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Abstract

This study reports the selection of dependent variables for momentum equations in gemeral curvilinear
coordinates. Catesian, covariant and contravariant velocity components were examined for the dependent
variable. The focus of present study is confined to staggered grid system Each dependent variable
selected for momentum equations are tested for several flow fields. Results show that the selection of
Cartesian and covariant velocity components intrinsically can not satisfy mass conservation of control
volume unless additional converting processes are used. Also, Cartesian component can only be used
for the flow field in which main-flow direction does not change significantly. .Convergence rate for the
selection of covariant velocity component decreases quickly as with the increase of non-orthogonality of
grid system. But the selection of contravariant velocity component reduces the total mass residual of
discretized equations rapidly to the limit of machine accuracy and the solutions are insensitive to the

main-flow direction.
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Fig. 1 Control volume specification for a
Cartesian velocity component.
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Fig. 2 A typical u-velocity control volume.
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Fig.3 Control volume specification for a
covariant velocity component.
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Fig. 5 Control volume specification for a
contravariant velocity component.
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velocity component.
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Fig. 15 Streamlines for driven skewed cavity
flow at 6=30" (80Xx80 grid).
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Fig. 16 Velocity vectors and pressure contours
for the dependent variable selection of
contravariant component.
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Fig. 17 Velocity vectors and pressure contours
for the dependent variable selection of
Cartesian component.

Fig. 18 Convergence history for the dependent
variable selection of Cartesian and
contravariant components for a laminar
90° bend flow.
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