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Abstract: Boiling heat transfer is one of promising means to be applied for the thermal

management systems handling a large amount of heat in space. However, gravity effects on the

two-phase flow phenomena and corresponding heat transfer characteristics have not been clarified

in detail. Experiments on flow boiling heat transfer onboard “KIBO” in international space station

were proposed to clarify the flow boiling heat transfer phenomena under microgravity conditions.
Ground tests by using a Bread Board Model (BBM) were conducted to verify the performance of a

heated test section.
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Table 1 Experimental conditions for ISS.

Test fluid

Tube inner diameter
Mass velocity

Inlet condition

Heat flux

Cooling water

FC72 (deaerated)

d;=4 mm

G =30 - 600 kg/m’s

ATy =0-10K, x;,=0-0.9
Qiig = 1 - 100 kW/m’
T,,=17°C, m=45kgh

Fig.1 Picture of Bread Board Model.

Simulated (JEM) Cooling Water System

1. Pump for test loop

\Test Section

2. Strainer

3. Turbine flowmeter

4. Preheater

5. Mixing chamber

6. Transparent heated tube

7. Stainless heated tube

8. Acrylic tube

9. Condenser

10. Cold plate

11. Accumulator

12. Pump for cooling
water supply

13. Chiller

14. Oval flowmeter

Fig.2 Schematic of Bread Board Model.

Spirally-wrapped sheath heater
400mm

368mm

o 36 o 36

36, 36

36

K-type Thermocouples

Fig. 3 Schematic of metal heated tube.
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Table 2 Experimental conditions.

Test fluid
Inlet pressure

Tube inner diameter

Mass velocity
Inlet condition
Heat flux

Cooling water

FC72 (deaerated)
P, =0.11-0.14 MPa

d;=4 mm

G =100, 300 kg/m’s

ATsub,in =

0, 10K, x;, =

0.1

Giig=5-30 kW/m?
T,,=17°C, m=45kgh

T T
E)
/'-’/
e
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s Experimental data
Ry -0--G=100 kg/mzs
oL g -®- (G =300 kg/m"s
" Theoretical value )
& G = 100 kg/m’s
.0 —-— G =300 kg/m’s (Turbulent)
0 5-¢ A — G =300 kg/mzs (Laminar)
0 10 20 30 40
2
q kW/m
Fig. 4 Pressure drop versus heat flux.
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Fig. 5 Heat transfer coefficient versus vapor quality
for the same inlet condition AT, ;, = OK.
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Fig. 6 Heat transfer coefficient versus vapor quality
at a constant mass velocity G = 100kg/m’s.

This document is provided by JAXA.



REICE SN TN D b O EE 2 Hb, G=300kg/m’s
DFEETHWEMHEE BIZEHRE B Z b D K O 2R KER
A (g=5.0, 7.0 kW/m®) OZM:TIERLIL Y FZERE
FHEERE LV B LZ 200N &< o TN,

R & x 1T D BMRIER  aD B % 7 — T A
s var AREtE (AR T 27— VEAT w0,
=0K) # L OVA—E EHE ST (G=100kg/m’s) DX
M%MKOVTFQSkiUFg6ZfTFg5iU
HLEXFEOHR & & HICBMBEIREN L X FEITIRTE L
IROEBB IR O . BURERE R X B ITRAF T D

THHIRERRIR AN L BB LTV D ZENHRTE D,

é SICEBRRMN B CIIEGEE TR IAT Y
WZERTLREORM LI EELC TS, F
. KZRES BMBERR BT BB HI AR AT L 72V M
F’Wb MR TE 5, LLEDOMERIE Bao 59, Huo H7,
Shiferaw &2V N 1.10-4.26mm, ks LT7 L
A2 & RO TRERR L7 flm & BRI —& LT D
ik\:ﬁﬁﬁﬂﬁﬁfﬁ%%%ﬁakgiLV(?
¥ &L O Lockhart-Martinelli /X7 A —% X, ®BA{RITEE
FOHEEFAL D 512 acc GO (1/X,)" DIE T T
T (REBRTIE m=0.67) . Z42BERICHDEEZ
bivb, E£7o. Fige £V [A UBEHE ST i?Mz:
ERBANSMSE (P77 —VEBLOHEE) |
FRAF L7202 E R S, Dl b ’b@%%
ERFETIET A 27 Y a v R o nEE 2 2
BRI MEIE LR N2 E R D, &SI
B OBVRER I ol B g OERITZaxg” 12XV
T15%FEE OFPH TE & £V | IR T OB HRIK
OV THERYTHDL EBEZHND,

4. fEm
EEFHAT—var [XEH ] AARERETO
SR TS FEER I AT, SEBREEE O RE RS D7
b&£%ﬁ9t®®3m4%iﬁb 2L QY I R
B ER 1T o7, TOME. SREAET A b
7 v a BT L ENBRKE X OBVYRERE OB
MDA ERFER STV A & EMENIC—T 5 2
EEMR LT, TROBE O T A M7 v a
y%7§4%%?w*%ﬁ%b BHOEHFEITT

FBRAAT X, BUNE ) T OBMRERE 2 B
BT D720 _+/\1D$EFEE®E§>6L%$73T0)?%EET“

—ZNEOND R L AT, S%ITRABGERO
BECRET D217 & & blciuE EEREZHE
L7=FEBR AT A—Z g oms. 22t omRe s
ZITHO TETH D,

BEE
o7 T FOERIZBE LT, LTV

EEFELEEPHER CE TR | miEsL,
KHEE—, AR, KARERE], MAE JAXA) |
TR — . /NEEFNE (JSF) | A By, LHsEE, h
JIUEGF (IHI =7 1B AX—R) DK 2 (WFRlE)
WL JEHTN T LET,

B 3R

[1] KHRE, WUNETS OIS EREIZEE T 2
FEDRBE ST OWT, H A T2 3 T 5 U,
944-4, 69-71, 1994.

[2] T. Oka, Y. Abe, Y.H. Mori, A. Nagashima, Pool
Boiling of n-pentane CFC-113 and Water under
Reduced Gravity: Parabolic Flight Experiments with
a Transparent Heater, J. Heat Transfer, Trans.
ASME, 117, 408-417, 1995.

[3] H. Ohta, Experiments on Microgravity Boiling Heat
Transfer by Using Transparent Heaters, Nuclear
Engineering and Design, 175, 167-180, 1997.

(4] FRMEGE—RS, WIS, BHEM, ACRTAE, B
KRN, KETRE, RE%, s, AR —,
A, JEER, %#m@,IWmeT
— = XX ) ) TOBH B IE IR T
72-BBM D B J&, Space Utilization Research, 26,
41-44, 2010.

[5] Martinelli, R. C., Nelson, D. B., Prediction of
Pressure Drop. During Forced-Circulation Boiling
of Water, Transactions of the ASME, 70 (1), 695
=702, 1948.

[6] Z.Y. Bao, D.F. Fletcher and B.S. Haynes, Flow
Boiling Heat Transfer of Freon R11 and HCFC123
in Narrow Passages, International Journal of Heat
and Mass Transfer, 43, 3347-3358, 2000.

[7] X.Huo, L .Chen, Y.S. Tian, T.G. Karayiannis, Boiling
and Regimes in Small diameter Tubes, Applied
Thermal Engineering, 24, 1225-1239, 2004.

[8] D. Shiferaw, T.G. Karayiannis, D.B.R. Kenning, Flow
Boiling in a 1.1 mm Tube with R134a: Experimental
Results and Comparison with Model, International
Journal of Thermal Sciences, 48, 331-341, 2009.

[91 Dengler, C.E., JN. Addoms, Heat
mechanism for vaporization of water in vertical tubes.

transfer

Chemical Engineering Progress Symposium Series,
52 (18) 95-103, 1956.

[10] Pyjol L., Stenning A.H., Effect of Flow Direction on
the Boiling Heat Transfer Coefficient in Vertical
Tubes," Symp. Ser. Can. Soc. Chem. Eng., 1,
401-453, 1968.

This document is provided by JAXA.





