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Study of Nozzle Charateristics on the Performance of a Small HSDI Diesel Engine
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Myungseok Lyu

ABSTRACT

VCO nozzle is devised to minimize the HC emission and has been applied on some HSDI diesel engines.

But it is not well reported whether VCO nozzle would be advantageous over SAC nozzle in a small HSDI

diesel engine. In this paper it is presented that characteristics of VCO and SAC nozzle under common rail

fuel injection system and their effects on the performance in a small HSDI diesel engine.
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Nomenclature

A :area

C4: discharge coefficient

p : density

AP: pressure difference

Q : flow rate

T : torque

o : angular speed

I : moment of inertia

X,w: radial penetration without swirl

X, : radial penetration with swirl

Q, : rate of change of the momentum
flux of swirling air

Q; : rate of change of the mean momentum flux in

fuel jet at nozzle orifice
MEIP : mean effective injection pressure
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Fig. 1 VCO and mini SAC type nozzle in common rail
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Fig. 2 Typical HC emission in a HSDI diesel engine
at 2500 rpm
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Table 1 Specification of engine and FIE

Model Single HSDI Diesel Engine

Type In-line, 4 Valve DOHC

Hi 7] ZF[cc] | 374

BORE[mm] | 75.5

Stroke[mm] | 83.5

T/C Boosting & After cooling
System

FIE Common Rail
(Maximum Pressure : 1350 Bar)

Nozzle Flow Rate 305mm3/s
0.128x152x6 (Mini SAC)
0.137x152x6 (VCO)

Combustion | Reentrant Type : TLS01, TLS02

Chamber

Combustion Chamber for Sinale HSDI Diese! Enaine

""" TLS0Y  Bowl Volume : 14.8¢cc
—TL802 Washer:).8mm
Cone Angie 152°

b
b
L

-30 ~20 -10 o 10 20 30

Fig. 3 Test combustion chamber
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Fig. 4 Flow rate in VCO and mini SAC nozzle
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Fig. 5 Mean C, in VCO and mini SAC nozzle
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Table 2 Estimation of the flow rate by equation(1)

=) BA 18%%7} , Nozzle
A D) sy Hole Diameter 4.2 %
7] %7}'

7r Injection 48%%5 7},
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Fig. 6 Penctration in VCO and mini SAC nozzle
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Fig. 11 Cylinder pressure and needle lift in VCO and
mini SAC nozzle (2000 rpm, BMEP : 14 Bar
combustion chamber :TLS02, Rail pressure

: 1200 Bar)
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Fig. 12 Heat release rate in VCO and mini SAC
IMEP 14 Bar

:TLS02, Rail

nozzle (2000 rpm,
combustion  chamber

pressure : 1200 Bar)

Mini SAC ol H]3| #2] 4538
At} ol s YEgTE
o] Rig AlE A dAsch dxdg
Mini SAC ¢} 7 %7} vCO o v]3j)
Aoy ol daygy Aols di
A o357l Hs) dWE (Hea
Axtat ey

Fig.12 o] 94 7] 99 M= vCo =&
o] A97t USo] dx 4y A8 BA}
o] Folx dwtE A4 Mini SAC o H] 3|

-

Release)<

M AEXEATE =Y

w2k, 22y 10 ATDC °} &= vCo ¢l
737t Mini SAC o ¥|&} @W&o] A
Byt TR diag9edE Vo =&
o] ZaE Aol WA EWE a7t Yy
Ebstch o]A & A8 EAZE Vo A A S
HA AlRE O] WA By Fukid durE
o] 3}7%E Mini SAC o HI3| w2 A e
RoZ B}, o] AL Figs o A3 &
g REEE Ao® HY 4 k. dukyo
2 FRd ZAHY A4 He JdEE o
24 49 Aoz mde] Hr Ho. o
o A EduEHE dutHoR d8 BALE
o]l WEW FA YelvtE AR IHA U

91__

TAEE & ABAS A
o2 BT BAI=E &

W AREFE A F A EHoR2 o
F& vt AAE =F FAHo] FolAH
BAte A9l datrt #ZotA 7istHr]
dE AAe vy Rug THEAH HoA
3719 dEEFe] FIEHY ARALE
AAAZI wdE 9 5 dd. ER/c
=5 AZAo] #FHE&FE A8 EAKSpray
Penetration)”} 2to}z] A|7ke] uwhet EALE
A8t d&d T EX3he Al Ao
b AAY 4y 227 g A A Hol o
A5Ae] wHgy 99 F A 5o
2 Jgus @48 1o Zo] osistrl ¢
& dad Aol oE TLS01 °lAl vVCO

Eo AFS AHE U
Fig.13 & 2](2),3)o] <%t
( Swirl)°] TLSOI ZAAAME 248357 &
71t i WHAES VFLE g AHEA

= z

7t AR o] ARE T



ZEAl¢] Small HSDI Hlddmel %

J5ol PIAE 9%

E T

: VCO -TLSO1

% ivEO0-TLSO02

W Mini SAC.TLS02 ;

Relative Penetration at Ignition

3.6 4.0 4.4 4.8 5.2
Bow! Swirl Ratio at TDC

Fig. 13 Penetration and swirl with combustion

chamber
5 T T T — T
A
x
g 3t »vodhees TLSO1, VCO
£ ~X=TLS02. VCO
®©
e
g 2}
(%]
1 A ..
"""""" Y Vv A A
o ,

. s A
600 800 1000 1200 1400
Rail Pressure{Bar)

Fig. 14 Smoke with combustion chamber 2000 rpm,
IMEP : 14 Bar)

FAME ARV A4 gde R v
7ho) EEE I F7\RE BEIF FME @
87} FHH o2 HY gA BXE F UE
& W%’r T alv}
2 + Fig.14 oA} 7o)
4ol mido] A WA vt
739 Mini SAC ©ll W8] A=

< F7HAAC e I
F At o€ A VCO =ZA Mini SAC °

7] frEeol ad AL =
n)

A 2A0]

z 2ol AA AuY MYt YUHoR
AX Fe Aol sl Ao B,

4. 2 E

Small HSDI ©AAZE Aoz vCco &
Mini SAC xZ9] A A% uxe 45

of sl A+& 2 ot} Te HES
At
1) VCO =& Mini SAC =Zo Hsf S

A7t oF 18P 2ol TS 9488 FY
g 713t #4187 M E =F E 3
4ol ¢F 42% F7F HooF gt}

2)TYE dAd FHAAAM Vo =EFL
Mini SAC x=Z°] H|3] v (Smoke)]
wol AsFdel Egsig. o d=
v—A}%k—% YA srIHE & HAo

0 o] A7] WEolt.

3) VCO =AM mldg Zo]7] 9slA
T dxd W T /F85Y =Y (Swirl)o)
Mini SAC ol A Bt} 7Z3tA dfojop e},

& =i

kJ
Ao

1) HF94, “5&x8 HSDI gAAZ 7L,
G72 94 1 A4 = B 314~ 2000.

2) 94, “5838 HSDI UAAANYE,
G7 194 HFTHIAM”, 1999.

3) John B. Heywood, “Internal Combustion

Engine  Fundamentals”, Mcgraw-Hill,
pp.491-566, pp.620-647, 1989,
4) N2 9, “Commonrail & AFE3 4

goade] Qe duse o
2 4% 2 Smoke 4ol PIAE 3G
T ARAFATHS EAGED,
2000.

5) AW 9, 675 AFHHIN B ©
Qo 9y %%=ﬂﬂ”,@%ﬂ%ﬂ

HOH mM4z. 2001 75



1997.

7) C. S. Bae, J. S. Kang, “Diesel Spray
Characteristics of Common-Rail VCO
Nozzle Injector ”, Thiesel 2000,

2 =EY A48 A15, ppldr-

154, 1996.
N. Hikosaka, “A View of the Future of

Automotive Diesel Engines”, SAE 972682,

76 S=XSASEHI=2Y



