0 = = DOL: 10.5203/KFMA.2010,135.043
= = ISSN (Print): 1226-9833

S skl Aol F-ad 3 WwEe 2447

Optimization of a Rotating Two-Pass Rectangular Cooling
Channel with Staggered Arrays of Pin-Fins

Mi-Ae Moon’, Kwang-Yong Kim™
Key Words : Optimization(& %4 7)]), Rotating Cooling Channel(3]3¥Z/-%2), The Coriolis force(Z2]£-2]8]), Heat transfer(ZFE)
ABSTRACT

This study investigates a design optimization of a rotating two-pass rectangular cooling channel with staggered arrays of
pin-fins. The radial basis neural network method is used as an optimization technique with Reynolds-averaged Navier-Stokes
analysis of fluid flow and heat transfer with shear stress transport turbulent model. The ratio of the diameter to height of the
pin-fins and the ratio of the streamwise spacing between the pin-fins to height of the pin-fin are selected as design variables.
The optimization problem has been defined as a minimization of the objective function, which is defined as a linear
combination of heat transfer related term and friction loss related term with a weighting factor. Results are presented for
streamlines, velocity vector fields, and contours of Nusselt numbers, friction coefficients, and turbulent kinetic energy. These
results show how fluid flow in a two-pass square cooling channel evolves a converted secondary flows due to Coriolis force,
staggered arrays of pin-fins, and a 180° turn region. These results describe how the fluid flow affects surface heat transfer. The
Coriolis force induces heat transfer discrepancy between leading and trailing surfaces, having higher Nusselt number on the
leading surface in the second pass while having lower Nusselt number on the trailing surface. Dean vortices generated in 180°
turn region augment heat transfer in the turning region and in the upstream region of the second pass. As the result of
optimization, in comparison with the reference geometry, thermal performance of the optimum geometry shows the improvement
by 30.5%. Through the optimization, the diameter of pin-fin increased by 14.9% and the streamwise distance between pin-fins
increased by 32.1%. And, the value of objective function decreased by 18.1%.

7127d"8 Ap TR e ok )

Pr : ZHE(Prandt) 4

AR RS FEN(H) Qo D ERE()

D : A% X E(mm) Re o #lo]EZ=4~(Reynolds number), UDy/V

Dy 27 (mm) Ro  : 37A4(Rotation number), QDT

a EA3 S D33 Abele] A (mm)

H A8 =ol(mm) U PR YT &=

L W2 ol (mm) W RIE F(mm)

Nu FAE (Nusselt) 5= B D 7EAS
Q D B AEE(rad/s)

* AstdlEhn g 7| Al gk
wx QU3fgtul 7] A5
t AAA}L, E—mail © kykim@inha.ac.kr

SHOIAME M3, M5&, pp. 43~53, 2010(=28& =X+ 2010.07.30, &IAtRIZ A}k 2010.09.16) 43



wrlef -

o] g, 1 F 0}‘*}7} *Eﬂolt
Hul Sdo|= YH-ir=E W77)s
FH Yo IAHAE

A77F dofupAl te X aee] &

Wzt 7pgeltt, i-FEE &3 Oﬂﬁ”
o] 5= ¥l B3 (Pin—fin), FJ
(Dimple) &3 28 freitd=o] A
AES G S FANA 1 ddEs ST

N
kU

e 7}*151 we| gk
Bojol= Rfze] T4
ol 37107

ol

ﬂ

A [L]IO )
ol |
oo
)

X
N
£
o

rr

mfﬂ

Rib), 2831 o
5

ol [ T

fo] AXE WH-FEe YA e £ ]O]EQ] 3|4,

i w31e] 4 9wl Foll w

2} JEFs Pt Wy%%i el f572E Edol=29] 3

o138 WA= = e]223 (Coriolis force)dt =ra-y-

oA e] YA e (Centrifugal force)d] A4, a8)a G4
Sl

@ S DL AT 5w GO Aol b 4
W B PEE = Do aeEE, Gfee) Yo
58 3rols] A oleld At e 2l 29
WY F5 RS FeE dotshe Ao] adel, o

Yo} ol ulge wrgmel Nale] FAE A4 stal

Y SR A M= A s T E7
2 UlellAe] Agle] A vid 5 ohdst ’éﬁﬂ el o
g A7t FAE AT 1 BRI e A
Ao EH, Metzger 51V Q127 wid 9

A rfole] fEwE AgE @

Ao Goldstein 5@ =gl 53}
”ﬂﬂr s 7R ”ﬂ«] 0“4% i

rlo mlm
s
R é
oi i
T iy
F oot
N
?: =
% "
2 %
z v}
;E HH‘
L ot
o w2 o L
M G o o o
o
ofr
k)
in)
v

H}EFO 2 Kim
F’JrMoon(3> ° 7} Ohsoﬂ ”d?:]oﬂ EHOH A AAE st
(Thermal performance)©| °F 25% 345 4
o*&% SEAUAct T3k B Y A8 digk A7 E
sHA o] Foi=, 1 F Ligk KimWS vs52435 At
st HAHAE T3l 9 AR vl Huol 88%2 G
= El918 73lo] HAAAS AL 2= 9I9)

o= Tv= T MM

W E® stef Aflo] b H%T%m"
27h 3dehs Aol Wik dq= Es] dElth
Wright 56& 0glo] $2g YRuztgas} H4%7 o
A Axs 7R SdT o, thdet 31315 (Rotation

3PS

N
!
1z

'Y
J
it

O
m e

44

71339

EIO

number) 7} GAY Ao HXE= k| sty Lol
o} ol2fg AFS B3l AT TS A Aol
S B o] Qo WZHFE ] F3H|(AR, Aspect
Ratio) 4] B3lo] B-1g 3] -sh= YR zhaae] ddd
dsoll @ikl miAE Ao®m Yewked], oy A4AEG
6. Doj] «]o}uq YL ASTE g Aol =4 UERd
)2 ARo] PR AEE 7HA
ar l‘f*%ﬂ_ %'—Or, AZ‘OM] 2 Aol vlE) ddg A
S (Trailing surface)™ A (Leading
surface) ’\}014 FAIES(Nusselt number)2] z}o]7} Bf<:
<7ketar sieick
AA Edol= YR IAHF2E 7 7/ o)y f22 74
w0} glom], Hybolil= W] 180° il sho]
3k oJskom Halsl Stz 1w Iz EAS zhr) o}
B B £2 oS 2 BNl SHlol= W] A
£ fEiAE o 2ol 3 sl olalish= Alo] A
o|th, Lin 5®& dfFrdax SST RS A}83F 523
A8 & =5 YellA dobF(Dean vortex) 2l 50|38k
o] oxHTEE diSetalon, Sl o5 A4l
W29 3)do] A 1)) od ko] sl o

o
Ttk 15 e WAeE 9 glest 2y Wk
= H

e

o

{0

Ag_‘:o]

l = T
2ol thste] FR|eiA S aste], 2jErF Ak WA R
7h w ek WA R R H4 20 o) & Y Aes
7RG siolnt. 2lBo Wz Re] B2 2 9 Wz
2] 3| T8 tshA MSAA ddE des Hlag
A, Z4z7te] sl whet Haro] WA eS Ay X
Z}=7} WEsits Ao] Al-Hadhrami®t Han®ol] ojaf v}

A Su 102 go]==(Reynolds number)7} 57}
S5 FAESe nEAG(Friction factor) 7} #4ashH,
Wzhgre] Fnlel wet dols=ae] o] vEs
UeEhdThaL Sk3iE Kim 5002 =te] dido] deobqo]
7o‘: S Fefell o e vA=Ael ekl vt
H1E #88te] skl ol wEw Fgn) A
WAFAE WA R 2l v sl =] deot
7} 738k AL oo whet 24} fr= el ¥ e TAE
TE Ak 33t

olFdel el M= Aol Faw R
A - Bdshs de 2 Uil feitiee] ge
A -5 v Rl SO e ddE Aol o
g A77E F2 AT 2y Afle] AAE e &
2o theh D Asoll Bk A= obF] o] Fo A A sk
T2 28, Ue 2 W] oL a9lo] dAd W
2ol ouf gt FEFE MA=A ol thd A YA &
ek b Al M= = e S A9
o] Al WrRel vA= FF R o5 L HHA4A

& st Gk

SHIIAHMEM13H, H5S, 2010



Fig. 1 Geometry of rotating two-pass rectangular
channel with staggered pin—fins
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Fig. 3 An example of grid system
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Table 1 Design variables and design space

Design variable Lower bound Upper bound
D'H 0.45 0.60
SH 0.80 1.50

(Problem setup)

Objective function & Design variables

)

(Deciding of design space)

Lower and upper bound of variables
are set

1

{Design of experiments)

Selection of design points by LHS

1

(Numerical analysis)

Determination of the value of objective
functions of the design points
by FANS solver

1

(Search for optimal point)

Optimal point search from constructed
surrogate using optimization algorithm

Is optimal point
within design

| Optimal design |

Fig. 4 Optimization procedure
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Fig. 10 Vorticity(w,) contour on y-z plane in the turning region
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(a) Reference case, leading surface

(b) Reference case, trailing surface

(c) Optimal case, leading surface

(d) Optimal case, trailing surface
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(b) Optimal geometry
Fig. 15 Streamline on the x-y plane (h/z=0.50, 3=0.20)
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Table 3 Local averaged Nusselt number and the thermal performance

Nu Thermal performance
Reference shape 97.14 1.4073
Optimal shape 11392 2.0261
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