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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 ftransport 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
Ainvestigations 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
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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 muilti-
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)
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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 (2014Db)
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 (20153, 2015b, 2015¢, and 2015d) have done
their research on MHD turbulent flow considering 1%
order chemical reaction for three- point distribution
function. Also Bkar Pk. (2015a) studied 4-point
correlations of dusty fluid MHD turbulent flow in a 1
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
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where
Ua(X,t), a - component of turbulent velocity,

h, (X,t); a — component of magnetic field:; 0(X,t),

temperature  fluctuation; ¢,  concentration  of

contaminants; Vg, dust particle velocity;  €pgp,
alternating tensor; f :m, dimension of frequency; N,
Y2,

constant number of density of the dust particle;
- 12 12 A2
w(x,t)zy +—‘h‘ +—‘Q>< x‘ , fotal
P 2 2

P()A(,t), hydrodynamic pressure; p, fluid density; Q,

pressure;

z +i(hauﬁ —uahﬂ)z AV*h,
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PCy
thermal diffusivity; c,, specific heat at constant pressure;
k;, thermal conductivity; o, electrical conductivity; u,
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)

viscosity; A = (47ry0)71, magnetic diffusivity; , =

angular velocity of a uniform rotation; v,  Kinematic
0° ou, ou, oh oh
V2W=——(uauﬂ—hahﬂ)=—[ « e B ] (©)
OX,OX 5 OX, OX,  OXz OX,
In a conducting infinite fluid only the particular solution of the Equation (6) is related, so that
W= 1 [ ﬁu; au;; 8h(’1 6h; ] X' @
A7 " Ox), OX, OX), ox, |X'—X|
Hence equation (1) — (4) becomes
' ou ' oh, X'
ou,, +i(uauﬁ—hahﬁ)=— 1 0 J [ ou, dus  ohy ong ]_dx_ WAL
at - ox, 4 OX,° ~ OX, Ox,, 0Ky X, X=X
_Zemaﬂ Qmua + f(ua _Va)l 8)
oh 0
=+ (hu,-u,h,)=2vh,, )
ot X,
00 00
U, —— =0 (10)
ot OX g
oc oc
—+Uu;,—=DV’c—Rc, (11)
ot OX 4

© 2016 Global Journals Inc. (US)

[ssue I Version I

XVI

Volume

Frontier Research (A)

Global Journal of Science



Global Journal of Science Frontier Research (A) Volume XVI Issue [ Version I H Year 2016

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 6 and concentration ¢ 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 v, Alfven velocity h, temperature 6 and
concentration ¢ 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, ¢ and y and denote the pairs of these

variables at the points X®,X® ————— Y(”)

(\7‘1),@(“,¢(1),://‘1)), (\7(2),g<2)’¢(2),w(2)),___( R )
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

{( ® g0 40, (1))(\7&) g@,4@ ) ______ (\7(“>,g““ 40 ,!//("))}

Instead of considering discrete points in the
flow field, if it is considered the continuous distribution
of the variables V,J,¢ and y over the entire flow field,
statistically behavior of the fluid may be described by
the distribution  function F(V,g,gﬁ,gy) which is
normalized so that

[ F(v.9.¢.p )dvdgdgdy =1

where the integration ranges over all the possible values
of v, g,¢ and w. We shall make use of the same

normalization condition for the discrete distributions
also.

Fl(l)(v‘l),g(l’,¢(1),y/‘l)) < ((1)

where 0 is the Dirac delta-function defined as
[o(@-v)dv = {

Two-point distribution function is given by

R = S v s — g )s{o® g0 (e 0 )s{u@ @ s @) 56@ -2 ple® -y @) )

and three point distribution function is given by

® )5(h @ _

1

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

The one-point distribution function
FOWVD,g®,¢9,y®), defined SO that
FOWV®, 99,495 Jiv@dg@dg®dy® is the probability
that the fluid velocity, Alfven velocity, temperature and
concentration at a time t are in the element dv!” about
v, dg™ about g, d¢® about ¢® and dy about y'"
respectively and is given by

g® )5(9(1) _ 40 )5((:(1) —y®) )

at thepoint U=v
elsewhere

{29 - <5(u ® _y® )5(h(1) _g® )5(9(1) —g® )5((;(1) —y® )5(u(2) e )5(h(2) g (2>)

« 5(9(2) _4®@ )5(0(2) -
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Similarly, we can define an infinite numbers of a) Reduction Properties
multi-point distribution functions F,"234 F, 12349 gand so Integration with respect to pair of variables at
on. The following properties of the constructed  one-point lowers the order of distribution function by
distribution functions can be deduced from the above one. For example,
definitions:

[FPdvPdg@dg®dy® =1
[F2avPdgPdg@dy @ — O

[F290vPdgOdgPdy @ = FE2

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

[ FOdv® _< (h(l) ® )5(9(1) e )5( W _ (1))
[ F®dg® = < 5(u ® _y® )5(9<1) e )5((,(1) _ w‘”) ),
[ FOdg® =<5(u(1)_v(1>)5(h(1) (1))5( ®_ (1))

and

[ FEAv® = <5(u O _y® )5(h(1) _g® )5(9(1’ W )5(C(1) e )5(h(2) g (2))
5(6,(2) _ 4@ )5(C(2) _ ,/,(2)) )

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.,

lim
‘)?(2) _ )—((1)‘ > F(12) |:(1)|:(2)
and similarly,
lim
‘2(3) _ )—((2)‘ 5 o F(123) F(12 |:(3) 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 F,"? must be zero.

Thus v =v®, g®@ =g®, 4@ =4® and @ =y but F,"? must also have the property.

[F2avPdgPdg@ay @ - KO

and hence it follows that
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Similarly, [ |
lim
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d) Symmetric Conditions

Fn(1,2,r, —————— S,————— n) _ F(1,2, ————— s,———r,———n) '

e) Incompressibility Conditions

1.2,——-n) _

() %Vg)dvmdh(r):o
Xd
12—

(ii i h{Ndvdh ™ =0
ox™ o

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
u=0
Taking ensemble average of equation (5), we get

aud O £ O gy ® g O 4O, @
0=<6X—?1)>=( PYER [FPdv®dgPdgPdy @ )
o

85(1) (U [FOdv®dgPdg®Ody® )

ax(l)_[ (1) ( Fl(l) >dv(1)dg(1)d 3Oy ®

_ _‘9(1) [ VOR®dv®dg W0y, ®

OX g,
R 0 g O 4D D
= ~@ viPdvPdgPdpdy (15)
a
and similarly,
FRY O O 4D, D
0= oy 9@PdvPdg@dgp®dy (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

5( &) V<2))5(h(2) g(z))(;(@(a ¢(2>)§( (2))

and if we take the ensemble average, we obtain
ou®

0= 5(u(2)—v(2))5(h(2) (2))5(3(2) ¢(2))5( @_,,@)° e )

5 ( @ _ (2))5( @ _ (2))5(9(2)_ ¢(2))5(C(2)_,/,<2>)Jé1) )

- %[ [{ u@s(u® —v®)s(h - g s(p® — g (e —, @)
OX
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- (1) O VIR 2dvDdg Vg Ddy O (17)
and similarly,
T Ig(l)': (12) gy D dg D gDl yy @ (18)
The Nth — order continuity equations are
0= J' (1)F(12___N)dv(l)dg(l)d¢(1)dl// (19)

OX (1)
and

ax (1) J' g @ F L2,........., N)dV (1)dg (1)d¢(1)d l//(l) (20)

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

0 0

DRt N) gy gy g 4Dt 0
a(f( F dvdgVdg dx//)ax()

J(S)F(12 ------ FSpe N)dV(S)dg(s)d¢(s)dl//(s) 21)

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

aud

=8 e

@ @ gy @ qo O g 4@ 0 @ \_
8(1)IV FPdv®dgPdg®dy @ 6x(1)<u ) =(

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

Equations for evolution of one —point distribution function F%

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 patrtially 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 u,h,8 and ¢ from the equations (8) - (11).
Differentiating equation (12) with respect to time and using equation (8) - (11), we get,

R _ 3( 5( ® v(l))a(h(l’ <1))5(9(1) ¢(1))5( ® _ (1))

ot ot

(ha) ® )5(9@ e )5( W _ (1)) ( ® _V(l)) )
+ 5(u @ _ O )5(6.(1) —g® )5(0(1) —y® )% 5(h(1) _g (1)) )
+ 5(u ® _\® )5(h(1) _g® )5((:(1) _y® )ﬁ 5(,9@ _ ¢(1)) )
ot
+ 5(u ® _\® )5(h ® _ g )5(9(1) ), 5( (1))

= (-5(h® - g® )s(o® — @ (e ® —yy @ )% 6\/% Su® —v®))
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+<_5(u(1)_V(l))g(e(l)_¢(l))§(c(l)_v/(l))¥ ag% sh® —g®))

(~5(u® —v® J5(h® — g Js(c (D)azt a(ﬁ%g(gm_yja)))

+<—5(u(1)—v(1))5(h(1) (1))5(9(1) ¢(1)) ai) aw% 5(0(1)—1//(1))>

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

agtl(l) _ (h(l) (1))5(6,(1) e )5( o _ (1)){

1 o o ou®au® 0 and g

>0 ( Oy ® h(l)h(l))
X

+ W2l —2eq,5 Quud

4z 5@ oxG ax B x§ X' - X|

+ f(uél) —vél)) b Lé(u(l) —v(l))

v

N <_5(u M _ V(l))§(49(1) g )g(c(l) (1))<

o)y o g e o |

>F (h(l)u(1> u(l)h(l)) £ avh® )
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o PSR 2 )
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+ 5(u(1)_V(l))é‘(h(l)_g(l))g(g(l)_¢(1)) u® ZC; a% 5(0(1)_y,<1>)>

+{=5(u® —vO h® — g®5(p® _ 40 ) Dy 2c® aw%(g(c(l) —y®))

+ 5(u O _y® )5(h ® _ g )5(9(1) _g® )X Rc® W% 5(C(1) _ t//(l)) )

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 1% term in the above equation is simplified as follows:

uOy®

(5(h(1)_g(l))é(g(l)_¢(1))5(c(1> )a p__0 5(u(1)_v(1))>

X (1) av(l)

=<u}§)5(h(1) (1))5(3(1) ¢(1))5( @ _ (1))£_5(u(1)_v(1))>

=(-u 5(h® - g® )s(o® - g Js(c® —yy )Zi_g % Su® v}
5 Xp

:<_ ug-)é‘(h(l) _ g(l))g(g(l) —¢(l))5(c(1) (1))_5( o v(l)) (since z:((l; i

(h‘l) (1))5(9(1) e )5( @ _ (1))121) 0 ((1) —v‘”))

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

(ol g T2 )

10" term,
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and 12" term

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

(- 5(h(1) _g® )5(9(1) _g® )5(C(1)

9% D o

and

2016 Global Journals Inc. (US)
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Adding these equations from (25) to (28), we get
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. (_5(u W _ V(l))g(g(l) e )5(C<1>
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ax(l)

6xﬁ,

[Applying the properties of distribution function]

(—o{u® —v® )s{o® 4 )s{c _,, e

@
_— !
®
X3

’ avle) X

ohOKHD P

_l/,(l)) a p 9

xy v

@

£O

TN

(@)
OX "

(1) 5\,(1) P
B ag¢ A (@) ox (1)

|: @

09,

_,/,(1))1};1)#5(“(1)_\,(1)))
(1))J<1> 0 (h(l) g®))
ox)
(1))J(1) 0 5o —g) )

g® 5(p® - 0, @ axL;D 5lc® -y ®))

5(u(1) _V(l)) )

5@m_gm»

(28)



4" term can be reduced as

< w2y 5(h(1) ® )5(9(1) ¢<1))5( W _ (1))6\/(1) ((1)_V<1>>
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“ap L@ @ xaf?

(1))
l//(l)) )

) —!//(2))

( ® _y® )5( ® _g® )5(9(1) W )5(0(1) _y® )dv(z)dg(z)d¢(2>d,/,(2) )

P, lim 52
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9" 11" and 13" terms of the right hand side of equation (24)

9" term,
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lim
_ n 9 o’ @102 4D D 4D 1,2

We reduce the 3™ term of right hand side of equation (24), we get
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5" and 6" terms of right hand side of equation (24)
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and the last term,
0 0
((1 1))5( )5(9(1) _ ¢(1))X Rc(l)m 5(0(1) —w(l’) )= R(//(l)mpl(l) (39)

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

oR®  w oRY o gy | v )6F1<1) ot | o ( 1 )
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Equations for two-point distribution function Fz(lz)
Differentiating equation (13) with respect to time, we get,
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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 1% term in the above equation is simplified as follows:
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Similarly, 7", 10" and 12" terms of right hand-side of equation (41) can be simplified as follows;

7" term,
( 5(u ® _ O )5(9@ o )5(0(1> —y® )5(u(2) Ve )5(h(2) _g®@ )5(9(2) _ ¢(2))

ohu® 5
5(0(2>_,/,<2>) 6X(1)ﬂ 20 (h(l)_g(l))>

=s(u® —v®)s(0® — 0 )s(c® — @ )5(u@ —v@ 5@ — g @ s(9@ — 4@
(~olu® v }o(6 —g e —y @ Jolu® —v @ o ~g® (6™ )

5(c® @ )xu® ajﬁ 5(h® - g®))

( 5(u @ _y® )5(h(1’ _g® )5((:(1) _y® )5(u<2) —v®@)s(h® — g@ )5(9<2> ¢

96" o
5(c® -y @)« XU — XD 040 slo® ‘¢(1))>

5(u® —vO)s(h® — g@)s(c® — @ )s(u@ —v@ )s(h@ — g@ )s(9@ — 4@
(~olu® v bl ~g® ple® -y @ pslu® v (0 ® ~g® (6 ~ )

5(0(2) W(Z))XUS) afﬂ (3(1) ¢<1>)> (44)

=1

10" term,
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and 12" term

| ( 5(u M _\® )5(h(1) _q® )5(9(1) e )5(u(2) ) )5(h(2) _g®@ )5(9(2) _ ¢(2))

e v 0o
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— (- 5(u @ _y® )o"(h(l) _g® )5(9(1) e )5(u(2) _y@ )5(h(2) g (2))

0

(2 (2 (2 (2) @ (o (o

5(9 —¢ )6(C % )xuﬂ 6X(ﬁl) 5( % )) (45)
Adding these equations from (42) to (45), we get

(—5(h(l) _g® )5(9(1) e )5(0(1) _y® )5(u(2’ _v® )5(h(2) _g®@ )5(9(2) _ ¢<2))

5(c@ @ )xy® %5@&) )

B

n <—5(u ® _yo )5(9@ _ ¢(1) )5(0(1) —1//(1) )5(u @ _,® )5(h(2) —g® )5(9<2) _ ¢(2))
o -y o ol %) )
+< 5(u(1’ vO )5(h(1) )5( ® _y® )5( @ _,® )5(h<2) o) )5(9(2) _¢(2))

5(c(2) —z//(z’)xu(ﬂl) 6621) 5(9(1) _¢(1>) )

" <_5(u @ _\y® )5(h<1) —g® )5(9(1) e )5(u(2) _v® )5(h<2) _g®@ )5(9@) _ ¢(2))

e - )

___9 /o @ _y®)s5(h® — g®)s(6® — 4@ s(c® — @ s(u@ —y@
(uf (-ou® v sl — g oo —p e —y @ lu® —v2)

X (l)
((2) (2))5( @ ¢(2))5( @ _ (2))
0
= 8 (1) VS)F(l ? [Applying the properties of distribution functions]
oF -2
(i)
—7Vp ax(ﬂl) (46)
Similarly, 15", 215t 24" and 26" terms of right hand-side of equation (41) can be simplified as follows;
15" term,
< 5(u @ _y® )5(h(1’ _g® )5(9(1) _ 40 )5(C(1) _y® )5(h(2’ _g® )5(9(2) _ ¢(2>)
@),
R
= (- 5(u @ _y® )5(h‘1) _g® )5(9<1) e )5(0(1) e )5(h‘2) _g®@ )5(9<2) _ ¢(2))
0
R R R} )
5
215 term,

( 5(u ® _\® )5(h(1) _g® )5(9@ e )5((;(1) _y® )5(u(2) e )5(6(2’ _ ¢<2>)

hPu® o
5(e@ -y @)x XD 2g® 5h® -g?))
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= (=6(u® —v®)s(h® — g @ )s5(0® — g®)s(c® —y O s(u®@ v )5(0@ — 4@
(~olu® v o(n® — g {6 —g e —y @ Jolu® —v? ol )

ey o))

24™Mterm,

® _y®)5(h® _ g )s(g® _ 40 )5(c® _ 1 ®)s(y@ —v@ 5@ _ q@
( ol vl —g®blo g e~y @ lu® v o )

5(°(2)“//(2)) uj? Zg(z) a;@) (9(2) ¢(2))>

—5(u® —y @ )s(h® — g® )s(g® 40 )s(c® _ @ )s(u@ _v@ )s(h@ _ g@
(~olu® v Jo(n® — g (o — @ (e @ Jolu® —v? (0@ ~ @)

ey o)

1D —v®)s(h® — g®)s(9® — 4®)5(c®@ — 1 ®)s(4@ —v@ s(h@ — @
( olu® v Jo(h® — g™ ol —p® (e —y @ Jolu® —v@ o — o)

5(9(2) ‘¢(2)) xuy”? Zc(z) oy a(z) 5(‘3(2) “/’(2)) )

~ (=5(u® —v® )s{h® — g®)s5(6® — 4O )s(c® — @ )s(u@ —v@ Js(h® - g@
(~olu® v o — g (6 — @ (e @ Jolu® v (0™ ~ @)

5(0@ - )xu@ 86‘2) 5@ -p@))

<

5

0

20
. and 26" term,

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

5(2) <u @ 5 (u @ _\® )5(h(1) _g® )5(9(1) _ g )5((:(1) _y® )5(u<2) _ V(z))
X

h@ _ q@)s(0@ _ 4@ )s(c@ —, @

ol - 9@ (o - 42 (e -y ) )
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1,2
@ 0F”
- ﬁ (2)
OX 5
Similarly, the terms 2™, 8" 16" and 22" of right hand-side of equation (41) can be simplified as follows;
2" term,
(h M _ 4O )5(0‘1 ® )5(0(1) e )5( _y@ )5(h(2 ) )5(9(2) _ ¢(2))
8h(1)h() 5
50(2) IO N B 5U(1) _V(l)
( 4 ) ax,(gl) 8\/[(11) ( ) >
o ag @ aF (12)
TN O
8" term,
H (- 6(u(1) _y® )5(9(1) _ ¢(1))5(C<1) e )5(u(2) —V(z))5(h(2) e )5(9(2) _ ¢(2))
uOH®

5(0(2) _l//(Z))>< (;(g)/)’ %S)é‘(h(l) _g® )>
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av ()

g Na o
16" term,
(- 5(u ® _y® )S(h(l’ _g® )5(9(1) _ g0 )6(0(1) _y® )5(h(2) _g®@ )5(9(2) _ ¢(2))
)
_ @ ag(Z) aF(12)
7@
and 22" term,
(_5(u ®_,® )5(h(1) _g® )5(&(1) g0 )5((;(1) _y )5(u(2) _y®@ )5(9(2) _ ¢<2>)
oo S o)
2)
= g( ) OV, > aF 1
"ol ol
Fourth term can be reduced as
<_5(h O _gW )5(9 ® _ 40 )5(0 ®_y,® )5(u @ _y@ )5(h @ _g@ )5(9(2) _4®@ )
5(0(2) e )XW u® 8\/8(1) 5( @ _,® )>
- aﬁl) <V2u(1)[ 5( ®_,® )5(h(1 g )5(9(1) W )5(0(1) _,/,(1))
5(u @ _y@ )5(h @) _y@ )5(9(2) _g® )5(C(2) _,/,(2)) )
2
- _Vavig,l)_ax }Saxg) <u af 5(u ® _yO )5(h M _ g )5(9(1) _p® )5((:(1) _ w(l))
5(u @ _,® )5(h(2) _g® )5(9(2) e )5(0(2) _y®@ ) 1)
lim 2
o oy SR L g0 )
® _y ®)5(u@ _y@l5(1@ — g@)5(p@ — 3@ )s5(c@ — 1, @
e~y @ blu® @b - @ lo® -2 (e -y )] )
0 im 0° < O 5@ v )sh® — g@)s(p@ — ¢
=-v ——— ([ u®su® —v@)sh® —g )5(6'()—¢())
Ve (3 @ X I
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11" term,

13" term,

18" term,

23 term,

=—V

@ _y @)@ _v@ )@ — @ )s(6@ — 5@ )s(c@ @ Js(u® —y®
ole® —y @ hlu® v Blo®@ —6@ le® -y @ plu® -v)
(h(l) ® )5(9(1) 40 )5( ® _, )dv<3)dg<3)d¢(3)d y® )

P lim 52 (3)F(:L23)d ®da®@de®@d
N0 o (DWIV v@dg@dgdy © (56)

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

(- 5(u ®_y® )5(9 ® _ 4@ )5((: ® _y,® )5(u @ _y@ )5(h @ _q@ )5(9(2) _g@ )

5(0(2) ®) )X AV2h® 5(1) 5(h(1)— g(l))>
(04

0 lim 0° 3= 123) 4, () g ) 4 4 (3
_ /1 (1) =G J‘ ( )|:( ) v € )dg( )d¢( )dW (57)
0 @ _, ;@ xPox

(- 5(u ®_,® )5(h ®_ g )5((: ®_,® )5(u @ _,@ )5(h @ _g@ )5(9(2) _g@ )

5@ —y @ ) w2eW a; slo® —p))

lim 2
0 0
= _}/ﬁ WI ¢(3) |:3(12’3) dv(3)dg (3)d¢(3)d ,/,(3) (58)
og 2(3) i(l) OX 5 OX 5

<_5(u ®_,® )5(h ®_g® )5(9 ® _ 4 )5(u @ _,® )5(h @ _g@ )5(9(2> _g@ )

5(C(2)—1//(2))><DV2 M a;,/% 5(0(1)_W(1))>

lim 2
P 0T j v ©) F?’(L2,3) dv® dg ©) d¢(3) dy ©) (59)
V@ @ xPxf
X\ —>X Bk

<_§(u ® _,® )§(h ®_g® )5(3 ® _ 40 )5(0 ®_,® )5(h @ _4@ )5(9(2) _4®@ )

5(c(2) AL )xvvzuff) —6(2) 5(u @) —v(z)) )
Ny
lim 2
_ ., 0 0 VOEL23 3,3 4q @ ¢4
=—y NG P (3)j Fi2dv®dg @ dg@dy @ (60)
L) 5(2) & ox
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<_5(u ® _yO )5(h ® _ g )5(9 ® _ 40 )5(C ®_,® )5(u @ _y@ )5(9@ _4®@ )

5((:(2) @ )X V2@ aga(z) 5(h(2) _g(z))>

lim 2
_ a2 me_ e [gOF£29y g9y, 1)
o2 3,52 xPox?

25" term,

(_5(u ®_,® )5(h(1) _g® )5(9(1) g0 )5(C(1) e )5(u(2) _y@ )5(h(2) _ g<2))

5(C(2) _V/(z))>< 72 % 5(0(2) _ ¢(2))>

lim a2
0 @ 123 4,3 4 (D 43
e —¢ FE23dv®dg dg®dy O (62)

o g e O o )

5(9(2) _ ¢(2) DV 22 5(0(2) —V/(Z))>

aV/(Z)

0 lim

- (3)|:(123)dv(3)d ONPIEN 63
(2) 30 ax 3)8X(3I g-’dg™d (63)

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

5(h<1) _ g(l))é‘(g(l) _ ¢(1))5(C(1) _ w(l’)é(U‘z) e )5(h(2) e )5(9@) _ ¢(2))

o _,0
) 4r ax(l)'[ | 6x(1) 8x(1) 6x§31 axfﬁ X -x ov® 5( ! )>

5( @ _

3 @
0 [ 1 v ovy’ gl ag

A I 1 _ 123 . gy Oy dqDd gy @ (64)
S0 4”J axt(zl)( ‘i(s)_i(l)‘ P x® o xP RS2 % dxPav@dgPdgPdy @ ]

Similarly, term 17",

<5(u @ _\® )é(h(l) _g® )5(9(1) e )5(0(1) _y® )5(h(2) _g® )5(9@ _ ¢(2))

2 (2) (2 (2 _
5((:(2) . V/(Z) )X i 0 aua 5Uﬁ B aha 8hﬁ ax” P
droxP ) T ox@? ox® axP ox? X" -x| v

(5(“ @ _ V(z)) )

S 4

a

e _F __Ja _“F )F3(1!2!3) X dx(S)dv(3)dg (3)d¢(3)d l//(S) ] (65)

Y QRN S
ax(z) ‘X(S)—X(z)‘ aX,SJS) ax(3) ax(3) aX(3)

5" and 6" terms of right hand side of equation (41), we get
5" term,
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Global

and 6" term,

( 5(h ® _ g )5(9(1) — W )5( ® _y,® )5(u @ _,@ )5(h(2) _g® )5(9(2) _ ¢(2))

5((:(2) _,/,(2))>< 2 o Qu? ava(l) 5(u ® —v(l)) >

=( 2€pys Quud ava(l) [ 5(u ® _,® )5(h(1) _g® )5(0(1) 4O )5((:(1) _l//(l))

5(u @ _,® )5(h @ _ 4@ )5(,9(2) e )5(0(2) _y® ) 1)

—2€mus On af‘l) (u@slu® —v®sh® — g® )s(p® — 4@ Jslc® _, @)

a

5(u @ _,® )5(h(2) _g® )5(9(2) e )5(C(2) e )>

=200 O Z:((l)) ( 5(u(1) _y® )5(h(1) _g® )5(9(1) _ g )5((:(1) _ 1//(1))

a

5(u<2) _\y®@ )5(h(2) _g® )5(0(2) e )5((:(2) _ V,(Z)) )

1,2
=2€mnyp Q,,F+?

<_5(h ® _ g )5(9(1) W )5(C<1) —y® )5(u @ _,@ )5(h(2) _g® )5(9(2) _ ¢(2))

8
5(0(2> _y,(Z))>< F(u® —y® )avf}) 5(u(1) _V(l))>

== (vl ) [ ol v b g plo® - ple - )
5(u @ _y@ )5(h @ _g@ )5(9(2> _@ )5(C<2) _y®@ )] )
== f(u v ) ol @ - g blo - e -y @)
5(u @ _,® )5(h(2> _g® )5(9(2) _ 4@ )5(C<2> _y® )>

_ @ @) 9 @2
=-f(ug -vg )av<1)F ( (67)

Similarly, 19™ and 20" terms of right hand side of equation (41),

19" term,

and 20" term,

(o1 v b g blp® g bl - @ - (o -4

)

a

5(0(2) —(//( )x 2 €map Qmuff)

=2€m,p QnFst? (68)



<_5(u M _y® )5(h ®_q® )5(9 O _ 4@ )5((: ® _y, @ )5(h @ _q@ )5(9(2) _g@ )

5(C<2) _y®@ )X (U@ _v®@ )_5(u(2) _V(Z)) )

v
0

a

14" and 28" terms of equation (41)

{ 5(u @ _,® )5(h ® _ g )5(9(1) _g® )5(u(2> _y®@ )5(h(2) _g®@ )5(9(2) _ ¢(2))

5(0(2) _y® )X Rc® # 5((:(1) _ l//(l)) )

And 28" term

(- 5(u ® _,® )5(h @ _g® )5(9@) _ 4@ )5(C @ _y,® )5(u @ _y@ )5(h(2> _g®@ )

50 - @) RC(Z)W%5(C(Z)—V/(2))>

Ry 2 F,0? (1)
oy

Substituting the results (42) — (71) in equation (41) we get the transport equation for two point distribution
function FZ(J"Z) (v,9,¢,w) in MHD turbulent flow in a rotating system in presence of dust particles as

oF -2 0 0 \u g a8,
a ax}}’wg) or) RO o o )8x &
59(2) v 1
@ a a
+gﬂ(6vf)+agf )W ‘*[ I (|x)x“)|)

av[(f) 8V§,3) g 59(3)
oxy ox oxy ox
_a[ij a( 1 )(avj)avﬁf) o ogy)
o 4t o [f0-x) o) ox? o) o

)F3(1,2,3)dx(3)dv(3)dg (3)d¢(3)d ‘//3) ]

]

x F3(1'2’3)dx(3)dv(3)dg(3)d¢(3)d l//3) ]

+v( 0 i +i im )LJVB 123dv 3’dg 3)d¢
ov 1) av(Z) @X(3) 8X(3)
« 2@ 0 Ve Q2
[im lim 2
0 0 0
+/1( — +— —jg 123dv dg® ¢(3)dy/(3)
¥ gl o
0 (370 B (3 (2
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12 ) 00 @ @) 0
e, QuF? +[ {0 -y )m9+f(% W )avaz)]2
_n,0_0 @2 290 -@2_

Equations for three-point distribution function F§1’2‘3) :
Differentiating equation (14) with respect to time, we get

aFé;zys) :§< olu® 0 o - g g — 40 e 0 @ @ s - g2)
5@@_¢mb@a_WQy@@_¢mk@@_g@b@@_¢@k&@_W@»

5(0(2) _y® )§(u @ _y@ )§(h ®_g® )5(9@) g )5(0 © _y® )
: 5(u ® _y )5(3(1) g )5(0(1) e )§(u(2) e )5(h(2’ _g® )5(9(2) _ ¢(2))

5(0(2) e )§(u @ _y@ )§(h 6 _g@ )5(9(3) g9 )5(0(3) —y® ) 0 5(h o _ g“)) >
ot

A Al R G
5(0(2)_,/,(2))5(“ —v3))5(h g )5(9 iy ))5(0(3)_W(3>)ﬁ5(9(1)_¢(1))>

ot

+{ 5(u ® _,® )5(h @ _g® )5(9 @ _ 4@ )5(u 2 _y@ )5(h @_g®@ )5(9(2> _4®@ )
5(C @ _, @ )5(u @ _,d )5(h @ _g® )5(9(3) _ g0 )5(C CRMC) ) % 5(C ®_,® ) )
+ 5(u ® _\,® )5(h ®_ g )5(9 ® _ 4 )5((: ®_,® )5(h @ _g@ )5(9(2) _4® )

((2) (2))5( ©) V(3))5(h(3) 9(3))5(g(3) ¢<3))5( @ _ (3)) ((2)_V(2>)>

<5( &) V(l))g(h(l) g(1>)5(9(1) ¢(1))5( o _ (1))5( &) V(Z))5(9<2) ¢(2))
((2) <2))5( ©) V(3))5( ©) 9(3))5( ©) ¢<3))5( @ _ (3)) ((2)_g<2))>
<5( M V(l))g(h(l) g(l))5(9<1) ¢<1))5( (1)_,/,<1))5( ) V(Z))é(h(z) g(2))

Global Journal of Science Frontier Research (A) Volume XVI Issue I Version I E Year 2016



( @ _,,@ )5( @ _,0 )5(h(3) g® )5(9@) 4O )5( @ _ (3)) (9<2> _¢(2))>
+{ 5( @ _,® )5(h(1) g® )5(9&) 40 )5( ® _,, )5( @ _,®@ )5(h(2) _g(z))
5(06@ - 4@ Bu® —v@ (1@ - g@ }5(p® - @ }5(c® @) % 5@ -y @ )>

+{ 5(u ®_y® )5(h @ _g® )5(9(1) —® )5(C<1) —y® )5(u @ _,@ )5(h(2) _g® )

5(6@ —p@)s(c@ —y @ Js(1® — g @ 5(9® — @ Js(c@ -y @) % su® —v@))
+{ 5(u(1) _V(1>)5( ® g(1>)5( ® _ 40 )5( (1>_y,<1>)5( & V(Z))g(h(Z 9(2))
5(9(2)_ ¢(2))5(C(2) (2))5( ® v(3))§(9(3) ¢(3))§( ® _ (3)) ( ©) g(s))>
+{ 5(u(1) _V(l))g(ha) g(l))(;(@(n ¢<1))5( (1>)5( @) \,(2))5( @ _ g )
5(9(2)_¢(2))6(C(2)_V,(Z))é(u(s)_V(s))é(h(a_g(s))é(c(s) (3)) (9(3) ¢(3))
+ 5(u<1) _V(1>)5( ®_ (1))5(9(1) ¢(1))5( ® (1))5(u(2) _V(Z))é( @ _ 4 )
5(9(2>_ ¢(2))5(C(2) (2))5( ® V(3>)5(h(3 ® )5( ® _ ¢(3’)%5(C(3)—w(3))>

- (—5(h(1) _g¥ )5(9(1) g0 )5(0‘1) e )5(u(2) _y@ )5(h(2) @ )5(9&) _ ¢(2))
5(0(2) e )5(u @ _y® )5(h(3’ g )5(9(3) _ g0 )5(0(3) e )%(1) % 5(u o _ v(”) >

+{=6u® v @ )s{o® — @ 5@ —y O U@ —y@ J5h@ —g @ }s(9@ — 4@ Js(c@ -, @)

5(u ® _y® )5(h @ _g® )5(9(3) C) )5((:(3) e )ﬂ% 5h® -g®))
ot o9

N (_5(u(1) —v(l))é(h(l) _g® )5((;(1) _ W(l))g(u(z) _v(z))5(h(2) _ g(2>)5(9(2> e )g(cu) i, w(z))

1 @ Jh® - g0 |s{p @ e @ )@ % 6% - 49))
ot o

( ® _yO )5(h ® _ g )5(3(1) _4® )5( @ _@ )5(h(2) _g®@ )5(3(3 _ 4@ )5(0(2) _ l/,(2>)

(-0
5@ —vO B —g@)s{e® — 4@ Js(c® - 3))5‘;1) ay/%(s(c(l)_w(lm

5( @ _\,® )5(h ®_g® )5(g(1> g0 )5( O, )g(h(Z) _g®@ )5(g<2) _g® )5(0(2) _ y,<2))

(-
5(u(3) V(3))5(h(3) 9(3))5(9(3) ¢(3>)5( ® _ @)% % 5(u(2)_\,(2))>

(- 5( @ _\,® )5(h ® _g® )5(9(1) _ g )5(C(1) Ly )5(u 2 _,@ )5(9@) 4@ )5(0(2) _ ,/,(2))
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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 1% term in the above equation is simplified as follows
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Similarly, 7", 10" and 12" terms of right hand-side of equation (73) can be simplified as follows;
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5(u(3)_v(3))§(h(3)_g(3) (9(3)_¢(3))5(C(3) w“)xu(ﬁ) axaﬂ 5(5(1)_¢(1))> (76)

and 12" term

( (5(u<1) _y® )5(h(1) _ g(l))(g(g(l) _ ¢(1))5(u(2) _V(z))5(h(2) _g®@ )5(9@) _ ¢(2))5(C(2) _ l/,(z))

§(u(3)_v(3))§(h(3)_g(3))5(9(3)_ ¢(3))§(C(3)_y,(3))wg) Zi; a;j(l) 5(6(1)_,/,(1>)>

- (_5(u o_ V(l))g(h(l) _ g(l))§(9(1) _ ¢(1))5(u(2) _ V(Z))g(h(z) _ 9(2))5(9(2) _ ¢(2))5(C(2) _ W(Z))

50 @ (@ - g 5{p - g 5 @ )@ 9 50 -y 0)) (77)

[
OX 5
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Adding these equations from (74) to (77), we get

<_5(h(1) _ g<1))5(9(1) i )5(0(9 _y® )5(u<2) _\@ )5(h(2) el )5(9(2) e )5(C(2) _ ,/,(2))

§(u(3) _V(s))§(h(3>_9(3))5(9(3)_¢(3))5(C(3) _V,(s))xug) aa(l) 5(u(1)_v(1))>

N (_5(u ®_® )5(9(1) _ ¢(1>)5(C(1) _ l//(l))g(u(z) e )5(h(2) _ 9(2>)5(9(2) _ ¢(2>)5(C(2) _ &//(2))
5(u(3) ) )5(h(3) _ g(3>)5(9(3> e )5(C(3) _ W)x @ a:ﬂ) 5(h ®_ g(l)) >

5(u RG] )5(0(3) ) )5(0(3) y ey ale) 5(0(1) o))
- _%<u o <_5(u O _yo )5(h(1’ _g® )(5(9@) g0 )5(0(1) _y® )5(u(2) e )5(h<2) _ 9(2))
X3

5(9&) @ )5((:‘2) _y® )5(u ®_y® )5(h ®_g® )5((9(3) o )5(c‘3) _ ,/,(3)) )

=——xV [Applying the properties of distribution functions ]

__ 0 0pw2y
axg) ree

Similarly, 15", 21%!, 24" and 26" terms of right hand-side of equation (73) can be simplified as follows;
15" term,

5@ —v®)s(h® — g®)5(9® — 4@ )s(c® — iy @ )s(h@ — @ )s5(6@ — 3@ )5(c@ — @
(o1 v~ g s{0® —@ e —y @ 0@ 9@ (0@ ~p@ (e ® )

50D —v®)s(h® — g )s(g — g s — @ )x 5”5;)22) %5 W@ -v@))

== 5@ —y@J5(h® — gD )slo® — 5@ )5c® — 1y D lsIh@ — @ J5(9@ - 4@
(o1 v - g blo® - g ble - b - g o -4

5(0(2) _ V/(Z))g(u@) @ )5(h(3> _ g(3))§(9(3) e )5(C<3) _ w‘3’)x u@ axa(ﬂz) (5(”(2) _ V(Z)) )
21% term,
( 5(u ® _ @ )5(h(1> —g® )5(9(1) —g® )5(C<1) —y® )5(u(2> _y@ )5(9@ — 4@ )5(C(2) _ V/(Z))
5(u(3) _ V(3))5(h(3) _g® )5(3(3) e )5(0(3) _ t//(3))>< 6h§)(:)(52) - a( 5 5(h(2) - g(z)) )
5 09
24" term,

( 5(u @ _y® )5(h(1) _g® )5(9(1) _ g0 )5(C(1) _y® )5(u<2) e )5(h(2) _g®@ )5(C(2) _ '//(2))

5u® v 5 - @ )s(p 4@ (e @ )y @ Zf;)) . ;2) 56 —4@))
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And 26" term,
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38" term,

© 2016

29" term,

35" term,

Glol

bal Journals Inc. (U

=%

(- 5(u ® _ O )5(h ® _g® )5(9@ g )5((:(1) —y® )5( @ _,@ )5(h(2) _g® )5((:(2) _ u/(z))

X

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

5(u(3) _\y® )o“(h(‘?’) _g® )5(0(3) _4® )5(0(3) _y/(s))>< u@ aXZZ) ( &) _¢(2)) ) (81)
{ 5(u(1) —v(l))§(h(l) g )5(9(1) e )5(C(1) _‘//(1))5(” )5( )5(9(2) _¢(2))
o v J{n® - g 5{p - g3 slc - w“’)xu(ﬂ ) Zi(zi 85() 5 -y @)
(- 5( @ _ )5(h(1> g(l))g(g(l) ¢(1))5( )5( ©) V(2))5(h<2) g(z>)§(g(z 2))
5(u ® _V(3>)5(h(3 _q® )5( @ _ 40 )5( ® _,/,(3>)>< u ax%g(c(a _ W(2)) ) (82)
5(2) <u @ 5(u  _y® Js{h — g )5(9(1) _ g )5(0.(1) _y® )§(u<2> _\®@ )5(h(2) _ g<2))
( 2) ¢<2))5(C<2) _ V,(Z))g(u(e») _V(3))§(h(3) _9(3))5(9(3) _ ¢(3))5(C(3) —w“’))
oF (12,3)
= V(ﬂZ) aig) 83)

Similarly, 29™, 35", 38™ and 40™ terms of right hand-side of equation (73) can be simplified as follows;

<5( @ V(l)é'(h(l 1)5( @ ¢1))5( M _ 1)5( (2)_\,(2))5( (2)_9(2))5(9(2)_¢(2))

5(C(2) e )5(h(3) _g® )5(9(3) yiC) )5(C(3) _y® )X Uy o 5(u ®_ V(3)) >

0 @
ol

_ <_ 5(u ®_,O )5(h<1) _g® )5(9<1) g0 )5(C<1) _y® )5(u ® _,0 )5(h<2) g (2))

o6 -6 - b4l 4 e -y P o)) 2

5(0(2)_1/,(2 )5( @ _ )5(9(3 3))(5( @ _ (3)) Up

( 5(u(1) W )é(h(l) _g® )5(9(1) ¢(1))5( o _ (1))5( @ _\@ )5(h(2) _g® )5(9(2) _¢(2))

() ® 0

5(h(3) _ g(s)) )

<_5(u O _y® )5(h(1) _ g(l))g(g(l) _ ¢(1))5(C )5( )5(h(2) _g® )5(9(2) _ ¢<2>)

(C(z)—y/(z))é(u(3)—v(3))§(€(3)— ¢(3))5(C(3) ! ) o L) 5(h(3)_g(3))> (85)

G
X



( 5(u(1)_v(1))§(h(1) _g(l))(;(e(l)_qj(l))g(c(l)_ y,(l))(;( @ V(Z))g( @ _9(2))5(9(2)_ ¢(2))

RG] TCIRC) N CIRC) O § uf Zf( r ;(3 5o -49))

- <_5(u O _,® )5(h(1) _ g(l))(;(g(l) _ ¢(1))5(C<1) e )5(u<2) _V(Z))g(h(z) _g® )5(9@) _ ¢(2))
5(C(2> _ W(Z))g(u ®_,0 )5(h(3) _ g(3))§(c(3) 9 o %}9 sl - ¢(3)) >

and 40" term,
( 5( ® _ )5(h(1 _g )5(9(1)_ ¢(1))5(C(1) 1)5( @ V(z))g( @ 9(2))5(9(2)_ ¢(2))

5@ @) v s — g }s{p 4 ))Xu/;) fj 3; ow 5(3 5@ -y9))

= (-0l v b - g 1o~ Bl @ plu® @B - o™ -4

5(C(2) @ )5(u @ _,® )5(h(3) _g® )5(9(3) 4 ))X e _ Z . 5(0(3) _y )) ) (87)

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

623) < i (- 5( ® _,® )5(h(1>_g(1) )5(9(1) _® )5((:(1) _y® )5(u(2) e )5(h(2) _9(2))
o
(9(2> 5@ )5(0(2) @) )5( ® _y© )5(h(3) g® )5(3(3) 4® )5( @ _ <3))

1,2,3
@ oF {23

=- vy ax(;) (88)
Signilarly, 2 gh 16" 227 30" and 36" terms of right hand-side of equation (73) can be simplified as follows;
2" term,
_Slh® —q® @ _40\5(p® _, @ @ _y@sh@ _q@ @ _ 4215~ _, (2
(610 -9 olo -4 et -y ola® - @ ln® -9 @ bl - ble® -y )
ohWR®
§(u @ _y@ )5(h(3> _g® )5(9(3) 4@ )5(0(3) —W(3))X (’;;})ﬂ a\%M(u @ _V(l)) >
P (@) aF (L2,3)
- (ﬁl) 8?/(1) ox (1) (89)
8" term,
5lu® Zy®)5(00 — 4050 _ 0@ v @ D — g@)s(p@ - 4@ )s(c@ - @
( ¢ v g ¢ v
O _ @0 _ (@0 _ @0, @), e 8 o
olu® v fH - g slg - 4l ) D a, (h® - g ))
av(l) aF(123)
-0 agzl) P 0
16" term,
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(_5(u(1) _y® )5(h‘1) _g® )5(9(1> _ g )5(,3(1) _y® )5(h‘2) _g® )5(0(2) _g@ )5(0(2) _Wa))

@ 69(2) 5F(123)
Y v @

22" term,
(—E(U(l)—v(l))é(h(l)—g(l))é( ¢(1))5( W _ )5( @ _,@ )5(9(2 2))5( )
5(u(3)—v(3))5(h(3>—g‘3))5(a(3)—¢(3))5(c(3)—gu@x%%?dh@—g@))
o
30" term,

(—5(u o _yo )5(h O _ g )5(9(1) _ g0 )5(C(1) _y0 )5(u @_,@ )5(“(2) _g@ )5(9&) _ ¢<2))

Bl -y @ 5h® - g (@~ 60 sfe@ -y @)« ah(;i)(;)/(f) a\i:g)§(u @ _y@))

123
@ 098 oF*d
B v axf)

and 36" term,

(—5(u O _ )é(h(” _g® )5(9(1) _ g )5(0(1) _y )5( @_,@ )5(h(2) _g® )5(9(2) _ ¢(2))

R R R R K SRR

3 12,3)
@ v Ry
B &g (gs) axg)

4" term can be reduced as

<_5(h<1) g )5(9(1) _ ¢(1))5(C(1) _yW )5(u(2) _V(z))g(h(z) _ g(Z))g(g(z) _ ¢(2))5(C(2) _ V,(z))

5(u(3) _V(3))5(h(3) _g® )5(9(3) _ 49 )5(C(3> _ t//(3))x Wi &/5(1) 5(u(1) _V(l))

a

v 51) <v2u(gl)[ 5(u @ _y@ )5(h(1) _g® )5(9(1) _ ¢(1))5(C(1) _ ‘//(1))5(”(2) @ )5(h(2) _ g(z))
o

(
a

5(6(2) _4@ )5(C(2> _y® )5(u @ _y® )5(h(3) _g® )5( _ g )5( @ _ (3)) )
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_ 0 0" . <u o 5(u o_ v(1>)5(h(1) g )5(9@ _ ¢(1))5(C(1) _ ,/,(1))5(u(2) _ V(z))

@ A0
oV OX s OX 5

a

5(h(2) _ g<2))§(9(2) _g® )5((:(2) _ l/,(z))(;(u(s) e) )ﬁ(h(s) _g® )5(9(3) _ 49 )5(0(3) _ W(S)) )

- ava(l) (4)Iim @ 6x(7§;x(_4) (WOTslu® v b @ plo® —® le® - @)
X X BB

5(u(2) _V(Z))g(h(z) e )5(3(3 _ g2 )5(0(2) _y®? )(;(u@) _V(3))5(h(3) _ 9(3))5(9(3) _ ¢(3))§(C<3> _ ,/,(3)) )
-5 5 m 0* <J u >5( (4) v(4)5(h(4 (4))5( @ _ 4 )5( (4)_V,(4))

o @), 50 050

5( ®_,0 )5(h(3) _g® )5( @ _ 43 )5(0(3) ) )5(u(2) e )5(h(2) _g®@ )5(9(2) _ ¢(2))
( @ _,,@ )5( ® _\® )5(h‘1) ® )5(9(3 e )5((:(1) e )dv(“)dg gDy @ )

0 him 0° 4) = (12,3,4) 4 (4) 4 (4) 4 (4 4
_ V JV()F( )dv()dg()d¢( )dl//() (95)

Similarly, 9" 11" 13" 18" 23 25" 27" 32 37" 39" and 41 terms of right hand-side of equation (73) can
be simplified as follows;

9" term,
R R R VA
e AR Rt Ry
e ™2 [QOF2%09aggt g, (96)
e x4 5@ ax}f)ax(;) o
11" term,
<_5(u(1)_v(1))5(h(1)_ (1))5(0(1)_ (1))5(u(2)_v(2))5(h(2)_ (2))5(9(2)_¢(2))5(C(2)_,/,(2))
- g -y o2 )
d lim 92
YR <@ _ <@ ax<4>ax<4>f ¢ VR dv@dg Vg Dy @ ®7)
13" term,

(-0 v bln® ~g®lo® g @ 2 @~ lo® -2 e -y ?)
5(u(3)_\,3))5( 3)_9(3)5( € ¢3))§( )XDV C(l) 5 ( 1))
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18" term,
S
5
~ 239term,
=
S
;
<
£ 25"term,
=
=
3
2
5
.
5
&
27" term,
4
=
5
5
w2
=
©
32" term,

lim 02 J DE L2344/ 40 @ 4D,

D — [y WF3 v dgDdg g
(4) 5,3 4

@ _ 5O '

(_5(u ® _V(l))g(h(l) _ g(1>)5(g(1) _ g0 )5(C(1> e )5(h(2) e )5(9(2) _ g2 )5(C(2) _ V/(Z))

5(u(3) Ve )5(h(3) _g® )5(9(3) e )5((:(3) _ W(S))X w2 5\/"?2) 5(u(2) _V<2)) >

a

lim 2
- ?2) (45) o VOR300 dg DOy 9
Na” (@) _, 5(2) 050X

0 lim o? g @ 1239 4y (@) 4g @) g 4@ gy, (@
Py &0 8x(4)6x(4)j Fyo®dvidgtdg ™ dy

(_5(u(1) —v<1>)5(h<1) _ g(l))g(g(l) - ¢(1))5(C(1) - ‘//(1))5(“(2) _V(z))(;(h&) _ g(2))5(c(2) _ V/(Z))

S0 v 5 — g 5{pO - 5 -y )« w292 %5(9 @)

., P lim 82 I¢(4)F(L2’3'4)dv(4)dg (4)d¢(4)dl//(4)
6¢(2) (4) (2) X (4) X (4) 4
X7 —>X £ F

(_5(u ® _y® )5(h(1) —g® )5(9(1) e )5(0(1) e )5(u(2) _\@ )5(h(2) e )5(9@ _ ¢(2))

5u® v 5@ - g s(p - 4 5 ) py 2 # 5@ -y 2))

0 lim 0° D EL239 4,9 4q @ g 4@ g, ()
e @ o ax(4)ax(4)j F 22Dy @dg Ddg@Ddy

(_5(u ® —v(l))d(h(l) _ g(1>)5(0(1) 40 )5((;(1) e )g(u(z) _V(Z))(;(h(Z) _ g(2>)5(9(2) _ ¢(2>)

5(C<2) _ l/,(z))g(hw) _g® )5(9(@ g )5(C(3) _ V/(?’))x Wl % 5(u @ _ V<3)) )

a

(100)

(101)

(102)



AP <@ 3 xPox( Jue P20y DdgBaghay @ (103)
37" term,
<_§(u(1)_V(l))g(h(l)_g(l))g(g(l)_¢(1))5(c(1) 1)5( @ _, )5( )5( _¢(z))
5(C(2) @ )§(u @ _® )5(0(3) e )5( @_y, 3))X WG agﬁ( 5(h(3) _ g<3>) )
a
"~ @ NOBREE) 6x(4)ax(4)_j 9Pyt >0 dv@ag gy O (109
39" term,
(_5(u(1) _y0 )5(h(1) _g® )5(9(1) e )5((:(1) _ V,(l))(;(u(z) _V(z))(;(h(z) _g® )5(9(2) _ ¢(2))
5(0(2)_W(Z))(;(u(s)_V<3))§(h(3)_g<s))5(()_V, )Wzg % 5(9 ¢3))>
__,.0 Him 02 (9 1239 gy (@) gg @ g 5@ gy @
"o @ @ e TR e -
41%term,

(—5(u( )J(h(l g® )5(9(1) e )5(0(1) _ y,(l))(;(u(z) _V(Z))(;(h(a _ g(2>)5(9(2) _ ¢(2))

5(C(2) _y@ )d(u“) _\® )5(h(3) _ 9(3))(5(9(3) ¢(3))X DVO . 5(3) 5(0(3) —V/(3)) )

o Am o (4) £ (1234) 4o () 4g 4 g (D o,
3 CIRC) ax(4) a)((4) f Fy dv¥dg ' dg™dy (106)
(4 -
X
We reduce the third term of right hand side of equation (73),
<5(U @ _V(l) )5(h(1) _ g(l))é‘(e(l) _¢(1) )5(C(l) _ l//(l))é‘(u (2) —V(Z) )5(h(2) _ g(z))
(5(9(2) —¢(2))5(C(2) _W(Z))5(U(3) _V(3))§(h(3) _ 9(3))5((9(3) —¢(3))5(C(3) _l//(g))

I au[(zl) aug-) ahél) ahgl) d—m 6
- X

1 1 1 1 1) " 1)

“an ax“ xP ax®  xP x® T x"-x v

5(u @ _ v(1)>

@ oy (4 (4
— 0 [ij‘ 0 ( 1 )(ava avﬂ 8g 89 )F(1'2'3'4)dx‘4)dv(4’dg‘4)d¢(4)d1//(4)] (107)
ov “ar Y ax@ ‘YM) _ Y(l)‘ aXE;) ox@ axgl) ox@w 74

17" term,

< 5(u @ _y® )5(h ® _ g )5(9(1) g )5(0 O _y,0 )5(h(2> _g® )5(9(3 e )5(0(2) _ V,<2>)
5(u ® _y® )5(h @ _g® )5(9(3) e )5((: @ _y® )
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Lo prau@ P a@®on? o o o
1r ox@1 L @ 5@ x@ 5@ x| a@

5(u(2> _V(Z)) )

o 1, 0 1 A I T U
=30 [Ejax“) (‘w‘)_x@)‘)(ax“" ax(“) o a)((4))F dx@dv@dg@dg@dy @] (108)

Similarly, 31 term,

( 5(u @ _,® )5(h W _g® )5(9 @ _ 4@ )5(0 @ _y,® )5(u @ _,® )5(h @ _g® )
5(0 @ _ 4@ )5(0 @ _, @ )5(h ®_g® )5(9 @ _ 4@ )5(0 @ _y, 3 )

3 3
1 o ou® au @ o o ogxm 5

x— - " su® —v®
A oxQ 0 " ax x®  x x® KX | )

3 1 3 1 8\/[(14) av;;) 8g 2!4) 8g (4)
=l J gl oo N @ o P Odv@dgDdg@dy @ ] (109
ovd " Azt oxx@ x| T ook ox{? ox? ox

5" and 6™ terms of right hand side of equation (73),

5™ term,
{ 5(h ® _g® )5(9(1) _® )5(0 ®_, @ )5(u @ _y@ )5(h @ _g@ )(;(Q(Z) _4@ )5(0(2) _y®@ )

5(u(3)—V(S))é(h(g)—g(s))&(ﬁ(s)—¢(3))5(c(3)—w(3))><26maﬁ Qmug)ﬁég(ua)_va)))

a

~( 2€map Qu® ava(” [ 5(u(1) _y® )5(h(1) _g® )5(9(1) _p® )5( @ _, O )5( @ _V(z))

5(h(2) _g® )5(9(2 _ ;(2) )5(0(2) @ )5( @ _y® )5(h(3) g® )5(9@) 4@ )5( ® _ (3))
5( s 5( @ _,® )5(h(1) _g® )5(9(1) 4O )é'(c(l) _y® )5(u @) _V(Z))

" o

(h<2) @ )5(,9&) e )5( @ _,@ )5(u ® _,® )5(h(3) _g® )5(9(3) 49 )5((;(3) e )>

—2¢,,0 au( - 5(u(1) _V(1))5(h(1) _g® )5(9(1) e )5(c(1) e )5(u(2) @ )5(h(2) ~ g(z))
8V

(9(2 @ )5( y@ )5(u ® _,0 )5(h(3) _g® )5(9(3) ) )5(0(3) _ y,(s)) )

= 2ep,, Q,FY (110

and 6" term,

<_5(h ®_g® )5(9(1) _g® )5(C ®_,0 )5(u @ _\® )5(h @ _4@ )5(9(2) e )5((;(2) —y (2))

5(u(3)_v(3))5(h(3) (3))5(9(3) ¢(3>)5( @ _ (3))xf @ _y® ) % 5(u(1)_v<1))>
ov

a
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R R R SR R
a

5(h @ _ 4@ )5(9<2) prc) )5(C @ _,® )5(u @ _ G )5(h @ _g® )5(9(9» pc) )é(C(S) C) )] )
—f(uD v )aVL((Zl)( 5(u @ _ @ )5(h(l) _g® )5<9(1) 4 )5(0(1) —y® )5(u @) _V(z))
5(h(2> _g® )5(9(3 e )5(C(2> e )5(u @ _,® )5(h @ _g® )5(9(3) Ie) )5(0(3) e )>

:
=—f(uf) v )R (1)

Similarly, 19", 20", 33 and 34" terms of right hand side of equation (73),

19" term,
<5(u ® _\y® )5(h<1) _g® )5(9@) _ 4 )5(0(1) ® )5(h(2) g®? )5(9@ e )5( (2))

5(u @ _\,d )5(h @ _g® )5(9(3) _4® )5(C(s> ©) )X 2 s Qnu® aviiz) 5( @ _V<2>) )

(24

=26, QnFt2Y (112)
20" term,
(_5(u @ _y® )5(h W _g® )5(9(1) $® )5( @ _y, @ )5(h(2) g® )5(9@) — 4@ )5((:(2) G )
5(u @ _,6 )5(h ¥ _g® )5(9(3) 4@ )5( ®_y,® ) u@ _v@ ) avigf) 5(u @ _y® ) )
—f(u@ @ )92y 113
a a avéz) 3
33 term,
<5(u ®_,® )5(h W _gW )5(g @ _ 4@ )5(0 @ _y,® )5(u @ _y® )5(h @ _g@ )5(9(2) ic) )
5(C(2) G )5(h @ _g® )5(9@) —4® )5((:(3) —y® )X 2 € map Q@ % 5(u ® _yG ) )
=2¢nqp QnFy? (114
34" term,

<_5(u @ _,O® )5(h W _g® )5(9  _ 4@ )5(C @ _y, @ )5(u @ _y@ )5(h @ _g® )5(9(2) _@ )
5((: @ _y, @ )5(h 3@ _g® )5(9(3) ic) )5(C @ _y,® )X F(u®-_vO® ) ava(3> 5(u @ _y0O ) )
o

—F(u® v® ) (3),:(123) (115)

14" term of Equation (73)

(u @ _yO )5( ® _g® )5(9(1) _p® )5(u 2 _y@ )5(h(2) _q® )5( @ _ 4@ )5((:(2) _ ,/,(2))

5( ® _ ! )5(h(3> ® )5(9(3) g9 )5(C(3 (3))X Rc® . ;(1) 5( ® —w“’)) (116)

_p,0_0 @23
=Ry o e
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28" term of Equation (73)

5(u ®_,O )g(h(l) _g® )5(€<1> 40 )5(0(1) _y )5(u(2> _y@ )g(h(a _g® )5(9(2) _ ¢<2>)
5(u(3) e )5(h(3) _g® )5(9(3) _ 40 )5((:(3) _ y,(3))x Re® ﬁ 5(C(2) _ W(z)) > (117)

v
@_0_pw23

a!//(Z)

42" term of Equation (73)

5(u ® _,® )5(h<1) _g® )5(9&) _ ¢<1))5(C<1) e )5(u(2) _y@ )§(h<2) _g® )5(9&) _ ¢<2))

5(u @ _,0 )5(h<3) _g® )5(9@) e )X Re® e 5(0(3> _ W(S)) > (118)
_Ry@®_9 pa2y
[11. RESULTS

Substituting the results (74) — (118) in equation (73) we get the transport equation for three- point distribution
function F3,(1’2’3) (v,9,¢,w) in MHD turbulent flow in a rotating system in presence of dust particles under going a
first order reaction as

OF (123
3 ®_ 0 @ 0 @ 0 a2y,

@ (1)
———+( vy +V; 5 @) ( e + 0
@ (2) ©)

ot X ox; X

G oy fj) ox

[ 9§
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+g " JF F(L23)
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+v( + +
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0? 4) - (L2,34) 1 (4) 4 (4) 4 4(4
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lim P lim P lim

+ )
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0 0 0
+[ f( ul(zl) ¥ )T-I_ f( uéZ) v )T+ f( u(5!3) _\® )_ ]F3(1’2'3)
Vg s

RO 3(1) @ 3)+V,<3> d F429 _g (119)

Continuing this way, we can derive the equations for evolution of F4(1'2'3'4) , F5(1’2'3'4’5) and so on. Logically it

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

V. 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

(12.3)
F7 (W 2@ 2 @ 2 a2y
B 1 B 2 F 3
ot ox§ x@ 7

(1)( agl(ll) N 5\,(1) o

“lo vy gl ol

+g@( og?  wd 0 @, Y W 0 JF 29
P @ 5@ axg) Pl av® 5@ 8x§,3) 3

+v +— +—
@0 v @ @ o @ O

2
< [V Odg gDy O
8xﬁ 8xﬁ

(1)

+/1(
P R %a4® 52 ®a4®9¢$
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v v v

which was obtained earlier by Azad et al (2015d)
If the fluid is clean then =0, the transport equation for three-point distribution function in MHD turbulent flow
(119) becomes

1,2,3
{29 W 0 @ 0 (3 0 129 o 09y vy | o
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This was obtained earlier by Azad et al (2014b)

In the absence of coriolis force, Q,, =0, the transport equation for three- point distribution function in MHD

turbulent flow (116) becomes

an(l,Z,S)
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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, Q,, =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 ©
( og¥ N 3V_é1) (% @ 5@ 9@ a®
1 ) U —ot nat— @
vy agd " W@ a® v ogd u

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, x® and x® .

We can exhibit an analogy of this equation with the 1% equation in BBGKY hierarchy in the kinetic theory of
gases. The first equation of BBGKY hierarchy is given Lundgren (1969) as
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@ 12
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ot m # xP 1 xD  ov®

where yrq , = (//‘vgz) —vél)‘ is the inter molecular potential.

and

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 F,\"? as F,(" F,@. But it will be possible if there is no interaction or correlation between two particles. If
we decompose F,\"? as

F2 = (1+¢€) F,OF,@

|:3(12‘3) — (1 +e )2 |:1(1) |:1(2) |:1(3)

Also

|:4(1,2,3,4) - (1 +e )3 |:1(1) [:1 @ |:1(3) |:1(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.

Applied
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