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Formulation of the problem

Fluid domain

in Qg = (O, L) X (O, 8) gut
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Formulation of the problem

Fluid flow

ot — pAuf +Vp* =g° in Q. x (
divu® =0 in Q. x (0,

u*=0 on Iy x (0, T;)

ve=0, p°=0 on 5 x (0, T,)
ve =0, p = A(t) onT, x(0,T;)

9

u?(-,0)=0 inQ.

Ut = 0, v = 8th€ on F‘Z X (0, Tg)
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Formulation of the problem

Plate equations

0% ,_. 1= —psb0F B —BOZh*+MbydZh*+f*  on Igx(0, T2)

h*(0,-) = 0xh°(0,-) =0 in (0, T2)
h*(L,-) = Oxh°(L,-) =0 in (0, %)

B (-,0) = 9:h°(-,0) =0  in (0, L)

Assumption:
!Ln})(€~3(5)) = By € (0,+00)
lim (¢ - M(e)b(e)1(€)) = Mo € [0, +o)

Andrijana Curkovié The interaction between a thin fluid layer and an elastic plate



Weak formulation and energy estimates Weak formulation
Energy estimate

Variational formulation

—pf// Gttpdxdydt—|—2u// ©) dxdydt+
—H\/lb'y/ / Dy 20y h® dxdt + B/ / 20202 h® dxdt—
—Ps / 8tg028th dxdt = / /E o dxdt+
// o g° dclydt — // A dydt

out
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Weak formulation and energy estimates Weak formulation
Energy estimate

Time rescaling

A(H) = Awt) = AF)
F(at) = flaw't)=Ff
g (x,y,t) = g(x,=,wt)=g(x,=,t)
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Weak formulation and energy estimates Weak formulation
Energy estimate

Test function ¢ = u

2;4/ e(u®) : e(u) dxdy + w° d(”/ u® - utdxdy +
Q. dt Q.

Mb'y/ Db 2 dx +B/ 0207 | dx + ()22 / 10ehe dx):

€ L
—/ AuE(L,-,t)dy—i—/ ve(-,e, t)dx+/ g° - uf dxdy
0 0 c
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Weak formulation and energy estimates Weak formulation

Energy estimate

)
2
rmﬁzwﬂh@n+A A7) dr

:
\W@—Wﬁwmwmm+41@ﬂﬁﬂguw
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Weak formulation and energy estimates Weak formulation
Energy estimate

A priori estimates

H 2 Bw® 2
5 IVUllia@. o, mys + =5 100" Lo o, 7i120,0)) =

(A)ELS 2 CUEL4 2
< (AR + S if
_(63 A1+ < 1B, +

3
€ 2
HAHL2(0 T) Z ”gHL2(Q><(O,T))2) e
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Existence and regularity of a solution

Existence and regularity of a solution

If the given functions f, g, A belong to spaces H'(0, T; L%(0, L)),
H(0, T; L2(Q)) and H*(0, T) respectively, than for every ¢ > 0
there is unique weak solution of the problem such that

u® € HY(0, T; HY(Q:)) N CX([o, T]; L3(R.)),

h® € H?(0, T; L%(0, L)) N H*(0, T; H3(0, L)),
p® € L%(0, T; [2()).
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Rescaling of the domain

Asymptotic expansions

The reduced problem
Asymptotic analysis The limiting problem

Rescaled functions

Let us introduce the following sequence of functions defined on a
fixed domain Q = Q4

u(e)(x,y) “(x.ey),
p(e)(x,y) = p(x.ey).
Every rescaled function satisfies
lu@)lz2) = & e liz. -
loxu(e)lfz) = e 10xu"lE2q,y -
Hayu(g)Hi2(Q) = 5Hay“€Hi2(QE)~
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Rescaling of the domain

Asymptotic expansions

The reduced problem
Asymptotic analysis The limiting problem

Estimates

1
R ||ayu(€)||i2(9><(077’))2 +e ||5xu(5)||f2(nx(o,T))2 +

+ [|0ch® [ foo g0, 71120.09) < CE>

HP(5)||L2(QX(0,T)) <C

1
10xP(E)l =10,y x 0,79 2 1Oy P(EN| 10,y x 0,77y = €
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Resc f the domain

Asymptotlc expansions

The reduced problem
Asymptotic analysis The limiting problem

Asymptotic expansions

ue) = =N ekuk, uk = (uk, vk
M=o

pe) = Y &
k>0

h* = 5Z€khk
k>0
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Rescaling of the domain

Asymptotic expansions

The reduced problem
Asymptotic analysis The limiting problem

Effective equations

V=0
Oxu+0,v=0 in 2x(0,T)
Oyyu = Oxp — 81 in Q2 x(0,T)
p = p(x,t)
—p=—Bodth+ Myd?>h+f  onT.x(0,T)
v = 0:h onlex (0,7)
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g of the domain
Asymptotic expansions
The reduced problem
Asymptotic analysis The limiting problem

Initial-boundary conditions

(u,v) = 0 on Ty, x(0,T)
u =0 onTex (0,7)

on F,-,, X (07 T)
p = A on Moyt x (0, T)

o
\
o

Andrijana Curkovié The interaction between a thin fluid layer and an elastic plate



Rescaling of the domain

Asymptot Xpansions

The reduced problem
Asymptotic analysis The limiting problem

Effective equation

1
Oeh(x.0) = 300plx.t) = [ 361 0m(x.6.r)de

—p=—Bydth+ Moi?)z(h +f onlex(0,T)
1
—120:h — 6/ £(1 — €)dxgi(x, &, t) d€ = —Bod%h + Modh + 9>f
0

(—Bodsh+ Modzh+f)| _, = 0

(—Bodth+ ModZh+ f)| = —A

x=L
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g of the domain
Asymptotic expansions
The reduced problem
Asymptotic analysis The limiting problem

Convergence results

U= {90 € L?(Q): Oyp € L2(Q)}

lelly = Ielliz + 18yl 2y

6%u(s) — u = (u,v) weakly in L?(0, T; U)
p(e) — pweaklyin L3(Q x (0, T))
h* ,
— — hweaksxin L>(0, T; H3(0, L))
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g of the domain
Asymptotic expansions
The reduced problem
Asymptotic analysis The limiting problem

Limit (cluster point) properties

v = 0
1
Oth+8X/u(x,y, t)ydy = 0 in the sense of distributions
0
hE
Ol dth  weakly in L%(0, T; H71(0, L))
€
op = 0

u=20 on LUl x(0,7)
h(0,-) = 0xh(0,-) = h(L,-) = Oxh(L,-) =0 in (0, 7)
h(-,0)=0  in(0,L)
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Rescaling of the domain
Asymptotic e

Asymptotic analysis The I|m|t|ng problem

Weak formulation of the limiting problem

T T
//8yu8y<p1 dxdydt+Mo// Oxp20x h dxdt+

+Bo// 020202 h dxdt — // ©of dxdt— //pdlvgpdxdydt:
—//Lplgl dxdydt—// A(t)p1 dydt
0 Q 0 rout
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Rescaling of the domain

The reduce
Asymptotic analysis The limiting problem

Assumptions

f e H*0, T; L3(0, L)) N L2(0, T; H*(0, L))
g = (g1,8) € H'(0, T; L*(Q2)?)
g1 € 2(0, T; HY(Q))

A€ H?(0,T)
F(x,0) + A(?)X ~0
A(LO) —g1(x,0) =0, g(x,0)=0

1
Gx,1) = /O y(1 - y)oug dy
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Under the above assumptions there exists unique solution
he H*0, T; H3(0, L)) N L2(0, T; H%(0, L))
of the initial-boundary-value problem

120:h — BodSh + Mod*h = —6G — 0°f,

h(0,-) = K'(0,-) = h(L,-) = H(L,-)
Bod*h(0,-) — Med?h(0,-) = £(0,-),
Boﬁih(La) - M08>2<h(L7 ) )

h(-,0) = 0.

Every convergent subsequence of solutions of the rescaled problem
converges weakly, as € — 0, to this unique solution.




Thank you for your attention!
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