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Abstract: Boiling is one of the efficient modes of heat transfer due to phase change, and is
regarded as promising means to be applied for the thermal management systems handling a large
amount of waste heat. However, gravity effects on the two-phase flow phenomena and
corresponding heat transfer characteristics have not been clarified in detail. ISS experiments on
boiling and two-phase flow under microgravity conditions are proposed to clarify both of heat
transfer and flow characteristics under microgravity conditions. To verify the feasibility of ISS
experiments on boiling and two-phase flow, the Bread Board Model (BBM) is assembled and its
performance and the function of components installed in a test loop are examined.

Key words; Flow Boiling, Two-Phase Flow, Microgravity, International Space Station, Bread

Board Model

1. ¥%&5

WA, FHEOKREUE - KEB(RIZ X DR E D8
K& BEEIEREOM K, B OB X D FEL
BEO FH DS EMEMEZUE L TEBY, ek
FFRHIHTE P B — h 3 T L DY 2T A & Bl
L CRIZIHENDORE RO PRI E FTREZR HEE S 2 7
ANER SN TND.

ZD XD RERIIR LT, FHERIZ X D EIEEME
BB X O WEERE ) 2 A T DU ELG T IE H AV
FoTWD. REIRENINEEZ H W HEE 27 A3 H
SRR L DY AT A L L Ca— /L R
LU— b o/NRE, AR EREY ) ORI, IR TR & D
KRN RAENSD. LrL, a—L R L—FFNTOD
WRIEKBIZ LD KT A4 70 MBREERZ 525 &0
FMBEENRH Y, VAT AOLREEMEIZILZ OBREE
REmy, ZREERETLZENRMELRD. 207k
DITITIBIE - AR OB G I KX OB R
LTCENDEZ LB OWTERTOIVNERH D.
Lo LBz 385 D TR 5 S EVR E R O
FRRIFIZEEET D00, FHIRORTEIOR
BT L > TEHEBOEMDRE S B> TEY, @
WD) TICBT 2K g - I KIFE T E S
DEBELTHTDZ LI RATETHIN. ZhETE

< OWUNEHERNFER SN TER, BECRES
M- FEBRAE RIT T2 B2 D &R LTk b BB
R ARIIEONTE ST, EHOREICHE
T 5 7R FN MG H AL TR,

2T, UbiE - HIROBISRME, BLOFEHT R
DB INE IR T OMRGIEN R IEIEE S 2 T A DB
HEAT D T2 O D - FENFFEICBE T AT — 2 X—2D
MELHNE LT, EBRFHAT—Ya VEREY 2
— [Z1F 9 | TOMARENIEEROREREE1To 7
[EIE 9 TIE, ERMNOLE LN E RN
BHENDOT, BEOBRBEIZ OV TIAHPH 25O
BHEDOL LIEEEDOE VR T — 23S 5h 5.
Table 1 (2 [&1X D) TEIET DI &R/ IHRSE
& EZ TR T, EICBEFOERICIIOE Y Ron
VMV B E (30 kg/m’s) TOERL FELTRY, &
HHOEEEE, ANAYV 77 —/VE, ANQOEE L
ICCHEBREZITO AL TS, F, BUiRSE
HE TXIXH) OZLHEMNERT v 7 THEIN-E
B (K 400W) THIESS.

AW TIE, [ 9 ) TOMGIREIBIEIERRICT
7~ B ERISOMGEE 1T 9 72912, Bread Board Model
(BBM) Z#UEL, #&2EM OGRS K UMERE D
AERBR AT o 72,

This document is provided by JAXA.



2. BBM RERBLE

BBM OHEHS X % Fig. 1 12859, RBUL— 713 FE
I ZRTAICEEE S, B BERBIRO LT L A
BIZLTW3., F1-RBL— 3B 2 K EBEX F
TIImEEE ET5 2L TERBAOEFENARETH Y,
AR, MERE BICERDAETH D, FBNT
VADTF x v 7 O DITEE SRITEERT TR b T
W5, [Z1E 5 ) TIRKIRNZBGIE L TRt a2 i3
Hedich, RBLV—T7 AL ERAL TN,
R — IR, RN, TEER, TA MBIV
3y, BTSN TWD. ERIZPERICCT
A 7V a s ADOWRIKY 7 7 — )V F I3 & &
EREL, B 2EOT A Vv a vk ERIC
NET 27V T O Z A X VBIRL CTIT 9. B
1L ISS TOME A ER D Ha—/ R 7 L— M IJEM &
HUKBEL — 7 28t L COL— 7N TRAE LTZRR %
B SH 5. BEIKL— 71T ISS TOEMHEBEMN D,
a—)L R7 L— b AR 17°C, ik 45 L/h TERE L
TW5b., £, W—7&NTREGHLZEE L, WE
BEBLOENZFITS. ROEHLVET F =
AL —HEEATEHZ LT, RRKETHICERE LT
5.

T A ME v a VIR EFEE OB ATRER BB
BE L IR R OFHI R FTRE 72 BB E O e o

BFIIEMBADOT 7 VNVEEZRE L2 RN DBRD.

77 UNETIE, BEED AT E RO CREERASCR
R B O BT 5.

FEREEVEITE N 4 mm DR Ly 7 AN T RE
RS, BIEEVE OME L, INER SI2he 5
B OBMREERE LOMER TE 20z, AR X 50
mm% 187 A FELT, ZE3 kv A MES
WCRLET S22 &ICLY, M AMOBRECEI S B
BENMHZONDLIICERIN TS, MEVTH
T AENEIC A —T 4 7 SN EEFEA~DOBEHEEE
WLV iThh s, AERITANEREUA & U CREFHA
Wb HWLND. BREAE DK E S A M TiX CCD
A TIZRDRIRFFOBIEE L & b ITEYRZERI DR
EEITD.

& B OB % Fig. 2 \ORT. 2BEIITBENE
4 mm BJE 0.5 mm, MEE X 368 mm @ SUS &% AW
TW5. MBTERE IBERIEE Iy —R
— X WD IREFHAICE SR IS 10 ROEEXS

Ny —Ab—FEPbT LOTRAIFFITFEINTND.

Table 1 Experimental conditions for ISS

Test fluid FC72 (deaerated)

Test section inner diameter d;=4 mm

Mass velocity G =30 ~ 600 kg/m’s

Inlet subcooling ATgpin=0~10K

Inlet quality x=0~0.9

Heat flux Qg = 1x10° ~ 1x10° W/m’
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. Pump for test loop 9. Condenser

. Strainer 10. Cold plate

. Turbine flowmeter 11. Accumulator

. Preheater 12. Pump for cooling
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.Acrylic tube

Fig. 1 Outline of Bread Board Model (BBM).
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13. Chiller
14. Oval flowmeter
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Fig. 2 Structure of stainless heated tube.

Table 2 Experimental conditions (Single-phase flow)

Inlet pressure P;,,=0.11 MPa
Mass velocity G =100, 300 kg/m’s
Inlet subcooling ATy =10K

Heat flux Qiiq = 2, 3%x10° W/m’

Table 3 Experimental conditions (Two-phase flow)

P;,=0.11 ~0.14 MPa
G = 100, 300 kg/m’s
AT =0, 10K

Qg = 5,7, 10, 20, 30 x10° W/m®

Inlet pressure
Mass velocity
Inlet subcooling
Heat flux
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(a) Bubble flow

m

(b) Slug flow

(c) Annular flow

Fig. 3 Liquid-vapor behaviors recorded by CCD camera.
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Fig. 4 Comparison of heat transfer coefficients due to
forced convection with prediction by Churchill correlation.
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Fig. 5 Heat transfer coefficient versus vapor quality
at ATy,.:, = 10 K under different mass velocity conditions.
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Fig. 6 Heat transfer coefficient versus vapor quality at G =
300 kg/m’s under different test section inlet conditions.
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