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Abstract

In order to examine the possibility of using a cavity as a passive device for reduction of skin friction and heat transfer, an intensive
parametric study over a broad range of the cavity depth and length at different Reynolds numbers is performed for both laminar and
turbulent boundary layers in the present study. Direct and large eddy simulation techniques are used for turbulent boundary layers at
low and moderate Reynolds numbers, respectively. For both laminar and turbulent boundary layers over a cavity, a flow oscillation
occurs due to the shear layer instability when the cavity depth and length are sufficiently large and it plays an important role in the
determination of drag and heat-transfer increase or decrease. For a cavity sufficiently small to suppress the flow oscillation, both the
total drag and heat transfer are reduced. Therefore, the applicability of a cavity as a passive device for reduction of drag and heat
transfer is fully confirmed in the present study. Scaling based on the wall shear rate of the incoming boundary layer is also proposed

and it is found to be valid in steady flow over a cavity.
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Fig. 1. Schematic diagram of the three-dimensional computational
domain.
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Fig. 2. Streamlines inside a cavity at Re=75: (a) (d/6,,/d)
=(0.5,1) ; (b) (d/6,,1/d)=(0.5,4); () (d/6;,1/d)
=(16,4); (@) (d/6,,l/d)=(8,16) . Flow direction is from left
to right.
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Fig. 3. Skin-friction coefficient at Re=75 and d = 0.5, : ,

Edy ----- , =2d, - , F4d, ———, =8d, -, , Fl6d; o,
flat plate.
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Fig. 4. Distribution of pressures at the two cavity walls for Re=75 and

d =160, , Bd, ----- , B2d; e , Fd, —-—,
184, Upper and lower curves are for the forward- and
backward-facing walls, respectively.
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Fig. 5. Streamlines inside a cavity: (a) (d/6),,1/d)=(l, 4) at
Re=TS; () (d/6,,1/d) =05, 4) at Re=300; (¢)
(d/6,,1/d) (1, 8) at Re=T5; (d) (d/6,,1/d) =05, 8) at
Re=300; () (d/6,,1/d) =1, 16) at ReTs; (5
(d/6,,1/d)=(0.5, 16) at Re=300.
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Fig. 6. Performance of drag reduction (left) and heat-transfer
reduction (right) at Re=340 and d = 0.96,: s Bdy -----,

=24 -, <44, oando denote the locations of Xperr =1 and

X052 = 21, respectively.
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Fig. 8. Iso-surfaces of the streamwise vorticity in case of
(d!86,,1/d)=(146,4) at Re=1520.
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