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Curvature effect on a compressible viscous flow
in the curved duct with sguare section

Y
Kougen OZAKI, Hiroshi MAEKAWA, Yuichi MATSUO

ABSTRACT
The curvature of the wall along the flow direction gives the fluid particles the centripetal force caused by the pressure gradients, which is
essential to make the complicated secondary flow such as the Gortler vortices. In spite of several experimental and numerical researches for
the incompressible curved flows, the mechanism causes the secondary flow pattern is not clearly explained. Analyzing the results obtained
by direct numerical simulations of the compressible viscous flow in the curved duct for the Dean number Dn = 271, we demonstrate that
flow helicity distributions signify the secondary flow well and that the acceleration differences between viscous and inviscid flows are
essential to specify the area where the curvature effect of the wall governs the fluid particle motion. Finally, we indicate the generalized

inflection points of the simulated flow velocity profiles.
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Fig.1 Schema of the curved duct described by the cylindrical
coordinates
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Fig.5 Patterns of the secondary {low observed by (a) the velocity

components in the section and (b) the helicity at #=38.25 degrees.
And (c) indicates contour of the pressure gradient of the azimuth-
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Fig.7 Vectors of (a) the acceleration with the streamwise velooity
g, (b) the pressure gradient with the pressure and (c) the differe-
nce acceleration in the section at #=121.5 degrees. Gray regions
indicate the local maximums.
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Fig.8 Patterns of the secondary {low observed by (a) the velocity
components in the section and (b) the helicity at 8=121.5 degrees.
And (¢) indicates contour of the pressure gradient of the azimuth-
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Fig.9 The 3-dimentional structure of the helicity in the half
bottom region of the curved duct, the front section is the inlet.
Green and yellow regions indicate the helicity of clockwise and
counter-clockwise direction, respectively.
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Fig.10 Distribution of the divergence of the velocity field in the
section of &= 121.5 degrees. The color regions of blue and red
indicate flow structures of the compression and the expansion,
respectively. The solid line indicates div U=0.
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Fig.11 Contours of (a) and (b) indicate the velocity shear of u,
and the generalized inflection point of uyin the section of 8=
38.25 degrees. Here, contours with the solid line and the broken
line indicate the gradient direction of » and z, respectively.
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Fig.12 Contours of (a) and (b) indicate the velocity shear of uy
and the generalized inflection point of wug in the section of &=
121.5 degrees. Here, contours with the solid line and the broken
line indicate the gradient direction of » and z, respectively.
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