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In this paper, I introduce Phase-Change Cooling for thermal management of high power devices that can be

applied to High Power Laser and Electric Propulsion Systems which are composed of multiple distributed superheat

sources. Phase-Change Cooling can be good used to efficient cooling of their heat sources. Phase-Change Cooling

has extremely high efficiency of two-phase heat transport by utilizing heat of vaporization, relatively low flow

rates and reduced pumps power. And I suggest TPI(Thermal Performance Index) which is a quantitative

performance index of Phase-Change Cooling for thermal management. I quantify the performance of Phase-Change

Cooling by introducing TPIL. I present the test results of TPI’s changing refrigerant, heat sink and flow rate of the

Phase-Change Cooling system through the experiments and analyze these results.

Key Words : Thermal Performance Index(@”d 5#]5%), Phase-Change Cooling(“d®# 3} 137}

lNs4ddy 1. M 8

Q TIF (kW) o] 4 addder 7R 1Y oAy
m Aol Ak 4 (keg/min) A7 FRA 2 18] T ddYo] AdH o
m, : 71Ae] A% % (kg/min) 714 s w2 e AT s A
AT A& 2523t o} WA 2RS Wol ARgsaL I, Al
Cp + FIE (kikgK) hy, + A<D (Jkg) g Ee] Fueh o] Aal, WEAAHS T

AFel Vo FHUY ol smFER e 2
* Corresponding author, E-mail: jangmyeong@add.re.kr 7] whmell B SWdlM= wEsith wekA ol
Copyright (©) The Korea Institute of Military Science and Technology sk dRel EAE A A 2R 39 Ts

S TALE 7|4 8k8] 2] 4237 A3 520209 6Y) /237



Mudawar+= Fig. 13} 2 €53k st o

& AXBHEA, &t 7

Zgo] ¥zt A+

s} 37 SH(E
Leev™ =%

ZaAL T A=

7W7he- wlEel] e E

s AN o}‘ﬁﬂr]

Topoll A ARSEE dlo] AL mlo]a R
Fig. 2014 HiE nie} 7ol

7} 1,000 Wem®*E Fold A

gk 83 2P 02 Microgap Channel
A A1SFHAA] Channel Ale]=, -5,
theFe A5 ARE

o
o Apwsl W7he
2 AN,

E i
L
2
x -
3
e
® -
(7]
b oy
0.01 1 1
1 10 100 1000
Temperature Difference (°C)
Fig. 1. Capabilities of existing cooling technologies
using fluids and operating pressures!”
Projected space and military applications - 2008-10
/ Current Chips
10’
L ® Ballistic Entry
Rocket Nozzle Throat
| =
» .NuclearBlast
Wiem* [ ]
' Reenfry from Earth Orbit
o -RnckelMoerue(Ext)
= @ Solar Heating
1 1 1 1 1 1 1 J
0 1000 2000 3000 4000
T, Kelvin
Fig. 2. Projected cooling demands!?
238 / SrAbasly| ekl 4] #1233 A352020 62)

ofy
rlo

&

AHNPAFOZ 254 mm x 2.54 mm A|AS 552 WG
ste] WAl Aol gk AFE ST
Aranzabal-> A A7]x}ol A-8%i= IGBT Power
Module®] H#eE s AWst ¥2-& FEM A&
olAS st st W7kl AsS AASlT
o}Xl“P AJ7HA st Bz gt B JdFE

o] TPI(Thermal Performance Index) AsATE ALst
H, AFHRNZ A ZFsle] thokslt Ao AbAs W
AN2RE Adgste TP AeAeE A 3w

2T,

2.1 HZAIAR EZ d|n

&Y AYAA A TAste 129 ddS B
a= WHOR Fig 39 P-H AEelA Biz upe} o]
VAR Wrel B ¢ Qdth dubdos B8 AMga)
+ FYA]2=E(Single phase cooling), 1% PFH7T=E

©]-8-3 J5A]2=El(Conventional vapor cycle cooling),
olF 27HA 9] TR EAS 7MW nas 3zt
o] 7} %k 24wl WzhA] 2~ ®l(Phase-Change Cooling)©]

)]
pos

>

y fondemer |

Pressure

R — WEA| A

Cnmmﬁfor (Conventional

Exp:msm'ﬂ/ /
i /| vapor cycle cooling)

S Ev apammr

Ah:to} TEIPN-T

(phase change coo\nc )

Heat smk
Pump/ > | |
Radmtw i |

.
S

(Single phase cooling)

Enthalpy

Fig. 3. Cooling methods and characteristics of cooling
systems



A= Ao, ZIAGE o] WYrijE HzeAE
sto] mto g AFEiA ARESt7] wiitel dYe] ¥
o] &

R B S Bt R s B A P e i e
2E7F HAs W, AWsHEZ(PCM, Phase-Change
Material)&] o] A4 7]|A 2 WalHA DS &5
sto] Wztels wAolw, WnlE HE R 3AYIne
AollA A 2=g 3 fFAbstthar & = AR 9
AlZ=Hlo] o] ALRES o]&3l= Aol B3, W
3t WA 2Ee A7) ZIAR WstE W) Ads
FE o]&37] wiitel EX e ¥ s 3
stH, 42 F97 FEHo2 n@age] Wo] bt
ths o] Qlvh shARE, frsdiRle] wet sinlE
(Nucleate Boiling)#} o5 (Convective Vaporization)
of 9§ o] HPAor A&t T AE o
Zo] ol & wxo] i, 53] IAE-FZ(Critical
Heat Flux) ©]/¢¢] Zbs SAoM = ddwe] 257}

-1 O
FAEAEE YALRE oSN AFHES o}

ol
M
s
(2]
(9.}
o
L
rlo
(1
oot
o)l
=
it
-
S
=)
38
oo
41 o2 o

- Condenser ®.E= : Condenser?hS A&
- Chiller 2= : Chiller?+S AH&-

- 238} BT : Condenser®} Chiller =5 AR

Ao A= TPL A eAGE Bl #43)oF sl
2 Chiller 2=+ ARESFA] @831, Condenser Z=RHS:
Agste] A skel).

A3g0] Foll AYRAPER](Heat loader)= 33} 1
7} EAS A7) $)ste] 24 %9 IGBT(Insulated
Gate Bipolar Transistor) & (Infineon*} FS900R0OSA2
P2 B3 AR Afrd W QRYE wAL HES

Chiller
Temp. Chamber
Condenser
e
Fan
Heat loader Preheater
Heat Sink &
Flowmeter Filter

Fig. 4. Block diagram of phase—change cooling
system

Fig. 5. Experiment equipment of phase—change
cooling system

TAReH, 8N 8PSV 32 °C ~ 43
°C)S BAFSH7] 9138k Condensere} W¥2t#-S 2743
H(Temp. Chamber) ol “&at3lo], A3 Ale] e
2 gl en= ggano A48kl Condensere)
o]l 833 TG A o]Fod 5 3l



st WPz A H(Sensible Heat)d} 7FE(Latent
Heat)S ©o]-&3}7] wiitdll E&aAA2S 2 (H)F 2ol
HAAHm CL AT L3 (m, h,)S GAkslo] Aakst

T Stk
Q =mCpAT +m,h, o)

A7)A Oy B D(Kkg K)ol T, hy, = F(kIke)
ojth. Wzt Wz}t iAo 9] A& o8t
Z(Quality, due] 7|AAZFTFHE AL = 3
o &, d¥9%e J|EAA(Heat Sink)
o] "guﬁ 2xaket Aok vgd= ALteked, W
HEL S|EQA T g o B]"do o]

Sh= A%

=) ﬂHN‘

101'020%032_1&;

&
QL
.ﬂ
T ot
ul

e
1M o
T,
rlo
12
i—’?
S
N,
i—"z
S L
ot
o
i
e}
oz
1o,
Mool 1o o O 8 Ho
£

D oMo
2

o ox =
ol

[o it ox &
NO
“r
fru
fcgt 4r o (B

LN

oo rlo

il
ey

i,
iics
o
e
fo oAl ol
3
>

S A NI
Rl

N

Y

O

=71 100 %ol 77k A )
ow} FAEEle] wel £ Wz 2HE ]
of Azt dEgS WHA FHH, o]& WA

]—J—‘ITo B B f8S

1o o> W ol
E
oy
o
)
rlo
Yy

° L0z
rE T i)

3.1 YSAl0IZ H5X4
A PEALHE v e AP A
A= el 4 gt

240 / A ey ek 3] 2] A23d A3E(2020 69)

- FEe
210" — — e
306.5 K
| 3
3 —
g \
® \
‘5 1
2 {
m 1
a = 24 4
|
n 248K
10* % Wa
0.0:10° 5.0.10° 1.0:10°8 1.5«108 2.0:108
Specific enthalpy (J/kg-K)
Fig. 6. P-H diagram of refrigeration cycle
——
4o, QOc : ¥Zr=dlomiy AAd
&
4—”
<:> W : BZHA 28] ]3] 278
to ozt

e

o714 WEr =" AeAgs 4 (9 &2 cop
(Coefficient of Performance, 34 A5)E A&,
WEA g By do] & div] ophd gkl ]

2 AoArfl o]Z pHAHEA EAISH, Fig. 63}
Fay=

_ @
cop = W )

3.2 M5 HZEALO[E MSX[5 H et
YsAtolZe] A4 Ccoret frAkgE Jdo s
st Bz a"le] s 2 (3)F 2ol TPl
(Thermal Performance Index)E A|¢Hstl. TPI= A 3}
WZiA 2l ofgl] g7 A ol diste] o] A~
oAl AAE dFe 2 Aoty o]& p-HAE
oAl EAISHH, Fig. 73 2tk

TPI:= COP9F &3 =42 AR&sk«|wt, COP7L 1
A Oﬂ’ﬂ“’]’ ’\}%0 = AsAFolaL A fAe
4S8 ¢ d& Fste] F

% 7](Compressor) =



Q
P
=2
[
%]
Q
pad
o
Pump
Rad_iatﬂf
-———————————
wi‘m Qc

Enthalpy

Fig. 7. P-H diagram of phase—change cooling cycle
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Table 1. The results of TPI’s
o F2F =74 Holl © 2 kg/min, Water : 10 kg/min
_ o= ~cls _
= 2% Fin-Pin Firtfpi Mini—channel | 1= & nnel fﬂ?rﬁ?leﬁaﬂﬁﬁ
A H00) 2,504 1,816 3,720 3,160 4,032
Ashv) &4 2431 2431 2431 2431 2431
AN A 0.55 0.54 0.57 0.55 0.65
R-134a HE A QAT g
A5 2 QA (W) 13.4 13.1 139 13.4 15.8
TPI 1873 1383 268.5 236.3 2552
Water tH®] TPI H]£& 5.7 3.9 6.7 6.1 6.8
2K (00) 2,264 1,744 3,296 3,204 3,056
Aekv) =4 2431 2431 2431 2431 2431
A1) 54 0.57 0.54 0.63 0.63 0.68
R-245fa A e
A QW) 13.9 13.1 153 15.3 165
TPI 163.4 132.9 2152 210.5 184.9
Water tiH] TPI H]-& 5.0 3.8 53 5.4 5.0
A ZHOC) 2,920 3,064 3,472 3,480 3,736
Askv) 54 221.0 219.0 220.0 221.0 219.0
Water AFD A 0.40 0.40 0.39 0.41 0.46
BE AQAHEW,) 89.0 87.0 86.3 90.0 100.2
TPI 32.8 352 40.2 38.7 37.3
o F2F =74 Holl © 3 kg/min, Water : 15 kg/min
- o= XNl -
= 2% Fin-Pin Firtfpi Mini—channel | 1= & nnel fﬂ?rﬁ?leﬁaﬂﬁﬁ
A H00) 2,720 2,008 3,936 3,520 4,096
Ashv) &4 243 243 243 243 243
AN A 0.85 0.82 0.90 0.87 1.00
R-134a A= radd
A5 2 QA (W,) 20.7 19.9 21.9 21.1 243
TPI 131.7 100.8 180.0 166.5 168.6
Water THH] TPI H]& 103 75 12.0 11.7 11.7
A ZHO0) 2,408 1,984 3,264 3272 2,960
Ashv) &4 243 243 243 243 243
R2456 _ deEr(I) =4 0.86 0.82 0.97 0.94 1.00
A QA (W,) 20.9 19.9 236 22.8 243
TPI 1152 99.6 138.5 1432 121.8
Water tiH] TPI H]-& 9.0 7.4 93 10.1 8.5
A ZHOC) 3,288 3,360 3,600 3,752 4,176
Askv) 54 221.0 219.0 220.0 220.0 218.0
Water AFD 54 1.16 1.13 1.10 1.20 1.33
BE AQAHEW) 257.0 248.5 241.0 264.0 290.0
TPI 12.8 13.5 14.9 14.2 14.4
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