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Fig.1 The structure diagram of vanes surface tension tank  Fig.2 The schematic diagram of dummy corner angle
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Fig.4 The free surface at central angle is 60°  Fig.5 The sketch of dummy corner angle and meniscus height

TR S T AN FE O AR B B ARYESCER 21 WAL, XA AN T 180 A A, A i
HOETIE210, SE BUEL R M. K 4 yrbL Sy 60 A9 B dith o IAACTHE S SR drm 45 5
Hm sk, M Fortran gifE i FAHNIEAOPECN AT SALE . BN AR R B o R IAEANKERR Y # 1D R
LA A A e BN &L 5 s, BT HORTRITE R, o DAFTSREEILA A, 20 Jyrhiffi, 0 Judicfibifi .

3 RO

TNTH LA 3 B i A () AR T g ), R SE BT T Bl A 9 109, H A 309
40 505 60THZEER N I BIAETEA XS BRI A B4l s, FEECT Eh [R50 AN B A4 R [ AR AS G FR P £ Ak
RN E . WAREHESE. B 64 VAR LA, A i BRIE R Rl K7
N RE UL P A Bt VAR e B AR i £k, B 8 N TEEANAL S BRI S B HY (H'=H/r) BT &b G
1z (z'=zlr) FEARRE I 25

0.020

» A
» A
» A
» A

—— UL SAA30°
—e— UL i 940°
[ —*— bl h50°
—e— HULSAN60°

i

0.015 -

1%%./ m

[E

0.005

0'OOOO . 2(IJO . 4(I)O . 6[I)O . 8(;%4%({);%(%%;%0 . 14IOO . 16I00 . 18I00 . 20IOO
Kl 6 AR I, H SR B BRI ARIECR A 1 56 2 it 42 A
Fig.6 The change of the front position with iteration times at different central angles
H & 6 A%, BEEIEARE RGN, [RIRAL R AT 207 BB o0 A OGRS R . FUERAF & C-F 4644,
Bl 24 6+0<90° (FR A Concus-Finn 544D B, FETCHE JI264F~, P A A AEAE, RIS A Ak b




Hh [ )% K 2:-2013

FETRRACHITE, AR 2 E WA, AREIRETT. FEE O MG, i K Nxt B 9L R
GALERFEMAR/N . AR BT RIS RUR A B AN 26 A A B AR IC T PR Al 25 e B2 DA S Jd B 7™ A 5
Wi, X5 SCHR[14] SR B 45 R — B,

45

HHC 160 Van
v*"""/
44 L v
43}
E
E |
T
;:\é
Bl
—— %8100/
wl —e— J%/R5000%
—— #AR10007%
v —— 4820007
39 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1
0.050 0.052 0.054 0.056 0.058 0.060 0.062 0.064 0.066 0.068
WARTEZ T 1A R P Im
(a) 0N 60°
(a) 2¢=60°
45
EP‘I:A‘%4O° //)r—v
L ~
/
=
44 /v""v
o 43 |
3
&'
.LE i /
at e BEAR1007K
4 —e— 3%AR5009%
1 1 1 1 1 1 1 I j%/ft:zoooﬁk

0.050 0.052 0.054 0.056 0.058 0.060 0.062 0.064 0.066 0.068

Of

Wk ez 7 161 G fm
(c) Hudfiy 40°
(c) 2¢=40°

45

44

IN
w
T

HEILA fli o/

IN
hiry
T

40 |4

HL150°

N
N
T

—=— %R100¥K
—— 1485007k
—— 1%4X10007K
—— %&4820001K
Y " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

0.050 0.052 0.054 0.056 0.058 0.060 0.062 0.064 0.066 0.068

41.0

WARLEZTT 7] A 5 B fm
(b) .t 50°
(b) 2¢=50°

—— 148100
—— %4X500%
—+— 1%&4R10007K

L i fta000ik

0.050 0.052 0.054‘2_0.056 .0.058 0.060 0.062 0.064 0.066
TARTEZ DT A ) B B /m

(d) AN 30°
(d) 29=30°

K7 AE O, REA A A Bl VR A e BEATIA AR B At ok &R K
Fig.7 The change of the dummy corner angle with meniscus height and iteration times at different central angles

W& 7 "I, Ao 105 AR A, FARIETH S, BN AR, AT E, BN A

L 455 RX5EMES T2



Hh [ )% K 2:-2013

140 —— _ 1.40 —— —
L A60 e BAR1002K TLA50 e 381004
135 | e AR5001% 135 e 4R5001%
. —— %A10007% RS —+— EAX10007K
130 . - kfR2000% )| 130T N —— %482000%%
o5 ) 1125
£ 0l 2
=120 5120
ke x
=115+ X115
<[ SW
i i)
19110 | H1.10
1.05 - 105 |
1.00 X N N N N N N 1.00 I N N
000 001 002 003 004 005 006 007 008 000 001 002 003 004 005 006 007 008
TR T = B H (H'=H/r) To B AL BT = FEH' (H'=HITr)
(a) 0N 60° (b) AN 50°
(a) 2¢=60° (c) 2¢p=50°
faa0° 135 —— —
msib e EAR100%K L A30 = #4100
. e I24L5000K 130 —— %500
R —— i%£%10007% —~ —a %4810007%
- N e BER20000K || g s | - e 7120000
L1t .
i
N 1.20 \
=
g
2 115
X
I# 1.10
R
1.0
1.00 ,
000 001 002 003 004 005 006 007 008 0.00 0.01 0.02 0.03 0.04 0.05 0.06

To BN AR 8 B H (H'=H/r) T A B 7o BEH (H'=HIr)
(c) Fl ik 40° (d) 0l 30°
(c) 2¢=40° (d) 2¢=30°
Kl 8 AFE LA, ToE SRR & HY (H'=H/D
BE RG22 (2'=2/r) FIERIREEIZBLRRE
Fig.8 The change of the dimensionless meniscus height H'(H'=H/r) with dimensionless z'(z'=z/r) and iteration times
at different central angles

H I 8 A%, Hefil oy 105 AFEH AR, BEAESAREIG N, W m R HAFE /N &

0 P AR U AR AT AR A, SR ANARAR (30 T v P R A WD G v P 1, S 9 B S ae s 5.

45 SV BH AR T AS KRR N A Ab B4R 30 5 0 A AL BANRE—FF, S ERIAa TR = B, I A A A5
PR A BN BRI At T — AN EEN S

4 g5ig

St XM IR T AR TR AR A A B EN I i, I SE SRR JFREE R R TR AR B A
BB ATEUERL, T T RTSALE . R 0L P A RN D v B AR AR A A . BB OS2 i R
ST RIE BRI 45 Ay, BB SE BT LAMBIF I 5E PR HTICE I FREE R A B4R SN . AR
BB 55 RaTan, oot /N B BT 260 B ISR /N, ZER BT SR B 1 R 0 P R 5 T+ 450 % [
FETEAXI TR A AL B BN S R AFE R SRR = B, X 4 JE it ST e D R85 R R A TR A Xk A A B4
SRR AT AL T — S B M. BN, AT DO HE 2 S i TAE R A7 28 88 50T AN 308 2 FOVA R



Hh [ )% K 2:-2013

10.

11.

12.
13.
14.

15.

SEH

B, BRANAT, BEZ5E. T AR AR AR T K AR e R S I R L. BRI RHR S S4AR, 2012, 34(4): 18-21(Li Jinghao, Chen
Xiaogian, Huang Yiyong. A study of propellant flow in the vane-type surface tension tank based on interior corner flow. Journal of National University of
Defense Technology, 2012, 34(4):18-21 (in Chinese))

G, BRNET, BEZ55E, S SR UHEE R AN BRI MR A L. T EREFE BORRN:, 2012, 42(8): 957-962(Li Jinghao, Chen Xiaogian, Huang
Yiyong, et al. Study on asymmetric interior corner flow in microgravity condition. Sci China Tech Sci, 2012, 55: 2332-2337(in Chinese))

K. A. Brakke. The surface evolver’s manual. Home page: http://www.susqu.edu/brakke/evolver/evolver.html, 2011.

TR, BT, REE. T Surface Evolver BUU M INIZLIE RS, 22 FH A 1%, 2011, 26(5): 436-440(Yu Yang, Wang Xuewei, Wu Qun. Rupture distance
of liquid bridge based on Surface Evolver simulation. Journal of Medical Biomechanics, 2011, 26(5): 436-440(in Chinese)) £ 2%, TV /50 R
TR T 40 B 7. SR8 %%, 2012, 27(1): 70-76(Wang Xuewei, Yu Yang. Study of Gravitation Effect on Rupture Distance of Liquid Bridge between
Two Flat Substrates. Journal of Experimental Mechanics, 2012, 27(1): 70-76(in Chinese))

FEEMG, AV BT FIRARIE RUBAS R S T L. T E SRR, 2009, 2: 42-48(Wang Yupeng, Zhou Xiang. Impact of Stencil for
Flip-Chip Shape and Their Reliability Study. China Integrated Circuit, 2009, 18(2): 42-48(in Chinese))

JAwete, kAL, EIZIRIN R TR AV 3RS R e . WIEEA%4R, 2006, 55(10): 5568-5574 (Zhou Xiaohua, Zhang Shaoguang.
Obtaining and stability analysis of spherical topological vesicles with complex configurations. Acta Phys Sin, 2006, 55(10): 5568-5574 (in Chinese))
TR, BaF, SAIFAE, 25 BB T X budding AT multi-budding ZE VB AR ORR 72, BARA P 2% f , 2008, 8(1): 172-173(Wang Dayan,
Dai Huili, Hu Kaifu, et al. Research of budding and Multi-budding Vesicles in Spherical Topology. Progress In Modern Biomedicine, 2008, 8(1): 172-173
(in Chinese))

ERE HNR. W S PREE R A T = ST TR OB, K HEE, 2007, 3: 31-35(Wang Yi, Chang Xiaoging. Numerical simulation
of three-dimensional gas-liquid equilibrium interfaces in the propellant tank under microgravity condition. Journal of Rocket Propulsion, 2007,33(3):31-35
(in Chinese))

B, ERRAE, SRS, & BB TRA R E R 5 Surface Evolver F2/53& I VEMIBF 7. 3 2£3R, 2012, 61(16): 166801(Xu Shenghua, Wang
Linwei, Sun Zhiwei, et al. The study on the mechanism of liquid surface in interior corner and the applicability of Surface Evolver. Acta Phys Sin, 2012,
61(16): 166801(in Chinese))

Collicott S H, Bayt R L, Courtney S D. Ullage bubble stability in the Gravity Probe-B helium tank[C], In 30th AIAA Joint Propulsion Conference,
Indianapolis, 1994.

Collicott S H, Weislogel M M. Corner radius effects on capillary instability in tank geometries[C]. In 37th AIAA/SAE/ASME/ASEE Joint Propulsion
Conference, Salt Lake City, UT, 2001, AIAA-2001-3824.

Collicott S H, Weislogel M M. Computing Existence and Stability of Capillary Surfaces Using Surface Evolver[J], AIAA Journal, 42, 289(2004)

Langbein D. Capillary Surfaces: Shape, Stability, Dynamics, in Particular under Weightlessness[C]. Berlin: Springer, 2002

TKRNE. BREE F7 N ARG TE 5K F7 040 P TR B A AT [ 8 5], $EBH: ZRAEK2%, 2013(Zhang Chenhui. Research on the Liquid Management in
the Plate Surface Tension Tank under Microgravity.[Thesis].Shenyang: Northeastern University, 2013 (in Chinese))

Mark M. Weislogel. Capillary Flow in Containers of Polygonal Section[J],AIAA Journal, 2001, 39(12):2320-2326.



FRE 2K 2:-2013

Study of capillary flow in cylindrical asymmetric interior corner

under microgravity

Liu Ling™, LiYonggiang”, Duan Li*, Kang Qi*, RuiWei’, Zhang Chenhui’
*(Institute of Applied Mechanics, College of Science, Northeastern University, Shenyang 110819, China)

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

Abstract: The capillary-driven flow in microgravity is an important basic research in the space fluid management
technology. In order to ensure the safety and efficiency of the fluid management devices, it is necessary to deeply
understand the characteristics of capillary-driven flow in microgravity. For this purpose, we investigate the
capillary driven flow in asymmetric interior corner under microgravity environment, and study the numerical
simulation and theoretical analysis. Using Surface Evolver to study central angle influence on asymmetric interior
corner flow and obtaining the change law of dummy corner angle and meniscus height based on theoretical
analysis, the results provide a certain theoretical basis for next study on Analytical solutions. The conclusions of
this thesis can be applied in designing tanks and choosing suitable solution in the space fluid management.

Key words: cylindrical asymmetric interior corner, capillary flow, Surface Evolver, dummy corner angle,

meniscus height
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