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Characteristics of the Flow and Heat Transfer around a Wavy Cylinder
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Abstract

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 7z/4, 7z/3 and 7z/2 at the fixed wavy amplitude of 0.1 have been
considered to investigate the effects of waviness especially on 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 A =z/2 is larger than that for a smooth cylinder, whereas that with
A=xml4 and x/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 A=xml4, /3 and x/2 is larger than that for a smooth cylinder.
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Table 1 Grid and geometrical parameters .
- 504
A Nxx NyxN, L a . v
/4 260%x220%x186 1 0.1 — * T
Wavy
cylinder /3 260x220x186 4w /3 0.1 . )
n/2  260x220x186 2n 0.1 B e
Smooth - 260%220x49 m 0.0 . |
cylinder
- 5044 ! 25d
dol=x4(Re) & ZHEX(Pr )olH, 0IS2 (a)
CtS 20 Zel=th Saddle Node
u_d
Re=—=" , pr=" (4)
v o

HIIM v o= 22 SEL H==2 g=tet Al
=E LIEIHCH 2 AHAMUAM Pr 2 0.71, Re &=
300 ©2 HGIYCH AlZtol 2 oS Fobdl
Floff HEF S L HMSZRH Filotk=
Time—split scheme £ AF2olALCHKIM and Choi
2004, Kim and Moin 1985). 12l UE&

Third—order Adams—Bashforth scheme &, =&t
==}

=

&2 Crank-Nicolson scheme 2 ALZ3IRULY.
S0l UolM= tHF&E0l= third—order Adams—
Bashforth scheme O 112|1) &4t &0l= Crank—
Nicolson scheme £ ALEd RAS o= of
£ ot =L

Fig. 1 2 2 AR0M D28 Hagen IE (d)
HE B0=10 ULH AHaFH2 Ao saS Fig. 1 (a) Computational domain and coordinate
AXMOZR ot0d =N 2E B2 system and (b) geometry of the wavy cylinder
—50d < x<25d 4% #stoz2 -50d < y<50d and grid system in (c) X—y plane and (d)
It AIEEZIRCH = 2Eo Hagdes Iy Alel y—2z plane near the wavy surface.
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Table 2 Comparisons between the present study with previous results
C:D CLJmS CPb <<m>>
Present 1.30 0.46 -1.01 8.87
Kim & Choi(2005) 1.32 0.46 -1.03 -
Kravchenko et al.(1999) 1.28 0.40 -1.01 -
Posdziech & Grundmann(2001) 1.27 0.44 -1.00 -
Churchill & Bernstein(1997) - - - 8.71
HRICDE ARSI AAS ANE ZUSH M4 L TEET LW
SIUOM, = YEHORE FUAARO| ANSAE N e
SHRICH ARIGHUA 2ol ZOF AHUAE KR ()= [hds (N =2 [ (N ()
SE FAS MEHUD, TRUMS S ZAHX 1o 1
A2 AMRSIICEH ARICO el ME E2D (v =Tfo e (R} = [ ()t
AN B 2 XHE AIZ0IQL. EEso=zs=
ChS Al(5)2 &0l F=I| BAXHE ASSIETH = HAS EYd ZBEE2 <5t Re=300 0l
A 2 AelHe dEARZ S Bl wokACH
u(xy,0=u(xy,L,) C, (B &3 J=), C_ ., (2= C 2
P(x,y,0) = P(x,y,L,) (5) RMS(Root Mean Square) 2t), C,, (HaJ|xEte
T(xY,0)=T(xy,L,) Ha) L (W) S2 Kim & Choi(2005),
Kravchenko et al.(1999), Posdziech &
o Agide 842 d,=d+2acoy2rz/A) Grundmann(2001) el Churchill &
ol sl Ho=l, d,= 2AKE, d= B2XE, Bernstein(1997)21 ZUst & AXIES Table 2
a=s BEH229 3], A= IIE, z= = 9g OIA EtoIst & QUCEH OIDIAN, AFRE 28219 A%
o QXIZ LIEFHCE Fig. 1(b)s = SI0IA ALR S(Cy, C ¥ C,)2 02 (7)1 20l ®olg]
= OtE AEdo gas B0 =0 NSH O &ICH.
A XNNEE2 HeE =5 HYEo AXNE 22 =
‘ Node' @ ‘ Saddle’ Ol2t GHRACH D=1/2pG:D
Ie I 2XMA x—y 2 y—z B0 E
M ZXHE Figs. 1(c)2 ()0l 22t LIEHACH L= U207 @
0 Z0 2 A0 2HE HX HE Table 1 0ff R-P
LIEHHQICH ZHT2 =8 HAEES & 2D, Ceo =1/ 2002
260x220x186 2| ZXIAHIF HEsh 2422 LIEtS
Ct. DEE a0l 5t A2 dHatol 2 S8 OIJIM, F 2 F, E FRSLE (x)2 ool =
EH0N Oty HAHREH| fotd a=0.1 et sk (y )22 AelfIt gt= A sss
A=nml4, 7l3, 7129 OHE AN CHatH & 212 M@)ol HostAth R, o R, = A1)
At GHA S SEHEHACH f (momentum forcing)2l 2t2to] A=0l f 2
A2 HEHAMS =4, At Y 32t BZE f, & NESCEZEMN 22 It ULHL
0424 Nusselt =2 Al(6)1t 20l MBIt 04D]
N ng Aaid BS0 X8 9s, W e A F - j ey Fyz_J fody  (8)
ol =29, t, = AIFEZ2 FJ|, L 2 &aie
= st 210|2 LIEHHCH OIIM, Q= A& SHZS LIEIHTE
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