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M. A. K. Azad α, M. Mamun Miah σ, Mst. Mumtahinah ρ, Abdul Malek Ѡ & M. Masidur Rahman ¥ 

Abstract- In this paper, an attempt is made to study the three-
point distribution function for simultaneous velocity, magnetic, 
temperature and concentration fields in dusty fluid MHD 
turbulence in presence of coriolis force under going a first 
order reaction. The various properties of constructed 
distribution functions have been sufficiently discussed. In this 
study, the transport equation for three-point distribution 
function under going a first order reaction has been obtained. 
The resulting equation is compared with the first equation of 
BBGKY hierarchy of equations and the closure difficulty is to 
be removed as in the case of ordinary turbulence. 
Keywords: dust particles, coriolis force, magnetic 
temperature, concentration, three-point distribution 
functions, MHD turbulent flow, first order reactant. 

I. Introduction 

t present, two major and distinct areas of 
investigations in non-equilibrium statistical 
mechanics are the kinetic theory of gases and 

statistical theory of fluid mechanics. In molecular kinetic 
theory in physics, a particle's distribution function is a 
function of several variables. Particle distribution 
functions are used in plasma physics to describe wave-
particle interactions and velocity-space instabilities. 
Distribution functions are also used in fluid mechanics, 
statistical mechanics and nuclear physics. Various 
analytical theories in the statistical theory of turbulence 
have been discussed in the past by Hopf (1952) 
Kraichanan  (1959),  Edward (1964) and Herring  (1965). 
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Lundgren (1967) derived a hierarchy of coupled 
equations for multi-point turbulence velocity distribution 
functions, which resemble with BBGKY hierarchy of 
equations of Ta-You (1966) in the kinetic theory of 
gasses.  

Kishore (1978) studied the Distributions 
functions in the statistical theory of MHD turbulence of 
an incompressible fluid. Pope (1979) studied the 
statistical theory of turbulence flames. Pope (1981) 
derived the transport equation for the joint probability 
density function of velocity and scalars in turbulent flow. 
Kollman and Janicka (1982) derived the transport 
equation for the probability density function of a scalar in 
turbulent shear flow and considered a closure model 
based on gradient – flux model. Kishore and Singh 
(1984) derived the transport equation for the bivariate 
joint distribution function of velocity and temperature in 
turbulent flow. Also Kishore and Singh (1985) have been 
derived the transport equation for the joint distribution 
function of velocity, temperature and concentration in 
convective turbulent flow. On a rotating earth the Coriolis 
force acts to change the direction of a moving body to 
the right in the Northern Hemisphere and to the left in 
the Southern Hemisphere. This deflection is not only 
instrumental in the large-scale atmospheric circulation, 
the development of storms, and the sea-breeze 
circulation Also a first-order reaction is defined a 
reaction that proceeds at a rate that depends linearly 
only on one reactant concentration. Later, the following 
some researchers included coriolis force and first order 
reaction rate in their works.  

Dixit and Upadhyay (1989) considered the 
distribution functions in the statistical theory of MHD 
turbulence of an incompressible fluid in the presence of 
the coriolis force. Sarker and Kishore (1991) discussed 
the distribution functions in the statistical theory of 
convective MHD turbulence of an incompressible fluid. 
Also Sarker and Kishore (1999) studied the distribution 
functions in the statistical theory of convective MHD 
turbulence of mixture of a miscible incompressible fluid. 
Sarker and Islam (2002) studied the Distribution 

A 

   

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
I   

Is
s u
e 

  
  
er

sio
n 

I
V

I
Y
ea

r
20

16

© 2016    Global Journals Inc.  (US)

1

  
 

( A
)



functions in the statistical theory of convective MHD 
turbulence of an incompressible fluid in a rotating 
system. In the continuation of the above researcher, 
Azad and Sarker(2003) considered the  decay of MHD 
turbulence before the final period for the case of multi-
point and multi-time in presence of dust particle. Azad 
and Sarker (2004a) discussed statistical theory of 
certain distribution functions in MHD turbulence in a 
rotating system in presence of dust particles. Sarker and 
Azad (2004b) studied the decay of MHD turbulence 
before the final period for the case of multi-point and 
multi-time in a rotating system.  Sarker and Azad(2006), 
Islam and Sarker (2007) studied distribution functions in 
the statistical theory of MHD turbulence for velocity and 
concentration undergoing a first order reaction. Azad 
and Sarker(2008) deliberated the decay of temperature 
fluctuations in homogeneous turbulence before the final 
period for the case of multi- point and multi- time in a 
rotating system and dust particles. Azad and 
Sarker(2009a) had measured the decay of temperature 
fluctuations in MHD turbulence before the final period in 
a rotating system. Azad, M. A. Aziz and Sarker (2009b, 
2009c) studied the first order reactant in Magneto-
hydrodynamic turbulence before the final Period of 
decay with dust particles and rotating System. Aziz et al 
(2009d, 2010c) discussed the first order reactant in 
Magneto- hydrodynamic turbulence before the final 
period of decay for the case of multi-point and multi-
time taking rotating system and dust particles. Aziz et al 
(2010a, 2010b) studied the statistical theory of certain 
Distribution Functions in MHD turbulent flow undergoing 
a first order reaction in presence of dust particles and 
rotating system separately. Azad et al (2011) studied the 
statistical theory of certain distribution Functions in MHD 
turbulent flow for velocity and concentration undergoing 
a first order reaction in a rotating system. Azad et al 
(2012) derived the transport equatoin for the joint 
distribution function of velocity, temperature and 
concentration in convective tubulent flow in presence of 
dust particles. Molla et al (2012) studied the decay of 
temperature fluctuations in homogeneous turbulenc 
before the final period in a rotating system. Bkar Pk. et al 
(2012) studed the First-order reactant in homogeneou 
dusty fluid turbulence prior to the ultimate phase of 
decay for four-point correlation in a rotating system. 
Azad and Mumtahinah(2013) studied the decay of 
temperature fluctuations in dusty fluid homogeneous 
turbulence prior to final period. Bkar Pk. et al 
(2013a,2013b) discussed the first-order reactant in 
homogeneous turbulence prior to the ultimate phase of 
decay for four-point correlation  with dust particle and 
rotating system. Bkar Pk.et al  (2013,2013c, 2013d) 

studied the decay of MHD turbulence before the final 
period for four- point correlation in a rotating system and 
dust particles. Very recent Azad et al (2014a) derived the 
transport equations of three point distribution functions 
in MHD turbulent flow for velocity, magnetic temperature 
and concentration, Azad and Nazmul (2014b) 
considered the transport equations of three point 
distribution functions in MHD turbulent flow for velocity, 
magnetic temperature and concentration in a rotating 
system, Nazmul and Azad (2014) studied the transport 
equations of three-point distribution functions in MHD 
turbulent flow for velocity, magnetic temperature and 
concentration in presence of dust particles. Azad and 
Mumtahinah (2014) further has been studied the 
transport equatoin for the joint distribution functions in 
convective tubulent flow in presence of dust particles 
undergoing a first order reaction.Very recently, Bkar 
Pk.et al (2015) considering the effects of first-order 
reactant on MHD turbulence at four-point correlation. 
Azad et al (2015) derived a transport equation for the 
joint distribution functions of certain variables in 
convective dusty fluid turbulent flow in a rotating system 
under going a first order reaction. Bkar Pk et al (2015), 
Azad et al (2015a, 2015b, 2015c, and 2015d) have done 
their research on MHD turbulent flow considering 1st 
order chemical reaction for three- point distribution 
function. Also Bkar Pk. (2015a) studied 4-point 
correlations of dusty fluid MHD turbulent flow in a 1st 
order reaction. Bkar Pk (2015b) extended the above  
problem consiodering Coriolis force. 

In present paper, the main purpose is to study 
the statistical theory of three-point distribution function 
for simultaneous velocity, magnetic, temperature, 
concentration fields in MHD turbulence in a rotating 
system in presence of dust particles Under going a first 
order reaction. Through out the study, the transport 
equations for evolution of distribution functions have 
been derived and various properties of the distribution 
function have been discussed. The obtained three-point 
transport equation is compared with the first equation of 
BBGKY hierarchy of equations and the closure difficulty 
is to be removed as in the case of ordinary turbulence. 

II. Material and Methods 

Basic Equations 
The equations of motion and continuity for 

viscous incompressible dusty fluid MHD turbulent flow in 
a rotating system with constant reaction rate, the 
diffusion equations for the temperature and 
concentration are given by 

                                            

( ) ( )ααααβα
α

βαβα
β

α ν vufuu
x
whhuu

xt
u

mm −+Ω∈−∇+
∂
∂

−=−
∂
∂

+
∂
∂ 22                   (1)
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                                                              ( ) αβαβα
β

α λ hhuuh
xt

h 2∇=−
∂
∂

+
∂
∂

 ,                                                    (2) 

                                                                     θγθθ

β
β

2∇=
∂
∂

+
∂
∂

x
u

t
,                                                                       (3) 

                                                                          RccD
x
cu

t
c

−∇=
∂
∂

+
∂
∂ 2

β
β        

                                                    (4)   

with 0=
∂
∂

=
∂
∂

=
∂
∂

α

α

α

α

α

α

x
h

x
v

x
u

,                                                                                                                   (5) 

where 

( )txu ,α , α – component of turbulent velocity, 

( )txh ,α ;    α – component of magnetic field; ( )tx,θ , 

temperature fluctuation; c, concentration of 

contaminants; vα, dust particle velocity; αβm∈ , 

alternating tensor; ,
ρ

KNf =  dimension of frequency; N, 

constant number of density of the dust particle; 

( ) ,ˆˆ
2
1

2
1,ˆ

22
xhPtxw ×Ω++=



ρ total pressure;

( )txP ,ˆ , hydrodynamic pressure; ρ, fluid density; Ω, 

angular velocity of a uniform rotation; ν,   Kinematic 

viscosity; ( ) 14 −= πµσλ , magnetic diffusivity; 
p

T

c
k
ρ

γ = , 

thermal diffusivity; cp, specific heat at constant pressure; 
kT, thermal conductivity; σ,  electrical conductivity; µ, 
magnetic permeability; D, diffusive co-efficient for 
contaminants; R, constant reaction rate. 

The repeated suffices are assumed over the 
values 1, 2 and 3 and unrepeated suffices may take any 
of these values. In the whole process u, h and x are the 
vector quantities. 

The total pressure w which, occurs in equation 
(1) may be eliminated with the help of the equation 
obtained by taking the divergence of equation (1) 

                                            ( ) [ ]
α

β

β

α

α

β

β

α
βαβα

βα x
h

x
h

x
u

x
uhhuu

xx
w

∂
∂

∂
∂

−
∂
∂

∂
∂

−=−
∂∂
∂

−=∇
2

2
                           (6) 

In a conducting infinite fluid only the particular solution of the Equation (6) is related, so that 

                                                   [ ]
xx

x
x
h

x
h

x
u

x
uw

−′
′∂

′∂

′∂
′∂
′∂

−
′∂

′∂
′∂
′∂

= ∫
α

β

β

α

α

β

β

α

π4
1

                                                 (7)

Hence equation (1) – (4) becomes  

( ) [ ] α
α

β

β

α

α

β

β

α

α
βαβα

β

α ν
π

u
xx

xd
x
h

x
h

x
u

x
u

x
hhuu

xt
u 2

4
1

∇+
−′
′

′∂

′∂
′∂
′∂

−
′∂

′∂
′∂
′∂

∂
∂

−=−
∂
∂

+
∂
∂

∫

                                                             ( )ααααβ vufumm −+Ω∈− 2 ,                                                                     (8) 

                                                        ( ) αβαβα
β

α λ hhuuh
xt

h 2∇=−
∂
∂

+
∂
∂

,                                                              (9) 

                                                                        θγθθ

β
β

2∇=
∂
∂

+
∂
∂

x
u

t
,                                                                     (10) 

                                                          RccD
x
cu

t
c

−∇=
∂
∂

+
∂
∂ 2

β
β ,                                                                 (11) 
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Formulation of the Problem    It has considered that the turbulence and the 
concentration fields are homogeneous, the chemical 
reaction and the local mass transfer have no effect on the velocity field and the reaction rate and the diffusivity 
are constant. It is also considered a large ensemble of 
identical fluids in which each member is an infinite 
incompressible reacting and heat conducting fluid in 
turbulent state. The fluid velocity u, Alfven velocity h, 
temperature θ and concentration c are randomly 
distributed functions of position and time and satisfy 
their field. Different members of ensemble are subjected 
to different initial conditions and the aim is to find out a 
way by which we can determine the ensemble averages 
at the initial time.  Certain microscopic properties of conducting 
fluids such as total energy, total pressure, stress tensor 
which are nothing but ensemble averages at a particular 
time can be determined with the help of the bivariate 
distribution functions (defined as the averaged 
distribution functions with the help of Dirac delta-
functions). The present aim is to construct a joint 
distribution function for its evolution of three-point 
distribution functions in dusty fluid MHD turbulent flow in 

a rotating system under going first order reaction, study 
its properties and derive a transport equation for the 
joint distribution function of velocity, temperature and 
concentration in dusty fluid MHD turbulent flow in a 
rotating system under going a first order reaction. 

Distribution Function in MHD Turbulence and Their 
Properties 

In MHD turbulence, it is considered that the fluid 
velocity u, Alfven velocity h, temperature θ and 
concentration c at each point of the flow field.  
Corresponding to each point of the flow field, there are 
four measurable characteristics represent by the four 
variables by v, g, φ  and ψ and denote the pairs of these 

variables at the points )()2()1( ,,, nxxx −−−−− as
( ),,,, )1()1()1()1( ψφgv ( ),,,, )2()2()2()2( ψφgv --- ( ))()()()( ,,, nnnn gv ψφ  
at a fixed instant of time. 

It is possible that the same pair may be 
occurred more than once; therefore, it simplifies the 
problem by an assumption that the distribution is 
discrete (in the sense that no pairs occur more than 
once). Symbolically we can express the bivariate 
distribution as              

{ ( );,,, )1()1()1()1( ψφgv ( ) ( ) })()()()()2()2()2()2( ,,,;,,, nnnn gvgv ψφψφ −−−−−−

Instead of considering discrete points in the 
flow field, if it is  considered the continuous distribution 
of the variables φ,, gv  and ψ over the entire flow field, 
statistically behavior of the fluid may be described by 
the distribution function ( )ψφ ,,, gvF  which is 
normalized so that 

( ) 1,,, =∫ ψφψφ ddgdvdgvF  

where the integration ranges over all the possible values 
of v, g,φ  and ψ. We shall make use of the same 
normalization condition for the discrete distributions 
also. 

The distribution functions of the above 
quantities can be defined in terms of Dirac delta 
function.             

The one-point distribution function 
( ))1()1()1()1()1(

1 ,,, ψφgvF , defined so that  

( ) )1()1()1()1()1()1()1()1()1(
1 ,,, ψφψφ dddgdvgvF  is the probability 

that the fluid velocity, Alfven velocity, temperature and 
concentration at a time t are in the element dv(1) about 

v(1), dg(1) about g(1), d )1(φ  about )1(φ and dψ(1) about ψ(1)  
respectively and is given by  
 

                               ( ) ( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1()1()1()1()1()1(
1 ,,, ψδφθδδδψφ −−−−= cghvugvF                                 (12) 

where δ is the Dirac delta-function defined as  

( ) {∫ =− 1
0vdvuδ   

 vupoint   at the
elsewhere

=
 

Two-point distribution function is given by 

                         ( ) ( ) ( ) ( ) ( ) ( ))2()2()2()2()1()1()1()1()1()1()1()1()2,1(
2 ghvucghvuF −−−−−−= δδψδφθδδδ ( ) ( ))2()2()2()2( ψδφθδ −− c        (13) 

 and three point distribution function is given by            

( ) ( ) ( ) ( ) ( ) ( ))2()2()2()2()1()1()1()1()1()1()1()1()3,2,1(
3 ghvucghvuF −−−−−−= δδψδφθδδδ

                                       ( ) ( ) ( ) ( ) ( ) ( ))3()3()3()3()3()3()3()3()2()2()2()2( ψδφθδδδψδφθδ −−−−−−× cghvuc                      (14)
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Similarly, we can define an infinite numbers of 
multi-point distribution functions F4

(1,2,3,4), F5
(1,2,3,4,5) and so 

on. The following properties of the constructed 
distribution functions can be deduced from the above 
definitions: 

a) Reduction Properties     
Integration with respect to pair of variables at 

one-point lowers the order of distribution function by 
one. For example, 

∫ =1)1()1()1()1()1(
1 ψφ dddgdvF  , 

∫ = )1(
1

)2()2()2()2()2,1(
2 FdddgdvF ψφ , 

∫ = )2,1(
2

)3()3()3()3()3,2,1(
3 FdddgdvF ψφ  

And so on. Also the integration with respect to any one of the variables, reduces the number of Delta-
functions from the distribution function by one as  

( ) ( ) ( ))1()1()1()1()1()1()1()1(
1 ψδφθδδ −−−=∫ cghdvF  ,  

( ) ( ) ( ))1()1()1()1()1()1()1()1(
1 ψδφθδδ −−−=∫ cvudgF  , 

( ) ( ) ( ))1()1()1()1()1()1()1()1(
1 ψδδδφ −−−=∫ cghvudF , 

 and 

( ) ( ) ( ) ( ) ( ))2()2()1()1()1()1()1()1()1()1()2()2,1(
2 ghcghvudvF −−−−−=∫ δψδφθδδδ

( ) ( ))2()2()2()2( ψδφθδ −− c

b) Separation Properties 
If two points are far apart from each other in the flow field, the pairs of variables at these points are 

statistically independent of each other i.e., 
                                                          

 

and similarly, 

                                                                

etc.  

c) Co-incidence Properties 
When two points coincide in the flow field, the components at these points should be obviously the same 

that is F2
(1,2) must be zero.  

Thus ,)1()2( vv =   ,)1()2( gg =   )1()2( φφ =  and )1()2( ψψ = , but F2
(1,2) must also have the property.           

∫ = )1(
1

)2()2()2()2()2,1(
2 FdddgdvF ψφ  

and hence it follows that 

                                     

 
 

Similarly,

 
                               

 

    etc.
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  lim 

    ∞→− )1()2( xx              )2(
1

)1(
1

)2,1(
2 FFF =

                       lim

            ∞→− )2()3( xx              )3(
1

)2,1(
2

)3,2,1(
3 FFF =

      lim

∞→− )1()2( xx      ( ) ( ) ( ) ( ))1()2()1()2()1()2()1()2()1(
1

)2,1(
2 ψψδφφδδδ −−−−=∫ ggvvFF

∞→− )2()3( xx ( ) ( ) ( ) ( ))1()3()1()3()1()3()1()3()2,1(
2

)3,2,1(
3 ψψδφφδδδ −−−−=∫ ggvvFF

lim



d) Symmetric Conditions 

),,,2,1(),,,2,1( nrs
n

nsr
n FF −−−−−−−−−−−−−−−−−−−−−− = . 

e) Incompressibility Conditions 

          (i)   ∫ =
∂

∂ −−−

0)()()(
)(

),2,1(
rrr

r

n
n hdvdv

x
F

α
α

 

          (ii)   ∫ =
∂

∂ −−−

0)()()(
)(

),2,1(
rrr

r

n
n hdvdh

x
F

α
α

 

Continuity Equation in Terms of Distribution Functions 
The continuity equations can be easily expressed in terms of distribution functions. An infinite number of 

continuity equations can be derived for the convective MHD turbulent flow and are obtained directly by using div
0=u  

Taking ensemble average of equation (5), we get 

∫∂
∂

=
∂
∂

= )1()1()1()1()1(
1

)1(
)1()1(

)1(
0 ψφα

αα

α dddgdvFu
xx

u  

∫∂
∂

= )1()1()1()1()1(
1

)1(
)1( ψφα

α
dddgdvFu

x
 

)1()1()1()1()1(
1

)1(
)1( ψφα

α
dddgdvFu

x ∫∂
∂

=
 

 

)1()1()1()1()1(
1

)1(
)1( ψφα

α
dddgdvFv

x ∫∂
∂

=  

                                                               )1()1()1()1()1(
)1(

)1(
1 ψφα
α

dddgdvv
x
F
∂

∂
= ∫                                                          (15) 

and similarly,           

                                                             )1()1()1()1()1(
)1(

)1(
10 ψφα
α

dddgdvg
x
F
∂
∂

= ∫                                                               (16) 

Equation (15) and (16) are the first order continuity equations in which only one point distribution function is involved. 
For second-order continuity equations, if we multiply the continuity equation by 

( ) ( ) ( ) ( ))2()2()2()2()2()2()2()2( ψδφθδδδ −−−− cghvu  

 and if we take the ensemble average, we obtain 

( ) ( ) ( ) ( ) )1(

)1(
)2()2()2()2()2()2()2()2(

α

αψδφθδδδ
x
ucghvuo
∂
∂

−−−−=
    

( ) ( ) ( ) ( ) )1()2()2()2()2()2()2()2()2(
)1( α

α
ψδφθδδδ ucghvu

x
−−−−

∂
∂

=

[ ( ) ( ) ( ) ( )∫ −−−−
∂
∂

= )1()1()1()1()1()1()1()1()1(
)1( ψδφθδδδα

α
cghvuu

x
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( ) ( ) ( ) ( ) ])1()1()1()1()2()2()2()2()2()2()2()2( ψφψδφθδδδ dddgdvcghvu −−−−×

                                                                       ∫∂
∂

= )1()1()1()1()2,1(
2

)1(
)1( ψφα

α
dddgdvFv

x
                                                      (17)

and similarly, 

                                                                ∫∂
∂

= )1()1()1()1()2,1(
2

)1(
)1( ψφα

α
dddgdvFg

x
o                                                       (18) 

The Nth – order continuity equations are 

                                                   
)1()1()1()1(),,2,1()1(

)1( ψφα
α

dddgdvFv
x

o N
N∫ −−−

∂

∂
=                                             (19) 

and 

∫
∂

∂
= )1()1()1()1(),,.........2,1()1(

)1(
ψφα

α

dddgdvFg
x

o N
N (20) 

The continuity equations are symmetric in their arguments i.e. 

                     ( ) )()()()(),.....,,.....2,1()(
)(

)()()()()..;,.........2,1()(
)(

ssssNsr
N

s
s

rrrrNr
N

r
r dddgdvFv

x
dddgdvFv

x
ψφψφ α

α
α

α
∫∂

∂
=

∂
∂

                   (21) 

Since the divergence property is an important property and it is easily verified by the use of the property of 
distribution function as 

                                o
x
u

u
x

dddgdvFv
x

=
∂

∂
=

∂

∂

∂

∂
∫ )1(

)1(
)1(

)1(
)1()1()1()1()1(

1
)1(

)1(
α

α
α

α
α

α

ψφ                 (22) 

and all the properties of the distribution function obtained in section (4) can also be verified. 

Equations for evolution of one –point distribution function )1(
1F  

It shall make use of equations (8) - (11) to convert these into a set of equations for the variation of the 
distribution function with time. This, in fact, is done by making use of the definitions of the constructed distribution 
functions, differentiating them partially with respect to time, making some suitable operations on the right-hand side 
of the equation so obtained and lastly replacing the time derivative of θ,,hu  and c from the equations (8) - (11). 
Differentiating equation (12) with respect to time and using equation (8) - (11), we get, 

( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1(
)1(

1 ψδφθδδδ −−−−
∂
∂

=
∂

∂
cghvu

tt
F

 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) )1()1()1()1()1()1()1()1(

)1()1()1()1()1()1()1()1(

gh
t

cvu

vu
t

cgh

−
∂
∂

−−−+

−
∂
∂

−−−=

δψδφθδδ

δψδφθδδ
 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1(

)1()1()1()1()1()1()1()1(

ψδφθδδδ

φθδψδδδ

−
∂
∂

−−−+

−
∂
∂

−−−+

c
t

ghvu

t
cghvu

 

( ) ( ) ( ) ( ))1()1(
)1(

)1(
)1()1()1()1()1()1( vu

vt
ucgh −

∂

∂
∂

∂
−−−−= δψδφθδδ

First Order Reactant in the Statistical Theory of Three- Point Distribution Functions in Dusty Fluid MHD
Turbulent Flow for Velocity, Magnetic Temperature and Concentration in Presence of Coriolis Force

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
I   

Is
s u
e 

  
  
er

sio
n 

I
V

I
Y
ea

r
20

16

© 2016    Global Journals Inc.  (US)

7

  
 

( A
)



( ) ( ) ( ) ( ))1()1(
)1(

)1(
)1()1()1()1()1()1( gh

gt
hcvu −

∂

∂
∂

∂
−−−−+ δψδφθδδ  

( ) ( ) ( ) ( ))1()1(
)1(

)1(
)1()1()1()1()1()1( φθδ

φ
θψδδδ −

∂
∂

∂
∂

−−−−+
t

cghvu  

                          ( ) ( ) ( ) ( ))1()1(
)1(

)1(
)1()1()1()1()1()1( ψδ

ψ
φθδδδ −

∂

∂
∂

∂
−−−−+ c

t
cghvu                  (23) 

Using equations (8) to (11) in the equation (23), we get 

( ) ( ) ( ){ ( ))1()1()1()1(
)1(

)1()1()1()1()1()1(
)1(

1
βαβα

β
ψδφθδδ hhuu

x
cgh

t
F

−
∂
∂

−−−−−=
∂

∂

[ ]

( ) } ( ))1()1(
)1(

)1()1(

)1()1(2
)1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(

)1( 2
4
1

vu
v

vuf

uu
xx

xd
x

h

x
h

x

u

x
u

x
mm

−
∂

∂
×−+

Ω∈−∇+
−′
′

∂

∂

∂

∂
−

∂

∂

∂

∂

∂

∂
− ∫

δ

ν
π

α
αα

ααβα
α

β

β

α

α

β

β

α

α  

( ) ( ) ( ){ ( ) })1(2)1()1()1()1(
)1(

)1()1()1()1()1()1(
αβαβα

β
λψδφθδδ hhuuh

x
cvu ∇+−

∂
∂

−−−−−+

( ) ( ) ( ) ( ){ })1(2
)1(

)1(
)1()1()1()1()1()1()1()1()1(

)1( θγθψδδδδ
β

β
α

∇+
∂
∂

−−−−−+−
∂
∂

×
x

ucghvugh
g

 

( ) ( ) ( ) ( ){ }12
)1(

)1(
)1()1()1()1()1()1()1()1()1(

)1(
RccD

x
cughvu −∇+
∂

∂
−−−−−+−

∂

∂
×

β
βφθδδδφθδ

φ

 

( ))1()1(
)1( ψδ

ψ
−

∂
∂

× c
 

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( vu

vx

uu
cgh −

∂
∂

∂

∂
−−−= δψδφθδδ

αβ

βα

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( vu

vx
hh

cgh −
∂
∂

∂

∂
−−−−+ δψδφθδδ

αβ

βα

( ) ( ) ( ) [ ])1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(
)1()1()1()1()1()1(

4
1

α

β

β

α

α

β

β

α

απ
ψδφθδδ

x

h

x
h

x

u

x
u

x
cgh

∂

∂

∂
∂

−
∂

∂

∂
∂

∂
∂

−−−+ ∫

( )

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1(

)1()1(
)1(

vu
v

ucgh

vu
vxx

xd

−
∂
∂

∇×−−−−+

−
∂
∂

−′
′

×

δνψδφθδδ

δ

α
α

α

 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( 2 vu
v

ucgh mm −
∂
∂

Ω∈×−−−+ δψδφθδδ
α

ααβ
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( ) ( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1()1( vu
v

vufcgh −
∂
∂

−×−−−−+ δψδφθδδ
α

αα

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( gh

gx

uh
cvu −

∂
∂

∂

∂
×−−−+ δψδφθδδ

αβ

βα  

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( gh

gx

hu
cvu −

∂
∂

∂

∂
×−−−−+ δψδφθδδ

αβ

βα  

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( gh
g

hcvu −
∂
∂

∇×−−−−+ δλψδφθδδ
α

α  

( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( φθδ

φ
θψδδδ
β

β −
∂
∂

∂
∂

×−−−+
x

ucghvu

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( φθδ
φ

θγψδδδ −
∂
∂

∇×−−−−+ cghvu

( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( ψδ

ψ
φθδδδ

β
β −

∂

∂

∂

∂
×−−−+ c

x
cughvu  

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( ψδ
ψ

φθδδδ −
∂

∂
∇×−−−−+ ccDghvu  

                              ( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( ψδ
ψ

φθδδδ −
∂

∂
×−−−+ cRcghvu    (24) 

Various terms in the above equation can be simplified as that they may be expressed in terms of one point 
and two point distribution functions. 
The 1st term in the above equation is simplified as follows: 

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( vu

vx

uu
cgh −

∂
∂

∂

∂
−−− δψδφθδδ

αβ

βα  

( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( vu

vx
ucghu −

∂
∂

∂
∂

−−−= δψδφθδδ
αβ

α
β

( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( vu

xx
ucghu −

∂
∂

∂
∂

−−−−= δψδφθδδ
ββ

α
β

 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( vu
x

cghu −
∂
∂

−−−−= δψδφθδδ
β

β ;(since 1)1(

)1(
=

∂
∂

α

α

v
u )       

                                                                                                                                                                       

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( vu
x

ucgh −
∂
∂

−−−−= δψδφθδδ
β

β                       (25)

      
Similarly, 7th, 10th and 12th terms of right hand-side of equation (24) can be simplified as follows;  

7th term 

                                        ( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( gh

gx

uh
cvu −

∂
∂

∂

∂
−−− δψδφθδδ

αβ

βα   (26) 

10th term,  
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( A
)



( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( φθδ

φ
θψδδδ
β

β −
∂
∂

∂
∂

−−−
x

ucghvu                            

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( φθδψδδδ
β

β −
∂
∂

−−−−=
x

ucghvu                                               (27) 

and 12th term 

( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( ψδ

ψ
φθδδδ

β
β −

∂
∂

∂
∂

−−− c
x
cughvu

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( ψδφθδδδ
β

β −
∂
∂

−−−−= c
x

ughvu     (28) 

Adding these equations from (25) to (28), we get 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( vu
x

ucgh −
∂
∂

−−−− δψδφθδδ
β

β

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( gh
x

ucvu −
∂
∂

−−−−+ δψδφθδδ
β

β
 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( φθδψδδδ
β

β −
∂
∂

−−−−+
x

ucghvu

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( ψδφθδδδ
β

β −
∂
∂

−−−−+ c
x

ughvu

( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1()1(
)1( ψδφθδδδβ

β
−−−−−

∂
∂

−= cghvuu
x

 

)1(
1

)1(
)1( Fv

x β
β∂

∂
−=  [Applying the properties of distribution function] 

                                                                    )1(

)1(
1)1(

β
β x

F
v

∂

∂
−=                                  (29) 

Similarly second and eighth terms on the right hand-side of the equation (24) can be simplified as 

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( vu

vx

hh
cgh −

∂
∂

∂

∂
−−−− δψδφθδδ

αβ

βα  

                                                                            )1(
1)1()1(

)1(
)1( F

xv
g

g
βα

α
β

∂

∂

∂

∂
−=                          (30) 

and 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1(
)1()1()1()1()1()1( gh

gx

hu
cvu −

∂
∂

∂

∂
−−−− δψδφθδδ

αβ

βα  

                                                                      )1(
1)1()1(

)1(
)1( F

xg
v

g
βα

α
β

∂

∂

∂

∂
−=                             (31) 
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4th term can be reduced as     

( ) ( ) ( ) ( )〉−
∂

∂
−−−∇− )1()1(

)1(
)1()1()1()1()1()1()1(2 vu

v
cghu δψδφθδδν

α
α

[ ( ) ( ) ( ) ( ) ])1()1()1()1()1()1()1()1()1(2
)1(

ψδφθδδδν α
α

−−−−∇
∂

∂
−= cghvuu

v
 

[ ( ) ( ) ( ) ( ) ])1()1()1()1()1()1()1()1()1(
)1()1(

2

)1(
ψδφθδδδν α

ββα

−−−−
∂∂

∂

∂

∂
−= cghvuu

xxv
 

[ ( ) ( ) ( ) ( ) ])1()1()1()1()1()1()1()1()2(
)2()2(

2

)1(

lim

)1()2(
ψδφθδδδν α

ββα

−−−−
∂∂

∂

→
∂

∂
−= cghvuu

xx
xx

v
 

( ) ( ) ( ) ( ))2()2()2()2()2()2()2()2()2(
)2()2(

2

)1(

lim

)1()2(
ψδφθδδδν α

ββα

−−−−
∂∂

∂

→
∂

∂
−= ∫ cghvuu

xx
xx

v
 

( ) ( ) ( ) ( ) 〉−−−−× )2()2()2()2()1()1()1()1()1()1()1()1( ψφψδφθδδδ dddgdvcghvu
 

                                   
)2()2()2()2()2,1(

2
)2(

)2()2(

2

)1(

lim

)1()2(
ψφν α

ββα

dddgdvFv
xx

xx
v ∫

∂∂

∂

→
∂

∂
−=   (32)

 

9th, 11th

 

and 13th

 

terms of the right hand side of equation (24)

 

9th

 

term,

 

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( gh
g

hcvu −
∂
∂

∇−−−− δλψδφθδδ
α

α

 

( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1(
)1(

)1(2 ψδφθδδδλ
α

α −−−−
∂
∂

∇−= cghvu
g

h

 

                                        

)2()2()2()2()2,1(
2

)2(
)2()2(

2

)1(

lim

)1()2(
ψφλ α

ββα
dddgdvFg

xx
xx

g ∫∂∂
∂

→
∂
∂

−=    (33)

 

 

11th

 

term,

 

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( φθδ
φ

θγψδδδ −
∂
∂

∇−−−− cghvu        

                                                                                                    

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1(2 φθδ
φ

ψδδδθγ −
∂
∂

−−−∇−= cghvu     (34)

 

13th

 

term,

 

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( ψδ
ψ

φθδδδ −
∂
∂

∇−−−− ccDghvu

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1(2 φθδ
φ

ψδδδ −
∂
∂

−−−∇−= cghvucD
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)



                                    )2()2()2()2()2,1(
2

)2(
)2()2(

2

)1(

lim

)1()2(
ψφψ

ψ ββ

dddgdvF
xx

xx
D ∫∂∂

∂

→
∂
∂

−=    (35) 

We reduce the 3rd term of right hand side of equation (24), we get 
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5th and 6th terms of right hand side of equation (24) 
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and the last term,
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Substituting the results (25) to (39) in equation (24) we get the transport equation for one point distribution 
function in MHD turbulent flow in a rotating system in presence of dust particles under going a first order reaction as
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Various terms in the above equation can be simplified as that they may be expressed in terms of one point, 
two- point and three-point distribution functions. 
The 1st term in the above equation is simplified as follows: 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
)1()1(

)1()1(
)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(
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vx
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c

ghvucgh

−
∂
∂

∂

∂
×−
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δψδ

φθδδδψδφθδδ

αβ
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ghvucghu
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∂
∂

∂
∂

×−

−−−−−−=

δψδ

φθδδδψδφθδδ
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α

β

( ) ( ) ( ) ( ) ( ) ( )

( ) ( )                                                         )1 (since; )1(

)1(
)1()1(

)1()1(

)1(
)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1(

=
∂
∂

−
∂
∂

∂
∂
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−−−−−−−=

α

α
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α

β

δψδ

φθδδδψδφθδδ

v
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ghvucghu
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x

uc

ghvucgh

−
∂
∂

×−

−−−−−−−=

δψδ

φθδδδψδφθδδ

β
β

                                           
(42)

 

Similarly, 7th, 10th

 

and 12th

 

terms of right hand-side of equation (41) can be simplified as follows;

 

7th

 

term,

 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
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ghvucvu

−
∂
∂
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∂
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x
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ghvucvu

−
∂
∂
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−−−−−−−=

δψδ

φθδδδψδφθδδ

β
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(43)

 

10th

 

term,

 
 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
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)1(
)1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(
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φ

θψδ

φθδδδψδδδ

β
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∂
∂

∂
∂
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x
uc
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                            ( ) ( ) ( ) ( ) ( ) ( )
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φθδψδ
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β
β −
∂
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x
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  (44)

 

and 12th

 

term
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∂
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∂
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( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) .)1()1(
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ψδψδφθδ

δδφθδδδ

β
β −
∂
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−−−−−−=

c
x

uc

ghvughvu
                        

(45)
 

Adding these equations from (42) to (45), we get 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
)1(
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x

uc

ghvucgh

−
∂
∂
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ghvucvu

−
∂
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β
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φθδψδ

φθδδδψδδδ

β
β −
∂
∂

×−
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x
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c
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2

)1(
)1( Fv

x β
β∂
∂

−=     [Applying the properties of distribution functions]

 

                                                                       )1(

)2,1(
2)1(

β
β x

Fv
∂
∂

−=                     (46)
 

Similarly, 15th, 21st, 24th
 

and 26th
 

terms of right hand-side of equation (41) can be simplified as follows; 
15th

 
term,
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−
∂
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∂
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−
∂
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21st
 
term,
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−
∂
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β
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  (48) 

24th term, 

                                            

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(
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)2(
)2()2()2(
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φθδ
φ

θψδ

δδψδφθδδδ

β
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∂
∂

∂
∂
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−−−−−−

x
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ghvucghvu
 (49) 

                          

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
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x
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ghvucghvu

and 26th  term, 
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∂

∂
∂
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β
β −

∂
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×−

−−−−−−−=

c
x

u

ghvucghvu
  (50) 

Adding these equations from (46) to (49), we get 

              

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ))2()2()2()2()2()2(

)2()2()1()1()1()1()1()1()1()1()2(
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ψδφθδδ
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−−−−−
∂
∂

−

cgh

vucghvuu
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)2(

)2,1(
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β
β x

Fv
∂
∂

−=                                                (51) 

Similarly, the terms 2nd, 8th, 16th and 22nd of right hand-side of equation (41) can be simplified as follows; 
2nd  term,  
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∂
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βg )1(

)1(

α
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v
g
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∂
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F
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∂
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8th term, 
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α

α
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∂

                                       (53) 

16th term, 
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∂
∂

     (54) 

and 22nd  term, 
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c

vucghvu
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∂
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∂

∂
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= - )2(
βg )2(

)2(

α

α

g
v
∂
∂

)2(

)2,1(
2

βx

F

∂

∂
. 

Fourth term can be reduced as 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( )〉−

∂

∂
∇×−

−−−−−−−

)1()1(
)1(

)1(2)2()2(
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vu
v
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ghvucgh

δνψδ

φθδδδψδφθδδ

α
α

[ ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ])2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1()1(2
)1(

ψδφθδδδ

ψδφθδδδν α
α

−−−−

−−−−∇
∂

∂
−=

cghvu

cghvuu
v

[ ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ])2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1()1(
)1()1(

2

)1(

ψδφθδδδ

ψδφθδδδν α
ββα

−−−−

−−−−
∂∂

∂

∂

∂
−=

cghvu

cghvuu
xxv                

[ ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ])2()2()2()2()2()2()2()2()1()1(

)1()1()1()1()1()1()3(
)3()3(

2

)1(

lim

)1()3(

ψδφθδδδψδ

φθδδδν α
ββα

−−−−−

−−−
∂∂

∂

→
∂

∂
−=

cghvuc

ghvuu
xx

xx
v

 

( ) ( ) ( ))3()3()3()3()3()3()3(
)3()3(

2

)1(

lim

)1()3(
φθδδδν α

ββα

−−−
∂∂
∂

→
∂
∂

−= ∫ ghvuu
xx

xx
v
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( A
)



( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) )3()3()3()3()1()1()1()1()1()1(

)1()1()2()2()2()2()2()2()2()2()3()3(

ψφψδφθδδ

δψδφθδδδψδ

dddgdvcgh

vucghvuc

−−−

−−−−−−

 

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)1(

lim

)1()3(
ψφν α

ββα
dddgdvFv

xx
xx

v ∫
∂∂

∂

→
∂

∂
−=    (56) 

Similarly,  9th,  11th, 13th, 18th, 23rd, 25th and 27th terms of right hand-side of equation (41) can be simplified as follows; 
9th term, 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
)1(

)1(2)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

gh
g

hc

ghvucvu

−
∂

∂
∇×−

−−−−−−−

δλψδ

φθδδδψδφθδδ

α
α

 

                               

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)1(

lim

)1()3(
ψφλ α

ββα

dddgdvFg
xx

xx
g ∫

∂∂

∂

→
∂

∂
−=    (57)

 

11th term, 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))1()1(

)1(
)1(2)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

φθδ
φ

θγψδ

φθδδδψδδδ

−
∂

∂
∇×−

−−−−−−−

c

ghvucghvu
 

                              

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)1(

lim

)1()3(
ψφφ

φ
γ

ββ

dddgdvF
xx

xx
∫

∂∂

∂

→
∂

∂
−=    (58)

 

13th
 
term,

 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))1()1(

)1(
)1(2)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

ψδ
ψ

ψδ

φθδδδφθδδδ

−
∂

∂
∇×−

−−−−−−−

ccDc

ghvughvu
 

                           

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)1(

lim

)1()3(
ψφψ

ψ ββ

dddgdvF
xx

xx
D ∫

∂∂

∂

→
∂

∂
−=    (59)

 

18th
 
term,

 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2(2)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

vu
v

uc

ghcghvu

−
∂

∂
∇×−

−−−−−−−

δνψδ

φθδδψδφθδδδ

α
α

 

                                   

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2(

lim

)2()3(
ψφν α

ββα

dddgdvFv
xx

xx
v ∫

∂∂

∂

→
∂

∂
−=    (60)

 

 

23rd

 

term, 
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( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
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)2()2()2()2()1()1()1()1()1()1()1()1(

gh
g

hc

vucghvu

−
∂

∂
∇×−

−−−−−−−

δλψδ

φθδδψδφθδδδ

α
α

 

                                    

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2(

lim

)2()3(
ψφλ α

ββα
dddgdvFg

xx
xx

g ∫∂∂
∂

→
∂
∂

−=     (61) 

 25th   term,  

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2(2)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

φθδ
φ

θγψδ

δδψδφθδδδ

−
∂
∂

∇×−

−−−−−−−

c

ghvucghvu
 

                                        

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2(

lim

)2()3(
ψφφ

φ
γ

ββ

dddgdvF
xx

xx
∫∂∂

∂

→
∂
∂

−=    (62) 

27th   term,  

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2(2)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

ψδ
ψ

φθδ

δδψδφθδδδ

−
∂
∂

∇×−

−−−−−−−

ccD

ghvucghvu
 

                               

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2(

lim

)2()3(
ψφψ

ψ ββ
dddgdvF

xx
xx

D ∫∂∂
∂

→
∂
∂

−=       (63) 

 
We reduce the third term of right - hand side of equation (41),

 

( ) ( ) ( ) ( ) ( ) ( )

( ) [ ] ( ))1()1(
)1()1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(
)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

4
1 vu

vxx
xd

x

h

x
h

x

u

x
u

x
c

ghvucgh

−
∂
∂

−′′
′′

∂

∂

∂
∂

−
∂

∂

∂
∂

∂
∂

×−

−−−−−−

∫ δ
π

ψδ

φθδδδψδφθδδ

αα

β

β

α

α

β

β

α

α

 

            

[ ( )( ) ]
 

1
4
1 )3()3()3()3()3()3,2,1(

3)3(

)3(

)3(

)3(

)3(

)3(

)3(

)3(

)1()3()1()1( ψφ
π α

β

β

α

α

β

β

α

αα
dddgdvdxF

x

g

x
g

x

v

x
v

xxxv
×

∂

∂

∂
∂

−
∂

∂

∂
∂

−∂
∂

∂
∂

= ∫

 

                (64)

 

Similarly, term 17th, 

    

 

( ) ( ) ( ) ( ) ( ) ( )

( ) [ ] ( ))2()2(
)2()2(

)2(

)2(

)2(

)2(

)2(

)2(

)2(

)2(
)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

4
1 vu

vxx
xd

x
h

x
h

x
u

x
u

x
c

ghcghvu

−
∂
∂

′−′′
′′

∂

∂

∂
∂

−
∂

∂

∂
∂

∂
∂

×−

−−−−−−

∫ δ
π

ψδ

φθδδψδφθδδδ

αα

β

β

α

α

β

β

α

α

 

                            

[ ( )( ) ]

 

1
4
1 )3()3()3()3()3()3,2,1(

3)3(

)3(

)3(

)3(

)3(

)3(

)3(

)3(

)2()3()2()2( ψφ
π α

β

β

α

α

β

β

α

αα

dddgdvdxF
x
g

x
g

x
v

x
v

xxxv
×

∂

∂

∂
∂

−
∂

∂

∂
∂

−∂
∂

∂
∂

= ∫   (65)

 

5th

 

and 6th

 

terms of right hand side of equation (41), we get 

 

5th

 

term,
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( A
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( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))1()1(

)1(
)1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

2 vu
v

uc

ghvucgh

mm −
∂

∂
Ω∈×−

−−−−−−

δψδ

φθδδδψδφθδδ

α
ααβ

[ ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ])2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1(
)1(

)1(2

ψδφθδδδ

ψδφθδδδ
α

ααβ

−−−−

−−−−
∂

∂
Ω∈=

cghvu

cghvu
v

umm

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ))2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1()1(
)1(

2

ψδφθδδδ

ψδφθδδδα
α

αβ

−−−−

−−−−
∂

∂
Ω∈=

cghvu

cghvuu
v

mm  

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ))2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1(
)1(

)1(

2

ψδφθδδδ

ψδφθδδδ
α

α
αβ

−−−−

−−−−
∂
∂

Ω∈=

cghvu

cghvu
v
u

mm  

                                                         )2,1(
22 Fmm Ω∈= αβ        (66)

 

and 6th term, 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ))1()1(

)1(
)1()1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

vu
v

vufc

ghvucgh

−
∂

∂
−×−

−−−−−−−

δψδ

φθδδδψδφθδδ

α
αα

( ) [ ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )])2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1(
)1(

)1()1(

ψδφθδδδ

ψδφθδδδ
α

αα

−−−−

−−−−
∂

∂
−−=

cghvu

cghvu
v

vuf  

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ))2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1(
)1(

)1()1(

ψδφθδδδ

ψδφθδδδ
α

αα

−−−−

−−−−
∂

∂
−−=

cghvu

cghvu
v

vuf
 

                                                ( ) )2,1(
2)1(

)1()1( F
v

vuf
α

αα
∂
∂

−−= (                               

 

(67)

 

Similarly, 19th

 

and 20th

 

terms of right hand side of equation (41),

 

19th

 

term,

 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

2 vu
v

uc

ghcghvu

mm −
∂
∂

Ω∈×−

−−−−−−

δψδ

φθδδψδφθδδδ

α
ααβ

                           

 

                                                                     = )2,1(
22 Fmm Ω∈ αβ                                    

 

(68)

 

and 20th  term,
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( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ))2()2(

)2(
)2()2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

vu
v

vufc

ghcghvu

−
∂

∂
−×−

−−−−−−−

δψδ

φθδδψδφθδδδ

α
αα

 

                                                    

( ) )2,1(
2)2(

)2()2( F
v

vuf
α

αα
∂

∂
−−=       (69) 

14th and 28th terms of equation (41) 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))1()1(

)1(
)1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

ψδ
ψ

ψδ

φθδδδφθδδδ

−
∂

∂
×−

−−−−−−

cRcc

ghvughvu

 

                                                              

( )
( )

( )2,1
21

1 FR
ψ

ψ
∂

∂
=                     (70) 

And 28th term 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

ψδ
ψ

φθδ

δδψδφθδδδ

−
∂

∂
×−

−−−−−−−

cRc

ghvucghvu

 

                                                                  

( )
( )

( )2,1
22

2 FR
ψ

ψ
∂

∂
=      (71) 

Substituting the results (42) – (71) in equation (41) we get the transport equation for two point distribution 

function ),,,()2,1(
2 ψφgvF in MHD turbulent flow in a rotating system in presence of dust particles as 

( ) ( ) )2,1(
2)1()1(

)1(

)1(

)1(
)1()2,1(

2)2(
)2(

)1(
)1(

)2,1(
2 F

xg
v

v
ggF

x
v

x
v

t
F

βα

α

α

α
β

β
β

β
β ∂

∂
∂
∂

+
∂
∂

+
∂
∂

+
∂
∂

+
∂

∂

( ) [ ( )
)1()3()1()1(

)2,1(
2)2()2(

)2(

)2(

)2(
)2( 1

4
1

xxxv
F

xg
v

v
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−∂
∂

∂
∂

−
∂
∂

∂
∂

+
∂
∂
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ααβα

α

α

α
β π

       

( ) ])3)3()3()3()3()3,2,1(
3)3(

)3(

)3(

)3(

)3(

)3(

)3(

)3(

ψφ
α

β

β

α

α

β

β

α dddgdvdxF
x
g

x
g

x
v

x
v

∂
∂

∂
∂

−
∂
∂

∂
∂

×  

[ ( ) ( ))3(

)3(

)3(

)3(

)3(

)3(

)3(

)3(

)2()3()2()2(   1
4
1

α

β

β

α

α

β

β

α

αα π x
g

x
g

x
v

x
v

xxxv ∂

∂

∂
∂

−
∂

∂

∂
∂

−∂
∂

∂
∂

− ∫  

] )3)3()3()3()3()3,2,1(
3 ψφ dddgdvdxF×  

( ) )3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2()1(

lim

)2()3(

lim

)1()3(
ψφν α

ββαα

dddgdvFv
xx

xx
v

xx
v ∫∂∂

∂

→
∂
∂

+

→
∂
∂

+  

( ) )3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2()1(

lim

)2()3(

lim

)1()3(
ψφλ α

ββαα

dddgdvFg
xx

xx
g

xx
g ∫∂∂

∂

→
∂
∂

+

→
∂
∂

+  
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( ) )3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2()1(

lim

)2()3(

lim

)1()3(
ψφφ

φφ
γ

ββ

dddgdvF
xx

xxxx
∫∂∂

∂

→
∂
∂

+

→
∂
∂

+  

                                          

( ) )3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2()1(

lim

)2()3(

lim

)1()3(
ψφψ

ψψ ββ

dddgdvF
xx

xxxx
D ∫∂∂

∂

→
∂
∂

+

→
∂
∂

+    (72)
 

 
4 )2,1(

2Fmm Ω∈+ αβ [ ( ) ( ) ] )2,1(
2)2(

)2()2(
)1(

)1()1( F
v

vuf
v

vuf
α

αα
α

αα
∂

∂
−+

∂

∂
−+  
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( )

( ) ( )
( )

( ) 02,1
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22,1
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1 =
∂

∂
−

∂

∂
− FRFR

ψ
ψ

ψ
ψ

 

Equations for three-point distribution function )3.2,1(
3F : 

Differentiating equation (14) with respect to time, we get
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)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

ψδ
ψ

φθδδδ

φθδδδψδφθδδδ

−
∂
∂

×−−−

−−−−−−−+

cRcghvu

ghvucghvu
      (73)

 

Various terms in the above equation can be simplified as that they may be expressed in terms of one-, two-, 
three- and four - point distribution functions. 
The 1st term in the above equation is simplified as follows 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1()1(

)1()1(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

vu
vx

uu
cghvu

cghvucgh

−
∂
∂

∂

∂
×−−−−

−−−−−−−

δψδφθδδδ

ψδφθδδδψδφθδδ

αβ

βα

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1()1(

)1(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1()1(

vu
vx

ucghvu

cghvucghu

−
∂
∂

∂
∂

×−−−−

−−−−−−−=

δψδφθδδδ

ψδφθδδδψδφθδδ

αβ

α

β

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )         )1 (since; )1(

)1(
)1()1(

)1()1(

)1(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1()1(

=
∂
∂

−
∂
∂

∂
∂

×−−−−

−−−−−−−−=

α

α

βα

α

β

δψδφθδδδ

ψδφθδδδψδφθδδ

v
uvu

xv
ucghvu

cghvucghu
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

vu
x

ucghvu

cghvucgh

−
∂
∂

×−−−−

−−−−−−−−=

δψδφθδδδ

ψδφθδδδψδφθδδ

β
β

                         
(74)

 

Similarly, 7th, 10th and 12th terms of right hand-side of equation (73) can be simplified as follows;  
7th term, 

                                  

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1()1(

)1()1(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

gh
gx

uh
cghvu

cghvucvu

−
∂
∂

∂

∂
×−−−−

−−−−−−−

δψδφθδδδ

ψδφθδδδψδφθδδ

αβ

βα   
(75)

 

10th term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1()1(

)1(
)1()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

φθδ
φ

θ
ψδφθδδδ

ψδφθδδδψδδδ

β
β −

∂

∂

∂

∂
×−−−−

−−−−−−−

x
ucghvu

cghvucghvu
                                    

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

φθδψδφθδδδ

ψδφθδδδψδδδ

β
β −

∂

∂
×−−−−

−−−−−−−−=

x
ucghvu

cghvucghvu
                           

(76)
 

and 12th term 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1()1(

)1(
)1()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

ψδ
ψ

ψδφθδδδ

ψδφθδδδφθδδδ

β
β −

∂

∂

∂

∂
×−−−−

−−−−−−−

c
x
cucghvu

cghvughvu
                              

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

ψδψδφθδδδ

ψδφθδδδφθδδδ

β
β −

∂

∂
×−−−−

−−−−−−−−=

c
x

ucghvu

cghvughvu
                           

(77)
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Adding these equations from (74) to (77), we get 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

vu
x

ucghvu

cghvucgh

−
∂

∂
×−−−−

−−−−−−−−

δψδφθδδδ

ψδφθδδδψδφθδδ

β
β

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

gh
x

ucghvu

cghvucvu

−
∂

∂
×−−−−

−−−−−−−−+

δψδφθδδδ

ψδφθδδδψδφθδδ

β
β

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

φθδψδφθδδδ

ψδφθδδδψδδδ

β
β −

∂
∂

×−−−−

−−−−−−−−+

x
ucghvu

cghvucghvu

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

ψδψδφθδδδ

ψδφθδδδφθδδδ

β
β −

∂

∂
×−−−−

−−−−−−−−+

c
x

ucghvu

cghvughvu

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ))3()3()3()3()3()3()3()3()2()2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1()1(
)1(

ψδφθδδδψδφθδ

δδψδφθδδδβ
β

−−−−−−

−−−−−−−
∂
∂

−=

cghvuc

ghvucghvuu
x

 

         
   

)3,2,1(
3

)1(
)1(

Fv
x β
β∂

∂
−=   [Applying the properties of distribution functions ]    (78)

 

Similarly, 15th, 21st, 24th

 
and 26th

 
terms of right hand-side of equation (73) can be simplified as follows;

 

15th

 
term,

 

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ))2()2(
)2()2(

)2()2(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

vu
vx

uu
cghvu

cghcghvu

−
∂
∂

∂

∂
×−−−−

−−−−−−−

δψδφθδδδ

ψδφθδδψδφθδδδ

αβ

βα

 

                                 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ))2()2(

)2(
)2()3()3()3()3()3()3()3()3()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

vu
x

ucghvuc

ghcghvu

−
∂

∂
×−−−−−

−−−−−−−=

δψδφθδδδψδ

φθδδψδφθδδδ

β
β

  

(79)

 

21st

 

term,

 

                 

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ))2()2(
)2()2(

)2()2(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

gh
gx

uh
cghvu

cvucghvu

−
∂

∂

∂

∂
×−−−−

−−−−−−−

δψδφθδδδ

ψδφθδδψδφθδδδ

αβ

βα

  

(80)

 

24th

 

term,

 
 

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ))2()2(
)2()2(

)2(
)2()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

φθδ
φ

θ
ψδφθδδδ

ψδδδψδφθδδδ

β
β −

∂

∂

∂

∂
×−−−−

−−−−−−−

x
ucghvu

cghvucghvu
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( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))2()2(

)2(
)2()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

φθδψδφθδδδ

ψδδδψδφθδδδ

β
β −

∂

∂
×−−−−

−−−−−−−−=

x
ucghvu

cghvucghvu
 (81) 

And 26th term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))2()2(

)2()2(

)2(
)2()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

ψδ
ψ

ψδφθδδδ

φθδδδψδφθδδδ

β
β −

∂

∂

∂

∂
×−−−−

−−−−−−−

c
x
cucghvu

ghvucghvu

                                       

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))2()2(

)2(
)2()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

ψδψδφθδδδ

φθδδδψδφθδδδ

β
β −

∂

∂
×−−−−

−−−−−−−−=

c
x

ucghvu

ghvucghvu
   

(82)

 

Adding equations (79) to (82), we get
 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ))3()3()3()3()3()3()3()3()2()2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1()2(
)2(

ψδφθδδδψδφθδ

δδψδφθδδδβ
β

−−−−−−

−−−−−−
∂
∂

−

cghvuc

ghvucghvuu
x

 

                                                                         
)2(

)3,2,1(
3)2(

β
β x

F
v

∂

∂
−=                     (83)

 

Similarly, 29th, 35th, 38th

 
and 40th

 
terms of right hand-side of equation (73) can be simplified as follows;

 

29th

 
term,

 

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ))3()3(
)2()3(

)3()3(
)3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

vu
vx

uu
cghc

ghvucghvu

−
∂
∂

∂

∂
×−−−−

−−−−−−−

δψδφθδδψδ

φθδδδψδφθδδδ

αβ

βα

 

= ( ) ( ) ( ) ( ) ( ) ( ))2()2()3()3()1()1()1()1()1()1()1()1( ghvucghvu −−−−−−− δδψδφθδδδ
            

( ) ( ) ( ) ( ) ( ) ( ))3()3(
)3(

)3()3()3()3()3()3()3()2()2()2()2( vu
x

ucghc −
∂
∂

×−−−−− δψδφθδδψδφθδ
β

β      (84)

 

35th

 

term,

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3()3(

)3()3(
)3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

gh
gx

uh
cvuc

ghvucghvu

−
∂
∂

∂

∂
×−−−−

−−−−−−−

δψδφθδδψδ

φθδδδψδφθδδδ

αβ

βα

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3(
)3()3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

gh
x

ucvuc

ghvucghvu

−
∂

∂
×−−−−

−−−−−−−−=

δψδφθδδψδ

φθδδδψδφθδδδ

β
β

 

(85)

 

38th

 

term,
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( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3()3(

)3(
)3()3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

φθδ
φ

θ
ψδδδψδ

φθδδδψδφθδδδ

β
β −

∂
∂

∂
∂

×−−−−

−−−−−−−

x
ucghvuc

ghvucghvu

 

                            

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3(
)3()3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

φθδψδδδψδ

φθδδδψδφθδδδ

β
β −

∂
∂

×−−−−

−−−−−−−−=

x
ucghvuc

ghvucghvu
                           (86) 

and 40th  term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3()3(

)3(
)3()3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

ψδ
ψ

φθδδδψδ

φθδδδψδφθδδδ

β
β −

∂
∂

∂
∂

×−−−−

−−−−−−−

c
x
cughvuc

ghvucghvu

 

                                

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3(
)3()3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

ψδφθδδδψδ

φθδδδψδφθδδδ

β
β −

∂
∂

×−−−−

−−−−−−−−=

c
x

ughvuc

ghvucghvu
 (87) 

Adding equations (84) to (87), we get 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ))3()3()3()3()3()3()3()3()2()2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1()3(
)3(

ψδφθδδδψδφθδ

δδψδφθδδδβ
β

−−−−−−

−−−−−−−
∂

∂
−

cghvuc

ghvucghvuu
x

                                                                                  = - )3(
βv

)3(

)3,2,1(
3

βx

F

∂

∂
                          (88) 

      Similarly ,  2 nd, 8th, 16th,   22nd, 30th  and   36th terms of right hand-side of equation (73) can be simplified as follows;  
2nd term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1()1(

)1()1(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

vu
vx

hh
cghvu

cghvucgh

−
∂
∂

∂

∂
×−−−−

−−−−−−−−

δψδφθδδδ

ψδφθδδδψδφθδδ

αβ

βα  

                                                                      = - )1(
βg )1(

)1(

α

α

v
g
∂

∂
)1(

)3,2,1(
3

βx

F

∂

∂
                         (89) 

 8th term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(

)1()1(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

gh
gx

hu
cghvu

cghvucvu

−
∂

∂

∂

∂
×−−−−

−−−−−−−−

δψδφθδδδ

ψδφθδδδψδφθδδ

αβ

βα  

                                                                       = - )1(
βg )1(

)1(

α

α

g
v
∂

∂
)1(

)3,2,1(
3

βx
F
∂

∂
     (90) 

16th term, 
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( ) ( ) ( ) ( ) ( ) ( ) ( )
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)3()3()3()3()3()3()3()3(
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vu
vx
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cghvu

cghcghvu

−
∂
∂

∂

∂
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                                                                         = - )2(
βg )2(

)2(

α

α

v
g
∂

∂
)2(

)3,2,1(
3

βx
F
∂

∂
                                      (91) 

 22nd term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))2()2(

)2()2(

)2()2(
)3()3()3()3()3()3()3()3(
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gh
gx
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cghvu

cvucghvu

−
∂
∂

∂

∂
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βg )2(

)2(

α

α

g
v
∂

∂
)2(
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3

βx

F

∂

∂
     (92)

 

30th
 
term,

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(
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)3()3(
)3()3()3()3()3()3()2()2(
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vx
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ghvucghvu
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∂
∂

∂

∂
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                                                                          = - )3(
βg )3(

)3(

α

α

v
g
∂

∂
)3(

)3,2,1(
3

βx

F

∂

∂
                      (93)

 

and 36th
 
term,
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4th

 

term can be reduced as
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     Similarly, 9th
 
,11th

 
,13th

 
,18th

 
,23rd

 
,25th

 
,27th

 
,32nd

 
,37th

 
,39th  and 41st 

 
terms of right hand-side of equation (73) can 

be simplified as follows; 
 

9th
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term,          
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18th term, 
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23rd term,  
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term, 
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27th   term, 
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32nd   term,             
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37th   term,              
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39th   term,             
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41st term,             
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We reduce the third term of right hand side of equation (73),
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17th term,
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Similarly, 31st

 

term,
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5th

 

and 6th

 

terms

 

of right hand side of equation (73),
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term,

 ( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1()3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

2 vu
v

ucghvu

cghvucgh

mm −
∂

∂
Ω∈×−−−−

−−−−−−−

δψδφθδδδ

ψδφθδδδψδφθδδ

α
ααβ  

[ ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( ) ])3()3()3()3()3()3()3()3()2()2()2()2()2()2(

)2()2()1()1()1()1()1()1()1()1(
)1(

)1(2

ψδφθδδδψδφθδδ

δψδφθδδδ
α

ααβ

−−−−−−−

−−−−−
∂

∂
Ω∈=

cghvucgh

vucghvu
v

umm

 

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( ))3()3()3()3()3()3()3()3()2()2()2()2()2()2(

)2()2()1()1()1()1()1()1()1()1()1(
)1(

2

ψδφθδδδψδφθδδ

δψδφθδδδα
α

αβ

−−−−−−−

−−−−−
∂

∂
Ω∈=

cghvucgh

vucghvuu
v

mm

 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ))3()3()3()3()3()3()3()3()2()2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(
)1(

)1(
2

ψδφθδδδψδφθδ

δδψδφθδδδ
α

α
αβ

−−−−−−

−−−−−−
∂
∂

Ω∈=

cghvuc

ghvucghvu
v
u

mm  

         
                                                                     

)3,2,1(
32 Fmm Ω∈= αβ                

 
(110)

 

and 6th
 
term,
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Similarly, 19th, 20th, 33rd
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terms of right hand side of equation (73),
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42nd term of Equation (73) 
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III. Results 

Substituting the results (74) – (118) in equation (73) we get the transport equation for three- point distribution 
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Continuing this way, we can derive the equations for evolution of )4,3,2,1(
4F , )5,4,3,2,1(

5F  and so on. Logically it 
is possible to have an equation for every Fn (n is an integer) but the system of equations so obtained is not closed. 
Certain approximations will be required thus obtained. 

IV. Discussions 

If R=0,i.e the reaction rate is absent, the transport equation for three- point distribution function in MHD 
turbulent flow (119) becomes 
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which was obtained earlier by Azad et al (2015d) 

If the fluid is clean then f=0, the transport equation for three-point distribution function in MHD turbulent flow 
(119) becomes 
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This was obtained earlier by Azad

 

et al (2014b)

 

In the absence of coriolis force, mΩ =0, the transport equation

 

for three- point distribution function in MHD 
turbulent flow (116) becomes
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This was obtained earlier by N. M. Islam

 

et al (2014)

 

If the fluid is clean and the system is nonrotating then f=0, mΩ =0 and the reaction rate is absent, R=0, the 
transport equation for three- point distribution function in MHD turbulent flow (119) becomes
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It was obtained earlier by Azad et al (2014a) 
If we drop the viscous, magnetic and thermal diffusive and concentration terms from the three point 

evolution equation (119), we have 
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The existence of the term 
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can be explained on the basis that two characteristics of the flow field are related to each other and describe the 
interaction between the two modes (velocity and magnetic) at  point x(1) , x(2) and x(3) .  

We can exhibit an analogy of this equation with the 1st equation in BBGKY hierarchy in the kinetic theory of 
gases. The first equation of BBGKY hierarchy is given Lundgren (1969) as 

First Order Reactant in the Statistical Theory of Three- Point Distribution Functions in Dusty Fluid MHD
Turbulent Flow for Velocity, Magnetic Temperature and Concentration in Presence of Coriolis Force

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
I   

Is
s u
e 

  
  
er

sio
n 

I
V

I
Y
ea

r
20

16

© 2016    Global Journals Inc.  (US)

49

  
 

( A
)



 

                                             

)2()2(
)1(

)2,1(
2

)1(
2,1)1(

1)1(
)1(

)1(
1 1 vdxd

v
F

x
nF

x
v

mt
F

ααβ
β

ψ

∂

∂

∂

∂
=

∂

∂
+

∂
∂

∫∫            (125)
 

where )1()2(
2,1 ααψψ vv −=

 
is the inter molecular potential.

 
Some approximations are required, if we want to close the system of equations for the distribution functions. 

In the case of collection of ionized particles, i.e. in plasma turbulence, it can be provided closure form easily by 
decomposing F2

(1,2)

 as F1
(1) F1

(2). But it will be possible if there is no interaction or correlation between two particles. If 
we decompose F2

(1, 2)

 as 
F2

(1, 2)
 = (1+∈) F1

(1) F1
(2)

 
and 

F3
(1,2,3)

 
= (1+∈)2 F1

(1) F1
(2) F1

(3)

 
Also 

F4
(1,2,3,4)

 
= (1+∈)3 F1

(1) F1
(2) F1

(3) F1
(4)

 
where ∈ is the correlation coefficient between the particles. If there is no correlation between the particles, ∈ will be 
zero and distribution function can be decomposed in usual way. Here we are considering such type of 
approximation only to provide closed from of the equation. 
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