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NUMERICAL STUDIES ON FLOWS WITH STRONG PROPERTY VARIATIONS
THROUGH STRAIGHT RECTANGULAR CHANNELS

Nam-Jung Choi' and Yun-Ho Choi

The flowfield characteristics in a straight rectangular channel have been investigated through a numerical
model to analyze the regenerative cooling system that is used in rocket engine cooling. The supercritical hydrogen
coolant introduces strong property variations that have a major influence on the developing flow and heat transfer
characteristics. Of particular interest is the improved understanding of the physical characteristics of such flows
through parametric studies. The approach used is a numerical solution of the full Navier-Stokes equations in the
three dimensional form including the arbitrary equation of state and property variations. The present study compares
constant and variable property solutions for both laminar and turbulent flow. For laminar flow, the variation of

aspect ratio is examined, while for turbulent flow, the effects of variation of channel length and Reynolds number
are discussed.

Key Words : &% W3} (Variable Property), & A}2} x§'d (Straight Rectangular Channel), A|A34] W Zt=d (Regenerative
Cooling Channel), 24 4= (Supercritical Hydrogen), ollZA3}7]% (Preconditioning Method), Z3J4] (Aspect

Ratio)
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Fig. 4 Cross stream velocity, axial velocity, temperature, and
density contour plots for x/Dy, = 2. Top: variable property;
Bottom constant property. Temperature (K), Density
(kg/m’), Velocity (u/Uy).
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Fig. 5 Cross stream velocity, axial velocity, temperature, and
density contour plots: x/Dy = 10. Top: variable property;
Bottom: constant property. Temperature (K), Density
(kg/m"), Velocity (u/Uo).
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Fig. 6 The velocity profiles near the inlet. (a) the secondary
flow in the cross plane just upstream of the inlet. (b) the
axial flow at the centerline near the inlet.

of
R’y
Aa
1 3 M‘\“
2 E M
3k - ‘
F
P 4 E_ ll‘lll
i of

=23
IRARAS BRRR
1

7F u
[ L3
L ——a—— Variable Properties . -
8 4o — Constant Propetties
9[: IS DTS SR 1 . |
0 5 10 15 20
xiD,

Fig. 7 Comparison of the normalized mass averaged pressure
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channel length.
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aspect ratio cases: 1, 2 and 4.
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Fig. 14 Comparison of the actual channel geometry with the
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details of the flow. Stretched geometry shows 251x71
streamwise grid.
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