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Abstract  In space, because the gravity basically disappears and the secondary forces such as surface tension force
play a major role, fluid behavior is quite different from that of the ground. Therefore, it is necessary to deeply explore
the laws and characteristics of fluid behavior in microgravity environment. The plate-type tank uses plate-type
components to manage the fluid in microgravity environment, so as to provide the thruster with gas-free propellant,
which is of great significance for the precise attitude control and orbit adjustment of the spacecraft. Plate-type
components often include plates with a certain included angle, such as liquid storage blades. The capillary rise of liquid

between plates with a certain angle under microgravity is explored in this paper. The influences of the dynamic contact

2021-06-11 ki, 2021-08-22 5, 2021-08-22 M4 i ki 3.
1) F 22 ()t 1 2 () 2 St [, o R 2 o demis 1 21 S R 301 (B 28) (XDB23030300) il [ 48R 22 5 4x (12032020, 12072354) %)y
2) Hesa, WHITIA, IEﬁﬁ'ﬁ'TlﬁJ' T T RARY B E-mail: kq@imech.ac.cn
SImt: W RO, S, E08, B, RE. SR )R AR IR R sk ) KBNSl BT ST, D224, 2022, 54(2): 326-335
Chen Shangtong, Wu Di, Wang Jia, Duan Li, Kang Qi. Capillary rise of liquid between plates with a certain angle under
microgravity. Chinese Journal of Theoretical and Applied Mechanics, 2022, 54(2): 326-335




%2 M W 30 4% g I s S S YA ) )R T 5K g X sl sl (K 5 327

angle between the liquid and the plates wall, the pressure loss caused by convection, the viscous resistance, and the
curved liquid surface in the reservoir are all considered. A second order differential equation of the capillary-driven
flow is derived, which can be solved with forth-order Runge—Kutta method. By considering two dominant forces at the
same time, the flow can be divided into three regions, and approximate equations of climbing height in different regions
are obtained. Six kinds of numerical models are created, three kinds of silicone oil is chonsen and Volume of
Fluid(VOF) method is used to carry out numerical simulation. Numerical results are in good agreement with theoretical

results, which verifies theoretical analysis. This research can be theoretical basis for plate tanks’ design and fluid

management in space.
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515

Aok J1 IR, 7E e Ok R gk ) 51
() B0 s 7 3R 2 16 1 R ST, 2 R A AR
WAARAT M EEH G 7. A TR ST T
e ACH A B, A BRI FUER 1 7K 7 ) A

Washburn!! & X 3EH T B E N EARTETT ()12
TR AATUE SEZ O BT LA B4 IK B R ). &
Fiir BRI EE ) 2 TR) IR P R A, HES T & A
Lucus—Washburn J5F£. Concus F! FinnPHEZR T Hf
P IR 2 TP R AP A ST, AR R T E A
Concus—Finn 5. Levine 2551 2% [& 7 R 5K 1 Ik 5)
JE 7 Fh B R R R, HE T TR A
T v & () — I 45y 77 FE. Stange 26 $2H T —A
B A 1T [ 5 P VR TR TS, kb A% 1 T 25
T EER SRR BhAEAl A FTR B0 5 3
IR Jiang 2507 45 1979 4 el T 2 A e fub 115
TTEIERE 2 %52 . Dreyer 2510V 157 T AT AR Z
[ F) 2 11 5K 70 3R B im 8l 453 21 1 AR TC T = 2 T
F£. Weislogel A1 Lichter! SR1G T A HT 9 N A AL 1H)
BT, TR B AN R T B A N A AL
FA P A1 40P Yue F1 Wang!'™ SR FHEUE 5 BT T
Y H AR B J) % 0] 8. Higuera SEU 5T T
TEER AR A P A I B AR AL J8e— AN /N FE (R B %
B] b R sl B2, Wolf 45012 2 T —Fh 2L Lattice—
Boltzmann J77%. 1T 2 F& UL A4 RN [ BE 2 R] 2 AH
AR R 52 W) R ABE UL A AT S A TR R AR TE T
Bolleddula %53 £ Hy 7 — R0 VS AS [k T TZ AR DR
P A1 AL LB ) BT, RIS T SIS AR LA T AR
(RS . B0 AU T T N A Ab 3R 5k ) SR B i
B L IR H 2RI ) gt st B 2Rk
SIS R P 85 G 00 A BT R T 1 AR 48

A B RE, 193] T 8 A E )50 S
Reyssat!!8] 5T T VAR 3 SRR 2 1) T8 R 1) A7
[HI B S5 R IE, S 57 (1) 455 28 m) DLV ity T0 000 S8 A7 0
Wu MV T 25 AN A AL IR sl i R, Tl
IERW M Z AR R M Rgm, £ 28] TiRshih s S
it A2 1) 56 2. Romain S8R 5T TR FR ) LA AR
AR 2R 15K 9K B3 S . Chen 2521 ) 40 9K 5
WS ER XA N PMD 25 /T T AL, JFFRE T
IESLIG RN SE T VOF YA 3108, ki 7 JebERe.
Cheng %522V fF 5 1 A8 H AR & A (3 8h 7). Chen
SV T O ) N R N R AR TR D) SR B
2, A T B s B AL,

ARG T P D) IR B — 5 A B PARA) (1)
Kok B, %8 T A . R R
S Ay BEL D R0 9 2 it B b T 2 e, R
55T VOF J7 i B B E B BEAT 30Uk Ib Ak, 13 T7
Rt ] AR e il b A/ R AR R il b — RSG5
i, J I [m] I 2% R P AS AR R ), AN e T

7= B
1 RS

WEFUR RN 1 R, B8 AL R wih A A _E
7 A NV — 5 VAR S (1T BB 2R, 98 it Py B AP A
HRBREIAT B TCHAR, 6 LA A bs 3 KR 0 A i 1 el
AL RN TP Gl TR D0 VA av N T w2 9 &
THBEDS hy WEARTCTL -5 0 b ~PARK V- A
WE 2 B SRR A S 4 B O 2a, A S B
2¢, B B8 BEE b. VB A58 A B 5 R x b T )
T d. W A S T ) il AR T B TR A 2
T PR 28 4 5 Yt P IR T a2 T BRORRE A
MRek 2 BB j o5 O T80 5 iOME, PR



328 i 2 2 £t 2022 45 54 %
a ou
¢ Uy—g=tly=—g=0, —| =0 )
z plate ’ ’ dy y=0
i ; u NRT x, y, t TEREL, ¢ A TR w] LA A b ) X 45
h ; . B ox 17 BT dx 43 BEALRR, FERES dx 70 Bt
) . u NIRRTy, t IR, 5 x k. 465 (2) I
N-S J7RE R854 dx 43 Be I B3 3 A A
x reservoir M(y ) ) ﬂd_z (y2 _d2) (3)
B R R) i & s 2
BT FFOREIR T 0 Pl Q=nrth= ﬂ udxdy 4)
Fig. 1 Front view of the model
A @ AR MR ] A A3k, nlf X (3) #efb oy
y 3. 2
u(y,t):zh[1—(§) La<d<c (5)
N-S THE z M) 2 LR EIE N
u _ 10p &u
B E = _/_)a_z -|-Va—y2 (6)
a d e X

B2 PR K- i
Fig.2 Horizontal cross section of the plates
PANNEY VVNBE S 98'E Sy SN ]l PV N B
ro Me(a+o)/m. FAR I HT I EEAR B2
(1) B SR BT ) ) s AN
(2) Fshid R TE R 11,
(3) WiB & 7853 K FE RN L
(4) VAR 2 AR, AN AT i 35
(5) AR BETHT 2 (8] TG T 5.
SRR AR A 5 A x Bl TR PR

c—a

d=kx+a=——x+a, 0<x<e,
e

e= b —(c—a)’

PEIE 7873 KA L, WA RA 2 1)
O u, WAL T AT

(1

b p WEE, v BRIz sh # R R E )iz aAFE
) KT T X x Ty REAT AR ), 735

aH udxdy = H——dxdywﬂ—dxdy )

B (7) %z I z=0 2] z = h TR, AT LA 3

e(a+c)hh=- —jf[p(h )= p(0,1)] dxdy+

f ﬂ 5 zdxdydz 8)

K5 SCHR [14] ARACLIR) AR 22 532, ) RAFS B4R
1F1) T3 [ A8 T ) P 7 A

p1(%y,z=h)=po+ps=
[2bcosag—2(a+c)cosag]o

po+ ©

(a+c)e

A po BRI KL, 0 AR TT, aa M as 5y

990 A 50 25 F A 1y R AR A Ay KT 58 4 I 9 R
&, RIER Ml A o 00, Hah s —
YNV

0.702
cosag = 1 - 2tanh [4.96(“—) } (10)
o

P e 1A R R S R R T



%2 W

i& FHANIGAIE, SCHik [4, 6, 20] YK 1% AR

h T VHERR N AR AR D), SRR TN
1B 57 AR 0 v IR BRTE 45 44 2, sl 3
Ji7R.

WO PR KT R = o X R HIA 2 (R4
1z 1153 914

1 . 2u.
X1 =mrd P0+PR—§Preh—r—'uh) (11
e

T pr ARG A 7S S T RS FR BN I 0, 4

o

PR = ITC (12)
W B T A B R AR R, TR IE R
_ Pj
Re= “6e(a+c)h (13)

FERR AL AR ] 0 z 93 A
Xy =2m jore rp(z = 0,0dr (14)
Z2 BRI R = r, BEASEHIA 2 IR 2 ) 205 Eh
2npa’ fon/z wfe sinfcos6dl = %nprﬁhz (15)
ZERAIN i P A 2 i 2 ) ol
joe j_dd puzdydx = %e (a+c) ph2 (16)

ZeP BRI R = ro BEAFERIA 2 (INEE BEU 2 17 73
i

wall wall

control volume 2

reservoir

3 BRI AL RS BRE #2 ) 4E
Fig. 3 Equivalent circular entrance and the control volume
around the inlet

U 13028 Ty 5 AR R 2y S ah 329
1nrgh(h . liﬂ) (17)
4 Te

28 N VARG 3 A4 2 IR I P 2 )4 ik
foe J‘_dd ua,dydx = ge (a+c)hh (18)

PRLIEG, 2P BRTE A AR 2 P R A okt Ji2 1 S AL e 0k
%pnrg(§}i+ Lh2) (19)
gt (1)~ (18) L=tk 2 EahE T, ol
PUSRAFARIAI N AR I ] ) 2 ) 20504
Xy =nrz (o + pr) — %ngh
— 2mrepth — %e(a+c)ph2 (20)

B (). K5, X 9. K 10) MK (20) FLAK
(8), T LAGFRNEAE T i BE b B B i 7y 7 R

- 1 {o-[2bcosozd—2(a+c)cosa's i]_

59 )p + R
h+@re p (a+c)e c
Cc
6ln—
P 2| 31,
_a i clh-2 1)
I(a+c)(c—a) =" 30

%o 7 R TR H DU BT Runge—Kutta V5454
WIWEEAT h (1= 0) = h(r = 0) = 0 KA.

2 HEEN

AR SCEEANT I = 4R AR WK 4(a) s, BT
YL PN IR T T S R S AR N, R T AR
D7, R A 140 mm (1K) 77 T W00 R AR 5 18
Sy B AT TS0, FEE R T R AE A 79 mm
[PRERACAR, TR T B 5% M mT DL AN T, A5
TRk R B R 120 mm. 337 (9 X RS AR RS 41 P 4(b) it
7, RS L 100 J7, 75 F A HE T B vy 5t
JEWHE, T E LA R REZ 0 0.1 mm, FHARPN 2
PR RZIKC LR 1.2 BT o h SR Y 3 5 X o U
VR LT G2 WA S EAT 58 IR L, P IR A R
RN, BOAIE T A0S 1 S0 R JE DGk RIS T 98
N BT RSP A IR B AL AR 2, EO IR 4 SR 1T 3
(23S



330 Ji &5 E it 2022 4 5% 54 A5
plate =1 EHYIMSH (25°0)
Table 1 Liquid properties (25 °C)
model height Liquid w/(kgm™s™")  Plkgm™) o/Nm') v/(mm’s")
120 mm SF2 0.001746 873 0.0183 2
initial iquid height SF5 0.004575 915 0.0197 5
40 mm SF 10 0.009350 935 0.0201 10

140 mm
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Fig.4 Numerical model
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Fig. 6 Liquid distribution in a plate and the red part represents liquid
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Table 2 Calculation parameters

No. a/mm b/mm ¢/mm Liquid Vina/(mm-s™") Reax Oh/1073 /s bis
1 2 12 3 SF 2 493 215 4.70 0.0743 0.531
2 2 12 3 SF 5 36.7 65.8 115 0.0781 0.212
3 2 12 3 SF 10 26.6 23.2 23.1 0.0808 0.106
4 2 12 4 SF 2 415 197 4.50 0.0977 0.745
5 2 12 4 SF 5 31.4 59.7 11.1 0.104 0 0.298
6 2 12 4 SF 10 21.9 20.8 22.1 0.110 0 0.149
7 1 14 5 SF 2 45.8 232 430 0.0938 0.642
8 1 14 5 SF 10 25.1 25.4 21.4 0.104 0 0.128
9 2 14 5 SF 2 39.2 216 4.20 0.121 0 0.987
10 2 14 5 SF 10 21.2 23.4 20.5 0.138 0 0.197
11 3 14 5 SF 2 33.4 198 4.00 0.154 0 1.350
12 3 14 5 SF 5 253 60.1 9.90 0.170 0 0.539
13 3 14 5 SF 10 16.6 20.9 19.8 0.1850 0.270
14 3 14 4 SF 2 38.9 217 4.10 0.123 0 1.050
15 3 14 4 SF 5 30.0 66.9 10.2 0.134 0 0.419
16 3 14 4 SF 10 21.1 235 20.4 0.141 0 0.210
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