.

[7] www.avl.com.
[8] http://www.altra888.com

[9] Effect of Fuel injection pressure and Injection timing on fuel pray, engine performance,

emission.

[10] Abdul Rahim Ismail, Effect of injector nozzle holes on diesel engine performance, p. 83, 2010.

TAc gid chiu trach nhigm bai viét:

Dinh Tan Ngoc

Truong Pai hoc Su pham Ky thuat TP.HCM
Email: ngocdt@hcmute.edu.vn



http://www.altra888.com/

