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  A NEW APPROACH TO MODELING VISCOUS FLUID
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   Physically substantiated dependence of stress tensor components of velocity gradient arises from the laws of friction, theoretical substantiation is associated with displacement tensor. Adequate simulation of viscous fluid depends on conformity of the flow shear and normal strains to the value of the velocity components in each point.
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                   1. Rheological communication arising from the laws of friction
    In the course  of physics and  theoretical mechanics friction law for small velocities adopted in the form  of 
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, to high velocities is generalized in the form of a quadratic dependence on the  velocity  modulus  
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  ( Newton's  law  of  friction )  follows  from  the  law  for  small  velocities 
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.  It  makes  sense   distribution  of this  fact  to  degree  formula  of   friction  
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 and  setting   of  quasi-parabolic properties of obtained in this case dynamics equations of viscous fluid.
      Let  the  drag  force of  particle  is  proportional  to the degree 
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speed ​​in a given direction.  Suppose   that   the  friction  force  on  the layer 
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   on     layer   
[image: image10.wmf]2

y

.  Next,  consider    the    increment 

[image: image11.wmf],

1

2

1

2

i

u

k

i

u

k

i

u

k

F

F

F

m

m

m

m

m

m

r

r

r

r

r

r

d

d

-

=

+

-

=

-

=
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,  in  the limit give shear stress 
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 similar  conclusions:
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of which at  degrees  
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 obtain formulas  of  Newton's  law  of  friction .
     Similar  arguments  sets  formula  of   viscous  component  
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 Through a linear density of 
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. This expression is scalar multiplied by the unit vector 
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.  The  result  is
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    Equalities     
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 , in the limit give formulas of  the  normal  stresses  components:
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 QED.
   Obviously, full  normal  stresses  are  the  sum  of  this  components  and hydrostatic  pressure: 
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This justification of normal stresses makes unnecessary hypothesis of the pressure [2].

 At  degrees  
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 formula obtained normal stresses imposed by Navier in 1822 .
      The  elements   of  the  matrix  of  displacement  
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  are  the   1st  derivative of the Taylor’s  series:
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      Obvious  proportionality  of  derived the stress tensor components to the matrix of displacement components   
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which is the theoretical foundation of the power law of friction.

2. On the ineffectiveness of the Newton’s law of friction in the modeling of turbulent flows 
    As shown in the preceding paragraph, the  Newton's  law  of  friction   
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 is a  consequence  of  friction  for  small  velocities 
[image: image50.wmf]v

k

F

тр

r

r

-

=

,  therefore  equation, 
[image: image51.wmf],

]

)

,

(

[

F

v

p

v

v

t

v

r

r

r

r

r

r

m

r

+

D

=

Ñ

+

Ñ

+

¶

¶

based on the Newton’s stress tensor 
[image: image52.wmf]S

pE

н

m

p

+

-

=

, is a model of low-rate  laminar  flows,  and   can not  be a model for high-rate flows. As is well known (see [3]), the Stokes’ law of friction 
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, according to Landau, is a hypothesis, as they have no physical basis, because there is no matching friction force 
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 is part of  the  displacement tensor 
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, which  is  another  proof of the fallacy of the Stokes’ hypothesis, therefore, the Navier-Stokes’ equations.
3. Adequate approach to modeling viscous flows
     It is quite obvious and does not require proof that in the viscous fluid  flows, especially in turbulent or intermittent , the speeds are changed in magnitude and direction , therefore, frictional forces will be variable at the points of the stream
                                      [image: image59.wmf],...
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     For example,  the longitudinal velocity is many times larger than the transverse velocity component  in longitudinal streaming flow of the plate: 
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etc., and in the transverse directions with the laws of other power-law
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etc., which should be taken into account in the formulas tangential and normal stresses
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(
[image: image65.wmf]ij

d

Kronecker delta) and in the dynamics equations.
                           4. Universal model of the dynamics of liquid and gas 
      Thus,  from  the  laws  of  friction  with  different  degrees refractive  
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follow the stresses with the corresponding degrees
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  and equations
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     Degree must be odd positive integers  to belong quasi-parabolic type equations. Of odd powers of the property lost and the initial-boundary value problems for these equations are incorrect. 
    These complexes are formed in dimensionless variables:
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     Euler equation  of  ideal  gas  and  fluid  obtained  from  universal  equations  with degrees 
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 In ideal gas and fluid viscosity is zero (no molecular transport) confirms the validity of the following formula:
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 EMBED Equation.3 [image: image75.wmf].
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      Equation with the stress tensor can be obtained from Newton's equations with exponents 
[image: image76.wmf]i

m

i

"

=

1

  and 
[image: image77.wmf]m

m

=

1

 viscosity coefficient. 
      Equality 
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5. Comparison with the experimental averaged velocity profile of turbulent flow  
            in a circular tube and areas of applicability of power rheological law
      Axial velocity of the one-dimensional steady flow of a viscous fluid in a circular tube is obtained from the equation in cylindrical coordinates 
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The solution has the form:    
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     Figures 1-5 are paintings comparison with the averaged velocity of the turbulent flow (indicated by asterisks), given in the textbook [2] p.670. Draws attention to Figure 1, where the velocity profiles are plotted strength laminar flow in a pipe, the corresponding friction law of  Newton  and  solving  the  Navier-Stokes  equations  
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     Thus,  the most coincident with the experimental results are obtained with the increase of the degrees 
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. Obviously, it makes sense simulate certain turbulent flows by varying the dimensionless parameters of these rheological laws.    
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Кеңес Бәжкенұлы Жақып-тегі
ТҰТҚЫРЛЫ СҰЙЫҚТЫҚТЫҢ ҚОЗҒАЛЫСЫН ПіШіНДЕУГЕ 

ЖАҢА ТӘСІЛ 

   Кернеулер тензорының  компоненттері үйкеліс заңдарынан тәуелділіктері дәлелденген, соған сәйкес осындай байланыстарды теоретикалық негіздеуі ығысу тензорымен орнатылған.
Тұтқырлы сұйықтықтың ағыстарын нақты үлгілеу ағыстың әрбір нүктесінде жанама және тік кернеулердің осы нүктедегі жылдамдықтың шамасымен байланыстығына тәуелді, яғни дифференциалдық теңдеулер құбылысты болады.
K.B.Jakupov

A NEW APPROACH TO MODELING VISCOUS FLUID
   Physically substantiated dependence of stress tensor components of velocity gradient arises from the laws of friction, theoretical substantiation is associated with displacement tensor. Adequate simulation of viscous fluid depends on conformity of the flow shear and normal strains to the value of the velocity components in each point.
К.Б.Джакупов

НОВЫЙ ПОДХОД К МОДЕЛИРОВАНИЮ ТЕЧЕНИЙ ВЯЗКОЙ ЖИДКОСТИ
Ключевые слова: жидкость, вязкость, напряжения, ламинарное, турбулентность.
Keywords: liquid viscosity, pressure, laminar, turbulence.
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