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Abstract. The paper studies the fluid flow profile contained between the orthotropic plate and rigid wall under the
action of the moving load on the plate and main attention is focused on the fluid velocity profile in the load moving
direction. It is assumed that the plate material is orthotropic one and the fluid is viscous and barotropic compressible.
The plane-strain state in the plate and the plane flow of the fluid is considered. The motion of the plate is described by
utilizing the exact equations of elastodynamics for anisotropic bodies, however, the flow of the fluid by utilizing the
linearized Navier-Stokes equations. For the solution of the corresponding boundary value problem, the moving
coordinate system associated with the moving load is introduced, after which the exponential Fourier transformation
is employed with respect to the coordinate which indicates the distance of the material points from the moving load.
The exact analytical expressions for the Fourier transforms of the sought values are obtained, the originals of which are
determined numerically. Presented numerical results and their analyses are focused on the question of how the moving
load acting on the face plane of the plate which is not in the contact with the fluid can cause the fluid flow and what
type profile has this flow along the thickness direction of the strip filled by the fluid and, finally, how this profile changes
ahead and behind with the distance of the moving load.

Keywords: fluid flow profile; orthotropic plate; compressible viscous fluid; moving load; hydro-elastic
system; Fourier transform

1. Introduction

The fluid flow and its profile in the “plate + fluid systems” is one of the main factors for the
detailed analysis of the dynamics of these systems. A characteristic feature of this flow is that it is
caused by a moving load acting on the fluid through an elastic plate which is in contact with this
fluid. Consequently, the mentioned flow of the fluid can also be considered as the fluid response to
the moving load. Another aspect of the mentioned dynamic process is the determination of the
possibilities through which it can cause the fluid flow by the action of the moving load acting on the
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plate in contact with this fluid. Therefore, the subject of the present paper which relates to the
determination of the influence of the problem parameters on this flow in the “orthotropic plate+
compressible viscous fluid+rigid wall” hydro-elastic system has not only theoretical but also the
practical significance.

Note that in earlier, the dynamics of the moving load acting on the plate+fluid systems which are
taken as the model for the floating bridge was studied in the papers (Wu and Shih 1998, Fu et al.
2005, Wang et al. 2009, and others listed therein). However in these papers the fluid response to the
plate on which the moving load acts, is taken into consideration within the scope the linear spring-
type model, according to which, the hydrostatic force (denoted by R) appearing as a result of the
plate - fluid interaction, is determined through the relation, where is the vertical displacement of the
plate and is the spring constant. It 1s evident that in the aforementioned investigations the fluid
reaction to the moving load is taken into consideration only through this spring constant. Moreover,
it is evident that the approach used in the foregoing works is a very approximate one and cannot
describe fluid flow profile which appears as a result of the acting moving load on the plate. Note
that such describing can be made within the scope of the approach developed in the works (Akbarov
and Ismailov 2014, 2015, 2016, 2017, 2018, Akbarov et al. 2017, Akbarov and Panakhli 2017,
Akbarov and Huseynov 2019 and others listed therein) which are employed for investigations of the
dynamic response of the hydro-elastic (-viscoelastic) systems consisting of the plate, compressible
viscous fluid and rigid wall to the time-harmonic moving load acting on the plate. The detailed
review of these investigations is given in the paper (Akbarov 2018) and some parts of those are
detailed in the monograph (Akbarov 2015). It should be indicated that in these works the motion of
the fluid is described within the scope of the linearized Navier-Stokes equations and the motion of
the plate within the scope of the exact equations and relations of elastodynamics. However, in these
works, the concrete investigations are made for the fluid flow velocity and fluid pressure acting on
the interface between the fluid and plate. Consequently, in these works, there are not any
investigations on the fluid flow profile across the thickness of the strip filled with the fluid under the
action of the moving load on the plate.

Note that the study of the fluid flow profile in the fluid-plate systems, in general, was not the
main subject of the related investigations which were started in the paper (Lamb 1921), which
studied the natural vibrations of a circular elastic “baffled” plate-still water system by utilizing the
so-called “non-dimensional added virtual mass incremental” (NAVMI) method. In the papers
(McLachlan 1932, Kwak and Kim 1991, Amabili and Kwak 1996, Amabili 1996, Kwak 1997, Kwak
and Han 2000 and many others listed therein) it was developed the aforementioned Lamb’s
investigation. It should be noted that in all these investigations the fluid is modelled as an inviscid
incompressible one and the motion of the plate is described within the scope of the Kirchhoff
hypothesis and the main aim of these works is to establish the magnitude of the influence of the
contact of the plate with the fluid on the values of the natural vibrations of the plate.

In some subsequent investigations, it is refused from the foregoing assumptions related to the
fluid properties. For instance, in the paper (Jeong and Kim 2005) it is investigated natural
frequencies of a circular plate submerged in a bounded compressible fluid. Moreover, in the papers
(Atkinson and Manrique de Lara 2007, Kozlovsky 2009) it is taken the viscosity of the
incompressible fluid into consideration, under investigation vibration of the plate which is in contact
with this fluid. The fluid viscosity is also taken into consideration in the paper (Sorokin and
Chubinskij 2008) in which it is considered the infinite plate fluid system and the motion of this plate
is described within the scope of the various approximate plate theories.

The model “an infinite plate - viscous fluid” is also used in the papers (Bagno et al. 1994, Bagno
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2015 and others listed therein) and also in the papers the list and the review of which is detailed in
the works (Bagno ef al. 1997, Guz et al. 2016) and detailed in the monograph (Guz 2009). At the
same time, in these works, the fluid is taken as compressible one and its flow is described through
the linearized Navier-Stokes equations and the motion of the plate is described by utilizing the three-
dimensional linearized equations of wave propagation in elastic bodies with initial stresses and
within these frameworks it is studied the wave propagation in the plate-fluid system. Note that the
same equations and relations were also used in the works (Akbarov and Ismailov 2014, 2015, 2016,
2017, 2018, Akbarov et al. 2017, Akbarov and Panakhli 2017, Akbarov and Huseynov 2019 and
others listed therein), which are already noted above. We recall that in these works it was obtained
the results related the stresses and velocity distribution on the interface plane between the fluid and
plate in the cases where on the plate acts one of the following type load: the time-harmonic load, the
moving load and the time-harmonic moving load. Note that these results can also be used as
qualitative information on the pressure distribution under dynamic loading of the fluid-structure
interaction systems the consideration of which was also made in the papers (Hadzalic ef al. 2018,
Kelvani ef al. 2013, Mandal and Maity 2015 and in many others which are listed therein).

In all the reviewed above papers, except the paper (Akbarov and Huseynova 2019), it was
assumed that the plate material is a homogeneous and isotropic one. In connection with this, the
results obtained in these papers cannot be applied for the cases where the plate, made of composite
(or anisotropic) material, is in contact with the fluid. The examples for such cases are given in the
papers (Shiffer and Tagarielli 2015, Das and Kapuria 2016, Kaneke et al. 2018, Gagani and
Echtermeyer 2019). According to this statement, it was appeared the need to develop of the
foregoing investigations carried out in the papers (Akbarov and Ismailov 2014, 2015, 2016, 2017,
2018, Akbarov et al. 2017, Akbarov and Panakhli 2017 and others listed therein) for the cases where
the plate material is anisotropic one. Such development was made in the paper (Akbarov and
Huseynova 2019) in which it was investigated the forced vibration of the “orthotropic plate+
compressible viscous fluid+rigid wall” system and it was established the influence of the plate
material anisotropy on the interface stresses and the interface velocities.

In the present work, we attempt to develop the investigations started in the paper (Akbarov and
Huseynova 2019) for the case where on the plate the moving load acts and to study the fluid flow
profile across the thickness of the strip filled with this fluid. As well as to study the change of this
profile with the distance from the point at which the moving load acts.

2. Formulation of the problem and governing field equations and relations

As in the paper (Akbarov and Huseynova 2019), consider the hydro-elastic system * orthotropic
plate-layer+compressible barotropic viscous fluid+rigid wall” schematically shown in Fig. 1,
according to which, the Cartesian coordinate system Ox;X,X3 is associated with the upper face
plane of the plate. Within this coordinate system the region {—co<X <+400;—h<X, <0;—00<
X3 < +oo}is occupied by the plate and the region {—co <X <+oo; —h—hy < X5 <—h; —00< X3
< +oo}is occupied by the fluid, where h is the plate thickness and hq is the fluid depth, and the plane
X, =—h—hy illustrates the rigid wall. In Fig. 1 the Oxs axis doesn’t shown this is because it is
assumed that this axis direction is perpendicular to the Fig. 1 plane and the distribution of the
external forces with intensity Po which are located on the line {—oo < X3<+40;X% =Vt;X, =0}
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Fig. 1 The sketch of the hydro-elastic system consisting of orthotropic elastic plate,
compressible viscous fluid and rigid wall under action moving load

and move along the Ox; axis with the constant velocity V doesn’t depend on the coordinate Xs.
Consequently, according to this statement, it is appear the plane-strain state in the plate and plane
flow of the fluid in the Ox1x2 plane.

Assume that the plate material is an orthotropic one the elastic symmetry axes of which coincide
with the coordinate axes Oxi, Ox, and Oxs, and this assuming is the main one, according to which,
the formulation of the problem in the present paper differs from the that given in the paper (Akbarov
and Ismailov 2015).

Thus, within the framework of the foregoing assumptions, we write the field equations and
relations for the constituents of the hydro-elastic system.

The equations of motion for the plate

5011 N 80'12 = p 62U1 00'12 N 80'22 —p 62U2 .

, 1
8X1 6X2 atz 8x1 8x2 atz M
The elasticity relation
011 =a1811 + 812622, O =312811 + A&, 012 =2G 181y, ()
where
Apo Ao A
A= Ap s A= —— o,
A1hor — A A1Aor — A Ai1Aor — A
1-vi3v3y V12 + V13V32 1-vp3vay
Aa=Tg s e Ay =T
1 1 1
visEy =va1E3, vorEp =vioBy, vapEz=vosE; . (3)
The strain-displacement relations
o duy 1 ouy ouy
£ =—%, Eop=—=", Ep=—| —+—=|. 4
11 8X1 22 6x2 12 2 8X2 aXl ( )

The following notation is used in (3) and (4): E1, E» and E3 are the modulus of elasticity of the
plate material in the directions of the Ox;, Ox; and Ox; axes, respectively, G, is the shear modulus
in the Oxix» plane, v; (i;j=1,2,3) is the Poisson’s coefficient characterizing the shorting (the

lengthening) of the material fibers in the Ox; axis direction under stretching (under compressing) in
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the Ox; axis direction; oy and ¢; (ij =11;22;12) are the components of the stress and strain tensor,

respectively; u1 and u, are the components of the displacement vector in the Ox; and Ox, axes
directions, respectively.

Thus, the closed complete system of equations and relations given in (1)-(4) are the field
equations related to the motion of the orthotropic plate.

Also, consider the field equations and relations related to the fluid flow. According to the
monograph (Guz 2009), it is assumed that the motion of the fluid is described with the following
linearized Navier-Stokes equations.

: 2y @) Cavs ) oV,
B R B e I i B LB L Y
ot 6XJaXJ aXi 6XjaXi ot aXJ
ST N WY\ P WP\ W cL BN
T _(-p + 2 9)5|J+2,u . 0= o
V. OV @
S LSS N Y S PRI (5)

g = . = _
Vo2l ek o % op®

In (5) it is made summation with respect to the repeating indices and the following notation is
used: p(()l) is the fluid density before perturbation, p() is the perturbation of the fluid density, p'V is

the perturbation of the hydrostatic pressure, V1 and V> are the components of the fluid flow velocity
vector in the directions of the Ox; and Ox; axes, respectively, 7j; and e; are the components of the
stress and strain velocity tensors in the fluid, ao is the sound velocity in the fluid, A’ and 4V are the
coefficients of the fluid viscosity.

For the solution to the equations in (5), according to the monograph (Guz 2009), it can be used
the following presentation for the velocities V1, V> and the pressure pV

dp @ op @ AW 42,0 g
Vl :§+£5 V2 :ﬁ_%ﬁ p(l) :,0(()1) —+(1),U A_a Q> (6)
10X 2 1 26
where the potentials ¢ and y satisfy the following equations.
@ @ 2 2 22
1+%2 A—iza—z p=0, (v(l)A—ﬁjt//zo, A=—+—, @)
agpy ag ot ot o 0Xg

In (7) v is the kinematic viscosity, i.e., v® = ;@ / p(()l) .

Supposing that p(l) =—(Ty1 +Tpo +Ta3) /3 , we obtain from the constitutive relations in (5) that
2
2@ _5”(1) ) (8)

Thus, the complete system of Egs. (5)-(8) describe the flow of the compressible viscous fluid.
Now we consider the formulation of the boundary, compatibility and impermeability conditions.

According to the foregoing discussions, on the upper face plane of the plate it must be satisfied
the following boundary conditions
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021|x2:0 =0, 022|x2:0 =—Ryd(x —Vt). (9)
It is assumed the satisfying the compatibility conditions

ay

auy
at 2

=V
1 X2:—h at 2

Xz :—h

Xo=—h Xp=—h

) (10)

, 02l =T
X2 h 2:—h

o =T
21|X2:_h 21,
on the interface plane between the fluid and plate.
Finally, it is also assumed the satisfying the following impermeability conditions on the rigid
wall
Vi

=0, V. 0. 11
ety 2 (11)

Xp=—h-hy

This completes the formulation of the problem under consideration and it should be noted that
this formulation differs from the corresponding formulation made in the paper (Akbarov and
Huseynova 2019) with the second boundary condition given in (9), i.e., in the paper (Akbarov and

Huseynova 2019) it was written e’ instead of & (x;—V7). Namely, this difference causes to develop

the solution method with respect to the problem under consideration and to obtain the different
results with respect to the fluid flow profile in the system under consideration.

3. Method of solution

As usual, the problems related to the moving load is solved by employing a moving coordinate
system which is also employed in the paper (Akbarov and Ismailov 2015) and in other related papers
listed therein and in the work (Akbarov 2018). Based on this provision, in the present paper we also
use the moving coordinate system determined through the following relations.

X =X-Vt, X;=X,. (12)

Note that below we will omit the upper prime on the new moving coordinates in (12).

Thus, rewriting the foregoing equations and relations in the new moving coordinate system we
obtain that they are valid as are if it is made the replacing the operators o/t and 6%/ot? with the
operators —Vo/ox, and V2&?/0x.? respectively.

Note that as a result of the fluid viscosity the problem under consideration the values of the
sought quantities are not symmetric or asymmetric with respect to the line x;=0, i.e., with respect to
point at which the moving load acts. Therefore for solution to the present problem unlike to the
problem considered in the paper (Akbarov and Huseynova 2019) for solution to which it was
employed the sinus or cosines Fourier transforms we must employ to these equations the exponential
Fourier transform with respect to the moving coordinate x;.

+00

fr(sxe) = | g %p)e ™ . (13)

—00
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Consequently, the originals of the sought values can be found through the integrals

~+00
1 . ‘- . . . isx
o [ {uir ur onr; O12F:022F ViR Vo Tuar s Tror s Toor €S (14)

—00
We introduce the dimensionless coordinates and dimensionless transformation parameter

before the employing the Fourier transformation (13) and upper bars in (15) are omitted in all the
subsequent solution procedure.

Now we consider determination of the Fourier transforms of the sought values and begin this
determination with the solution to Eqgs. (1)-(4) related to the plate motion. Thus, employing the
Fourier transform to these equations and doing some mathematical transforms we obtain the
following ordinary differential equations for the components of the displacement vector.

2 2
Ay —gdi2e  dUE e g4

, Duyp +B , (16)
dX2 ng dX2 ng
where
A=X2_s%a,/G B=saj, /Gy +5s D=X?2-52, G=a,, /G
11 12 > 12 12 > > 22 12 >
X2=w?h?[c} | cy=\Gr/p . (17)

Using the notation

AG+B2+D BD A A2 A (R
=——  By=—, K =y|-—4+4—-By , ko =4[—2—, |2 B , 18
#o G °7 G ! \/ 2 N2 0k > 2 B (1%

The solution to Eq. (16) is found as follows

Uog = Zleklxz + Zze_klx2 +Z3ek2X2 +Z4e_k2X2 ,

UWE = Zlaleklxz + Zzaze_klxz + 23a3ek2X2 + Z4a4e_k2X2 , (19)
where
~D -Gk -D-Gk3
a.l = a.2 = —a]_, a3 = , a4 = —a3 . (20)
% Bk

Using expressions (19) in the Fourier transforms of Eqgs. (4) and (2) the following expressions
for the Fourier transformations o21r and o2, of the stresses are determined.

Og-i = 7y (Kgaq —5)e2 + 7, (—kgap —5)e %2 + Z4 (kpag —5)e"2%2 +Z, (—kpag —s)e %2,
12

o a a a Ay )
ﬁzzl(s£a1+k1£]eklx2 +Zz(3£a2_klﬁje kixo +
G2 G2 G G2 G2
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a K, a1 A | —k,x
Z{sﬁa +k, ﬁje 2% +Zz(s—a4 —kz—Je 2% 21)
Gp G2 G2 G2

In this way we determine the Fourier transforms of the quantities related to the plate motion.

Consider also the determination of the Fourier transforms of the quantities related to the fluid
flow and begin this consideration with the determination of ¢r and wr from the Fourier
transformation of the equations in (7). Taking the relation

o =—sV'WPGr |, wE =—sV'hoyE (22)
into account, it can be written that
2~ dz~
d PF 152 2 ~1|¢p =0, —2F (sz—lsN )1/7 -0, (23)
dx5 1-idsq) /(3NW) dx5
where
0,V Nz Y (24)
T L0

Note that the dimensionless parameter Q; in (24) characterizes the fluid compressibility,
according to which, it may be considerable under high velocity of the moving load. Moreover, note
that the other dimensionless parameter N, in (24) characterizes the fluid viscosity, according to
which, it may be considerable for the low velocity of the moving load and for thin plates.

Thus, using the foregoing notation and assumptions, the solutions to the equations in (23) are
found as follows

E = 25651)(2 +Z7e_5lx2 , 1/7F = 26e71X2 + 286_71)(2 , (25)
where
2
0
2 1 2 N2
o =5"|1- , 71 =4/S" —isN{ . (26)
1-i4s2Z /(3N2) W

According to (25), (26), (6) and (5) the following expressions are obtained for the Fourier
transforms of the velocities, pressure and stresses.

Vip =-sV 'h[—Zg,sealX2 —Z756702 1 766702 4 7ge77 1X2},
Vor =—sV 'hl Zesie9%2 —7-85670%2 _7,.5e71%2 _ 7050~ 71%2
2F =—S 50187172 —Z7018 —Zgse’1"2 —Zgse ’

TooF :,u(l)(—SV'){Z\r,(%(Slz+§Sz—Roje§1X2 +Z7(252+§s - J 0 4

ZG (—S}fl —%s;qjeylxz + Z8 [S]/]_ + %s;zlje_ﬁxz :| )
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Torp =—uW (—sv ')[235125e‘51x2 — 25827672 + (5% + 7/12)26e7/1x2 +(s?+ 7/12)28e_7lx2 ] :
pl(:l) = 1D (=sV Ry (Z5e§lx2 +Z7e70% ) , (27)

where

2 2
I E—— (28)
31-i4s02? /(3N2)

Finally, the following system of equations with respect to the unknowns Zi, Z,,..., Zs which enter
the expressions of the Fourier transforms of the sought values in (19), (21) and (27) are obtained
from the boundary conditions in (9), the compatibility conditions in (10) and impermeability
conditions in (11).

(o21F /Gr2 )|x2:o =201 +Zy0np +Zgon3 + 24014 =0,

(022F /Gr2 )|X2:0 = 2101 + Zp0rpp + Z30p3 + Z4004 =Py [Gyz »

8u1|: .
—= ~Vig| xpeh = 10(Z1031 + Zp0tzp + Z30r33 + Z40i34) —
X2:—h
a)h(Z5a35 + Zea36 + Z70{37 + Zgagg) =0 s
6u2|: .
' ~Vokly, _  =i0(Zaas + Zoasp + 20 + Zaoas) -
Xzz—h

oh(Zsoigs + Zgogg + Zy0i47 + Zgagg) =0
(021/G12)|, _ . —(Ta1/Gu2)|, _ | =Zyarsy + Zpasy + Zgotsy + Zgrsy —
X2 h X2 h
M (Zsass + Zgasg + 27057 + Zgasg) =0
(022/G12)|, _ —(Ta2/Cu2)|, __ . = Z1ag1 + Zpagy +Zaaps + Zactes —
Xo=—h Xo=—h
M (250(65 + 260‘66 + Z7C¥67 + Z80(68) =0 ,

ViE |y — o, = @N(Zsas +Zgazs + Z7077 + Zgazg) =0,

Vo] xp=—h—n, = @N(Z50tgs + Zgags + Z7agy + Zgagg) =0 (29)
where
Dy
=2 (30)
Gyp

It is not given here the expressions of the coefficients a.. (n;m=1,2,...,8) in (29) because they
may be easily determined from Egs. (19), (21) and (27).
Thus, we determine the unknown constants Z, Z,,...,Zs as follows
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k
B

~ detonn|

det

Z =12,...8, 31)

where the matrix ( ﬁl’ll(m) is obtained from the matrix (anm) by replacing the k—th column of

the latter with the column (0,-PR,/G;,,0,0,0,0,0, O)T .

Now we consider the algorithm which is used under calculation of the integrals in (14) and for
this purpose, firstly we note the following reasoning. If we take the Fourier transformation parameter
s as the wavenumber, then the equation

det||anm||=0, nm=12,...,8, (32)

coincides with the dispersion equation of the waves with the velocity V propagated in the direction
of the Ox; axis in the system under consideration. Therefore, Eq. (32) must have complex roots only
with respect to the s for the system under consideration and this is caused by the viscosity of the
fluid. However, as usual, the viscosity of the Newtonian fluids is insignificant in the quantitative
sense and therefore in some cases within the scope of the PC calculation accuracy, the Eq. (32) may
have “real roots” under which the integrated expressions in (14) have singularity.

In such cases the corresponding calculation algorithm was discussed in monograph (Akbarov
2015) and other works listed in this monograph. According to this algorithm, in the mentioned cases
the wavenumber integrals (14) may be evaluated along the Sommerfeld contour examples for which
is shown in the monograph (Akbarov 2015).

Fortunately, in the present investigations under calculation of the integrals in (14) the
aforementioned “real roots” do not appear and according to expression in (14), the sought values are
determined through the following relation:

+00

(U321 0110121 090 V1 Vo T T T f = ERE j {UTHUSHE IS

O12F 1 022F s ViF  Vor s Tk s T2k s TooF }elsxlds] ' (32)
+

Note that under calculation procedures, the improper integrals J. oof(s) cos(sx;)ds and
—00

I_w f(s)sin(sx)ds; which follows from (32) are replaced by the corresponding definite integrals

Sy S *
J-Jrs*l f (s)cos(sxy)ds and rsf f(s)sin((s)x)ds, respectively. The values of S are determined
-1 -1

from the convergence requirement of the numerical results.

Under calculation of the mentioned definite integrals, the integration interval [—Sf ,+Sf ] is

further divided into a certain number of shorter intervals, which are used in the Gauss integration
algorithm. The values of the integrated expressions at the sample points are calculated through the
Egs. (19), (21) and (27). All these procedures are performed automatically with the PC programs
constructed by the authors in MATLAB.

This completes the consideration of the method of solution to the problem under consideration.
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4. Numerical results and discussions

For numerical investigation we assume that the fluid is Glycerin with viscosity coefficient
1H=1.393 kg/m-s), density p(()l) =1260kg/m® and sound speed a;=1927 m/s (Guz 2009). As in the

paper (Akbarov and Huseynova 2019), the parameters k1 and k. determined as
/’/ p® =ky.C2/ag =Ko, Gip =(c2)°p (32)

are introduced for determination the density and shear modulus of elasticity in the Oxix. plane of
the plate material through the mechanical properties of the fluid. Consequently, if we know the
density of the fluid, then giving the values for the k; we determine the density of the plate material,
as well as if we know the sound speed in the fluid, then giving the values for the k. we determine
the values for the shear modulus Ga2

Thus, selecting the values for the constants k; and &, we determine the density and shear modulus
of the plate material through the density and sound speed of the fluid material, and an increase in
the values of the & (of the k») means an increase in the values of the density (of the shear modulus)
of the plate material and under fixed value of the fluid density (under fixed sound speed in the fluid).
Moreover, we use the following ratios which characterize the anisotropy of the plate material.

E1/Glz,E1/E2,E2/E3,E1/E3, (33)
and assume that
E E E
Vip =V13=Vp3 =03, vy =vpy E—l . Va1 =Viz—t, Vap=vp3—2. (34
2 Es Es

At the same time, we assume that
E2 = E3, El / E2 =15 (35)

In this way through the ratio E1/Gi> we can characterize the influence of the anisotropy of the
plate material on the fluid flow profile which is the main aim of the present numerical investigations.
Consequently, in the present paper we will consider the numerical results illustrating the influence
of the V/h, xi/h, ha/h, Ei/G12, ki and k> on the fluid flow profile which is caused as result of the
moving load action on the plate which is in contact with fluid and we assume that #=0.001 m.

Note that, according to the convergence investigations carried out in the paper (Akbarov and

Ismailov 2017), under obtaining numerical results it is assumed that S; =9 the interval [—Sf , Sf ]

is divided into 4000 shorter subintervals in each of which it is used the Gauss integration algorithm
with ten sample points.

The convergence of the numerical results in the selected numbers of the subintervals and in the
selected length of the integration interval was illustrated not only in the papers (Akbarov and
Ismailov 2016, 2017 and 2018) and in others listed therein. Therefore, the convergence of the
numerical results doesn’t analyzed here. The trustiness of the used PC programs which are used
under obtaining the numerical results is also used under obtaining of the numerical results given in
the paper (Akbarov and Huseynova 2019) tested with obtaining in the particular cases the known
results and with agreeing the obtained results with the physico-mechanical considerations. We do
not consider here examples for such testing and begin to analyze the numerical results illustrated the
fluid flow profile in the system under consideration.
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distance x1/h from the moving load in the case where E1/G12=50 and hys/h=6

Thus, we consider the graphs given in Figs. 2, 3 and 4 which show the distribution of the
dimensionless fluid flow velocity V;h,/Gy,p /P, With respect to (xo~h)/h (along the fluid depth) in

the cases where E1/G1,=3, 10 and 50, respectively for various values of the load moving velocity
V/h and for various distance in behind and in ahead from the point at which the moving load acts
(i.e., for various values of x;/k) under h+/d=3. Note that these results are obtained in the case where
ki=k>=1 which introduced through the relations in (32).

It follows from the observation of the results given in Figs. 2, 3 and 4 that the fluid flow profile
in the case under consideration in the near vicinity at the point at which the moving load acts is
similar to the well-known Poiseuille flow between two plates. However, it also follows from these
results that the mentioned similarity is violated with the distance from the moving load acting point,
especially in behind of the moving load. Moreover, in behind of the moving load at a certain distance
from that, the fluid flow velocity in the Ox; axis direction changes its flow direction, i.e., fluid flow
direction becomes vice-versa to this axis direction. This “certain distance” for the cases E1/G1,=3,
10 and 50 can be taken approximately as x /h=(x /h)*~-25, =30 and —10. Namely, around

these points, the fluid flow profile differs significantly from the Poiseuille flow and becomes
complicated and in the cases where xi/h<(x1/h)* the fluid flow direction is vice-versa to that which
is observed in the near vicinity of the cross-sections of the fluid-strip which are near to the point at
which the moving load act. The comparison of the results illustrated in Figs. 2, 3 and 4 with each
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other shows that the increase in the values of the ratio E1/G12 (i.e., the decrease of the plate stiffness
with respect to the shear deformation) causes, in general, to decrease of the fluid flow velocity.
Moreover, analyze the results obtained for various values of the moving load velocity shows that in
the near vicinity of the moving load an increase in the values /A causes an increase of the fluid flow
velocity. However, after a certain distance from the moving load, this conclusion is violated and the
character of the influence of the V74 on the fluid flow velocity depends on the mentioned distance.

Note that the foregoing results are obtained only for the case where A,/d=3 which characterizes
the influence of the fluid's depth on the fluid flow profiles under consideration. The study of the
change the ratio 4./d on the fluid flow profile is also one of interesting fact which requires the detail
investigations. However, here we do not consider this question in detail and as an example for such
influence in Fig. 5 it is given some results related to the fluid flow profile obtained in the case where
h#/d=6 under E1/G1,=50. The comparison of the results given in Fig. 5 with corresponding ones
given in Fig. 4 shows that an increase in the value of the ratio /./d causes to decrease of the absolute
maximum value of the fluid flow velocity in the Ox; axis direction.

Besides all of these, it should be noted that, according to the problem geometry and to the
external load location, the fluid flow profile must be non-symmetric with respect to the middle
plane of the fluid-strip, i.e., with respect to the x,=(hs—h)/2. However, the observation of the obtained
results do not show clearly such non-symmetry, most likely these profiles are similar to the
symmetric fluid flow profile with respect to the indicated plane. In fact, the detail analyses of the
numerical data, according to which the graphs given in Figs. 2, 3 and 4 are constructed, shows that
there are the mentioned non symmetry with respect to the plane x,=(hs—h)/2. However, the difference
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between the values of the V; velocity obtained at the points which have the symmetric location with
respect to the plane x.=(hq—h)/2 so few that the above-noted non-symmetry doesn't observed in the
graphs given in Figs. 2, 3 and 4. At the same time, the non-symmetry character of the quantities
related to the fluid flow clearly observed on the graphs related to the V> velocity of the fluid. These
graphs are given in Fig. 6 which are constructed in the case where Ei/G1>=3 and h./h=3 for various
moving load velocity 77k and in various distance from the load location point.

In Figs. 1, 2, 3, 4 and 5 it is clearly observed the non-symmetry of the profiles of the fluid flow
with respect to the point at which the moving load acts, i.e. with respect to the point x;/h=0. It should
be noted that this non symmetry is caused with the fluid viscosity which is also observed in the paper
(Akbarov and Ismailov 2015).

Note that all the foregoing results are obtained in the case where ki=k»=1, i.e., in the case where
the density of the plate material is equal to the fluid density and the sound speed in the fluid is equal
to the shear wave propagation velocity in the plate material. Now we consider the results illustrated
the influence of the parameters ki and k. on the fluid flow profile. The results illustrated this
influence are given in Figs. 7 and 8 which are obtained for the various values of the k; (under k,=1)
and for various values of k, (under ki=1) respectively. It follows from the analyses of the results
given in Fig. 7 that an increase in the plate material density causes to increase fluid flow velocity in
the load moving direction. As well as, it follows from the analyses of the results given in Fig. 8 that
an increase of the shear wave velocity in the plate material also causes to increase the fluid flow
velocity in the Ox; axis direction.

It is known that fluid flow and its flow direction is caused by the pressure gradient and if the
projection of this gradient along the Ox; axis is negative then the fluid flow direction must be
coincide with the Ox, axis direction, otherwise the fluid flow direction must be against with the Ox;
axis direction. In connection with this, we consider the values of the pressure in the various cross
section in the fluid strip which are illustrated with the graphs given in Fig. 9 obtained in the case
where V/h=500 (1/sec), E1/G12=3 and hq/h=3. Moreover, in Fig. 10 in the same case it is shown the
graphs of the pressure distribution along the fluid strip thickness at the various distance from the
moving load. It follows from these results that the values of the pressure can be taken as constant
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Fig. 10 The distribution of the pressure along the fluid strip thickness

along the thickness of the fluid strip thickness with accuracy 10*. However, the values of the
pressure depends significantly not only on the distance from the point at which the moving load acts
but also on the moving load velocity. Consequently the graphs given above on the fluid flow profiles
illustrate also a certain information on the distribution of the pressure gradient in this fluid which
appear as a result of the action of the moving load acting on the plate which is in contact with the
fluid.

This completes the analyses of the numerical results.

5. Conclusions

Thus, the present paper studies the fluid flow profile in the system consisting of the orthotropic
plate, compressible (barotropic) viscous fluid and rigid wall in the case where on the upper face
plane of the plate the moving load acts. The plane-strain state in the plate and the plane flow in the
fluid is considered. The motion of the plate is described within the scope of the exact equations and
relations of the elastodynamics for anisotropic bodies and the fluid flow is described by the
linearized Navier-Stokes equations. Numerical results are presented on the fluid flow profiles and
on the influence of the problem parameters such as an anisotropy of the plate material, load moving
velocity, fluid depth, the plate material density and shear wave propagation velocity are presented
and discussed for the case where the fluid is Glycerin.

According to these results it is established the following concrete conclusions:

* In the near vicinity of the moving load in the ahead and in the behind of this load the fluid flow

profile is similar to the corresponding Poiseuille flow profile.
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* The amplitude of this profile decrease with the distance from the point at which this load acts.

* In the direction which coincides with the load moving direction the form of this profile remain

same with the distance from the moving load. However, in the direction which is against to the

load moving direction the form of the fluid flow profile change significantly with the distance

from the moving load and after a certain distance the fluid flows in the direction which is against

with moving load direction.

* An increase in the values of the ratio £1/G) (i.e., a decrease in the shear modulus of the plate

material) causes to decrease of the amplitude of the fluid flow profile.

» An increase of the plate material density and as well as an increase of the shear wave

propagation velocity of this material causes to increase the fluid flow velocity along the moving

load direction.

The results obtained in the present paper allows us to get the theoretical base for creating and
controlling the fluid flow through the moving load acting on the plate which is in contact with the
fluid.
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