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Abstract: In order to investigate the thermal stratification and boiling bubble features in the cryo-
genic propellant tank under great heat flux conditions, a visual platform was built, using liquid
nitrogen as the test fluid. By adjusting the blowing temperature and speed, a heat flux boundary
range of 1—16 kW » m % was achieved, which was basically consistent with the aerodynamic heat
flow impact during rocket launching. The results show that a high heat flux at the tank wall
surface does not necessarily bring about boiling bubbles; when the heat flux density is less than
2kW + m %, bubbles are generated in the near-wall region until the subcooling degree of the bulk
liquid decreases to 1 K; comparatively, when the heat flux density exceeds 16 kW « m~?, a high
subcooling degree of 10 K of the bulk liquid could yield boiling bubbles. When there is a large
degree of subcooling in the bulk liquid, the aerodynamic heating during rocket launch only causes

bubbles in the near-wall region. Increasing the pressurized gas injection rate during the pressuri-
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zation period of the cryogenic tank could postpone the liquid temperature rise as well as boiling

occurrence in the near-wall region. In addition, an empirical model was established to describe the

boundary of boiling bubbles, which can offer preliminary predictions on whether propellant boil-

ing occurs in bare-wall storage tanks under high heat flux, thus providing support for the design

of the insulation scheme for the rocket tank.

Keywords: cryogenic propellant; boiling bubbles; two-phase flow behaviors; visualization test
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Fig. 1 Visualization test system for cryogenic tank
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Fig. 2 Temperature measuring point of test tank
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Table 1 Uncertainty of direct measurement parameters
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Table 2 Thermal conductivity coefficient of stainless steel

a b ¢ d e
—1.408 7 1.398 2 0.254 3 0.626 0 0.233 4
f g h i
0.4256 —0.4658 0.1650 —0.0199

2 AR S5
2.1 HEITR

ARYGR I PR IR 286 KL AHRHZE K 22% .
WX BEN 5 m « s~ IOXUREE R 313 K, &l 3 &
7N T IZ T 00 T W 0 7 R R R VR IR
JEE | PN RE IR R A B S (] AR A S YRR R AR A
WAHIR 210 o200 3K 3 /DU S50 1 S 57 308 32 0 o, ) B
TBE I ¢ ot o2y VNS A0 B . AR R BB SN A

http: // zkxb. xjtu. edu. cn

PEHLAE , RTH 3 i Ay Y TR S AR R A B
Bro FURHE R R ARUTE AR T AS $2 (10 1R A
Ao i T HEA UL W TR AR L R N R
R 1R 20 I e 3 78 A A5 S ) A 5
AR T R ZL Bl AL 29 0. 06 MPas i 7
R B B U A R A T 0 7 T B4 T 45 4
SO TR AR R 4R fF AR E. TR U gl E B
0. 03 MPa, BtAb 72 TG s B Be . 25 I 3 52 2 9
Wb B B R A 2 BRI T DR P BE i T
PR UROAR EAARX FL PY BE L FEE R AR I ] P 3k
) IR 1 A 20T R I R T AR AR DX T B
AT AR AMET R . 78 R T B B W RUA Ak Tl
A IR SEAERF TR 290 700 s, ELEIAR R B Be,
TBORE FE VAR TR BE 3K B AR A R 2 R R T AR UG
Hh AR DR R AT AR I () A R v R A

i P 3 A SR R R 2 (c =0 ) L P24
FE T A E S 2 T T SRR R T S A A
SrAT IR < JF FSE TR B VAR PR AE R U
IR B A ELARR Sk 5 L P A SOl o HE U
FIETC o s AN B e 3t 3 e s 9 SRR 2 ) 22
LT EABE AR . YT R R AT A R
R, 38 TR O AE B TR 3 L R N MR 1 A B
3tk I 3 AR g IR A

96

T

H s 2 I I B >
93t 1?}15( ﬁﬂigk_h ﬁ»JTxl‘Hh( m_‘m(_ 05
90r 04 £
87 5
s 103 &2
ZES4F =
a1l ——wEEE (02
=k YRERTE (A
[g—. - WHTEE | Yo
78 b e AT | S

i 1 1L L ()
=400 0 400 800 1200 1600

IR ) /s

P 3 A TR g A Al B B T 1) ) A2 Al

Hg. 3 Tank pressure and measuring point temperature

Bl 4 R T RS R TF IR B B L TR 3K Rk 3
TRL N TR B B 45 S BOBE I R AR 4R . i B 4(a)
ATLAE W R E G sh G 97 s V40 13k 51 ir i
FEFEEFE I 0. 36 MPa(4a ) , I 76 1% % 71 T il i &
G R AU R AR R R AR L TR ) I Sh L
0.30~0.36 MPa, 1§ & "4 H I3 S5 B A i
JEETH G B R X P RE R R R R B ¥ 3% i T
e Y =248 s F, PN BE IR FE 3K B Y T % R
A 22 5 Bl R ) A A A I 8 . e, BRI
4ty 8 K ib ¥ B, Y4 =867 s I, A F A3k




66 [N .

PN

857 &

S0 AR L A 4 (b R . Rl AL X AR IR
R T 0L, 8 63 3 5 P FT 4 min, #8 N A 4 55T
AORES 54~15 min B, $OG5 8 3T X0 3T BE XA 3R
FI LA AR E AR LE R R 3515 min JE T
AHIN B A,

93 e 10.6

bR FAIRRT B =248 s
2/ G )i PURERLA + PYREMLRN

i @me ;

5

87F /! 4 &
M H 2
J i R
84 2
8 =
81t 1
P
8¢ zmagd cgr—"""
m=ae )WF‘)J
75 : 0
~100 0 100 200 300 400
5[] /s
(a) BRI PN BE 35 B 48 TN 25 B Bt
9r 0.5
iR (=867 s
WAL | W
91} — 0.4
. > . ""ﬁt{’- Lo IR Yy &
v 90F id 03 =
= /‘;’ E
% g9 Y ) 0.2
i — WA d
88 == EERIE |
- ptmRE 1"
e AT )
87 : : : - 0
700 800 900 1000 1100 1200

N 1] /s
(b) VR A =2 4% 3K 40 1 26

[l 4 B0 B[] 7 50 R B L e ] A A5 £k

Fig. 4 Pressure and temperature at typical stage
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Fig. 5 Inner/outer wall temperature and heat flux
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Table 3 Specific heat flux boundaries for five tests
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