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Development of the 3-D Bulk Motion Index for In-Cylinder Flow
Induced by Induction System (I)
- Based on the 3-D CFD Simulation Results -

Jeong-Eui Yun, Hyeon-Sik Nam, Myung-Hwan Kim,
Sun-Ki Min, Pyeong-Wan Park and Ki-Seong Kim

Key Words: Angular Bulk Motion(d 3| 3 A-#%), Angular Bulk Flow Coefficient(¥] A% A ),
Angular Torque(3] A E ), Angular Velocity(3] 44 %), Intake System(F YA 2H),
Swirl Flow(Z=¥ %), Tumble Flow(8d %)

Abstract

In order to figure out the physical meaning of 3-D angular flow index for in-cylinder bulk motion,
CFD analysis for the swirl and tumble steady flow test rig were made using commercial package
STAR-CD. Computer simulations and rig tests on some kinds of induced flow conditions were carried
out. Finally, based on the comparison between the simulated resuilts and measured results, the physical
meaning of 3-D angular flow index IJ—V? |, B composed of swirl and tumble coefficients measured by
steady flow test rig was described.
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Table 1 Specifications of simulation engine

Engine Type 4-stroke DOHC

Intake Port Dual Symmetric
Bore[mm)] 77
Stroke[mm] 89.2
Valve Lift [mm] 10
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Fig. 1 Photograph of steady flow test rig for
measuring swirl (upper figure) and tumble
flow (bottom figure)
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Fig. 2 Flow analysis model of steady flow test rig
for measuring swirl {upper figure} and tumble
flow (bottom figure)

o] o ool HA9 Eadezy
JAEINE FHE
agx 2 dydas F437le 98 94
E7\ e} AT wet gk
2 Hdviz FEsE F709 Ad 898 @ #
nA =] B& ZHRotation Angle)yd whio] 7}
dal NELE st A ke EA

Fig. 2¥ Fig. 194 BdFE 29 2 28 #F
Aa18] frEehdde fid dAHI FEHY AR
2ag R YIAe BgFa gk WHM L AFR
FENEY FY Puo =9 2 HE AE A
Aot ANPslse YAE vFe R CADFHYELS A
H AR A4 2 AN e S 4
A4 e AF 4z 44 Z2aE Pro-Am¥
g7 REHo2E 429 (Manual Meshing)& &
ot aglm Fxe BEZCeE Agdts BE
£ PorousE 249 Helstgoh A 4] sie oA



1060 &4 . d@4 - 9B - 4] - e 114

A& Y Zol ¢ A(Pressure Box) & E
T Reservoin) & &35t A4S AgEH
vgo 2 YFf{Fo] FaHe AN, &
24T AT goe= gt a8z ¢ F
Ed2 = k—e High Reynold 28& sjestge

o, A5 4AE T2 83T

P

W o mo

=
]
A
2
X
e
oft
e
ol
z
o
o
1o
i)
)
Z
=

d= WezRY Rz UHoHA 7 wue
JA45L ZANAREFOZ ARl A @2

f Peeit (7 % T) dvrey
=

NN @
/ Poett (T * T )ty

Fig. S258 244%F H2E A 499 W &
4 % HERT AEe BFE He &5 2
dEol ZstEe 4L Eola Ytk ol Fig.
3, 49X & F ARl FUFVIF HEGUE
THEE B8 IF FAAME 43 FE T 9
3 53 §F FAHE olFA AF FHFE W
27HEA AA Jd f50 2 e #AFA H
7] WEolz dddn

H=22

H=50

H=78

H=106

Fig. 3 Velocity vector plot of each section on X-Y
plan. Simulation cond.: right and left valve
lift =0/10[mm)], mass flow rate = 82 [g/sec]
(AP=6kFPa)



FNN2Le B8 AUEE FE5E 3719 329 Bulk Motion Index 7HE (1)

N

PRsRAPR St

NIRRT N

1061

Left Tube

Right Tube

Fg.

Angular Velocity [rad/sec]

Fig.

700

600

500

400 -

300 +

200

100

5

Velocity vector plot of each section on (a)
Y-Z and (b) X-Zplan. Simuiation cond.
right and left valve lift =0/10[mm)], rotation
angle (9) =0°, mass flow rate=82[g/sec]
(AP=6kPs)
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Variation of angular velocity along cylinder
length(H). Simulation cond.: right and left
valve lift =0/10[mm], rotation angle ()=0°,
mass flow rate=82[g/sec] (APk6KPa)

Fig. 6 Vector plot of angular velocity along adaptor

tube(L). Left means left tube and right
means right tube of tumble flow test rig.
Simulation cond.: right and left valve lift
=0/10[mm], rotation angle (9)=0°, mass
flow rate=82{g/sec] (AP=6kPa)
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Table 2 Angular velocity[rad/sec] at impulse swirl
meter position

Left / Right Valve Lift 10/0 10/10
Swirl Model 549 42
Tumble 6=0° 116 232
Model 8=90° 38 0

Table 3 Comparison between measurement and
calculation results for | N5} 8

Left / Right Valve Lift 10/0 10/10
— Measurement 0.7 0.2
| M .

Computation 04 0.2

Measurement 77 0
Bldeg ] X

Computation 77 10
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