2019 6 Jun. 2019
2 JOURNAL OF HEBEI UNIVERSITY OF WATER RESOURCES AND ELECTRIC ENGINEERING No. 2
12096 —5680(2019)02—0001—07
1 1,2
b
(1.
2.
( s .
3 / s

s (

) o

:0359;TK124 A DOI:10. 16046/j. cnki. issn2096-5680. 2019. 02. 001

[1]
b
. . N N , (

). ( DN ( 1/6 g. 1/3 g

. b

, . 10°),
, (
) , [2]
, , Deljlt*-+ 18
1
b .
o 2 s
:2018-01-10
(11802314) (QYZDY-SSW-]SC040)

) ’ ’ ’

imech. ac. cn

. E-Mail; jfzhao @



2 2019
Lol Poiseuille ,
1
Bo <« J We (@)
Ca
sBond  Bo=(p. —pc)gd’/o.Weber  We=pU’d/s, Ca=pU/ospsgsdsos U p
N N . N , L G .
(1) , Bond .
Bond ’ ) )
Lol | , Bond Weber
Froude . Fr'=[(o.—ps)/p])* We/Bo, Froude , R
rl Ca= /We/sU, Suratman  Su=pod/y’ 1,
A
3 . Bo EHHER /
, ( I , EHTE Fr=Fr,,
o 1) Bond . {} BﬂquE’
V ‘ it n
b N Y I_%
’ N We=We
, Froude | Weber igﬁﬁ <.':I::>
EHERK
I >
’ We
8] 1
Zhao  Hu
Fig. 1 Dominated force regime map in multiphase
, Weber .
thermal fluid systems
Froude 06
Us » Weber Wes; :(OGUE}%C{ /o Froude Fres = Uss/ v/ (pL ~ Pc ) gd/p(; o ’
Bo < Bo,,
(2)
Frsz; > FVS(;.n-
, :Bo,=1.5~6,Frg,..=0.54~2, 2%,
[2] ’
Bond 1~10 , 40, 0.1, ,
Weso.o =0.8~13, Reinarts [
WeSG.CrZIONZO ’ o
Baba (1] Um :USG +U5L Om :G/Um ( G )
Froude Fr, =G/ v onCor —pc) gd (2) , Froude
Fro..=4, Bond Bo,=0.31,
,Gao ¥ , 2 Froude



2
Bower ¥ ,
ATW( TW T.\ul ) b 2
0 FC-87.R113.R12 R22
Ja = 21.975In¥ + 82. 748
»JakOb ]a:pl,cpl,ATW /{OVL ’ V= [pl,/(pl, e ) ]#I,U/Ug , L
ATW - TW — TW 9U ( ) ° jee <<‘01, ’
Ca 1)
o Ja —82.748
Ca = EXP( 21.975 )
,Bower Klausnert'" ,
/ ’ ]akob \'2
« 2,
40 A v v v v v v v \A 4
v Vv v v v v Vv vy
v v .y v v v v v
v v @] v v v v \A 4
v v v O o] @] @] O
30 - v O (@] @] O (@] O o O
v v v @] O O @] @]
v v o o] @] O O
v v v O (@) @] O
v v v v O O (@]
& 20 - v v 0O 0 O o O
v v v O v O O
(@] @] o] o] O (@]
10 - EMHXK v EHMREEE
O EHFEFHE
BEHLEK — AR
0 T I T T T T
0.01 0.02 0.08 0.04 0.05 0.06 0.07

4

2
Fig. 2 Comparison between the experimental data and the prediction of the criterion of gravity independence

based on single bubble behaviors
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Criteria of Gravity Independence in Multiphase
Thermal Fluid System
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Abstract: Microgravity multiphase thermal fluid dynamics is a newly formed interdisciplinary subject
motivated by the rapid progress of space engineering, especially the manned spaceflight. Its topics include
the fundamentals of flow, heat and mass transfer of multiphase thermal fluid system in low and micrograv-
ity in space, as well as their applications. The gravity effect is one of the key problems in the field of mi-
crogravity multiphase thermal {luid dynamics, which has attracted wide attention. In this paper, the main
progress of gravity-independent criteria in multiphase thermal fluid systems is reviewed exhaustively.
Three kinds of gravity-independent criteria based on the dominant force, single bubble behavior in flow
boiling, interfacial wave in gas-liquid two-phase annular flow and flooding in slug flow are analyzed and
discussed in detail to improve the understanding of their theoretical and/or empirical bases and to promote
further research. The results are helpful for the research and development of multiphase thermal fluid
technology in space applications, as well as for those in ground applications, such as micro-channel multi-
phase thermal fluid system.
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