21 1 Vol.21 No. 1

2015 1 Manned Spaceflight Jan. 2015
1 1 2 2 2 13 1 4
(1. 100190; 2.
100094; 3. 102209;
4. 102209)
(g/6) (1g)
(TKI1245 0359 7.1 V423.6" 1 TA 1 1674-5825(2015) 01-0064-05

DOI:10.16329/j.cnki.zrht.2015.01.012
Numerical Simulation of Heat Transfer in Closed Two-phase

Natural Circulation System Driven by Partial Gravity
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Abstract: A numerical simulation model for the heat transfer in the closed two-phase natural circu—
lation system driven by partial gravity was established. The simulations of steady operation character—
istics of the two-phase loop designed for the Chinese lunar exploration spacecraft Chang’ E-3 in lunar
gravity (g/6) and of a ground-based simulator in normal gravity ( 1g) showed a satisfied agree—
ment indicating that the ground-based simulator in normal gravity may be used to successfully simu—
late the characteristics of the practical two-phase loop in lunar gravity. The simulations of the practi-
cal two-phase loop in lunar gravity reveal that the system resistance usually decreases monotonously
with the increase of the system pressure except the case of high ambient temperature where a dual-
value dependences of the system characteristic parameters on the system resistance will appear indi-
cating some possible instability of the two-phase loop even deterioration of heat transfer.

Key words: closed two-phase natural circulation system; Chang’ E-3; lunar gravity; system charac—
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Fig.1 Layout of a closed two-phase natural circula—
tion system driven by lunar gravity
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Fig.3 Relationship of the mass flow rate system resist—
ance and driven force with the system pressure
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Fig.4 Variation of the vapor quality at the outlet of the
evaporator with the system pressure
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Fig.5 Relationship between the system resist—
ance and the system pressure
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Fig.6 Relationship between the void fraction at the in—
let of the condenser and the system pressure
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Fig.7 Relationship between the mass flow rate
and the system pressure
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Fig. 8 Relationship between the heat transfer
and the system pressure
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Fig. 9 Relationship between the vapor quality
at the inlet of the condenser and the sys—
tem pressure

)
Ledinegg

10
Fig.10 Dependence of the heat transfer on the
system resistance

(g/6)
(lg)
1) (g/6) (lg)
2 (



94

21

2014

”» / 13 ”»

A R aR o R R a ok ok R N e e R R e A N

(T

am

~10 )

am

~10 C)

2014 44(6) : 589-596.
Zhang H X Miao ] Y Wang L et al. Ground test method
and results of closed two-phase thermosyphons for the moon
exploration spacecraft Chang” E3 J . SCIENCE CHINA
Technological Sciences 2014 44(6): 589596. ( in Chi-

nese)

HTV

o

* http: //www. nasa. gov; http: / /www. cmse.

gov. cn; http: //www. isro. org; http: //global. jaxa. jp.

- R .
TSRGATLS-02 : 2011.
Zhao J F Peng H Zhang L. Study on the performance of a
gravity-assisted two—phase fluid loop: II — the influence of
partial gravity on flow resistance in two-phase fluid loops R .
TSRGATLS-O2 Beijing: Institute of Mechanics Chinese A—
cademy of Sciences 2011. ( in Chinese)

J. 2011 41(6): 480-488.
Zhao J ¥ Peng H. Review on in-tube condensation in differ—
ent gravity conditions J . Advances in Mechanics 2011 41
(6): 480-488. ( in Chinese)
Chen I'Y Downings R S Keshock E et al. Measurements
and correlation of two-phase pressure drop under microgravity
conditions J . J. Thermophy. 1991 5(4): 514-523.
Duschatko J. Condensate Tube AP Test Summary R . LTV
Aerospace & Defense Co.  October 1 1991.
. M . :
2004: 63401.
Chen T K. Study on Two-phase Flow and Heat Transfer M .
Xi’an Xi’an University Press 2004 pp. 63401. ( in Chi-
nese)
M .
2012: 32-38.
Wang J. Research on the Dynamic Behavior of Gas-Liqued
Two-Phase Flow M . Shanghai: Shanghai Jiao Tong Univer—
sity Press 2012: 32-38. ( in Chinese)



