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A Numerical Study on the Effect of the Cylinder Shape Modification on the
Forced Convection Around a Circular Cylinder
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ABSTRACT: Direct numerical simulation are performed in order to investigate the effect of the
circular cylinder shape on the forced convection around a circular cylinder at the Reynolds number
of 300 and Prandtl number of 0.71. Three-dimensional characteristics of fluid flow and heat transfer
around the smooth, wavy and torsional cylinders are investigated. A wavy cylinder has the
sinusoidal variation in the cross sectional area along the spanwise direction with the wave length
of /3 and wavy amplitude of 0.1. A torsional cylinder has the twisted elliptic cross section with
a torsional period of /2 and an axis ratio of 1.35 corresponding to the major axis of 1.15 and the
minor axis of 0.85. The value of time-and surface-averaged drag coefficient for the smooth cylinder
is similar to that for the wavy cylinder, but larger than that for the torsional cylinder. The time-
and surface—averaged lift coefficient for the smooth cylinder is larger than that for the wavy and
torsional cylinders. The time-averaged local heat transfer rate for the wavy and torsional cylinders
shows different distribution along the circumferential direction, compared to that for the smooth
cylinder because of the shape change in the spanwise direction for the cases of the wavy and
torsional cylinders.

Key words: Numerical analysis(5=% 3]4]), Forced convection(’}#] t ), Cylinder shape
modification(2 8 82 W3}), Drag and lift reduction(¥3 2 &8 7Z4)
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Table 1 Comparison of the present computa-
tional results with those obtained from
the previous results for the smooth

cylinder
Case c, C,. Cp St < Nu>
Present 128 043 -099 0200 9.06
Ahn"” 130 046 -101 - 887
Kim and Choi” 132 046 -103 0202 -
Kr;“jl%ko 128 046 101 0203 -
EOSdZIGCh and 197 046 100 -
rundmann
Churchlu ?r%d B 871
Bernstein
Experiment 122 0457 096 0203 871

Note) = Experimental E‘U and C s are from Nor-
St and C,, are from C. H. K. and
& Nu» is from Churchill and

berg,
Williamson, "

.12
Bernstein.

Table 2 Summary of the present simulation

results
Case EU Ez,s EH, St < N>
Circular 1.28 0430 -099 0.200 9.06
Wavy 128 0293 -091 0.200 9.05
Tortional 1.16 0178 -0.80 0.203 877

Table 3 Thermo—aerodynamic force ratios

of Smooth, Wavy, and Torsional

cylinder
Case Surface ‘i
area 9
Circular 2n2 1.00
Wavy 21.38 1.08
Tortional 20.28 0.99

Note) = The subscript ‘0’ in the definitions of each
ratio denotes the circular cylinder.
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