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Abstract: A completely linear form of the system of equations representing the flow of elastic
viscous fluid in flat channels and circular cylindrical tubes was obtained, and it was possible to obtain an
analytical solution for small amplitude oscillations.
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To simplify the differential equations of elastic viscous fluid motion in pipes and channels, we
assume that the flow is symmetrical along the longitudinal axis, that the channel length L is much larger

than the channel width h, i.e., % = % << 1.The ratio of the characteristic transverse velocity to the

characteristic longitudinal velocity is called an infinitely small quantity, i.e., % << 1. These conditions

are always fulfilled in the slow motion of the fluid, i.e. at small values of the Reynolds number. Given
these assumptions, it is possible to simplify the system of equations describing the flow of non-Newtonian
fluids in pipes. To do this, it is expedient to make the terms entering the systems of equations
dimensionless using the following substitutions:

t=At, y =hy,,
X =Lx,, u=Uu,,
UL
9=V, p:"h—zpl, M
U

T’..i pk:%pllk,

e =0 A= ﬂ’ﬂi,k

© 2021, CAJOTAS, Central Asian Studies, All Rights Reserved



mailto:Amirbek_beg@mail.ru
mailto:murodbekinoyatov7@gmail.com

CENTRAL ASIAN JOURNAL OF THEORETICAL AND APPLIED SCIENCES

Volume: 02 Issue: 03 | March 2021, ISSN: 2660-5317

Here, t—time; U —longitudinal speed; V —transverse speed; 2h —channel cross section length;
L -channel length; 77 — dynamic viscosity coefficient.

By substituting these substitutions into the system of equations and the equation of continuity,
taking into account the symmetry of the current along the transverse axis, we obtain its appearance in the
Cartesian coordinate system without taking into account the external mass forces:

0 0
1 ou Reds(u, ouy + 9 aul) __0op _'_( ZE z'1,21}
EL 8'[1 axl ayl axi a)(1 ayl
ié‘zﬁ_,_ R853(u1 o4 +9 agl)z_apl +52(671,12 5+871,22]’ (2
EL ot OX, L oy, OX, oy,
ML 04
0%, O,

v

Here Re:U—h — Reynolds number; ELzz—ﬂzL
Vv

h
—elasticity coefficient; Red, 5:I

quantities are infinitely small quantities; But EL — is an ordinal number of elasticity coefficient.

In this case, the product of velocities over time is preserved. The given equations (2) are written in
a systematic "stresses"”, so in solving specific problems it is necessary to include additional connections
between stresses and deformations and their time products tensor components. In general, the system of
equations above (2) has the properties of viscosity and elasticity, which are determined by the system of
equations (1). These connections (1) are reduced to a dimensional view using substitutions [14]:

N OTikij | Oy
T = D Tikiis — 4+ =7 i = 2P B
Lij kZ:;; Lk, ij o, Py 1K,ij Pk B, j
oP
8:’k +i pl,k = n;k fk;
i A4k @)
oy h B - 04 h
11~ A, 1! 27 A, !
ox, L oy, L
5 _p _Lfow 09h
27 P T, oy, ox, |

By subtracting the terms infinitely small quantities from the system of equations (2) and (3) we

obtain a system of simplified equations.
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0% Oy (4)
T1,21 =|(Z=:1T1,k,21 ' 81’1:1,21 +Z71 k21=2P1x B
0
Puk y O Thic g 32121%_
ati 21,k ﬂl,k 2 ayl

“

From this we move on to dimensional variables. In this case, a system of equations is formed from
equations (4):

ou _ _i@_p 1 6721 P _

ot pox poy, oy

8u+ 09 _o,

oX oy 5)
- 0Ty 0, ou

To1 =) Tyopy ———+—T 0 =P—,

1= it o g TPy

Py + 9 T f,.

ot A,k Pe= 22

By performing similar substitutions in the cylindrical coordinate system, we can give a system of
equations representing the flow of non-Newtonian fluid in long pipes with a circular cross section.

i

039, =—@+33(rrrx) »_,
ot OX ror or
09, +li(r9r):0,
OX ror
J . 6)
P (
Tex :zrk,rx’ o gk T = Py algx )
L a or
L 9 T f,.
ot A Pk = 22

In order to complete the mathematical formulation of the problem of non-stationary and pulsating
flows of elastic viscous incompressible fluid in pipes and channels, it is necessary to determine the initial
and boundary conditions. The fluid does not move in the initial state, i.e. it maintains a calm state

t—0 at 0 -0 (7)
At non-zero values of time, the current moves under"the mfluénce of a c@nstant pressure gradient.
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t>0at 9 £0 g9 %0 —2,0 (8)
Given that the flow in question takes place in long channels, then the ratio T << 1 is satisfied.

In addition, using the possibility of expressing in the form of complex functions the oscillating pressure
changes in the initial and lower sections of the pipe and channel in the same form, we present the
boundary conditions in the following form:

x=0,t>0at plx,r,t)=pd+ ZLlAkexp(iakt) ' ©
x=L t>0at plx,r,t) =p + Z:ﬂ Brexp(ioyt) ;

Here o — oscillation frequency in pulsating current; A, , B, — constant complex Fure

. . . . A o 0
coefficients (they determine the amplitude of the pressure oscillation); Pg , [P these are average

pressures in the initial and lower sectionsat t =0.

Thus, the flow of non-Newtonian fluids with relaxation properties in pipes and channels was
mathematically formed. These issues generalize the research work of Womersley [12-15], Pedli [7],
Navruzov [9-11] and others, previously known for a one-dimensional case in a certain sense. The system
of equations (5) and (6) shows a system of nonlinear equations with respect to the rheology of fluids, as
f, and g, are determined using the models Meister (M), Berda-Carro (BC), McDonald-Berda-Carro
(MBK), and is a function of the shear deformation rate. Therefore, the system of equations (5), (6) has no
analytical solutions, so it can be limited to a linear approximation, assuming f, =1, g, =1 in

simplified concrete problems. In this case, the quantities 1 are defined as follows:

e = cf(a)k“ Tk

Here 77, - coefficient of fluid viscosity in stationary flow; A, - relaxation time; cf(a) -

Riman zeta function.

Thus, a fully linearized form of the system of equations representing the flow of elastic viscous fluid
in flat channels and circular cylindrical tubes was obtained, and it was possible to obtain an analytical
solution for small amplitude oscillations.
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