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ANALYSIS OF TURBULENT HEAT TRANSFER FROM STAGGERED PIN-FIN ARRAYS
WITH DIAMOND SHAPED ELEMENTS AT VARIOUS GEOMETRICAL CONFIGURATIONS

AT. Cho' and K.Y. Kim*

A numerical study is carried out to analyze the steady three-dimensional turbulent flow and convective heat
transfer in a staggered pin-fin array with diamond shaped elements at various geometrical configurations. Steady
Reynolds-averaged Navier-Stokes equations and energy equation are solved using a finite volume based solver. Shear
stress transport (SST) model is used as turbulence closure. The computational domain is composed of one pitch of
pin-fin displacement with periodic boundary conditions on the surfaces normal to the streamwise direction and the
cross-streamwise  direction. The numerical results for Nusselt number and friction factor are validated with
experimental results. The effects of pin angle, pin height and pitch on Nusselt number, friction factor and efficiency
index are investigated.

Key Words : 7 =H(Turbulent Heat Transfer), S1Z@l ¥13(Staggered Pin-Fin), LH]o]-2252~ -7 2 (Navier-Stokes
Equations), T4 E 4=(Nusselt Number), 7}2-A15=(Friction Factor)
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Fig. 1 Geometry of stagged pin-fin array
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Fig. 2 Example of grid system(H/d=0.65, Pi/d=4.5, o =95°)
d& aefsto] thaat gto] Aodrh

Ty, 2) = Ta,y,2) — o @

A7IA A EREA oL ApE A )9 s E o]

FHF A 2= SST(Shear Stress Transport) =2[7]S AR&3}
Ak NEH oz SSTEH-L Wilcox2] k-e E2[8]3} k-0E9
9]¢ FAL A RAEA ko ZAS B ZH A AL
= ke BEE 1 o]9]e] oA ALEHLE o] B
T ke Bd wrh APl B TS gyHeR
Hd = AEE uotEo] 9tk uheEbd, SSTRYEL o
H=2 olsh fsute|e] oSl TS gapeola, Wi
s|Aol = 1 g 3go] Holubrhal Bardina S10]° <3l
Hup ek B8 2A URE f5 2dyol: Laigk So[ll]e
RdS wedsle] CEX-11.0914 AAshRs 2ds
Fig. 2= Adlol AL&8 ApAA wAEZAR ] 2&5S HolF

otk 54 L Lol Wt 2 9 24 ool 4%
@ 4 9 ¥ 2R AR SRR TAsgon A%
BEES AR o 2070 4457 ASHIT, o= 19,000

AN AAZRACEE FHEUTEY F/IWI SHdA F7
Z(periodic condition)S, LElal Ade] W} o}l A
Fr4: Z7(constant heat flux)S AM&allom ZHefA|
ge-e] 7ot WHEFA A A EuA o] Al
o} zh(residual)e] 10°%0)817F B w7k Festelon, Pa-1.8
GHz Dual CPUZ} Aol ARS8 ATt

o
102

AP E Fig. 19 YeRd Aid =ol(d), U39 Zol(H),
AR Z%(a), TF Alolo] AZ(W), TR F7I(Pi)) F 5
Aoty B Aol s WRi=10S BAIZ AFgolA, Hd,
Pild 9 o] F7|5 WSA7IY F2Ue] GxET e
& ATRggth 7t WrEe] 9= Table 10] vEhd v}

_Nu,, fo3
1= Nuo/ (f—o) ©)
o}71A,
/ Nu dS
Ny, =——— y 0
Nug = 0.023R"*Pr* (8)
_2AP D,
fy =0.078R " (10)

Table 1 Ranges of variables

Variables Lower bound Upper bound
H/d 0.4 0.9
Pi/d 25 6.5
o 60° 150°
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Fig. 3 Comparison between predicted and measured Nusselt
numbers
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Fig. 6 Nusselt number and Friction factor variations with

angle(«)
ar 19
I —=—— Nu,(0=60°, Pi/d=6.5) s
35 —a—— f/f, (a=60°, Pi/d=6.5) 1
N -7
sf 16
s | —f5 °
22.5:— ED =
2f 3s
: 42
15 ]
N -1
TN ST WA AT AN W N
b3 0.9 1°

6 07
H/d

Fig. 7 Nusselt number and Friction factor variations with H/d

ar -6
ssk =~ ——=—— Nu, (H/d=0.4, 0=60°) 55
r ——— f/f;, (H/d=0.4, a=60°) ds
3k ]
b —4a5
2.5:— —f4
s I E
= =
15F _3
E 25
1 E
N EE
osE =
- L1 Ll L1 Ll =
of 7t

4 5
Pi/d

Fig. 8 Nusselt number and Friction factor variations with Pi/d



Az ololE=y AR Aol ge

dREAE HeHH

A|138 A23. 2008. 6 / 25

—&—— H/d=0.65, Pi/d=6.5

175

125

Ll
o
LA B N S S N B B B B N B B B

TN T TN T T [N T SN T AT TN S N TN ST S AN N MR
! 60 80 100 120 140 160

oL

Fig. 9 Efficiency index variation with angle ()

—a—— 0~60°, Pild=6.5

B
P RN EEEE REE RN LR R RN EAEEE LRARE REEAE EEEEE RRRR

b vy vy 0y 0 0 b b
04 s 0. 3
H/d

Fig. 10 Efficiency Index variation with H/d

T gEEde) Sk dRe el S A A v

Fig. 10014 A919] szol(Hi)7h S7hers bl
AN gdiFeR ddg AeddE vvsle] dAHoR
AeAFTE Aadhs AE AT 5 Sl

Fig. 11014 Wgle] F7|(Pild)7} S7H45 grejdo]
Fo15a AdEe &% o] AR YeAet 4

LS

-
©

——a—— H/d=0.4, a=60°

o T,
© = s ko D N
N T T

o
@

. P P I TI
3 4 5

Pi/d
Fig. 11 Efficiency Index variation with Pi/d

e
6

2 7RI A9 EolHd)= 271E 7Fedt g

le)
Zolu, AZle] FI|Pild)E 4501402 F7MAZ 79 At
Zo

58 E
® ol ol tololts Hele] W] Pag
fRaldel R BE URIAD GUed 54
3] gistel Al o] GPUEE WSAAT N F5)
4 Fasd @4 2t oz

)
o)
lo
I
ki
N
—_-
) _|‘_?_,
[{=]
o
Ft
-

STk S gEede Svkng dde 4% S o
A et 93e) 949 ARGt §43] FEE AL
2 vepgon], {2 =olo figh #g *
2 qFeEEAe] AXH AdrHos A
o] AAAoz A5AF7} Hadhs 2
2 Eold st W3 Fr]9] vl TUHGE e
Zo]51 A 3

3

o
ngt
lo
>4
e
>,
>
ﬁL
2
oy
N
)
o
ftl

ol
e
o 12
1o
4
20
2
o

Al

A

5 s ane) ddow st
H 954<] (No. R01-2006-000-10039-0)

HDES

ek

[1] 1987, Armstrong, J. and Winstanley, D., "A Review of
Staggered Arrays Pin Fin Heat Transfer for Turbine Cooling



26 / BHEHMAS

e

z2¢H-4 38

(2]

(3]

4]

(3]

Application,” ASME paper 87-GT-201.

1992, Metzger, D.E. Berry, R.A. and Bronson, J.P.,
"Developing Heat  Transfer in  Rectangular ~ Ducts
Perpendicular Flow Entry, Fundamental and Applied Heat
Transfer for Gas Turbine Engines," ASME HTD 226,
pp.31-39.

1992, Chyu, MXK. Natarajan, V. and Metzger, D.E.,
"Heat/Mass Transfer from Pin-Fin with Perpendicular Flow
Entry, Fundamental and Applied Heat Transfer for Gas
Turbine Engines,” ASME HTD 226, pp.31-39.

1998, Chyu, MK, Hsing, Y.C., and Nataragjan, V.,
"Convective Heat Transfer of Cubic Fin in a Narrow
Channel," J. Turbomachinery, Vol.120, pp.362-367.

2007, CFX-11.0 Solver Theory, Ansys inc.

2002, Kim, K.Y. and Kim, S.S. "Shape optimization of
rib-roughened surface to enhance turbulent heat transfer,”
Journal of Heat and Mass Transfer, Vol.45, pp.2719-2727.

(7]

(6]

Bl

2001, Menter, F. and Esch, T., "Elements of Industrial Heat
Transfer Predictions,” 16th Bazilian Congress of Mechanical
Engineering (COBEM), Uberlandia, Brazil.

1993, Wilcox, D.C., Turbulence Modeling for CFD, DCW
industries, Inc. La Cannada, CA.

1972, Launder, B.E. and Spalding, D.B., "The Numerical
Computation of Turbulent Flows,” Computer Methods in
Applied Mechanics and Engineering, Vol.3, pp.269-289.

[10] 1997, Bardina, J.E., Huang, P.G., Coakley, T., "Turbulence

modeling validation,” AIAA, pp.97-2121.

[11] 1990, Lai, Y.G. and So, R.M.C., "Near-Wall Modeling of

Turbulent Heat Fluxes," Int. J. Heat Mass Transfer, Vol.33,
pp.1429-1440.

[12] 2007, Chyu, M.K., Yen, C.H. and Siw, S., "Comparison of

Heat transfer from Staggered Pin Fin Arrays With Circular,
Cubic and Diamond Shaped Elements,” GT2007-28306.



