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Simulation of Fuel Injector for Common Rail

Injection System of DI Diesel Engine

Tae-Hyun Kim

Department of Control Mechanical Engineering
Graduate School

Pukyong National University

Abstract

A diesel engine has been widely used for ships, cars and industry
powers because it has many merits of high thermal efficiency,
reliability and durability. However it leads to air pollution due to
exhaust gas. Therefore it is important to develop the diesel engine of
lower air-pollution to decrease the hazardous exhaust gas emission.
As one of the ways, to decrease the air pollution a study for
practically using the high pressure of fuel injection system Is being
processed. Specially a common rail injection system is said to be an
effective means for reducing both NOx and particulate emissions, and
a great improvement in injection and combustion characteristics has
been reported by many researchers.

The injector of common rail injection system directly depends on the



injection rate. But it is very difficult to measure the nozzle chamber
and controll chamber pressure, the needle valve and controll valve
movement because of construction characteristic of injector and
difficulty of secrecy preservation.

In this paper, a computer program was developed to predict the
behaviors of the fuel injection rate, the nozzle chamber and controll
chamber pressure , the needle valve and controll valve movement of
the injector. The continuity equations were applied for hydraulic
phenomena and the momentum equations were applied for the
dynamics of individual components of the injector.

The injection rate was measured by Bosch injection rate measuring
system and the experimental result were compared with the simulation
result for injection rate.

The characteristic of injection were influenced by the pressure in
common rail, the controll valve lift pattern, the needle valve weight,

and the areas of inlet and outlet orifice of the controll chamber.



. Inlet orifice A& [eif]

ACC

A7 ¢d A [on]

N
H

Ay

t UE WHE AEAM

Aps

A ouT

. Inlet orifice®l #] £]

CCC

(o]
T

: Qutlet orificeoli 4 9

COUT

&+

o
i

T
G

i
M

Dey

7o

comblE £ [N]

F

4+

,ao
]
<]
x|

=

i)
il
W

Kev

KNV

: o Eeely 42 [bar]
. 2224 44 [bar]

PAC‘C

PCC



d8 ®A ¥ [bar]

S ouT

A4 [en]

]

<
Nl
H

V‘N

wr
_A.O

~
el

H ¥4 [em]

UE #2 Ad 39 [on]

Y

: A7 [s]

¢

BCC

PN
o

HollA dzef Az &3 A

LY
ad. 72

By

ZESHA d59 T

1o 4e] gre BE

E=EAA die Uk

ON

b

T

7o

B

AR H=oA

Cour

ohel A=

wi

7|
Gl

il

NS

c ol FEHIH A

ACC

il
T

ccC

<
4
B

n
N
H

_iv_



el
ez
X
r 3
rlo
Hir
rlo
i
ol
o
i

Mol T4 ¥ 44 2en o 3
o ARE AST F dths AelA 28l AgHD AT AN A5

PM3} NOxE H7¥ + b &dA 71#2% 24, 98 LAVIE
AM 2T AREAN HBEAL BAAT L BAFe] ARpA] Az

s °l

A3, & -u7] AEdAHEe HuyE=, HEFE, EGR(exhaust gas

1
o
oli
=
ol
L
2
£
b
2
gt
b
2
oft
=
X
rlr
rd

recirculation), & - Wi 7| &

24 g4 wsl d42ue fF, B3AG B gEu d1s Se] v

ol TIA7|# A% Aol o] dF EAMAZE AASHE FaA4S o

el AA Rzhse] fAr|Be A% dd dig EAHAY ¥

olgHa A ' FAAlY 98] PMI NOx& ART <+ A= &%

A2 7]&< 100MPa ©)4e gt ¥AME AMgste] Aidv £F79 ¥
FoyA g Fo dAre Fro &3} F

A spe wfelth @ BAAZIE k7 %3 PMe A7 FA

23 vy a3 ARG Y(common rail)ell 93 FLA FEo
W ol A9 AT w4lY BEE 089 WEe A% %

Anaelq RAgrEel W, § AMEe A Aok durhe 23

Az A A2ge 9

=
A7) wiEge 71E2 AV HE d8E A

_,d
>
b
juit)
2
ey
2
&2
rlo
o
it
ox
tjo



il

# HellA 2 3

=]
=]

ol Hrme)

AL A7)
(pilot)

)

Bkl 2dE NOxst PM9 Azbg 71d

AFaFell

jad)
=

R

Ab A
(high pressure supply pump), il

d
U

7] 2

Si=1

1

A e d7]

©

B A} A] 7]
ol

e
=

=
o]

=

4

L

=)
R} E

injector)

ECU(electronic controll unit) = #4 =&
a Fzo 23

1.
1.

controlled
=4 T L
= T i

=

1

SEEINE)

A
Us w0 sjdel Fate] whei,

Al
o

1

k<)
i

94

o} FE# o] ¥ (high pressure accumulator), A&
o

x

1

T

A} 7] (electronically
A

8 AR Aol

o}
H
(solenoid valve)d
=S
_E_

J

*
A

a2
o

s}

|
el

Fape v a¥d AREAY T2

o] 759

H

=

(=]

=
==

o wherA ol

1o} B

=
=

1

3
o

23]

Dl
of

Gl

ot

A2 AR EAL]
T

FAFSFIL A}



Fig. 2-1& 2] A9 AgZEA7| 9 da Fdnon

HIGH PRESSURE FUEL INLET
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— NOZZLE HOLDER BODY
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- TWO-WAY CONTROLL VALVE
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Fig. 2-1 Common rail injector for simulation
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Fig. 2-2 Operation of common rail injector
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Table 1 Input data and design parameter of injector

needle valve weight 2.95g
controll valve weight 0.58g
nozzle hole diameter (0.018cm
nozzle chamber volume 0.004cm
controll chamber volume 0.003724cm
inlet orifice area (.00126cm
outlet orifice area 0.00126cn’
nozzle chamber orifice area 0.021cr
needle valve top area 0.0434cr
needle valve middle area 0.1336¢n
needle valve bottom area 00.0868ct
needle valve maximum lift 0.3mm

o

Table 1& Tz 230 A}e-d A9 gk AZEA7] 43¢ A48 o

N

Welth A& EA71E VCO(valve covered orifice) =% EFgieln, =
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Fig. 2-3 Schematic diagram of nozzle tip
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Fig. 2-4 Geometry of inner construction
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Fig. 4-3 Contoll chamber pressure at rail pressure
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(b) Variation of controll chamber pressure
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Fig. 4-9 Variation of injection rate, controll chamber pressure and
needle lift according to the diameter of inlet orifice

at the outlet diameter of 0.4mm
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Fig. 4-10 Variation of injection rate, controll chamber pressure and

needle lift according to the diameter of outlet orifice

at the inlet diameter of 0.4mm
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Fig. 4-11 Variation injection rate according to needle weight
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Fig. A-1 Schematic of injector
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Fig. A-2 Operation of 3-way injector
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2) Electronically controll injector for Bosch common rail

injection system

o
“D
I C I Tuel return
| [
- - 2 Blectrical
connection
bl
R 3 Iriggering
; b B clement
| FoT'ael olet
‘ :4 ’ P -
1 5 Vadve buall
G Bleod orifice
!
i . b
! T Feod orilice
0
g Valve controll
.
o0 chamber
-5 .
9 Valve controll
— 9 plunger
10 Fecd passage
0 to Lhe nowzle
11 kozzle needle
‘ | i
| |
e i
MH\

Fig. A-3 Electronically controll injector
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Fig. A-4 Unit injector
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Fig. A-5 High pressure supply pump
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