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Development of High Performance Cold Plates for Space Application by Using Flow Boiling in
Narrow Channels
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Abstract: Heat generation density from semiconductor devices increases with the rapid
development of electric technology. The cooling system using boiling two-phase phenomena
attracts much attention because of its high heat removal potential. The technology can be applied
to the cooling systems in space. Experiments on the increase of CHF for flow boiling in narrow
channels by improved liquid supply were conducted for the development of high-performance
space cold plates. A structure of narrow heated channel between parallel plates with an unheated
auxiliary channel was devised and tested by using water for different combinations of gap sizes and
volumetric flow rates. Three kinds of liquid supply methods were conducted and the data were
compared. CHF values of 2x10°W/m’ were obtained for the improved configuration. One of liquid
supply methods, where liquid is supplied to both of the main heated channel and the auxiliary
unheated channel keeping the exit of the auxiliary unheated channel closed, obtains the highest

CHF at total volumetric flow rate more than 1.80//min and for a gap size of 2mm.

Key words, critical heat flux, narrow channel, flow boiling, two-phase flow

1. #%%8

B HITOMRBRIZRRRIZE v, PERE T
3D DFBEFENRE LR T BRI H D70
HEFWO 525 m ER#MfFIN TS, £ LT
BRED ORI OIBIE - 2% e EOMELEFRIM L7123
BB BB IR ORI X OV EBR ORI L=t
H AT LORBEBALEHRINTWD, FHHIZE
WTHBIE, A CIId DN FH KB ERE Y
AT L E (SSPS) DEFEZNEH Y | SSPS 72 6H D
Wk FROOE D E LT L —PEES AT AR
INTND, ZORE, L—FEEE D S &R
ZERET AN ER SN TR Y, @EGER - KA
FEBREAEIG O 23 A F[38EC & 5, SSPS D LAl HE
PEIZ DWW TR AR TR L — 712 & B Bligink o F 2h itk
BT 28 sm T hit TV B[],

B « RIERERREVAIN 2 B2 Z LT
HREEDOEDE LT, b\ i g IR b B b i
ZRALIZGEIY AT A03% 5, Fujita H2)1LE—
TR &\ VRIS A iR 7 — L TSR B L C b FE R
EATolc, RRETOKERHWZERICLY, R
& DD DN BRI £ 721351k, B L ORAEGT
RKOWLrEslERZIFTZIENRRINTWND,
Willingham 5 [3]1f# % OIMEAE X 10mm OE Y = —
Jv 9 I & BERRAO I G T2 BV & & S R E R 3k &
W EE A kiS5 & U CIRifiliR B Ig KRR 21T o 72, R
REGE R O e KAEIL MBS Smm TA LT3,
Zhang © [41135R & WS D L A 28 S TR FLEL

T AAE A2 T, TR EN RIS FEBR A AT o TR R
IR IZ B W T RO RRBEHRIL BRI & =
Ko b/hasLl s t®mE LT D, Kureta 5[5]I%TE
BRI S & W EE b G & L C o i Eh v i 0> S Bk
AT o T, TRIEHBRIENE LWERIFICBWTITEE
TOEH N K & < MNEE S P EVIE E IR EGE A 131 K
THERESNTND,

PLED &5 ICEA TP RS T Tl WD
BN BVRZE ORI T TV 508, i<
B A2 5 W CRIBRE D3 & & b I BB LR BN
BT DM FET D 2 EDRMRBIND— 5T,
PR SR ZAGE SRIZ I BRIE O3 & & b ICHFRD 5 &
WO RERRENED, LR CTEEER « KM
FEXHS DWW HE Y AT & T T 55 1T TR AR
WA RKEEDZENRERBEL D,

ARRFZETIE. 8 BN R 20 KRS ~ O 56t i 73 AT RE
RBH AT LAOBFEE B E L, GHBIRIAMA T
DRENEH Z RO Wit 2 — /L K7 L — MG %
EBERL, ERICLV ZOMRZMR LT2[6-T]. Al
&0 B ORI IR FRIAEH D KT A 3y
FIRZDIEIETH DT D, R#ix., +
DR & RIS A& PR L RIEEE A 12> 6 D A
iR 2 A, BIVERE & T BB A 0 ORI
T 507, BITRES O &2 S U RS & RIS
2 1:1 OFIETHIET 2 X0 3FEBEOMIK T %
Pl U, HERATR & & PR SR D BAFRIZ DWW T IR
HIZBH S22 LIRS RO\ Tk 5,

This document is provided by JAXA.



2. EREEBEHRFIUAFE

Fig. 1 (ZRIVEEEAHER R S VIR BN & Ff o T
ANk varoWmXErsd, TAMNEZa s
IR R L ORKRE & 72 2 R O M ER KB X
WRIKD H DU & 7 5 FENEETERE 2> AR S
%o 2 DOWREITFATICES S A0iE R IR Ci8)
BN TWATD, TREICEBT 5 IO 428122
THZENARETH D, EIEE & BIVEE O il iz
X2 OBERE S BRAELE S TR Y, BT
HLE A FAE L CTHEEMASBREZ T L TITEDY 7
7 —VEDWRIEZ BT D ERE~ a4 2 2
ENTE D, EMBIESICITENZMFT 58T
BoOVFROENMT L TH D, BITEED LR
AYHH LT IR,V ERIOME BB D KRR
[ A = A J1 A DN DA R OO H G &R T R e
52 LI X o THELDZEBMEIE S DOEIT X > TEEL
H R~ SN D, EREO T b0 I3ERER
OARNHE CTHERR & 0TI 0 BRI ~ D BAHE A % 4
B E . B OWRAIZIEMBADIRREZ RS Z & A
A& Ao TV D, EBREMFITILUTD LB TH 5,
{RENE THE © 30mmWx150mmL ., 353 S T BRbE
Spain=2mm 3 X O Smm,  FIPER HIBRIE © 5.~ 10mm,
PRBRIRAR « 7KK, TRIEEE - |E ERWR. ARK
(K47 27 —VEE © ATyp,= 15K
(A) FEWREA D & FIGEEE 0 A PASHE L RIS A 12

5 DHFKIET D T (Vi tota= Vinaus)

ERIE S P=0.13-0.16MPa, =i A QIR

B Vi main= 0l/min, BIJJEEE H DR IATREE : Vowaw=

0//min, & : Vi o= 0.90-3.60//min, {5 -1
BRI go=3.0x10%-3.2x10°W/m’

(B) RIIVEHE 2 HE T HIREA D OARIKHIRT 55
it( Vin, total— Vin,main)
ERIE S+ P=0.11-0.19MPa. FI¥i I A QR4

% . I/in,aux: Ol/mln\ BEH‘IJ?}iIEE%Hj l:l‘{fﬁzﬁ:?ﬁ% : Vout,awc:

0l/min, 2V : Vi, o~ 0.90-3.60//min, {5373
BRI o= 3.0x10%-3.4x10°W/m’
(C) RIFEESH D 2 PHEH L EIEiE & RIS 1:1 0F

'

Auxiliary unheated channel

Main heated channel 30mm 10mm

2mm, Smm

gravity

Liquid Flow
=

Heat flux

Fig. 1 Structure of narrow heated channel test
section with an auxiliary unheated channel
and grooves on the heating surface.
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Fig. 2 Liquid supply method.
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Fig. 3 Relation between CHF at the downstream-center
and total volumetric flow rate.
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Fig. 4 Heat transfer coefficient.
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Fig. 5 Performance index based on
the total volumetric flow rate.
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