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Numerical Analysis of Laminar Flows in the Two Dimensional Sector
Cavity by Finite Analytic Method in Polar Coordinate System

Ju-Chan Bae and Shin-Hyoung Kang

Abstract

The finite analytic method is extended to solve the steady two dimensional Navier-Stokes
equation of stream function and vorticity in polar coordinate system. The method is applied to
calculate laminar flows in a sector cavity where the motion is induced by the rotation of the
outer wall. Numerical solutions are obtained in the range of Reynolds number 0 to 5000 and
aspect ratios 0.50, 1.20, 1.60 and 1.92.

The finite analytic method is verfied to be accurate and fast convergent at high Reynolds
numbers. It is promising as a numerical method of viscous flows and heat transfer. Flows in
sector cavities show different flow structures and formation of secondary vortex with aspect

ratios and Reynolds numbers in comparison with rectangular cavities.
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—.3044X 107 | .5215X10°* |—. 2265 x 10"
Ahszo. .1042X10° .5215X 1074
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1100010 | 12701072 |- 2974 101
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Table 2 Comparison of relative errors by FAM and FDM

Analytic solution FAM FDM Node point
Ar=1.30—1.78
- . 095945799 . 095385758 _
- 095005 (0. 043%) (0. 40%) A8l e
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Fig. 2 Effects of imposed boundary conditions on

stream function;——eq.8, -«--:* eq. 9.
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Table 3 Relaxation factors

7+ (internal iteration for ¢) 1.00—1.30

Bs (external iteration for ¢) 0.80—1.20

re (internal ileration for ) 0.65—0.95

B: (external iteration for () 0.50—0. 80

a  (iteration for vorticity on 0.10—0.80
the wall)
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Table 4 Effects of boundary condition on voricity

on the wall
(A,=1.6, R.=500, MxN=31X19)
Boundary Boundary Boundary
condition 1| condition 1| condition T
Omax . 0539856 . 542864 . 548250
CPU(sec) 282 378 275
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Fig. 4 Stream function and pressure coefficients on
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Fig. 5 (a) Stream function and (b) vorticity; Re—
0. 0, Ar= 1. 92

Fig. 6 (a) Stream function and (b) vorticity; Ke=
2,000, A-=1.92
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Fig. 7 Growth of secondary vortex; A,=1.92
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Fig. 13 Velocity profiles at the center of the cavity;

Fig. 11 (a) Steam function and (b) total pressure;
Re=500, A,=0.50

A,=1.20, (a) Re=20, (b) Re=100, (c)
Re=200, (d) Re=300, () Re=400
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