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Ground-based Experimental Results of TZ-1 Matching

Scientific Condensation Experiment

YAN Shuo WANG Xuwen LIU Qiusheng ZHU Zhiqiang

(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190)

Abstract TZ-1 ground matching experiment is important to optimize the space science experiment

parameters and technical parameters of two-phase test system. The correctional data for space

experiment can be provided through scientific matching condensation experiments on the ground by

observation of the influence of condensation experiment condition change on the unsteady condensing.

The experiment mainly includes: changing condensing units and steam temperature, to obtain the

rule of temporal change so as to guide the space experiment data acquisition and liquid pool heating;

validating the influence of steam pressure on the liquid film heat transfer coefficient. Through a series

of experiments, it can be seen that the condensation temperature, vapor temperature, extraction

pressure also have great impact on the heat exchange coefficient, and at the same time, TZ-1 ground

matching experiment has high guiding significance to improve the experiment device, optimize the

condition and experimental parameters and improve the reliability.

Key words Ground matching experiment, Two phase flow, Condensation experiment,

Heat transfer coefficient
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A./$2#?@B*$+A?,, 6B*$CD
?0, --1B,,#E, $F.2$#E)&, G
-1B.,#E, HCFI$#E/. Æ34<D2
#0*, #E)&5$,,#E. E1.,#E3%
92&3FGJ3>$,,#E3?64/?56,

7.,#E6;89 [1].

*;,,#E, HI33%92$JKC42
:;-2#7@$&8;079L;074%:;#
E+)?@4,<.*;07=, -2#7@$&8;
07M-#7@$9>:K (8;11*9M<2
*9) =>074%:*2#3%LCHI. *;2
#N=, ?,$:K;#E+)$?@4,=>2#
N$42:*2#3%5CHI [2−3]. B?/3=
$2#3%M9=>N@2;45*2#L/=3
%92$HI,O>POA?45=2#N%@$H
I. JBÆC5(<*PD=Q(<)E.

(1) *7;672#<K, F"?G67-2#
7@$&8, A.3*HRS2#3%$HI.

(2) *7;672#<K, F"?G67A07

$T:, A.3*HRS2#3%$HI.

(3) *7;672#<K, F"C5(<*$B
6T:, Q2F"2#N$T:, A.3*HRS2
#3%$HI.

1!CU789:D

1.1 I;<��
J8M TZ-1 KVJ3EF$C)2#(<9

:, LRMÆ?G;'3SG;IH CCD;07
NI0;B6;APS WJ(T0;PID TQ45.

(<45$<=>K;X 1 YL. MÆ?GOP
B 180mm×100mm×75mm. <+Z407NI0
U[V%, Z4WGUM?G, ?GQR4C2#N.

2#N)AA?XB 20mm, 2#NMB6+Y, Z
4B6ZS2#NT:N@M$07Æ2#N)2
#, \4?GOT$UPB8QR CCD U[(<A
A, CCD VW/B 1280×1024. 2#N+),SB
-][, ^X9 800#, 1200#, 1500#, 2000# TAY
U\]. Æ2#N)=?GAR?^M__5YC
%9?(T0=%ZV, 8;Æ(<4#**%9
?=T:<@2U[J`. C52#(<45M(
<?G(`;X 2 YL.

a 1 ���� BC�
Fig. 1 Schematic diagram of experimental set-up
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1.2I ;<)D
5;C)(<<K, U[;QaW.

(1) ?,B[9, `b@2b\;

(2) 07];LER\,S, c<2*9;

(3) 7?cd)X7JBeY.

:;%9?(T0AD$%9Z:=%ZVA
D$07;2#NT:, B=[D3%92 [4], f

q′′s = hs(Tv − Ts). (1)

&*, q′′s B%9?, ^_ W·m−2; hs B3%92, ^
_ W·m−2·K−1; Tv B07T:, ^_ K; Ts B2#
NT:, ^_ K.

Æ*dC$2#3"9@*9=9@d)R\
beg5_O [5−7],= HFE-7100B<+Whif(
<)E, U[C5(<eg, jL2#Æ3"4#*
*%+(\k]$HI. H@(<4#B: `7al
*bcW$?G`/(<YgWJU[8W, )Gl
<+@M07NI0, %ZV(^mA07T:, Z
4d_M?GWJ+$enQ207@M?; 07
@MG, Yo`hfpq$irB6, *2#NU[
ZT, N@M$07Æ2#N)2#; Z42;J`
9:*2;U[J`, >^J8IH CCD *(<U
[AA. Bga07Æh)>AAis2#, HIA
A>(<Et, *?GjhJbcdjV%ke, Z
4 PID enB*V%T:U[fp.

kb HFE-7100 B<+, 3+)FJO, G:S,

%`b+Mf-67%9@(<N884$ FC-72

3l,=l;M3F<+Et [8−9]3&8. HFE-7100

`Kufb+g;+ 1.

a 2 �������m
Fig. 2 Condensation experiment system

2!CUnvhi

%XC5(<VmVocB6T:;07T:;
`7WJ*2#3%92$HI.

2.1 H*IJKLMNOP+Q
*;%XC5(<45, B6M2#N3+, Z

4fpB6T:, n/Q22#NT:$f$, A.
->B6T:Q2#3%$jm, (<Etg;+ 2.

po83qpr, hsN<K3%92, Et;
X 3 YL. tX 3 B=?DB6T:"u*3%9

R 1 HFE-7100 STUVW,
Table 1 Physical and chemical

properties of HFE-7100

��k C4F9OCH3

qXl 250

rs/◦C 61

ts/◦C −135

�um
 1.52

u�Y� 13.6

vZnw 12

ovp� 95

R 2 [\]-^_`ab.cd
Table 2 Experimental parameters under

different temperature of cooling water bath

 ve 
� ��/kPa

! �
/◦C �
/◦C �
� f
�
1 5.4 40.6 28.0 32.6

5.7 40.5 28.1 32.3

5.5 40.5 28.1 32.4

2 6.3 40.8 28.0 32.0

6.4 40.8 28.0 32.2

6.2 40.7 28.0 32.1

3 7.1 40.7 28.0 32.0

7.3 40.7 28.0 32.4

7.1 40.6 28.0 32.1

4 8.3 40.6 28.0 32.3

8.1 40.6 28.0 32.3

7.1 40.6 28.0 32.1



534 Chin. J. Space Sci. ������ 2016, 36(4)

2C?YHI, vqÆwg], B6T:S$2#3
%92&I$3%923, r;sR^, 3%92t
07M2#N)Tphx.

2.2 /iIJKLMNOP+Q
B8j@M07n/fyg,Æ?GQRWCV

%t,zÆ?GAR=h)wC%ZV=Benxx
Z4 PID *V%tU[Q2, ?GARÆ07Ms
WC%ZV, *07T:U[A?. (<Etg;
+ 3.

R 3 [\0k^_`ab.cd
Table 3 Experimental parameters under

different vapor temperature

 ve 
� ��/kPa

! �
/◦C �
/◦C �
� f
�
1 40.2 5.4 28.3 32.6

41.0 5.2 28.3 32.3

40.1 5.4 28.5 32.7

2 43.8 5.2 28.4 32.8

44.0 5.3 28.3 32.7

44.2 5.2 28.3 32.7

3 45.3 5.2 28.1 32.3

45.1 5.4 28.1 32.4

45.3 5.5 28.1 32.6

4 47.3 5.2 28.3 32.6

47.0 5.4 28.3 32.7

47.4 5.3 28.3 32.5

a 3 ve�
���
����
Fig. 3 Influence of the water bath temperature on

heat exchange coefficient

uo83qpr, hsN<K3%92, Et;
X 4 YL. tX 4 Bl, Æ2#4#*, Æ3%92
wg], 07T:I$<K3%9263783, (
<r;sR^,07T:*3%92$HI{y-k
],S.

2.3 minoKLMNOP+Q
Æ07@M-,Z4`7al?G`cWGU[

2#(<, A.->`7WJ*2#3%$HI. (
<Etg;+ 4.

pKzhsN<K3%92, Et;X 5 YL.

tX 5 Bl, F"2#?GA$WJ*wg]$3
%926C?YHI, ?GAWJgq3, 2#(<
4#3%92qO.

R 4 [\rkst`ab.cd
Table 4 Experimental parameters under

different pumping pressure

 �
� ve 
� f
�
! ��/kPa �
/◦C �
/◦C ��/kPa

1 28.0 5.2 40.5 32.6

28.2 5.3 40.6 32.2

28.6 5.2 39.6 33.2

2 30.1 5.2 40.7 34.7

30.1 5.2 40.7 34.2

3 36.1 5.2 40.4 40.9

36.0 5.3 40.7 40.2

36.3 5.2 40.7 39.9

a 4 
��
���
����
Fig. 4 Influence of vapor temperature on heat

exchange coefficient
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a 5 �
������
����
Fig. 5 Influence of pumping pressure on heat

exchange coefficient

3!yv

(<egEt+w TZ-1 672#(<)Eu
=B[, C5(<Nyc=Q2#zv=y{: |w
2#(<U[, 3%92hz{xV, |G|xPy
yGr;sRq-B 0 (MÆB6Gr}; 0); 2#
4#*3%92n/wg^07T:I$<K3%
9263783;2#4#*?GKz`7WJgq
3, 2#(<4#3%92zqO; 2#4#*3%
92n/wg^, B6W\T:qO, z3%92q
3.
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