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ABSTRACT

Injection Characteristics with Valve Geometries for a Diesel Engine

Sung-Yoon Kim

Department of Mechanical Engineering, Graduate School
Korea Maritime National University

Busan, Korea

(Supervised by Professor Kweonha Park)

Injection technology is one of the important technologies in a diesel engine.
Many studies have done on the injection system. In this study, the fuel chamber
geometry, the orifice ratio and the needle lift of the injection valve of a diesel
engine for generating electricity are varied, tested and simulated. In the test, the
injection pressure, duration and spray shapes are obtained with pressure
transducer, needle lift sensor and high speed camera. The result shows that the
nozzle hole size has influence on the rail pressure and injection duration

sensuously. In the simulation using average 55,000 grids, static and dynamic



pressure on outlet surface and velocity vector are obtained. Decrease of the
static pressure at the place O(between needles) and increase of the dynamic
pressure on the outlet surface are occurred owing to the rise of the nozzle hole
diameter, high increase rate of the dynamic pressure with changing nozzle
diameter exposed at needle lift 0.4mm. In the consequence, the data of the
experimental test and simulation were identical and the highest dynamic
pressure of the outlet was occurred at needle lift 0.4mm and nozzle hole

diameter 0.328mm.
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Table 1 Test conditions

sac
lift(mm) | d(mm) | L(mm) | volume
type
0.4
Case 1 0.5 0.308 1.6 TB
0.6
0.288
Case 2 05 0.308 1.6 TB
0.328
Case 3 0.5 0.268 1.6 B
DV
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Fig. 2.4 Pressure, needle lift, maximum pressure and injection duration with

TB type and DV type
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needle lift : 0.4mm

needle lift : 0.6mm

Fig. 2.5 Spray development with changing needle lift



Fig. 2.6 Pressure, needle lift, maximum pressure and injection duration with

changing needle lift
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nozzle diameter : 0.288mm

1.8cm

nozzle diameter : 0.328mm

Fig. 2.7 Spray development with changing nozzle diameter



Fig. 2.8 Pressure, needle lift, maximum pressure and injection duration with

changing nozzle diameter



of
o
o
J
L
ol
-
M
B
ofy
fo
et
L
Sh
=2
=
%
o
rlr
R
2
]
BN
=)
_O‘L

TAE I Fig. 3.11< AdoA e BEAAZEe] wE Bajetal(Heh) ke =3
Alkel A48 4 J=E HE AIZF W wE e
o] W2 eSS FLUENTO] 4437 9519 UDF <

=
ol Agatodrh Aol 4R AP wE AN $EF wE PHAL ol

Qﬁ‘{’V'(pU_)):Sm (3-1)

S, - mass added to the continuous phase from the dispersed second phase

() 4+ - (V) = = Vp+ V- (F)+pg +F (3-2)
- — — T 2 - -
T—;L|:(VU + Vv )—gv-v ]} (3-3)
p © static pressure 7_- . stress tensor

p_g) . gravitational body force

VaE external body forces - molecular viscosity

] unit tensor(effect of volume dilation)



Az AT 42 EF dEHoe=m Folon, HAARIES

z

Spalart-Allmaras(l eqn) =9 S AF&3lom o] 2slulH of A =82 standard
scheme®} pressure-velocity coupling& SIMPLE scheme 221 X W& & First
order upwind scheme®. & =33} tl. Table 2= FX|A4to] AH49 AXNZAES
HojFm AFoA AMGSAY 2HEY F o B Aoi2sES F7isto Adts
EI

Fig. 310014 =<9 AFolA 2 45 1, 29 &7 8700 dhal] 7leo]l&vty &

(o]
rok

]
=

]
£eg yehsd Agad

A ako] A% Spalart-Allmaras(l egn) 29 ®#-A 2o tv}o-y 7t}

ARFQ o, A T Aol svirt 1~8742 E oA gteEghel A

i

H

i

o

Ll

HlaLskodeh, Fig. 310014 Hole HEFNA ZFo2 8z dds 4%

Of

8 [ -~ o [~ o\ _
E(PV)‘F&% (pvu; ) =

1| o ~\ v ov -
GV +;|:8 : {(M—Fpl/)a—%}‘F C;ﬂp(axjj:| K,—l—S; (3-4)

G, : production of turbulent viscosity
Y, : destruction of turbulent viscosity
o-, Gy © constants

v : molecular kinematic viscosity

S. ¢ user-defined source term



(a) DV type (b) TB type
Fig. 3.9 Computational mesh of DV type and TB type

Fig. 3.10 Diagram of inlet and outlet



Table 2 Calculation conditions

sac
lift(mm) d(mm) L(mm) volume
type
04
0.5 0.288
0.6
04
Case 1 0.5 0.308 1.6 TB
0.6
04
0.5 0.328
0.6
0.288
04 0.308
0.328
0.288
Case 2 0.5 0.308 1.6 TB
0.328
0.288
0.6 0.308
0.328
0.268 TB
Case 3 0.5 0.963 1.6 DV
12
] ey 1 o
10
g 8
£
2
i
1 3 5 7 9 11 13 15 17 19 20 23 2B F ;W

time i{ms)

Fig. 3.11 Inlet static pressure variation used for computation
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n =

#include "udf.h”

DEFINE_PROFILE (unsteady_pressure, thread, position)

{

float t;
face_t f;
begin_f_loop(f, thread)

real t = RP_Get_Real("flow-time”);
if (t < 0.0011)
F_PROFILE({, thread, position) = 2.21%1000000 ;
else if (t >= 0.001 && t < 0.002)
F_PROFILE({, thread, position) = 2.21¥1000000 ;
else if (t >= 0.002 && t < 0.003)
F_PROFILE({, thread, position) = 4*1000000 ;
else if (t >= 0.003 && t < 0.004)
F_PROFILE({, thread, position) = 5*1000000 ;
else if (t >= 0.004 && t < 0.005)
F_PROFILE(f, thread, position) = 4%1000000 ;
else if (t >= 0.005 && t < 0.006)
F_PROFILE({, thread, position) = 5*1000000 ;
else if (t >= 0.006 && t < 0.007)
F_PROFILE({, thread, position) = 6%1000000 ;
else if (t >= 0.007 && t < 0.008)
F_PROFILE({, thread, position) = 7+*1000000 ;
else if (t >= 0.008 && t < 0.009)
F_PROFILE({, thread, position) = 8+*1000000 ;
else if (t >= 0.009 && t < 0.01)
F_PROFILE({, thread, position) = 9%1000000 ;
else if (t >= 0.01 && t < 0.011)
F_PROFILE(f, thread, position) = 10%1000000 ;
else if (t >= 0.011 && t < 0.012)
F_PROFILE({, thread, position) = 111000000 ;
else if (t >= 0.012 && t < 0.013)
F_PROFILE({, thread, position) = 10.9%1000000 ;



else if (t >= 0.013 && t < 0.014)
F_PROFILE(f, thread, position) = 111000000 ;
else if (t >= 0.014 && t < 0.015)

F_PROFILE({, thread, position) = 11.2%1000000 ;

else if (t >= 0.015 && t < 0.016)

F_PROFILE(f, thread, position) = 11.3%x1000000 ;

else if (t >= 0.016 && t < 0.017)

F_PROFILE(f, thread, position) = 11.3%x1000000 ;

else if (t >= 0.017 && t < 0.018)

F_PROFILE({, thread, position) = 11.3%1000000 ;

else if (t >= 0.018 && t < 0.019)

F_PROFILE(f, thread, position) = 11.1x1000000 ;

else if (t >= 0.019 && t < 0.020)

F_PROFILE(f, thread, position) = 10.8%«1000000 ;

else if (t >= 0.020 && t < 0.021)
F_PROFILE({, thread, position) = 10.9%1000000
else if (t >= 0.021 && t < 0.022)

F_PROFILE({, thread, position) = 10.7%¥1000000 ;

else if (t >= 0.022 && t < 0.023)
F_PROFILE({, thread, position) = 9*1000000 ;
else if (t >= 0.023 && t < 0.024)
F_PROFILE({, thread, position) = 71000000 ;
else if (t >= 0.024 && t < 0.025)
F_PROFILE(f, thread, position) = 5.7¥1000000 ;
else if (t >= 0.025 && t < 0.026)
F_PROFILE(f, thread, position) = 4*1000000 ;
else if (t >= 0.026 && t < 0.027)
F_PROFILE({, thread, position) = 2%1000000 ;
else if (t >= 0.027 && t < 0.028)
F_PROFILE(f, thread, position) = 2.5¥1000000 ;
else if (t >= 0.028 && t < 0.029)
F_PROFILE(f, thread, position) = 1*1000000 ;
else if (t >= 0.029 && t < 0.03)
F_PROFILE({, thread, position) = 1%1000000 ;
end_f_loop(f, thread)
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