creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

R

ZA4 e ulo]a% W B sEAT
AA 8 A4 B7)
Design and performance evaluation
of cryogenic
micro pin fin heat sinks

20241 2¥
Sy
71 A4 A 283

1035
=T



T oA AL e g e

2xe vlo]a2 W # slEAT
47 2 245 B
Design and performance evaluation
of cryogenic
micro pin fin heat sinks

9
i
d
filo
o}
£
1
>
ﬂ_l
)
19
rif
gl
lo
it
)
Ty
et

20241 24€



N

4 16Y

[e)
3

2024 2



TR ettt et e e b e e e e nebe e i
TIH B 3L B R et iii
NOMENCIALUIE L. v
ADSIIACT teiiiiiiiiiii vii
| QU I ST I o N O e RPN 1
1.1 A7 Wi BB e e N 1
1.2 MR o Mt oneneeeenceee e o B N 3
I. o]83 MFe..|...... 00 SUSSNEC . W 0 ... L 5
2.1 MPOIAE A B BlE T i 5
2.2 o] ot A N N N AL 6
2.3 O B 71 BT e, 7
7h ZAL FHO T A 7

o mlelaz A # SIEA T I AT e, 12

o FAL mlela® A A SEAAC] B AT 14

I HEF AT sne 16
3.1 AT A e 16
3.2 AT AH] e 21
3.3 AT A 24
3ed TTE 25



.27

27

30
32

AT AT VI oo,

N

4.3 7]

.35

.37

o
il

.Xﬂ



I
o

.
o

[
o

MoK
L )

I
o

MoK
o g

[d
o

S I
o gl o

.
o

19 9 E 24

1. The schematic diagram of the micro pin fin heat sinks
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evaluation.
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flow boiling
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Nomenclature

Base area [m?]

Total surface area of micro pin fin heat sinks

[m?]

Boiling number

Convection number
Specific heat [J/kg-K]

Hydraulic diameter [m]

Fin diameter [m]

Clearance [m]

Frictional factor

Fluid—dependent parameter

Froude number

Mass flux [kg/m?-s]

Gravity [m/s?]

Single —phase heat transfer coefficient [W/m?-K]

Two—phase heat transfer coefficient [W/m?-K]

Nucleate boiling heat

[W/m?K]

transfer

coefficient

Convective boiling heat transfer coefficient

[W/m?K]

Fin height [m]
Current [A]
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Vaporization enthalpy [J/kg]

Thermal conductivity [W/m-K]
Thermal conductivity of fluid [W/m-K]
Length of heat sinks base [m]

Mass flow rate [g/s]
Kinematic viscosity for liquid state [Pa-s]

Power [W]

Inlet pressure [kPa]

Prandtl number

Dissipated heat [W]

Heat flux [W/m?]

Reynolds number

Density for liquid state [kg/m?]

Density for vapor state [kg/m?®]
Transverse spacing of pin fin array [m]
Longitudinal spacing of pin fin array [m]
Base temperature [C]

Saturation temperature [TC]

Inlet temperature [C]

Thickness of heat sinks base [m]
Voltage [V]

Volume of fluid [m’]

Martinelli parameter

Exit quality

Frictional multiplier
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Design and performance evaluation of cryogenic

micro pin fin heat sinks

Wooheon Noh

Department of Mechanical Design Engineering,
The Graduate School,

Pukyong National University

Abstract

Nowadays, electronic devices play a significant role in
interconnecting through digitization and are rapidly advancing in various
industry fields. The desire for more powerful computational
performance has led to the miniaturization of electronics; consequently,
this generates more heat. Conventional cooling solutions, such as air
and water cooling, are insufficient for the thermal management of high—
power electronics. Hence, a more efficient cooling solution should be
proposed for the reliability of devices.

This study explored several correlations for two—phase flow boiling
in tubes and micro pin fin heat sinks. Experimental results were
compared with correlation results for cryogenic flow boiling conditions.
This study also conducted a comparative analysis of the thermal

- Vil -



performance of micro pin fin heat sinks under different working fluid
conditions, specifically water and liquid nitrogen. It was observed that
liquid nitrogen flow boiling has better thermal performance than water
flow boiling. Finally, the previous study for micro gap and micro pin fin
cooler was compared with experimental results to analyze differences.

Proposed micro pin fin heat sinks were configured in a staggered
circular pin fins array to explore differences with a previous study, and
they were manufactured using a silicon wafer with MEMS. The
deposited film heater was employed to reduce contact resistance
between the micro pin fin array and the heater. The test rig for
evaluating thermal performance was designed with the intention of
accommodating further research. This design has the advantage of
facilitating the investigation of thermal performances and parametric
effects of micro pin fin heat sinks using the same test rig. Finally,
cryogenic thermal performance evaluation was conducted under
saturated flow boiling conditions. The results of the evaluation show
that the thermal resistance of micro pin fin heat sinks decreases as the
heat flux increases at low exit quality.

This study is meaningful as it observes the cryogenic thermal
performance of staggered micro pin fin heat sinks, serving as a
feasibility study. Additionally, it can provide insights for the design of

micro pin fin heat sinks and test rigs for future work.
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Fig. 1 The schematic diagram of the micro pin fin heat sinks
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Table. 1 Summary of correlations for flow boiling in tube

Mean
Number of Flow
Author Year Fluids deviation
data points orientation
(%)
LHe
Vertical flow
Shah LN fl
a —upflow
1982 780 LNe 30
[3] —downflow
LH,
Horizontal flow
LAr
Vertical flow
Kandlikar LNe —upflow
1990 5246 18
[1] LNz —downflow
Horizontal flow
LHe
Vertical flow
LNy
Klimenko —upflow
1990 3215 LNe 14.4
[7] —downflow
LH,
Horizontal flow
LAr
LHe
Steiner Vertical flow
1986 13000 LNz 36
[8] —upflow
LHo.




LN Vertical flow
Ganesan LNe —upflow

2021 3252 26.4
9] LH, | —downflow

LAr Horizontal flow

YoM AR AR ES FAL FA o)l =, Wdu, odE#A T
thekst oo st A Aix A3
Fof F# ¥ Mean deviation(%)-& A+

FASe ter Bt oA Lhehdth

&
Now, Ao Arzh AEs] A EHldSdE =t AHEEl w2
A% AFEES NX1 e Aoz LA vk Shah[3]19 A+
= A2 el ghsle] Shah[3]e] ¥4 o] Klimenkol[7] 72
Bt 578 o5 des Hogoa welth mepA 2 AdFelA =

2bE 7E AT AHE F 5 3 AREE AL Shah(3)

L

73727} Kandlikar [1] #2S 44 0= -4 gt}

Shah[3]+ Boiling number, Bo® Convection number, CoE ©|&3t
ol % dHY o5 AHAS Akt dwkEel ol #%
AHAE MG 71 A AolE s sk S 1Eeh]
?lske] Martinelli parameter, X, 5 AFESAIRE, 7ibE k2] oA =
3
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F(Phase) zte] A4 ztol=2 Qe &2 A d=vhar Asisit.

al = =
ALl Xpoll e yrA ARl didt FS Cos Fall A H o
ool x@EY i A AduAES ofefo] A3 o] RHHEH
(1-4)[3, 9]



he, = max{hyp, hep} = max{Shsp,Fhsp } (1)

(Fr;, = 0.04 with Horizontal flow, Vertical flow)

S = 1.8 _ _ @
(038Frg—03C0)"" (Fry, < 0.04 with Horizontal flow)

230B0%* (Co>1, Bo>3x107°)
1+ 46B0%° (Co>1, Bo<3x107°)
P 14.7B0%% exp(2.74Co™%1) (0.1 <Co <1, Bo=11x107%) 3)
14.7B0%% exp(2.47Co™%1%)  (Co < 0.1, Bo > 11 X 107%)
15.43B0%° exp(2.74Co™%Y) (0.1 <Co <1, Bo<11x107%)
\ 15.43B0°° exp(2.47Co~%15)  (Co < 0.1, Bo < 11 x 107™%)
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e A5l Theds Bt & AgelM JiEE ol e &

o Fell #ek A ok 22 JEE 2ddrh (5-6)[1]
hp = C1€0%2(25F1,,)hg, 4+ C3B0o%Fp hg, (5)

(C, =1.136, C, = —0.9, C; = 667.2,C, = 0.7,Cs = 0.3

(Convective region : Co < 0.65)
] (6)
¢, = 0.6683 C, = —0.2, C3 = 1058.0,C, = 0.7,C5 = 0.3

\ (Nucleate boiling region : Co > 0.65)

(Cs =0, forvertical flow, and for horizontal flow with Fry,

> 0.04)

71 Ci—=Cra= A5ol™, Frie= Froude number, Fge Fluid—
dependent parameter= 2u|dtt}t, A7) 9] F2lo A Cos XSl I

Frlsel B Fola, Bos Eddte S vl AT F=

T3rel dEsta, Co>0.65 <
del grell eiddttt. Shah[3]9] A3 wpRZEAIR Age= Dittus—
Boelter [15] 8] Z3#21S o] &3dto] dojxith.

T AT Z3E = ofE] A= ofd e As ok AAtEH (T-

12)[1]
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Atot
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pr = 24 (12)
kg
ANM 77 x= AR, px UE(kg/m?), ¢ AH5W/m?H), 6=
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Fig. 8 A measurement setup for the thermal performance evaluation of
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Table. 3 Test conditions for the thermal performance evaluation
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