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Numerical Analysis of Forced and Mixed Convection
around the Circular Cylinder for Compressible Flow
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Abstract— Numerical studies are made to investigate the flow and heat transfer characteristics around
the circular cylinder for low speed compressible flow. For incompressible flow, extensive studies have
been made and heat transfer characteristics around the circular cylinder are well known. When there
is a strong heat source or a large temperature difference, flow becomes compressible because of large
density changes. For compressible flow, however, studies do rarely exist probably due to the lack of
proper numerical algorithm and equation complexities. Conventional time marching algorithms for comip-
ressible flow have convergence difficulties at low speed flows due to stiff eigenvalues of system of equa-
tions. Time-derivative preconditioning method which overcomes the difficulty is used for the present
study. Computations are performed for forced and mixed convection flowfield with large temperature
difference and comparison of their flow and heat transfer characteristics are made. For forced convection
the increase of surface temperature makes effective Reynolds number larger by reducing density and
thus diffusion effects become dominant. For mixed convection, buoyant acceleration diminishes heating
and recirculating zone significantly compared with those of forced convection.
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Fig. 2. O-type computational grid(98x 130) for flow
past circular cylinder.
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(c) Re=20
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Fig. 4. Velocity (u/u.) and temperature (T—T./T.—T.) contours for incompressible flow at Re=5, Re=10,

Re=:20, Re=40.
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Fig. 6. Velocity (u/u.) and temperature (T—T./T,~T.) contours for forced convection in compressible flow

at T,=400, 1000, 1500 and 2000K.
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AR2|E
r : Preconditioning matrix
Q : FF5 de 9y
E, F D HEA E2 dE
H : A e
Ry, Re R, Ry @ M4 jacobian matrix
t : AzE
& odut HEA
X,y ;A HEA
[ 1A
u, v 1%,y HHY $5
e : A ey
T e
p : ¢4y
u : A4 A
k  dAE A
M : Mach ¢
Re : Reynolds
Pr : Prandt! 4=
Nu : Nusselt <
Gr : Grashof 4=
HugE#
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