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Numerical Analysis of Flow Characteristics in Sw
Diesel Engine
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Abstract : In this study, in-cylinder flow of the swirl chamber type diesel engine numerically simulated by VECTIS
code. The flow fields during the intake and compression process were also investigated in detail. Numerical results
revealed that the generation and distortion of the swirling, tumbling vortices and those influences on turbulence kinetic
energy by shape of the jet passage, angle and area. It was also found that flow characteristics were affected by inflow
velocity that depends on change of the jet passage shape. Swirl ratio was increased according to decrease of jet passage
area, and was affected by piston motion according to increase of jet passage angle. Tumbling vortices had the similar in
various cases, but tumble ratio was increased with the inflow velocity. The generation of turbulence kinetic energy was
considerably influenced by complex effects of swirling and tumbling vortices.

Key words : CFD(Computational fluid dynamics, 74539 8}), Moving grid(¢] % Z=}), Swirl ratio(Z=g v]),
Tumble ratio(® &-1]), Cross tumble ratio( 3 2} & & H]), Turbulence kinetic energy('d-72-5 o] 14 #])

Nomenclature 1. A 2
VR :volume ratio(swirl chamber/main chamber) YANA & a2 REE A Aste] )& AF-ax)
CR : compression ratio o] o272 E YA ALeE 1 9o} tlAaqdR e
S} : jet passage angle, deg. WA oLl A#Adoe] el dago] ol o
A :jet passage arca, mm’ B8]} CO; W &o] Ho] X Terks} EAE &
St :mass contribution A2 4= Q) Tl AR e EAH-e Faked A9
SiU : momentum contribution EAQ] Fr]o] 882 A= wjH o] Bol| BAlE=
SH :energy contribution Aoltt A LA M= oA oAy
R, :swirl ratio o] 4 YA el ulsl freElstrt 53] offad 2
w, : angular velocity, rad/s A RS H2E G459 T A el B
FE oA ool dgd EA £37] ¥4
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SECTION A-A

Fig. 1 Swirl chamber and jet passage shape
2.3 AKX Mo

VECTIS®| 4= CAD X2 % w8 FE Preprocessor
o] 2} $3lo] 7153 STL FLZRE 23 24

0
j 7.65mm

Table 2 Engine specification

Combustion System Swirl Pre-combustion (I.D.L.)

Bore(mm) 87

Stroke(mm) 102.4

Con. Rod Length(mm) 133
IVO/IVC(CA) -8/216 deg. ATDC
Compression Ratio 21 ’
Engine Speed(rpm) 1700

Table 3 Details of various conditions

[S] A D
VR CR
(deg) | (mm®) | (mm)
Case | 54.3 21.0 35 64.90 5.1
Case 2 54.1 21.1 35 4951 4.1

Case 3 54.6 20.8 35 81.96 6.1
Case 4 54.4 209 30 64.90 51
Case § 54.7 20.8 40 64.90 5.1

25 A st At AR Surface S 4 #3] A

o)&l7] $138) A AF-EANA A sA 7L Block

refinementE s} o] AT FAAZ = J=H3 2
4 A gl 483t EA g

AAdsteich gk wiy ol

2 B8, 5| ~FE e o5 AR o] EA) gk

g YA AYLERE Zo] 9 H2E Stroke

8.32mmo]t}.
Q710 e AALE Fig. 30 ERNATE 3142
FEAAVETA SHFEZ v EE L BB E A

Valve lift (mm)

N

0 100 200 300

Crank angle (deg.)

Fig. 2 Valve lift curve of model engine
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Fig. 3 Computational mesh for simulation

ZaR .z, F7)YErt @3l o|Fole FIV|XE}
EFde s Agste] AxLE sk Tk A1 A
TE B 274 o YR A 2 291,0007), I
2Eo] AL ol 9 AT wfi= 9F 515,00070, S713E
E g id s A o4& AP A E oF 134,000
7Rolck
24 85 AN =A
EAFoAE didLad e 54, 4&E3A
o] | AN R E S o] 5 AAE o] -85t A4l
At} AR e EHEALE AR HYEIIL LHE
LH= 1700rpm o] 3L -5 AlAlell A 7] X ER So
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Intake Manifold
LR
S300K £ A=7 Intake Manifold
AAZA
-9} : 100.0kPa
- &5 : 300K

24 27 23
-qF= : 104.2kPa
- &% : 500K

AxdYex
-439K T4 A=z

Fig. 4 Initial and boundary conditions for simulation
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Fig. 5 Variations of swirl ratio in main chamber with crank
angle in various cases
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Fig. 6 Variations of tumble ratio in main chamber with crank
angle in various cases
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Fig. 7 Variations of cross tumble ratio in main chamber with
crank angle in various cases
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Fig. 11 Variations of turbulence kinetic energy with crank
angle in various cases

£ vERd 29 olt)

GREEAUXE WrgzEY AUyt He
CA 100° B2 72| Z7}sltlr} 2hAasta oF&o] A
5= E¢k ohA] A5 3T} CA 100° -0l A Case
48 g A9 vla] & 5% ZA Vel EY ole
Atz o] ANz o] 2HS Case 4= W H P ZE T} 7]
X]Ud/ﬂélé’ﬂt%%ﬂuj o2 AFPEE 5o dgFe
2 4R FAEHEA R GAEHY] o w A
Z.‘Homu}.

CA 340°

GHREENUR = CA 350004 oFAY /4

o] ARFWA AgF T FFIF oA LA
A RE, S AR A TR ) o] Sds] &
E5 eFfrEol ohRAd AARE HAAA 543
AestE AL E 4 ot dgs g A uheba
AgF g o] 7Hg &2 Case 27 CA 350° -2
AN FFEF AR 5ol AL thilel F57]¢]
ool B F 7P g4 e Holy 7 24
E 7bd Hugg Bl Ak dm A o] vt
A 2 Case 32 Case 137} 8] =3} A Z7}8lch7) 27
o] fredo] 59 o|F FashA R ihFo] drE
P 7EA] G F{-EFA A7 B E = 2] Zghth Case 2
e ESE2 30 FYEHA IRl ¢
538 Q7] iAo M3)f-Fol B w A gt
IR €8 T A fEel AFAd AAE F
23] A HA FHR-EFAA Y] 578 5] o}
Elua, Case 39 M= =8 FRUSER Q3 o474
Ao L8 HEHELE Hol7| o F7] F

| g € olF 9}%%‘ A Fo] SH7t 2 A Ve

CA 350°

CA 355°

CA 360°
{c) Case 3
Fig. 12 Comparison of contour plots for turbulence kinetic energy of the last period compression stroke

(a) Case 1 (b} Case 2

(d) Case 4 {e) Case §

Transactions of the Korean Society of Automotive Engineers, Vol. 13, No. 4, 2005 55



Taeyun Kwon - Gyeungho Choi

T

i) ohFvle)
7)ol 2 24 Ak
40°(Case 5) v FH-EF oA 9
2] UElb 3 A Az o) 359(Case 1) o), 30°(Case 4)
U wje) o Wi HA GREFAUX
5 AAZH400Y T T AE ThE
= Zrad) ohg f52) 337t 97 dojuh B %
WA B o) Wt Aste] R g
ol A Yolu} kA 7] o) BFLF IR
7} Ak dghge) AAbzto] 30°Y We] 2EvE 7
AFZE 3509 7399} vl SaiH vk e g 7} 7 Ao}

4 F53 H
2

=9 5 $59 A
ZEEE 2

Bz
o] 7t

o g

1=
il
A

A

4
2

ey
o o
¢ oox

do O R

)

rl N

2 2

S

&l

ol

=2

ol offt
2
=]

o

¥ N oz
o e du > iz

l
=

fu

_iA

Ay

2,

o

o
i

rlo

o
o M
o I
M

g mo i g

ot L
it)

£
i

o

©
i
[ oX,
n9
Sl
o
oft
ot o

e
%
it
)
o E Yo N

o
[0
O
)

o
oS
ot
VR
2

ol r
it

= il
L ¥Q 10

R
oﬁ,“ﬂ‘

N
o 8
o J%

oy
a0
rg o
N

2)

N
> b
N l'UZ
)
Egd Y
<o
b
e,
i)
)
i)
e
)
olft
2

N
du
O
o -
I>
(o
e
i
re
g
o
1o
BV
2
Y
0
2
S
)
Y

Bl o oo 4 ok
o

B o
b
jul
N
of\
N
Q‘L
s
r>~
ofk

0o
lo
it
o\
)
_?1_,

ol &

i
)

o= AL 40°0) A 7hg =3, o] $E
CA 360°9] 4= 3~ °2]

oM 713 Ak o= HAES] &5
Ml @ AALZE 40001 FE A Foll Lol
X9 EAlo] 74 Tot 2 MHSEE XA ok

42 obm AHN HAE AEEY FAZ
%% %

ﬁd
&N
o
N
N
o)
9
flo
(¥S]
<
(o3
onl
LI

1
£ APl fEFY PaE

)
i WY
Hzshn §719 RUSEt 245 ISR

o)

56 siRxIESAITEE=2F HMI3Y M4, 2005

B QT AAAAY 2F - 2471 SRR
o) A o] ol Aolu], 22 2N WEFY V1%
A7L BAALEA BAEY

kv
&

References

1) B. C. Choi, “The State of the Art of Automo-
tive Diesel Engine Technologies,” Transactions
of KSPSE, Vol.6, No.1, pp.12-19, 2002.

2) J. H. Ra and S. K. Ahn, “The Effect of
Combustion Chamber Shape on the Perfor-
mance of Swirl Chamber in Diesel Engine
(1),” Transactions of KSPSE, Vol.2, No.2,
pp.27-34, 1998.

3) J. B. Heywood, Internal Combustion Engine
Fundamentals, pp.342-353, McGraw-Hill, 1988.

4) M. R. Kim and N. H. Cho, “Analysis Port Flow
Rig Result by CFD of In-cylinder Flow,”
Spring Conference Proceeding, Voll, KSAE,
pp.111-117, 1999. )

5) VECTIS Release 3.7 Theory Manual

6) VECTIS Release 3.7 User Guide

7) S. Y. Lee and Y. D. Choi, “Numerical
Simulation of Swirling Turbulent Flows in the
Cylinder of a Diesel Engine,” Transactions of
KSAE, Vol.7, No.1, pp.38-49, 1999.

8) LJ. Ahn,J. T. Park, N. K. Hur and R. Reitz, “A
Numerical Simulation of Transient Intake Flow
in HSDI Diesel Engine,” Spring Conference
Proceeding, Vol.I, KSAE, pp.375-380, 2004.

9) S.J.Lee, J. T. Lee and S. Y. Lee, “A Study on
the Influence of Turbulence Characteristics on
Burning Speed in Swirl Flow Field,” Transac-
tions of KSME, Vol.20, No.l, pp.244-254,
1996.

10) J. Lee, “A Study on Performance and Emission



Numerical Analysis of Flow Characteristics in Swit Chamber Type Diesel Engine

Influenced by Combustion Chamber and Fuel Department of Mechanical Aerospace Engin-
Injection System in HD Diesel Engine,” ~eering, Seoul National University, 2002.

Transactions of the Korean Society of Automotive Engineers, Vol. 13, No. 4, 2005 57



