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The Avalos — Triggiani problem for a system of wave equations and the linear Oskolkov
system is investigated. The method proposed by G. Avalos and R. Triggiani is used to
prove a theorem on the existence of a unique solution to the Avalos — Triggiani problem.
The underlying mathematical model involves the linear Oskolkov system describing the
flow of an incompressible viscoelastic Kelvin — Voigt fluid of zero order and a vector wave
equation describing a structure immersed in the fluid.
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1. Introductory Part

Let 2 be a bounded domain in R" n = 2,3, with sufficiently smooth boundary 0f2.
Let v = col(vy, ve, ..., v,) be a n—dimensional velocity vector n = 2, 3, the scalar function
p be a pressure, and the vector w = col(wy, ws, ..., w,) be a vector of displacement of a
body, which occupies the domain €2, and is immersed in a fluid occupying the domain 2.
Therefore, 2 = Q, U Qf,ﬁs N ﬁf = 00, = I'y, is the common boundary of €, and €.
Let us denote the outer boundary of ¢ by I'; (see Fig. 1). Our goal is to investigate the
Avalos — Triggiani problem |[1,2] for the case when the fluid in §2f is an incompressible
viscoelastic Kelvin — Voigt fluid of the zero-order [3,4]. The considered mathematical model
is determined by the system

(1 - sV, —puVu+Vp=0 inR x Q, (1)
V'U:O, iHRXQf, (2)
wy —Viw4+w=0 inR xQ,, (3)

with the boundary value conditions

vlp, =0, on R x Iy, (4)
v = wy on R x I'y, (5)
dv 0
8_1;_8—75:1)1/ on R x Iy (6)
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and the initial value condition
(’LU(O, ')7wt(07 ')7U(07 )) = (w(]awlavO) € H7 (7)
where H = (L*(Qy))" x (L*(Q))" x Hy, where H; is a closure in the norm of the

space (L*(Q,))" that is the space of infinitely differentiable solenoidal functions and
v = col(xy, 3, ..., x,) is a normal to the boundary T.

Fig. 1. Physical model

In system (1), the parameters x and p characterize the elastic and viscous properties
of the fluid, respectively. Earlier, in the paper [5], we considered problem (1)—(7) and
reduced this problem to a Sobolev-type linear operator equation. However, the question
of the solvability of the initial problem was left without attention. This article is devoted
to the elimination of this unfortunate misunderstanding.

2. Main Part

Following [1,2|, we assume that p satisfies the following elliptic problem:

ov ow
%:a— o v onRxIy, (8)
a—i Av-v  onRxTy

Then the pressure p can be represented as follows:

ov ow _
p= D““’{(E R V)Fs} + Ny((Av - V)Ff) in R x Qy;
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where the Dirichlet map Dy is defined by the relations

Ah =0 in Qf,

h:Ds(g)<fr’ h:g on Fsy

oh
%ZO on Ff,

and the Neumann map Ny is defined by the relations

AhZO n Qf,

h:Nf(g)@ h:O on Fsy

oh
@Zg on Iy

Then original system (1)—(3), which describes the interaction of the fluid and the body
immersed in the fluid, takes the form

(1— sV, — pV0+ Gw+Gow =0 inRx Qy, 9)
V-v=0, in R x Qy, (10)
wy —Viw4+w=0 inRxQ, (11)

with the boundary value conditions
vlp, =0, on R x Iy, (12)

v = wy, on R x Iy, (13)

where

G = V(DA )

s

Gow = ~V{D{(5 ) }+ Ny((dv- )y, )}

S

Let us rewrite problem (9)—(13), in which pressure is excluded, in the form of an abstract
Cauchy problem:
Li = Mu, u(0)=u, (14)

where the operators L and M are defined by the matrices

I O O @) 1 @)
L=101 O |, M=|A-1 O O ,
O O A, Gi O pA+Gy

and u = col(w, w;,v), A, =1—~kV? I isa unit operator whose domain is clear out of
context. We study problem (14) based on the results obtained in [6-8].

Lemma 1. Let k € Ry and v € R, then the operators L, M € L(G,H) (linear continuous
operators from G to H), and there exists an operator L~ € L(H). Here the space G =
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(H%(Q))" x (H%(Q))" X Gy, where G; is a closure in the norm of the space (H*(%))" that
is the space of infinitely differentiable solenoidal functions such that (12) and (13) hold.

Theorem 1. For any k € Ry, p € R and uy € G, there exists a unique solution to
problem (14) v € C*(R, G).

In conclusion, note that in the future we intend to develop our research in the direction

indicated in [9, 10].

This work was supported in part by the Ministry of Science and Higher Education of

the Russian Federation, grant no. FENU-2020-0022 (2020072I'3).
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3ATAYA ABAJIOC — TPUTTNAHUI
J1d JUHEVMHOWM CUCTEMBI OCKOJIKOBA I CUCTEMBI
BOJIHOBBIX YPABHEHUI. 11

T. I Cyxauesa, I A. Ceupudiox

Uccirenyercst 3amada ABajoc—Tpurruanu Jijisi CHCTEMBI BOJTHOBBIX YPaBHEHUIT U JINHET-
Hoit cucrembr OckosikoBa. Ha ocHOBe MeTO/Ia, TPEJIOZKEHHOI0 aBTOPAMU YKA3aHHOM 331891
JIOKa3aHa TeopeMa CyIIeCTBOBAHUS €JMHCTBEHHOTO perteHus 3ajaqdu ABajoc—Tpurruanu.
MaremaTndeckasi MOJENb COIEPXKUT JinHeitHyo cucremy OCKOJKOBa, OMUCHIBAIOILYIO Te-
YeHre HEeC2KMMAEeMO# BSI3KOymnpyroi xkujakoctu Kenbeuna — Poiirra HyJI€eBOTO MOPSIKa, U
BOJIHOBO€ BEKTOPHOE ypPaBHEHUE, COOTBETCTBYIOIIEE HEKOTOPOU CTPYKTYPE, IIOIPY2KEHHOI B
YKa3aHHYIO 2KUJIKOCTb.

Karoueswie caosa: 3adaua Asanoc—Tpuzeuanu; HECHCUMACMASA BAZKOYNPY2QA HCUO-

rocmuv, aunetinas cucmema Ockoaxosa.
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