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Ground Experiment Study of Evaporation Phase
Change for Space Experiment Device
of TZ-1 Cargo Spaceship
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Abstract In order to develop space scientific experimental study of heat transfer law of the evapo-
ration phase change and explore the influence of gravity on the evaporation and heat transfer process
on the TZ-1 cargo spaceship, a set of experimental platform of ground evaporation is designed to
study the evaporation phase change of FC-72 liquid. By using of infrared thermal imager, heat flux
meter and differential thermocouple, the interface changes, evaporation surface characteristics, fluid
properties, and Marangoni convection cell changes etc. are observed. of FC-72 liquid layer under

different temperature and volume of liquid injection. Then the liquid layer temperature difference,
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surface temperature field, heat flux value, evaporation rate and convection cell structure of the two

phase fluid are obtained. The experiment results show that the evaporation rate is proportional

to the temperature difference between the FC-72 layer and the evaporation platform surface. And

the evaporation rate is also proportional to the volume of liquid injection. In addition, buoyancy

convection cells and Marangoni convection cells emerge in the evaporation process. These results

are of important guiding significance for space scientific experiments. The experimental medium and

material of space experiment can be decided according to the results of ground evaporation experi-

ments. Consequently, the operating conditions, parameters, and procedure of space experiment can

be optimized. Part of the ground experiment results will directly act as the scientific achievements

of the ground and space comparison experiments.

Key words

Ground experiment

BB ERAT P B EARTE R, 1RE
B PN R R p R R P MERIT R, EER
BT, PURAER RE) SERTENR
RRE, BT ERNY SX RS BRI R AT
A. Liu % W SR T ZEMAE SR ERSHHEEN
H, Kabov % B 4047 T E Syt S B b 8
mi, Liu % B8 g B AR A Fa e tikeT T
LI RBUEARR,. BA, WOmA AL © MR
TR A Marangoni X 7 50838 T HEE
R

FIRARFE KM (TZ-1) FFREMEEAES
RS ER R R SR BT R, FB T2 H R 2
Bl REydE— 5t 3, R AR S A e BARERME
VBRI

T FE4 R R 2 (B R R RER AR, DA S 58
RS R ER, RESEEH E TR RAR. #Ead
AR LR, #E = RHE LRI A M ZRA T &
PR SRR, BETTNALE & = &R TR o,
SR RRES RS ih, WO ELRER
W ERAE B R0 e S B2 R, RAEER
FME.

ACRERAE TX-1 52 CHEREREES
B 78 R AHAR 5 X6 0 Se S BT 55 AR RARR R 5
GEREATT 43Hr.

Evaporation, Phase change and heat transfer, Marangoni convection,

1 e R

HHRR TZ-1 B R EEL R R ERE LR RK
AT ARG, 8L T RAELRIFRHY
AR, A 1R, FEERN 200mm MEAGE L
HEA 2mm BHEKRE (ERILEN FC-72), KI5
R A R R G RTINS, HAREE L
ERAME. EWEIARET HREE SN R
R RS B ESIEA, FTE FC-72
BEME LA RP N ZS HI Marangoni X
gﬂ% [9—10].

HFATHE LR, Wi THERELLRREE,
BETAZRERTE. ZERTEHERRE., Bl
RE. BR AR FIN ARG EA AR, WA 2 Frs.

FEVE 2R G0 VT DAKE MEFS ) R T N VR B P BT
FERGEE, FIRDEL R RS PR RREH R
FHMRIRE, BREEREYAT] £0.1°C. FC-T2

- [ 1g
Marangoni A

convection

n M
| “ = |
| A
| v
| v > | «——

B 1 HERERIFRHYEER
Fig.1 Physical model of the evaporation

experiment research



NN EF RA-FHEXBETARRRKEZR BT ROERD

483

liquid layer

evaporation

|

|

|

|

" temperature
| controller

|

|
"

|
: heat
|
|

measurement
and collection

thin-film heater

|
|
I
|
|
I
|
|
|
|
base I
I
|
|
|
I
|
|
injecting pump I'
|

|

I

B 2 HEHRLRFEE

Fig.2 Principle of ground evaporation experiment

HEERE LEREEAKT 2mm R, HRE
REARR, W LLET MR R AR

2 TR

BN EHAREGHRE. EREESH TUNR
PR R T T B2 R AR A S RAE BURF I
2.1 ZREE

HERX LR TEHERRSE. BRRR. BX
RE BRI RGN AL Hp, BB RS H Bk
RLAT PID #9R, FEFE £0.1°C, Wl RFEHL
FANAR AU BIR BRERAR. FE, I ILSNR S
SR ER LR T, KECEFHLINER, &
EEMET —MNBOSNE, WINER LR L F—
X R BRI RS, —ERE LB IE T SRt
AR H T
2.2 IEEK

W LBmSHmT.

LE TR FC-72 Bk MERE < 2mm).

#ZRE: B 20mm, FE 2mm; HEEAEEE.

LAY B E 640x480, 25 frame-s™ !, IR
A3 0.05K.

P BEESS: HF20C, 17E &% 2.03uV- WL

m?).

R RS W 0~100°C, ¥ EF +0.1°C.

SEIR A BE T = 208K, BF H = 55%, &
41 P =1latm.

ALEEN RN B RES T ERE R TR
B RE, FaTR LM SR & &
Xt R DL RO B S e A 4.

2.3 SRR

BRI AFRBZLGRENNMELRRE
2 (LA 3), HEAR IR T FC-72 HBT2ELR
Frigadia), o] LR T TR R R E R

1200
~ 10001 %F)E
g ] 35°C
ISR —— A0
= 600/ ek
g 400
2

200 4

0 100 200 300 400

time/s

B3 ARFEKGBE TREAENEHEARE
Fig.3 Heat flux evolution of FC-72 liquid layer
evaporation with different temperature of

evaporation platform



484

v= %th = pi—tv (1)
RIEE 3 R EME, T E AR
ERBFLT, AREXARE (] FC-12 Bk 5&
REWBERR) BN THRRER (LR 1).
MER 1 FEETUBRIER BN ERERNE
WIELAR, M 4 BT, B 4 PEEKTETR, FC-T2
BEHEEEHAWRERX, MBNTFHRZERR
X Rh THREATWRERS, FC-72 BEARR

(X 107)
10

g~!

oo

average evaporation rate / (g -

; 20 ‘ :,“ v l\u 50
evaporation platform temperature / °C
B4 BEXNBEERNEH
Fig.4 Influence of temperature difference on

average evaporation rate

Chin. J. Space Sci. ZR#AF %4/ 2016, 36(4)

BERRERR, HR SR E K I 3H) Marang-
oni X IR HBGE, SBHALERR.
ERRGBREMRANELT, LR T ARE
BEXTHRLERNEW, TRERFITR 2. B
* 2 PHAERTUEN, YRREGHH FC-712 HEZ
BE—EH, SREA FC-T2 kM BRK, KT
RIOERWBIR, WHE 5 PR
FBILSIHTLL SRR A B AR B et 200 R BB T
a0, HASAAERR, ERERA WEREE B

(x 1073)

)

average evaporation rate / (g- s

4.0

0.1 0.2 03 04 0.5 0.6 0.7

liquid injecting quantity / ml

B 5 HREMERERNZN
Fig.5 Influence of liquid injecting quantity on

average evaporation rate

%1 EEMNTHEREENRR

Table 1 Effects of temperature difference on average evaporation rate

BREET/°C HWE V/mL  BEFEHHE /s

FHEEEE (x107%)/(gs™")

25 0.628 333
30 0.628 261
35 0.628 207
40 0.628 169
45 0.628 137
50 0.628 113

3.17
4.04
5.10
6.24
7.70
9.34

®2 ARBMBREENHR W

Table 2 Effects of liquid injecting quantity on average evaporation rate

BB T/°C WEWER V/mL  ERFBIE t/s

FHEBER (x107°)/(gs7")

40 0.157 61
40 0.314 103
40 0.471 132
40 0.628 169

4.32
5.12
5.99
6.24
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