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The instability of a fluid-supported inhomogeneous film:

A mechanical viewpoint
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Abstract: The system with a film supported by fluid substrate can be widely found in nature and has
important applications in engineering fields such as functional surface preparation. This work focuses on the
instability mechanism of a fluid-supported inhomogeneous film, and establishes the relationship between
geometric and material inhomogeneity and film instability mode. The effects of the length, position and
elastic modulus of the defect on the evolution of the film surface instability morphology are studied by
numerical simulation. Experiments of the instability of polyester film with prefabricated defects on the
water surface are realized by self-designed devices, and the experimental results show that the instability
morphology is consistent with the numerical simulation results. By pre-coating the uncured molding gel on

the film, the molding gel can copy the instability morphology to form a mold. This work provides not only
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guidance for the optimal design of the fluid-supported film instability morphology, but also an approach for
the preparation of films with specified special morphologies.
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Fig. 1 Schematic of a fluid-supported inhomogeneous film under compression
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Fig. 2 FEM simulation results of instability pattern on film surface

with three different modulus ratio
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Fig. 3 FEM simulation results of initial instability pattern on film

surface with different modulus ratio
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Fig. 4 Self-designed system for the experiment of a fluid-supported

film under compression
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Fig. 5 Instability pattern of uniform film in experiment

R 5 Ca) T , 350 s PR R TR TR 40 5 7 vh B SEAE A R P B S LE SR IR A 0 R RROE 5 B R
AR AL 78 B K, HEREEAE T S TR BN {3 T 3 K B A B TR AL i G 4 B R 4 U 32 T %, An L 5 (b) TR
IR AR 5 K 2(h) A BRITH S5 R W) A BT .
2.1.2 FEHHHER

R 38 3k SE IS PRI R B EB A 1 3 AN S i R B i A R A ) X TR AR Y S L A T A A A R
TR EE B L T IR SR S 0 ) LR AR B L ) i SR 3 ok A2 T B I AT 3R M L RN B S

Wi X T W EC T 2 R W A BB E A /12 PR T DL o i R L 4 el e
PERE I AR, BB TR D AP AR 3 WO TG R . S M B i L i S 80 v =1 Ik, gt 7 B 350 4 1 o vk
FRJEE B B 22, DO/ Bl B 95 4 1) SR SRR . R AR R S G v g A ) TR TR B R A R ks i B R 0 114 L
B 2h B MR LGS EL v =8 B AT A TR BN E A /2 B AR SR vy =1/8, FEIX 2 FP
PR AR A IR A5 A T o P 0E — 2 3 ok e 78 Bl 8 0 0 ) K RN R XL 5 S 114 2 ST A O 55 AL 4 SR Ay
XiF R LB AE B 3 I8 X AR R S A B R R

LR LI S BOR T 1R SEE AR e R R 12 pm (9 PET 81 A 38 B 32 0 L o HC 36 1 i s
—BL 12 pm WBELIE BCBRFE (r =8) . [ 6 45 T SZ B4l AL L DL S I 19 A B G DL 45

WE 6 TR, L, =5 mm B, L3557 38 B BE 7E 42 J5 T2 1 1E 5% T8 R 48 45 1) 00 4 S R B 30 L 5 1 5 i g
ARG DUAARL , T VR 2 e ) 2 & A= 7 i B 3 43 1 — M5 181 6 (b) TR o L, =10 mm MR RT3, 7] LU %)
FH T B0 A 08 0 K 2 3G DKL ) T 2R R B G R T A0 1940 M {1 A 9 5 8 3 R X6 i /D & T R R AR T R 2 i A A B
AT —M ;25 L, =15 mm B, BT 5 G E 7 A9 4 B8 3E — 20 38 K, RS ) G J et B 5t o 48 43 1) i 1 B /N, R
FROE S0 T T 30 (0 R R FROE 5005 105 PR A0 IS 0 A AR 2 81, BRIV o 30 A 85 6 35 4 1) — L An ] 6 (o) BT 7R . ML
B Rl DL 3 A S0 00 25 L 54 BR TR L 45 R W & 38 4f .

B SRR LN T TR SRk 2 RREE N 6 pm 1Y PET WEBORG S AF — VR MR E R, B
SN HR 1 S — B OB BB (r =1/8) . W0T&l 7 Bt/ o 7 AS ) A ol [ B FBE 45 12 9 55 49 o7 ol s Acb
K HEARNR ARG AR S 2 e b 58 B2 R 5 mum B2 SRR G A% AT BB B8 B 8 10 mm A 15 mm B S X F 2k
o, 2 S A5 R AN BT S R4

TEy=1/8 Fl y=8 X 2 Bl Z5 1T o Ak L B B e 78 40 78 9 JE oy 9 067 8 %o vl RS R AR A 52 0 . 7E A B TS
ARG, BB A AR K B L, =5 mm, 2 3 MR [E AL 8 S5 ¢ (¢=0.125,0.25,0.5) #ATHF5E .

GEIRFRM Y y=1/8 B, WEREE v Bl B T 43 1) L e s A TS R A 2R BRI DX B (R SR AR AN S e R R T S
57 SRS 2 =8 W, MR S A A R AR B A R 46 0 B8 1Y R, I TR AR 0 B A Sk B
55 HC R P 25 1 i 35 =2 ) A DX, 25 SR 5 1R 6 AL



% 41 %

—_— e
(a)L,=5 mm (a)L,=5 mm
—_—\
(b)L,=10 mm (b)L,=10 mm
- ¢ : N =
————NS
(¢)L,=15 mm (¢)L,=15 mm
Elo6 =%y=8,¢g=058  XEMFRITEMUFINTSE B7 Zvy=1/8,q=050  XRMERTEUGINFE
TEKERBIEBRXRT R LE TEKERBINEBR KRBT R LE
Fig. 6 Comparison of film instability patterns by Fig. 7 Comparison of film instability patterns by
experiments and numerical simulations experiments and numerical simulations with
with different defect length, where y=8,4=0.5 different defect length, where y=1/8,4=0.5
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pattern of uniform film pattern of inhomogeneous film under three sets of parameters
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