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CHARACTERISTICS OF THE FLOW AND HEAT TRANSFER AROUND A WAVY CYLINDER

Chang Yeol Lee,' Jang Hoon Seo,' Hyun Sik Yoon™ And Ho Hwan Chun’

Three-dimensional characteristics of fluid flow and heat transfer around a wavy circular cylinder having
sinusoidal variation in cross sectional area along the spanwise direction are numerically investigated using the
immersed boundary method. The three different wavelengths of w/4 ,n/3 and ©/2 and at the fixed wavy amplitude
of 0.1 have been considered to investigate the effects of waviness on especially the forced convection heat transfer
around a wavy cylinder when the Reynolds and Prandtl numbers are 300 and 0.71, respectively. The present
computational results for a wavy cylinder are compared with those for a smooth cylinder. The time- and total
surface-averaged Nusselt number for a wavy cylinder with is larger than that for a smooth cylinder, whereas that
with N\ =m/4 and /3 is smaller than that for a smooth cylinder. However, because the surface area exposed to
heat transfer for a wavy cylinder is larger than that for a smooth cylinder, the total heat transfer rate for a wavy
cylinder with different wavelengths of \=n/4, w/3 and ©/2 is larger than that for a smooth cylinder.
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Fig. 1 (a) Computational domain and coordinate system and (b)
geometry of the wavy cylinder
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Table 1 Grid and geometrical parameters

A NxNyxN, | L, a

/4 260x220x186 T 0.1

Wavy cylinder /3 260x220x186 4n/3 0.1

/2 260%220x186 n 0.1

Smooth cylinder - 260x220x49 s 0.0




(a) smooth cylinder, y=0 (b) smooth cylinder, y=0.4

(c) wavy cylinder, y=0

(d) wavy cylinder, y=0.4

Fig. 2 Contours of instantaneous spanwise velocity in the two
different x-z planes
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Table. 2 Comparisons between the present study with previous

results
CD CL,rms CPb <<m>>

Present 130 | 046 | -1.01 | 8.87
Kim & Choi(2005) 132 | 046 | -1.03 -
Kravchenko et al.(1999) 1.28 0.40 | -1.01 -

Posdziech &

Grundmann(2001) 127|044 | -1L00 | -

Churchill & ) ) ) 871
Bernstein(19997) )
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Fig. 3 Contours of the time-averaged spanwise velocity (left
column) and temperature (right column) for the wavy
cylinder with A=n/2
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Table 3 Time- and total surface-averaged Nusselt numberand
time- and spanwise local surface-averaged Nusselt
number

v | () ()

Node | Middle | Saddle
/4 8.32 1179 | 7.65 6.62
LU /3 8.76 1046 | 8.36 7.89

cylinder

/2 9.11 9.64 8.92 8.86
Smooth | | ¢ - . .
cylinder




N 2 2HY 135

25
Node
r - Middle
20 ————— Saddle
—w—wmn—= Smooth Cylinder

16 B,
BN
2|
10
st
i Nt
oL 1 1 . 1
0 30 60 90 120 150 180
0
(a) \=n/4
25 r
Node
r - Middle
20} - Saddle
L = Smooth Cylinder
2
=
oLl 1 1 I L I
0 30 60 90 120 150 180
0
(b) =13
257
Node
[ = ==-- Middle
20} ——————- Saddle
K === Smooth Cylinder
2
oL 1 1 | 1 |
0 30 60 90 120 150 180
0
(c) A=n/2
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