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NUMERICAL SIMULATION OF VISCOUS FLOW
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Abstract ; In this papef »in order to take the numerical simulation of fully developed
viscous flow in a rotating rectangular duct, numerical algorithm MAC-AF1 is employed
to solve primitive incompressible unsteady Navier-Stokes equation. The numerical re-
sults contain secondary flow structures and velocity profiles along the horizontal centre-
line and the vertical centreline of the duct, existing experimental with numerical results
is quite favourable. |
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Fig. 4 Axial-velocity profiles in a 2)X1 duct for Re=235, Ro=50.5, C,=17.5:
(a) Along the horizontal centreline of the duct; (b) Along the vertical centreline of

the duct. ‘-----> 0=0, ¢ ’ Numerical solution of Speziale; ‘-« - - - * Present numerical result.
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Fig. § Axial-velocity profiles in a 21 duct for Re=86, Ro=1.85, C,=17.5:
(a) Along the horizontal centreline of the duct; (b) Along the vertical centreline of
the duct. ‘-----’ 0=90, ° ’ Numerical solution of Speziale; ‘- + - + -’ Present numerical result.
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Fig- 6 Axial-velocity profiles in a 2X1 duct for Re=279, Ro=0.6, C.=17.5:
(a) Along the horizontal centreline of the duct; (b) Along the vertical centreline of
’ Numerical solution of Speziale; ‘- * - + -’ Present numerical result.
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Fig. 7 Axial-velocity profiles in a 2X1 duct for Re=220 Ro=.24, C.=17.5:
(a) Along the horizontal centreline of the duct; (b) Along the vertical centreline of
the duct. ‘——-’ 0Q=0., ’ Numerical solution of Speziale; ‘- * -« - ’ Present numerical result.
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Fig. 8 Developing secondary flow in
a rotating 2X 1 duct for Re=279, Ro=0. 6,
C.=17.5;: (&) (B) (¢) (d) (e) (f) represent
secondary flow field at non-dimensonal
time i=370v 4.5, 6.0, 7.5, 9.0, 12.0
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Fig. 10 Axial-velocity profiles in a 2X 1
duct for Re—=485, Ro=35.714, C.=12. 5,
t=300: (a) Along the horizontal centreline
of the duct; (b) Along the vertical
centreline of the duct.

Fig. 9 (a) Distribution of stream
function in the cross section of a
rotating 8X1 duct; (b) Computer generated
secondary-flow streamlines in a rotating
8X1duct; At=0.02, Nru:=15000
non-dimensional time t =300,
Re—=485, Ro=35.714, C.=12.5

(a) ¢)) © @ (e)

Fig. 11 Experimental axial-velocity profiles
along the vertical centreline of a rotating
channel (Hart 1971): (a) Q=0, (b) 2>0,
with double-vortex secondary flow; (c, d)
Q>0, with roll cells; (d) 2>0,
Taylor-Proudman regime.
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