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Numerical simulation of fluid-solid coupling and membrane force
analysis of flexible tank

WU Qiangian, CAO Zhikai, LI Wei, WU Xuee”

(College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract : [ Objective] Recently, flexible tanks have received significant attention as a novel form of liquid storage equipment.
Constructed from flexible materials, these tanks are lightweight, collapsible,and cost-effective to produce and transport. However, in
large-scale application, these tanks face challenges due to limited ability to withstand liquid stress. resulting in damage and
deformation, which significantly reduce the lifespan and safety of the tank. Current research has not delved into three-dimensional
numerical simulations on the impact of internal loads on the membrane force on flexible tanks. In this context,a three-dimensional
numerical model was developed using LS-DYNA software to analyze the membrane force on flexible tanks and examine the influence
of internal loads and tank structure on membrane force. [Methods] Firstly, the control volume method was used to simulate the filling
process of the flexible tank to obtain its initial shape. A fluid-solid coupling model was developed using the structured-arbitrary
Lagrange-Euler (S-ALE) method,and the simulation results of membrane force were validated through curvature analysis. Finally,
the study examined the effects of liquid filling height and the tank’s length-to-width ratio on membrane force. [ Results] The reliability
of the constructed model was verified by comparing the results of the constructed model with the curvature model. Compared to the
traditional ALE method, the SSALE method effectively addressed reservoir leakage issues during the simulation process and improved
the accuracy of membrane force calculations. The simulation results further indicated that the membrane force of the flexible tank was

concentrated at the corners,while the stress distribution in the rest of the tank remained uniform. This is because the membrane force
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and static pressure of internal liquid could be balanced by adjusting the surface curvature of the tank. The liquid filling height (H)

was the critical paraments influencing membrane force on the flexible tank, and the membrane force was quadratic with the liquid

filling height. For the safe design of flexible tank, H should be reduced,and in the case of thermoplastic polyurethane materials, H

should be kept below 1. 80 m. The effect of the length-to-width ratio on membrane force indicated that membrane force increased as

the ratio increasesd, with the effect becoming more pronounced with higher filling heights. Therefore, reducing the length-to-width

ratio is recommended in the design of storage tanks. [ Conclusion] A three-dimensional numerical model was developed to analyze the

membrane force on flexible tanks, using LS DYNA and a combination of the control volume method with S-ALE. The impact of

internal loads on membrane forces on flexible tanks was examined, providing valuable reference data for the structural design of

flexible tanks.

Keywords: flexible tank;membrane force; structured-arbitrary Lagrange-Euler method; control volume method

BRI S — Tl el AR ZUR R WA A A i 2208 8L N
HMERBEYTIIR SE ARL BL Y BT A R A AL AR
R s FRAATHEAE SRy — b 7 LA R B 5 AE A il Tl b A5 3]
J Uz TR RN L AR A A% G AR it o 1 AR L 3K
PR B 4% 0T i 2 T A & L W B RIS B R A IR A
SR AE TSI FH 3 55 v iy T A SRR E R e wfe
VASCHERA N, 1 S BOR A TERAD RIS TE S [ L, ™ H 5%
M A E iy AN 2 AP SRy T i Rk S ] i, 5 X
RARIE R ZE A I BEIEA TR AT ST RIS HT » W52 FL i i
BLERASZ 0 R 22, 52 A R R Ak 8.

TR A 28T VA B A e R S i il
A RIFE IS S R, Horh — B T s RS A
Fe i BE g — L T S B i A R 1 RO SRR
PACHE 78 . A X S Al AR 0 AT 4 S O RE
{RIRZA ALY S 45 180 200 m® Je LA O
W AP e T R S B i i T T Sk 1Y S 9 R e A
B, 77 FLALALLR A 5% R0 B A8 T R 45 AL 3 ) T 2
Bz — il BUE A AR AT PR RE A [R) o0 T 132 7
75 00 T Ay SRR B T HEAR S AR S, SR AR E
FAYIREAA Ry P AR} 78 YA R 7 i T S 4 0 FDVRAAR
HEJIRVER T & R A AR AR B E A2, S B e
ARG E s R B GER T AR 5 e 8 PN VAR 1) 43 A
I B T T 52 W 8 AR 119 32 T RS L TR, 2R T A
UMA77 L 1 DG R G 4 3% Ik TR 45 TR, 2% P AR A
S A R A SR A =2 [ ) A LA L L 5500
FHA BRIT T BB T AR S R BB AR s IR A
TR TE ) SO AR T R SR AL T A SR (B R
WHARTERAPIRAS T BN . 2R 4 1 TR
PR A FURAT 2 A7 4% B H BX 7 Carbitrary Lagrange-
Euler, ALE) M5 G 1077 5% AR E AT = AEsh 505
T SR B, 0 A2 s i 0 N AR RE 1 30 ) e
N7 DL K BB ) A HEAT T A A, 2% AR AR DO R AT
BBEMHAE AR ALE Jrikifie T2 & S HRIR A4
BRI IARA EL » R A BE = 2 )5 B 1 RS TR 3% o 12

T S2%, BRZEAET Wy AR ) ) = 2 A% JEL i, 4k
RGN EE AR T B IE 2, F TR
B RER R T A, BT, POARRE 2 Y R
HESMIR BT AR TE 2 1 328 007, R % S8 A
AT (TR s ) A B 45 0 (AR 5 LD X B4
M S 52 11 Osadolor 25 Al RAE R H %
FIURABAE AT EITE T 100~1 000 m* 25 5 1 1k
At e RS T s I S 1 2 A0 AR v I 1) il
F107 R AR A PR T 4 2 T PN 2 e 2 4K
TRTETRERE g ) R IR 22—, P 3 for 28 Ak 235 1)
BRURE B T 53 A F0/N, T2 E L 22 BB
e, PR TR A GY = 4E Sl AT SRR HE PN 5B 28 for S 245
A XoF AR S I 1 1% 52 o LA o R S A AT RR
TC Y 22k A ALE J5 v 4 31 3 [ 8 4 [R]85 7%
J5 A0 RS R BRI A A LA B 1 75 T 1)
HTE RTS8 LY. 4581k ALE Cstructured-
ALE,S-ALE) J 25 388 2 8 i Y 307 1 33 3 4 {0 552 30
SR 00 AR BLAE T T SE ik ALE J5 ¥ A 3
[ R A B G35 Ui ) L,

A SR 428 i A4 BRI 0 2 2001 B 78 WS 1 )
WIEAS T 5 SR 8 3476 He LU IR TZ 7 25 1Y A 4L
PE. TERI AR 1 B Al b 2% B AR B AR R T S
ALE J7 B 3EAT it R & 20 87 i ALE J7 ¥EAFAE )
B ) 80, R AT A UACIRE W FBE 7, I 0 BT S A e e A
JEE A B LX) 2 A T TS g 118 5

1 HETERE

L1 #=HREREERER

TR FARE AR DR AR RN P AR X By
VEBIE T I WG B » ST 2R 2 BT HAR. Faihil (R
S ) 2 v P O PR AN IR S S Tl AR AR g 4
il T A Y e BT, PR RS I [ A5



.+ 832 - TR 24 CHARFRE RO

2025 4F

BRI ST R L 1) 5 24 A 2 i AR BV
At AT DUR] 2 i 2 1 BT i S8 P T A AR R
AR S F i A Rl i Green @ FER S

Msé MY drdyde =— MW % dzdydz +3§¢«Irn,,. dr.

dx

)
X ¢ O N REG 2y 2 NESEIE AR AT K
AR GOT s — 8 B 3R B P AR AR 95 & U M Es
TN PR R s, AR AR
5 a JhO7 RS ARGLAE . vx 71 T LA 2R 7 =X
TR s I MEE REL ¢ 1 & HFREAE AR 2T AR
g3 R R T LS

V= Jﬂdxdydz. (2
B2 D) AT B R R

$ =1, 3

v = 7. 4
Al A RIS

V= Jﬂdrdydz = ﬂgmxdp (5

S AP ARyl TR AR vl LS AL S A 02 AR R ) i A B
JUHYEF, H

ﬂgxnl.df’% Do EmAL (6)
Horp N e R BBGX TRANITR o0 NP o &

bRy n, HETCIE S o a2 B RAREE, AR
BATT 1) T AL
1.2 S-ALE &E£EKRRE

148 ALE J7 R FH 310 oA 550 1 A 37 [ R A5 )
L A RN E

fi = kd,. D)
K, foskod: 0002 @ 7 I RIRRG T G NI Fg
HEE, = TsysZ.

S-ALE J&EH = ey ALE W IEFE A R R %
AR B R A AU 38 G delta T BLREOAR
I PRI A S B AR XA VR iAo 1 4% ] Bl 1)
TR T 5 T4 R S B A A 1 B A . % T
AR T ALE SR 31 pR 8 1k Ab PR 1422 fi
JIT I B4 92 7 ) A, AR ) Ty R AT

o 2w e V) = Vp o pdu+ FGra . (®)

at
V' u — 09 (9)
F(I"yt) :Jf(\yt)a(fix(53t))d51 (10)
%;“ — w(XCsa) D). (D

(8 FI(D) FRAT] L5 N-S Jr e, Kb w i
B p RISAIETT ¢ ISR, o AR B )
BB, FGroo Rk 3 BRI A BT, r AR
ABMRAL . 2 (10) R R 7 I I 53 A bR &L =X
S Csar) R AR L B B Ty s s Ayt A T £ )
ZHAEH, X(s,t) N Dirac delta BRE, 6 AEHLI)
Dirac PR,

2 REERERENET

2.1 WIERSERIE I E

FEIR(25 m® .50 m® F1 100 m® ML) (GJB
4219A—2013)" , E FHA 25 58 100 m® AR A
YERREIXT G2, ARGE - RS 10, 95 mX 9. 53 m,
FEREJELRE S 2 mm, 2R 0. 1 m>X0. 1 m (72 EATCRH
HEFFRIAY , Mo SR 0.1 mX0. 1 m>X0. 1 m [ [ {42
TG » FRRGE RS JUAT A AL an 1] 1 JF 7. MR SR
H Belytschko-Tsay 52 I B850 , % FHHiA% B H 8.0
Bk, TR E N 2 mm, B IR E R 3, % AT
RS T RAEIE AN K % 3 ) B3, 5 HL AT LASR TR 2R
PEAA ALY 200 Wl TR FHAE R 7 [ A PR Rk,

S S EN

BT AR RS 1A BROT R

Fig. 1 Flat state finite element model of flexible tank
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Tab.1 Material model parameters of flexible tank

*j‘*‘;['gﬁ% p/(kg . mfa) M (;10/ 10() Pa C‘m/ 109 Pa (jn/ 10“ Pa Cz()/ 10“’ Pa C()z/ 1010 Pa

077 900 0.48 —1.436 1.473 —1.558 6. 482 9.532
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Tab. 2 Geometric parameters of flexible tank after liquid filling

WUE A W E KEZ

&
W

BHMA/m® SR /m® 8R22/ 0 BUE/m SCH{E/m R22/ )0 BIUE/m SCH{E/m 22/ 0 BUE/m SR {E/m $R2E/ %

51 50 2.6 0. 59 0. 58 1.7 10. 65 10. 65 0 9.23 9. 35 —1.3
71 70 1.1 0. 81 0. 81 0 10. 58 10.60  —0. 190 9.16 9.28 —1.3
79 80 —1.1 0.91 0. 95 —4.2 10. 53 10. 52 0. 095 9.11 9. 26 —1.6
90 90 —0.1 1. 04 1. 06 —1.9 10. 47 10. 42 0. 480 9. 04 9.24 —2.2
100 100 —0.3 1. 17 1. 20 —2.5 10. 43 10. 40 0. 288 9. 00 9.20 —2.2
105 105 —0.5 1.23 1. 30 —5.4 10. 40 10. 33 0.678 8.99 9.10 —1.2
109 110 —0.6 1. 29 1. 38 —6.5 10. 38 10. 27 1.071 8.96 9.05 —1.0
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Fig. 4 Fluid-solid coupling finite element model
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Tab. 5 Settings for calculated scenarios

ToHS BEAE/m /% FEREE/m
1 200 70 112
2 200 90 1.47
3 200 110 1. 80
4 400 70 1.18
5 400 90 1.53
6 400 110 1. 89
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