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Multidimensional Numerical Simulation of Flows in
the Cylinder of a Model Engine

¥ A A &+ A**
Jin Eun Chung , Eung Seo Kim

ABSTRACT

A multidimensional numerical simulation for flows in an engine with axisymmetric geometry

was performed.
Three kinds of differencing schemes, namely, skew upwind differencing scheme (SUDS),
interpolated upwind differencing scheme (TUDS), upwind differencing scheme (UDS), are used
in a comparative study. Simultaneously, the effects of the artificial dampings and the grids on
numerical results are estimated.

Compared with the measurements, the calculations with SUDS and proper artificial damping

show very similar qualitative tendency with observed results. But there are some discrepancies
due to numerical errors and unclear boundary conditions.
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Fig.4 Mean axial v.eloclty profiles with 3
different differencing schemes
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Fig.5 Mean axial velocify profiles with 3
different artificial dampings
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Fig.6 Meon axial velocity profiles with 3
different grids

= A9 molA ghisth o] 0.0359 7
9 MrEd = ZAH 3 vortex®E W
a7 Rodgr}, 36° ATDC 2 F7rd el
9 £4% o3 A dehdh

Fig. 62 SUDS< 43 0.0500] st
A AA =71 ZH2E 40x40, 32x30, 20 % 20



Al A%e $UY FEEE BXE wolx
Atk Avtd oz Azerb 40x4091 29
AR 7t 2RHAED, 36° ATDCHA
' AR ggol Ag gled, 90°ATDC
e 4wsl Ik Adddel Fg de
Al 20x20% FEsI G
W Bo ge ARG Bage ¢ 9
.

4 & =
718 ddde FY43AY fFl dsly
ICED-ALE %' - A3t Ot R84 &

Feln 49 vagos e B &
L,% adRt

1) A7 d9xeh vindy F JdAE
o7 FRHM ) 7HeA-g A AlSH T

) 374 AEwr g s YwEe s SU-
DS7}- A8 fFEAel 7 HEEE gl
st o,

(3) SUDS<] A[A 42| AL E 9135y
0.050 =2l A9 #HF xlo] Hasdt
tf gy HEEE Foly] fsld o 4e
FH 3}sted of i,

@) Algde] Wil what Al4bA 24
o ko] AFs =Zv Ao wel vortexd] &
Fof B, 2= 60x60 Pz F
ArE oz sy FAAA] A9E o
40><409-l AAe7t A E Aow Yz}

) A9A A 7, FH AN 2B A R
E@, diard, AA = ¥ Zvizdd o
3 AT7E AL gF -dLAH7A] 2ok
3 AT FAE o] 7pEsity

& 1 & ¥

1. John B. Heywood, “Fluid Motion within
the Cylinder of Internal Combstion En-
gines - The 1986 Freeman Scholar Lec-
ture,” ASME Journal of Fluids ENg.,
Vol.109, pp.3-35, 1987.

Woige] -

- EEE TS8R/ Vol. 11, No. 3, 1989/ 35

2. R. B. Rask, “Laser Doppler Anemometer

' of Mean Velocity and
Turbulence in Internal Combustion En-
gines,” JCALEQ ‘84 Conference Proceed-
ings, Vol.45 and 47, 1984.

3. T. D. Butler, L. D. Cloutman, J. K. Duko-
wicz, and JI.D. Ramshaw, “Multidimen-
sional Numerical Simulation of Reactive
Flow in Internal Combustion Engines,”
Progr. in Energy and Combust. Sci,, Vol.7,
pp.293-315,1981.

4. I.N. Mattavi and C. A. Amann (eds.),
Combustion Modeling in Reciprocating
Engines, Plenum Press, New York, 1980.

5. A.D. Gosman, A. Melling, J. H. Whitelaw
and A.P. Watkins, “Axisymmetric Flow
in a Motored Reciprocating Engine,”
Proc. Instn. Mech. Engrs., Vol.192, pp.213,
1978.

6. A. A. Amsden, T. D. Cloutman, P.]J.
O’Rourke and J. D. Ramshaw, “KIVA-A

Comprehensive Model for 2-D and 3-D
Engine Simulations,” SAE Paper No'
850544, 1985.

7. A.A. Amsden and C.W. Hirt,“YAQUI: An
Arbitrary Lagrangian-Eulerian Computer
Program for Fluid Flow at All Speed,”
Los Alamos Scientific Laboratory report
LA-5100, March, 1973.

8. G. D. Raithby,“Skew Upstream Differenc-
ing Schemes for Problems Involving Fluid
Flow,” Computer Methods in Applied
Mechanics and. Engineering, Vol.9, pp.
153-164, 2976.

9. B. E. Launder and D. B. Spalding, “The
Numerical Computation of Turbulent
Flows,” Computer Methods in Applied
Mechanics and Engineering, Vol.3, pp.
269-289, 1974,

10. A.P.Morse, J. H. Whitelaw and M. Yian-
neskis, “Turbulent Flow Measurements

Measurements



36/% X -t

11.

12.

13.

by Laser-Doppler Anemometry in Motored

Piston-Cylinder Assemblers,” ASME Jour-
nal of Fiuids Engineering, Vol.101, pp.
208-216, 1979. _
F. H. Harlaw and A. A. Amsden, “A
Numerical Fluid Dynamics Calculation
Method for All Flow Speeds,” J. Comp.
Phys. Vol.11,p.348,1973.

C.W. Hirt and A. A. Amsden,” An Ar-
Bitrary Lagrangian-Eulerian Computing
Method for All Flow Speed,” J. Comput.
Phys., Vol.14, p.227,1974.

T. D. Butler, L. D. Cloutman, J. K. Duko-
wicz, and J. D. Ramshaw, “CONCHAS:
An Arbitrary Lagrangian-Eulerian Com-

puter Code for Multicomponent Chemical-

ly Reactive Fluid flow at All Speeds,”
Los Alamos Scientific Laboratory report
LA-8129-MS, 1979.

14. B.P. Leonard, “A Stable and Accurate

15.

16.

Convective Modeling Procedure Based on
Quadratic Upstream Interpolation,” Com-
puter Methods in Applied Mechanics and
Engineering, Vol.19, p.59, 1979.
Leschziner, M. A., and Rodi, W., “Calcula-
tions of Annular and Twin Parallel Jets
Using Various Discretization Schemes and
Turbulence Model Variations,” ASME
Journal of Fluids Eng., Vo0l.103, p.352,
1981.

S. H. El-Tahry,” A Comparison of Three
Turbulence Models in Engine-like Geo-
metry,” Proc. Int. Sympo. on Diagnostics
and Modeling of Combustion in Recipro-
cating Engines, Sep. 1985.



