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Evaluation of the Influence of a Convective Term Caused

by Various Finite Difference Schemes in General Curvature Coordinate
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Abstract

To develope the new simulator for the analysis of fluid flow information, the influence of vari-
ous convective difference schemes\ were evaluated. General curvilinear coordinate system with
nonorthogonal grids was adopted for the successful analysis of various complex geometries.
Computation results show that if we can not obtain full grid numbers within available compu-
tational environment, we need to use higher order finite difference schemes to keep the predic-

tion accuracy.
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Fig. 5 Velocity Distributions Concerning Various
Descretization Schemes at 8=0 Degree
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anka, 5.5 \ Cal. Domain :  5d~ +10d, Hybrid Scheme (1985)
Kajishima, T ‘ Re=200, De=141, Grid : 161 x20x 10 JSME
et al. | Cal. Domain : 10d +50d Lentral Dn"f (1985)
i ‘ T
Yamada, H. " Re=790, De= 368, Grid : 89x20x 15 CFD Sym.
et al. Cal. Dowain : ?, Power Law Scheme (1990)
Yeo, R.W. Re=790, De=368, Grid : 40x 17 x 11, 61 x 23 x 17, T. ASME
et al. 70 x 25 x 19 Cal. domain :  5d~ +10d QUICK Scheme et al. | (1991)
b Re="790, De =368, Grid : 62 x 22 x 14 ‘
resent Cal. Domain :  5d~ +10d, QUICK Scheme et al

(348)



AekN A FA AHEA O F

KaJlshlma(1985)
PEE gleb7] 93t VY‘ (Y=
dP A vae oA gt drH o g
ol #4502 % Reynoldsg & 8o A& Alibe] ik
gholl WHg F-a do] A Aoz Ut} Yamada
(1990)% & Patankar?] £ 2 (power law
scheme)-g A} &3l Humphrey(1977)5 2] A4
R EAL] 1AM e Al A TR e} A 9 YA FH

& B LAl ol % FfEk

£7E A8 A,

IST UPWIND

L ER
¢0 DEGREE

.
s L )
1820 (ot s gy e : [T T )
N < e
. L NN PR
‘e RN
) NN oo i
vel rese T TN sef ST
, : :
N Vot ry/,//““"
B e ) N
I ) S
. e RN Py
P NN ' scn\\v\\\—/ o
ol RN ~ { '
3 5.0 =
NS ) NN

Fig. 7 Secondary Flow Patterns in a Square Duct
at =90 Degree Sections. (a) Hybrid, (b) Ist
Upwind, (¢) 2nd Upwind, (d) QUICK

o Abgaziol €@ 4% Yot 99

AN E A8l Fig 7€ 07 w7 e
o sre el gol i@ 25 Eel BIRH of
AR vwstan sl Ll ke o

BE Ekstn EA-EEI HI%H, 2245 2] ALt
N wE st Lol e Aole
;—5——%}94 S e A zwﬂ daE vz
Fig. 8& 2=0.0, 0.25 7} 2} 2] 8] 2] 42} 60 2 90
Holl o] 3 EHakel £l go] Aaax
bl o olet. QUICK 2719 2313

7347} HYBRID 7% 13}/ -
Aoith A9 vweA HmA oFe 27}
Aotn gzts ozt 28y nAaE A0S AL
£ At A T M= @ oo e HEA] 2R

Quick

2 nd UPLIND

1st UPPIND

HYBRID

EXPERIMENT

U/jU,,

a0 1.0 e [ [

(R=-R. )/ (R.-R.) et

(a)z=0.0

Fig. 8 Comparison of Velocities in a Square Duct
of Strong Curvature.

(349)



100 LA BEBE G, T18E A3, 1994

SR SO SRR | }

(R-R)/ (k.-

(b) z=0.25

Fig. 8 Comparison of Velocities in a Square Duct
of Strong Curvature.

T @tk o] AL AR &, oA Z2 F#AHA
o] A4 ®= Kajiyamag o] Al 4ol A 2] 2 53
Sol BT AR dol7t FEEAE &
Oe 5o B4 Rt n Azsolzich. H
o] Axpg @ 1 uiA e B A Ak} kgl
A= 4o Rl
a8 =
Nl A A XA e Dbt EA o LAAE ]S

(350)

Agahe Tike TS AN el 4 gated, 2
AN HESE et DAFEAYS e
gomn el Aarel HPAYuch LA
MRl 7p7hg o Fol 7Hg kAl H Q) ol & Th
T AN WA SR A7 dojd 5
Ae A4 53 330 557 A Fd= it
ANARE 47 s n22E A0S AHE
gle] ol & A =E BHd ot ek
Hn2d

1) Aris, R., Vectors, Tensors and the Basic Equa-
tions of Fluid Mechanics, Prentic - Hall, Inc.
(1962).

2) Freitas, C. J. et al., Numerical Simulation of
Three - Dimensional Flow in a Cavity, Int. J.
Num. Meths. Fluids, Vol. 5, pp. 561 ~ 575(1985).

3) Eiseman, P. R. Alternative Direction Adaptive
Grid Generation, AIAA J., Vol. 23, pp. 551 ~560
(1985).

4) Fuchs, L. and Tilmark, N. Numerical and Exper-
imental Study of Driven Flow in a Polar Cavity,
Int. J. Num. Meths. Fluids, Vol.5, pp.311 - 329
(1985).

5) Han, T. et al., A Comparison of Hybrid and
Quadratic Upstream Differencing in High
Reynolds Number Elliptic Flows, Comp. Meths.
Appl. Mech. Eng., Vol. 29, pp. 81 ~95(1981).

6) Humphrey, J.A.C,, et al., Laminar Flow in a
Square Duct of Strong Curvature, J. Fluid
Mech., Vol. 83, part 3, pp. 509 ~527(1977).

7) Leschziner, M. A., Practical Evaluation of Three
Finite Difference Schemes for the Computation
of Steady State Recirculation Flows, Comp.
Meth. Appl. Meth. Eng. Vol. 23, pp. 293 ~312
(1980).

8) Leonard, B. P. A Stable and Accurate Convective
Modelling Procedure Based on Quadratic
Upstream Interpolation, Comp. Meths. Appl.
Mech. Eng., Vol. 19, pp. 59 ~98(1979).

9) Peric, M., et al.,, Comparison of Finite Volume

Numerical Methods with Staggered and Colocat-
ed Grids, Computers and Fluids, Vol. 16, pp.
389 ~403(1988).



UMFA AEA AHEA D Fee) ARl oe g B} 101

10) Rodi, W, Finite Volume Methods for Incompress- 11) Yeo, R. W, et al., A Numerical Study of Laminar
ible Flows with Complex Geometries, 12th NST 90 - Degree Bend Duct Flow with Different Dis-
Open Seminar, Institute of Industrial science, cretization Schemes, J. Fluids Eng., Vol. 113, pp.
The University of Tokyo, (1988). 563 ~568(1991).

(351)



