GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: A
i PHYSICS AND SPACE SCIENCE

Volume 15 Issue 2 Version 1.0 Year 2015

Type : Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)

Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Statistical Theory for Three-Point Distribution Functions of
Certain Variables in MHD Turbulent Flow in Existence of

Coriolis Force in a First Order Reaction
By M. A. K. Azad, Abdul Malek & M. Abu Bkar Pk

Abstract- In this paper, the three-point distribution functions for simultaneous velocity, magnetic,
temperature and concentration fields in MHD turbulent flow in presence of coriolis force under
going a first order reaction have been studied. The various properties of constructed distribution
functions have been discussed. From beginning to end of the 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: coriolis force, magnetic temperature, concentration, three-point distribution functions,
MHD turbulent flow, first order reactant.

GJSFR-A Classification : FOR Code: 010405

STATISTICALTHEORYFORTHREEPOINTDISTRIBUTIONFUNCTIONSOFCERTAINVARIABLESINMHDTURBULENTFLOWINEXISTENCEOFCORIOLISFORCEINAFIRSTORDERREACTION

Strictly as per the compliance and requlations of :

© 2015. M. A. K. Azad, Abdul Malek & M. Abu Bkar Pk. This is a research/review paper, distributed under the terms of the
Creative Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting
all non commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Statistical Theory for Three-Point Distribution
Functions of Certain Variables in MHD Turbulent
Flow in Existence of Coriolis Force in a First
Order Reaction

M. A. K. Azad ¢ Abdul Malek °& M. Abu Bkar Pk ?

Abstract- In this paper, the three-point distribution functions for
simultaneous  velocity, = magnetic, temperature  and
concentration fields in MHD turbulent flow in presence of
coriolis force under going a first order reaction have been
studied. The various properties of constructed distribution
functions have been discussed. From beginning to end of the
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: coriolis  force, magnetic temperature,
concentration, three-point distribution functions, MHD
turbulent flow, first order reactant.

[. INTRODUCTION

:)article's distribution function is a function of
several variables. It has to make use of in plasma

physics to describe wave-particle interactions and
velocity-space instabilities. It is also used in fluid
mechanics, statistical mechanics and nuclear physics. A
distribution function may be specialized with respect to
a particular set of dimensions. It may attribute non-
isotropic temperatures, in which each term in the
exponent is divided by a different temperature. In the
past, numerous researchers like as Hopf (1952)
Kraichanan (1959), Edward (1964) and Herring (1965),
Lundgren (1967, 1969) had done their work on the
statistical theory of turbulence.

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
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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. 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.
Afterward, the following some researchers had 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
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 (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. Azad and Sarker(2008)
studied 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.
Chemical reaction is usually occurred in a fluid. It is
stated that first-order reaction is defined as a reaction
that proceeds at a rate that depends linearly only on one
reactant concentration Very recent, the following some
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researchers had included first order reaction rate in their
own works 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 et al (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
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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 (2015a)
studied the 4-point correlations of dusty fluid MHD
turbulent flow in a 1% order reaction. Most of the above
researchers have done their research for two point
distribution functions in the statistical theory in MHD
turbulence.

But in this paper, we have tried to do this
research for three-point distribution functions in the
statistical theory in MHD turbulence in a first order
reaction in presence of 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 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.

[ FORMULATION OF THE PROBLEM

The equations of motion and continuity for
viscous incompressible 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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u,(x,t), a — component of turbulent velocity;

h,(xt), a— component of magnetic field; Q(X,t),

temperature  fluctuation; ¢,  concentration  of
contaminants; €m,g , alternating tensor;
vv(>2,t)=7 +1‘ﬁ‘2 +Lla .« total  pressure;
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P(%t), hydrodynamic pressure; p, fluid density;Q,
angular velocity of a uniform rotation; v, Kinematic

viscosity; 4 = (4zuc)™ , magnetic diffusivity; , - kKr_,
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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)
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In a conducting infinite fluid only the particular solution of the Equation (6) is related, so that
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Certain microscopic properties of conducting

fluids such as total energy, total pressure, stress tensor
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DISTRIBUTION FUNCTION IN MHD
TURBULENCE AND THEIR PROPERTIES

[T1.

which are nothing but ensemble averages at a particular

time can be determined with the help of the distribution

functions (defined as the averaged distribution functions

with the help of Dirac delta-functions). The present aim
is to construct a 3-point distribution functions in MHD

turbulent flow in a rotating system under going a first
study its properties and derive a
transport equation for the joint distribution function of

order reaction,

velocity, temperature and concentration in MHD

turbulent flow in a rotating system under going a first

order reaction.

In MHD turbulence, it is considered that the fluid
velocity u, 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 denote the pairs of these

variables at the points x® %2

(\7(1), g®, g0y ® ) (\7(2), g?, 4@,y )
at a fixed instant of time.
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It is possible that the same pair may be once). Symbolicaly we can express the bivariate
occurred more than once; therefore, it simplifies the  distribution as
problem by an assumption that the distribution is
discrete (in the sense that no pairs occur more than

S0 g0 40 ,0) [G@ g@ 42 @) _ GO 5 40,0
{2,962} 72,926 ) @, g™, ") }

Instead of considering discrete points in the The distribution functions of the above
flow field, if it is considered the continuous distribution  quantities can be defined in terms of Dirac delta

of the variables V, T, ¢ and w over the entire flow field, ~ function.

statistically behavior of the fluid may be described by The one-point distribution function
~ the distribution functon F(V,3,4,) which s FOM®,g®, 40,y ®), defined SO that
i normalized so that Fl(l)(v(l),g(l),¢(1)’W(l)b/(l)dg(l)d¢(1)dl//(l) is the probability
; I F(\‘/, g,¢,l//)d\7dgd¢d(/, =1 that the fluid velocity, Alfven velocity, temperature and

concentration at a time t are in the element dv!V about

where the integration ranges over all the possible values 1 dg" about g, d¢(1) about ¢(1) and d,/,(l) about
of v, g,¢ and y . We shall make use of the same 1)

normalization condition for the discrete distributions v
also.

respectively and is given by

RO (Va), g0, 4@ ): < 5(u(1) _V® )5(h‘1) _g® )5(3(1) _ 40 )5(C(1) _ ,/,(1)) ) (12)

where ¢ is the Dirac delta-function defined as
—  \4o _ J1 atthepoint U=V
J.é‘(u - V)dV - {0 elsewhere
Two-point distribution function is given by

F02 _ <5(u(1) O 5{H0 — g (o — g0 e~y s(u® @ |s(® - @) 56 -2 lc@ -y @) ) (13)

and three point distribution function is given by

FL29) - <5(u(1) VO J5{h® — g® }5{e® — 50 J5(c® —py D )5{u@ @ Js(r@ — g @)
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« 5(9(2) _4® )5((3(2) _y®@ )5(u(3) @ )5(h(3) _g® )5(9(3) e )5(0(3) _ ,/,(3)) ) (14)
Similarly, we can define an infinite numbers of a) Reduction Properties
multi-point distribution functions F,"234 F (12345 gnd 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:

[FOv®dgDdgBy® =1,

[F2a0@dg@dgddy @ = RO

Global Journal of Science

[FA2IOdgPdgOdy @ = £

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

[ RO - <5(h(1> _g® )5(9(1) e )5(C<1) _ y,(l)) ),

[ F®dg® - < 5(u @ _\® )5(9(1) g )5((:(1) _ V/(l)) ),
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[ FOdg® :<5(u(1) O )5(h(1) ® )5(0(1) (1))

and

L@ = (5(u® —vOls(h® — g®)s(9® — 4® \5(c® _ @ )s(h@ — q@
J F (olu® ~v® pln® — g o g ble® -y n® - o)

5(9&) — 4@ )5(C(2> _ V/(Z’) )

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

‘)7(2) BN X(l)‘ N |:(1 2) _ I:(l)F(z)
and similarly,
lim
‘2(3) - i(z)‘ ) F3(1‘2'3) = F2(1,2) Fl(3) etc.

lim
‘2(2) - i(l)‘ — o
Similarly,

lim

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(z) =v®, g®=g% 4?=4% and
w® =@ but F,'? must also have the property.

[F2av@dg@dg@dy @ = B

and hence it follows that

[ FE2 RO 5(\,(2) 0 )5(g(2) _g® )5(¢<2) _gW )5(,/,(2) _ l//(l))

‘2(3) —>X(2)‘ | ,:3(1,2,3):,:2(1,2)5(\,(3)_V(l))5(9<3)_g(l))5(¢(3>_¢(1))5(w(3)_,/,(1)) etc.

d) Symmetric Conditions

e) Incompressibility Conditions

aFn(l,Z,———n)

(N7 (NAR () —
v, ‘dvt’dh'’ =0
xn

()
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

ou U0 [EOQNOdg®de@dy @
- :<a<1> [FPavDdgPdgVdy @ ) =

aFn(l,Z,***n)

Mgvgn ™ =
S Od® =0

(if)

convective MHD turbulent flow directly by using div
u=0
Taking ensemble average of equation (5), we get

(U [FOdvOdgDdgVdy® )

ax®
0 0
=55 (U9 ) RO YavPaghg¥ay© = [ vORPadgUagPd
OXg X
6F
and similarly, Equation (15) and (16) are the first order
oE® continuity equations in which only one point distribution
—f 1(1) 9P av®dgdgPdy @ (16) function is involved.

For second-order continuity equations, if we

multiply the continuity equation by
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5(u<2) V@ )5(h<2) _g® )5(9(2) _ 4@ )5((:(2) _ 1/1(2))

and if we take the ensemble average, we obtain

0= §(u(2) _\y®@ )5(h(2) _g® )5(9(2) 4@ )5((:(2) @ )6U_((,1) >

ox
_ ‘3(1) ( @ _ (2))5( @ _g® )5(9(2) e )5((;(2) _y® )Jgtl) )
8x
_ % [ [( ué})é(u‘l)—v(l))a(h‘l)—g(l))5(9(1>—¢(1))§(c(1)—y/(l))

x 5(u(2) Ry )5(h(2> _ 9(2))5(9(2) —4® )5((;(2) (2)) Yav@dg@dgVdy® |

X (1) — o |V PavBdgPdgdy @ (17)
and similarly,
" ox (1) — ] 99 FPavldgVdgBdy @ (18)
The Nth — order continuity equations are
o= ax(l) J'V(l) |:(12 N)dv(l)dg (1)d¢(1)d¢//(1) o)
and
ax(l) I g{ ()] F L2y, N) gy @ dg (1)d¢(1)d1//(1) 20)

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

a (V(r)F(lz """"""" dv(r dg r)d¢(r)d (r)) IVgS)F(lz """" IS dv(s)dg(s)d¢(s)d!//(s) (21)
5Xg) OX (5)
Since the divergence property is an important property and it is easily verified by the use of the property of
distribution function as
@)
W E® 4O gy ® gsO 0 ;@ \_s Mo \_
8x(gl) IV F, 7 av~dg* d¢ dl// 8x(1)< us > < axél) > 0 (22)

and all the properties of the distribution function by making use of the definitions of the constructed
obtained in section (4) can also be verified. distribution functions, differentiating equation (12)

E ) E O partially with respect to time, making some suitable
V. QUATIONS FOR EVOLUTION OF UNE - operations on the right-hand side of the equation so

PoiNnT DisTrRIBUTION FUNCTION F obtained and lastly replacing the time derivative of
u,h,# and c from the equations (8) - (11),

we get,
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It shall make use of equations (8) - (11) to
H convert these into a set of equations for the variation of
the distribution function with time. This, in fact, is done

3';{1) jt (5[ —vO J5(® - g® J5{o® - g Js(c — ) )
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= 5(h(1) )5(9(1 1))5(0(3 1))%5@(1) _v(l)) )+{ 5(u(1)_v(1))5(9(1) —¢(l))5(c(l)—y/(l))gé(h(l)—g(l)) )
H 5(u<1> _y® )(5(h(1) _g® )5((;(1) _y ) % 5(9(1) _ ¢(1>) )+{ 5(u(1) Y0 )g(hm _g® )5(9&) _ g0 ) % 5(C(1> _V,u))>

:<_5(h(1)_g(l))é‘(g(l)_¢(1))5(C(1)_W(1))&:9ti 6\/% Su® —v®))

+<—5(u ® _,® )5(9(1) _p® )5(0(1) _y® ) % ag% 5(h(1) _g® ) >

+ (—5(u W _y@ )5(h(1) _g® )5(0(1) _y® ) %t(l) (M% 5(9@) g0 ) )

+<—5(u(1) —v® )5(h(1) (@) )5(g(1) ¢(1)) ‘;i) a% 5(c(l) —l//(l)) )

%1‘1) :<_5(h(1) — g®)s{p® — g }s{c® - (1)){ ( Oy h(l)h(l))

1 u® auf)  on® ohi . ax
- a(1) : v . o ] VAU =2 € Ol a(1) olu® )
Ar Ox, OXp' OXy'  OXp' OXg |x | oV,

(=5 (U v Js(p® - g0 |5{c® _p O} — o7 (h(l)u(l) u(1>h(1))+ v |}

S @ (ha) g(l))> <5(u<1)_V(1>)5(h(1)_g(1))5(c(1) (1)){ u(l) + w200 )

oy ) A - e k)

—( 50 - g® s(p® - g0 (e —y®) a“a(:(‘;)»(f)‘l ) %5@ O _y®))

R ER Y ]

® _ 40)s(p0 _ 40w _, o)1 0 ol auy  on® ohf) & 9 S o
+( 5(h1 _91)5(91 _¢1)5(c1 _Wl’4zzaxg)I [ o _@X(ﬂl) o0 ]><|)_('_i| 0 5(u1 —v1)>

(-6 (ha) g<1))§(,9<1) ¢1))5( )va u® avag ) (u(1>_v(1))>

+{ 5(h(1> _ g(1>)5(9(1> _g® )5(C(1) e )X 2 € Ot % 5(u(1> _V<1)) )

[24
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+{ 5(u<1) e )5(6,(1) _g® )5(C(1> _

e 5(u<1) 0 )5(9(1) g )5(C(1> _

e o -
5(u @ _\® )5(h(1) _
o -
oo -

N <_5(u ® _y® )5(h(1> g

g® )5((3(1)

Various terms in the above equation can be
simplified with the help of the properties of distribution
functions and continuity equation as that they may be

g® )5(C(1> —y

g® )5(9 W _y

+( 5(u @ _\,® )5(h(1) _g® )5(9 W _ 40 )X Rc®

(l) (l)
o ) oh; F]

ax(l) ) 5(h(1) _ g(l)) )
o

ORO
(1))X ou,, hﬂ o
@ ag®

5(h(1) _ g(1>) )

y® ) aveh® 895 5(h® - g®) )

a

o60®
(1)) up D 30 5(9(1)_¢<1))>

G
(1)) w2002 _ o 5(9(1)_¢(1))>

ac® o
(1)) 2)6 g ) ()5(c<1>_y,(1))>

(1))5(9(1)_¢(1))X DV 2c® % 5(C(1)_y,(1))>

oy

aw% 5(0(1) _ V/(l)) )

distribution functions. So after simplifying the equation
(24), we get the transport equation for one point
distribution function in MHD turbulent flow in a rotating
system under going a first order reaction as

(23)
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) - ] definitions of the constructed distribution functions,
V. EQUATIONS FOR TwO-POINT making some suitable operations on the right-hand side

DisTRIBUTION FUNCTION F,"? of the equation so obtained and lastly replacing the time
derivative of u,h,8 and c from the equations (8) - (11),

Due to derive the transport equation of two- we get,

point distribution function Fz(l’z)differentiating equation
(13) partially with respect to time, making use of the

5':2(: i (h<1) (1))5(9(1) ¢(1))5( @ _ (1))(;(u(2)_V(2>)5(h(2)_9(2))5(9(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, 6", 9" and 11" terms of right hand-side of equation (27) can be simplified as follows;
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And 11" term

Adding these equations from (28) to (31), we get
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Similarly, 14™ 19" 22" and 24" terms of right hand-side of equation (27) can be simplified as follows;
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And 24" term,

Adding equations (33) to (36), we get
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Similarly, 27", 32", 35" and 37" terms of right hand-side of equation (27) can be simplified as follows;
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Similarly, 27, 7" 151" 20" 28" and 33" terms of right hand-side of equation (27) can be simplified as follows;
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o{u® v Jo(® - g s(a® - 0 bl 9 )¢ ahax(g/’) a\i” olu® —v‘”))
i a

1 1,2,3)
o 095 OFg (43)
Y

7" term,
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15" term,



20" term,

28" term,

and 33 term,

(_5(u(1) _\ )5(h‘“ _g¥ )5(9(1) _ gl )5(0(1) e )5(h(2) _g® )5(9(2) _ g )5((:(2) _y@ )

5(u(3) _\® )5(h(3) _g® )5(9(3) _ g )5((:(3) _y® )X 8*22)2()};}2) a\iz) 5(u(2) _y@ ) )

@ 6g(2) aF(123)
T v @

(_5(u(1) Ry )5(h(1) _g® )5(9(1) _gW )5(0(1) _yW )5(u(2) _\@ )5(9(2) e )5(0(2) _ V/(Z))

510 v (O - g (o — 4@ e -y 5“22)2‘22) LZ) 5(h<2)_g(2))>

P agl

123
@ 8Véz) an( )
B a9 ((12) 6x22)

<_§(u(1) o )5(h‘” _g¥ )5(9(1) _ g0 )5((:(1) _y® )5(u<2) _y@ )5(h(2) _g® )5(9(2) _ ¢(2>)
5(C<2) o )5(h(3) _g® )5(0(3) _ g )5(.:(3) e )X anhy’ o 5(u<3) _V(3>) )

B A0

Xy OV,
1,2,3
®) og) 8F3( )
av®

(- §(u(” Y )(5(h(1) _g® )5(9(1) _ g )5(0(1) y )5(u(2) @ )(5(h(2) _g® )5(9(2) _g@ )

5@y @l v 5l -0 e -y O )« _aua{);;}f) ag%&(h“) -g¥ )>

1,2,3)
3) vy oF;
A ag® 6x(ﬂs)

Fourth term can be reduced as

<_5(h(1) gV )5(9@ _ g0 )5(c(1) e )5(u(2) @ )5(h(2) e )5(9(2) _ g )5(C(2) _ W(z))

5(u(3)_v(3))5(h(3) _g<3))5(9<3)_¢<3))5(C(3)_,/,(3))wvzug) % 5(u(1) _v(l))

a

;)<v2 uo 5(u(1) WO )5( &) g(l))é'(‘ga) ¢1))5(C(1 )5( @ VZ))(;( @ g(Z)

{1
o

5(9(2 _g@ )5(C(2 2))5( ® Vs))(;(h@) g )5( _ g )5((3(3) (3))”

0 < ] 5{u v {0 - g0 g - g e -y 0 @ yi2)

s ax( >ax

5(h<2) _ g(Z))5(0<2) _ ¢<2))5(C(2) _y® )5(u<3) ) )5(h(3) _ g(z))5(9(3) _ ¢(3))5(C(3> —w“’) )
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o ava(l) <@ _ " <@ 6x(4?;x(4) <“34)[ olu® —vOsn® - g@ Jlo® — sl — )
x(4) _, x(@) X oXp

5(u(2)_V(Z))g(h@)_g<2))5(9(2)_¢(2))5(C(2>_V,(2>)§(u<3>_v(3))5(h(3)_9(3))5(9(3>_¢(3))5(C<3>_,/,(3))]>
=_V% lim o’ <I WSO -9 |s(h - g s{a® g0 s(c® _, )

oV 9 (4) 2y (4)
D@ oo

5( @ _ 3))5( ®_g® )5(9(3 3))(5(0(3)_(//(3))5(u(2)_v(2))(5(h(2)_g(z))g(g(Z)_ ¢(2))

(0(2) (2))5( @ v(l))d(h(l) (1))5(9@ _¢(1))5(C(1) —y/(“)dv(4)dg‘4)d¢‘4)dz//“‘) )

lim 2
0 0
- — [VOFE239 @y dg @y @
NG (4) 1) Ox7 o

(49)

Similarly, 8" ,10™ ,12" 17" 21t 239 25" 30" ,34™ 36" and 38" terms of right hand-side of equation (27) can be
simplified as follows;

(_5(u(1)_v(1))5(9(1)_¢(1))5(C< )5( \,(2))5( )5(9@) I )g(c(z)_‘/,(z))

5(u(3) _\0 )5(h(3) _g® )5(9(3) e )5((:(3) e )X v ﬁ 5(h(1> _ g(l)) >

a

- MRISEEDRYORRCRYCORID (50)
ol '
10" term,
(_5(u(1> _ V(l))g(h(l) _ g<1))5(c(1) —y® )5(u<2) _ V(Z))g(h(z) _g® )5(0(2) _ 4 )5(0(2> _ ,/,<2))
( ©) 3))5(h(3 )5(9(3)_ ¢(3))§(C(3) y® ) « 200 : ;(1) ((1>_ ¢(1))>
0 lim o 1) E 0239 3,4 4g @ dg® gy @
=y jqﬁ Foo>Ydvi®dg Y dg' Y dy (51)
o0 @ o
12" term,
+<_5(u(1) )5(h<1) g(l))(g(g(l) 4 )5( @ v())5(h(2)—g<2))5(9‘2)—¢(2))5(c<2)—1//(2))
5(u(3) _\O )5(h(3> _g® )5(9(3) _ ¢(3))5(C<3) _ l//(3))>< Dv2c® % 5(0(1) _ t//(l’) )
5 0 lim o2 jx//(“)Ff'z'&“)dv(“)dg(“)d #dy (52)
oty ) o0
17" term,
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21 term,

23 term,

25" term,

318 term,

34™ term,

<_5(u(1) _y0 )5(h(1) gV )5(9(1) _ g0 )5(0(1) o )5(h(2) _g® )5(9(2) _ g )5(0(2) _y® )

S v 6 - g (g - 5 5{e @ oy (; 5@ -2y

I lim 8* [V 12306y g DDy 9
- (2 (4) 5y (4) J v
No* o(8) _, (2) %" 0X;s

a

0 lim 52
a0 () _ (2 oxPoxf)

[ 9@ &239 @ dg® dg W dy @

(_5(u(1) _\0 )5(h(1> _g® )5(9(1) — g0 )5((;(1) _y® )5(u(2) _\@ )5(h(2) _g® )5(0(2) - W(2))

0
5(u(3)_V<3))5(h(3)_g(3))5(0(3)_¢(s))5(()_l/, ) 720 7 5(9(2)_¢(2))>
0 lim 0? @) £ 0234 g, @ gg @ g @ gy @
__ FE23 0 av® dg@dg®d
e (@) (@) P J# g dgTdy

(- 5(u(1) Y )5(h(1) —g® )5(9(1) 40 )5((:(1) _y® )5(u(2) _\@ )5(h(2) _g® )5(9(2) _ ¢<2))

5(u(3) e )5(h(3) _g® )5(9(3) e )5((:(3) _y® )X DV2c? ﬁ 5(0(2) _ W(Z)) >

0 lim 02 8) = (L2,3.4) 4 (4) 4 (4) 4 4 (4 4
-0 [y @F £239 4y dg (@ dg Oy,
(2) _(4) _(2) axf,;”ax};‘)

<_5(u(1) Ry )5(h(1) _g¥ )5(9(1) g0 )5(0(1) W )5(u(2> _\® )5(h(2) _g® )5(9(2) _ ¢(2))

5(0(2) _y@ )5(h(3) e )5(9(3) _ g )5((:(3) y® )X WAl % 5(u(3) _ v(3>) >

a
lim 2
0 0 D F L2394y gg D gD gy,
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(-olu® vl g ot g et - @ blu -2 bl - g -4
5(C(2) _y® )§(U(3) _\® )5(9(3) _ ¢(3))5(C(3) _y® )X WO % 5(h(3) _ 9(3)) )

a
0 lim 0? (4 = (1234) 4, (4) 4y @ 4,4 {1,p (D)
(3) WI 9, F, avi¥dg*dg " dy (58)
Mo (@) _, (@) X5 %

36" term,

(_5(u(1) e )5(h(1> _ g(l))g(‘g(l) _ ¢(1))5(C<1) _ z//<1))§(u‘2) _\@ )5(h(2> _g® )5(9@ _ ¢(2))

5(0(2) _y® )5(u(3) e )5(h(3) _ g<3))§(c<3) O w2 % oo - ¢<3)) >

0¢
lim 2
-7 a(3) (4? ar J#O LW dgWdg@dy @ 9
o¢ )_((4) _(3) ax ax

38" term,

& 5(u(1) _yO )5(h(1) g )5(9(1) g )5(0(1) _yW )5(u(2) _y®@ )5(h(2) _g® )a(e(z) _ ¢(2))

5(C(2)_V,(2))5( (3 _ )5(h(3 g,<3))5(9(3)_¢(3))X DV % 5(C(3)_y,(3))>

P lim 02 D239 4,4 4 @ 4y @) g,y @
w® @ ax(4‘)ax(4“)f Ry dviTdg™dg ™ dy (©0

We reduce the third term of right hand side of equation (27),

(h(l) O )5(9(1) $® )5( @ _y, @ )5(u(2) e )5(h(2) _g® )5(9(2) _g®@ )5(C(2) _ u/(z))

o) @ 1 ()]
5u® —v® sh® — g® Js{o® —p© Jsle® —py @ p L0 [ e ous  on§) ony
1@ Lo @ o a®

ax" 0
X |i"’—i| _av(l) 5(U(1) _v(l)) >
(04

o1 o 1 @ v g agy

= | — _ E 2239 4@ v dg®dePd iy @ 61
20! i) @ ] X o o o o 0 7dg Ty | &)
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16" term,

<5(u ® _y® )5(h W _g® )5(9 W _4® )5(0(1) —_y® )5(h(2> —g® )5(0<2) _g® )5(0(2) @ )

| 5(u @ _y® )5(h @ _g® )5(9(3) O] )5(0(3) —y® )
0 ou@ oup? on® ohiY . dx" & 5@ —v@))
4z ox? oxP ax(z) oxP oxP T X" =X] v
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SN N Ry — v v aglh ogp?
PY ORI PN ) ‘2(4)_X(2)‘ 6X(ﬁ4) ox® GX’?) ox®

)EL239 4Dy @dg@dg@dy @ |

Similarly, 29" term,

( 5(u ® _yo )5(h W _g® )5(,9 W _ 4O )5(0(1) —y® )5(u<2> _v® )5(h<2) —g® )
5(g(2> —g®@ )5(,:(2) —y @ )5(h<3> _g® )5(9(3) O] )5((:(3) —y® )

3) (3) —m
1 8 [ au® oauP  on® onf ] dx o 5(u(3)—v(3))>

L _
ax @) L @ @ @ x@ KX v
o 1 d 1 W vy ag agly

- 1 _ E 1239 4@ qv®dg@ds@ dy @
8\/[(13)[ 47[_[ GXS)( ‘2(4)_2(3)‘ )( 5X(ﬁ4) axgl) aX;;l) ang) ) 4 g ¢ 4 ]

Fifth term of right hand side of equation (27),
( 5(h(1) _g® )5(9 @ _ 40 )5(C(1) —y® )5(u(2) _v® )5(h(2) —g® )5(9(2) _$® )5(C(2) —y @ )

5(u @ _y® )5(h(3> _g® )5(9(3) —4® )5(C<3> —y® )X 2 € s Q@ ﬁ 5(u ® _\,® ) )

(22

—( 2 €mup Qmu® %[ sU® —v®)s(h® —g®)s(e® —g® J5(c® —y O )s(u@ —v@)

o

5(h(2) —g® )5(49(2) ) )5((:(2) —y® )5(u @ _y® )5(h(3) —g® )5(9<3) —¢® )5(0(3> —y® ) 1)

2 Cmap O ava(l) ( u@su® v Js(h® — g® 56D — 4O Js(c® —y O Js(u@ _v@)

[24

5(h(2) _g® )5(9(2) e )5((:(2) —y® )5(u @ _y® )5(h(3) _g® )5(9(3) —$® )5((:(3) G )>

=2 €mgp Cm Z:% ( 5(u<1> —yv® )g(h(l) _g® )5(6;(1) —p® )5(C<1> —y® )5(u<z> e )5(h<2> _ g<z>)

o

5(9(2) e )5(0(2> _ ,/,<2))5(u(3> @ )5(h(3) —g® )5(9(@ — 4@ )5(C(3) _ V,(a)) )
=2 g QF?d

Similarly, 18™and 31" terms of right hand side of equation (27),

<5(u @ _ O )5(h(1> _g® )5(9 O _ 4 )5(0(1) _y® )5(h(2> _g® )5(9(2> _ @ )5(C(2) _y®@ )
5 —v@ B{h® —g@)s{o® — 4@ Js(c® — @ )2 €y Q® aviff) 5u@ —v@))

1,2,3
=2 €y QFL2d

319 term,

< 5(u @ _\y® )5(h(1) _g® )5(9 ® _ 4 )5((:(1) —y® )5(u(2> _v® )5(h(2> _g® )5(9(2> _g®@ )

5(0(2> _y® )5(h @ _g® )5(9 @ _ 40 )5(C(3) @2 ey A % Su® —ve@ ) )

1,2,3
=2 € map Q F323)
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13" term of Equation (27)

5(u o _,O )5(h O _ g )5(9(1) _ g0 )5(u 2 _@ )5(h(2) —g®@ )5(g(2) _ 4@ )5(0(2) _y (2>)

5(u ® _y® )5(h(3> _g® )5(9@ _4® )5(C(3) e )X Re® W% 5(C<1) _y 0 ) ) (67)

0_0 a2y

av/(l)

26" term of Equation (27)

5(u(1)_v<1))5(h(1) 1)5(9(1) 1))5( l//(l))g(u(z)_v(z))g(h(z)_g(z))g(g(z)_ ¢(2))

§(u(3) O )§(h(3) _g® )5(9(3) _g® )5(0(3) ! )X Rc® - l//a( . 5(0(2) V/(Z)) ) (68)

39" term of Equation (27)

5(u(1) _y® )5(h(1) _ g(1>)5(9(1) _ ¢(1))5(C<1) _yW )5(u(2) _ V(Z))g(h(z) _ g(2))§(9(2) _ ¢(2))

@) _y@ sih® _ g® ls(p® _ 43 @_0 ®
5(u v )5(h g )5(9 ¢ )x Re m5( v )) (69)
_Ry®_0 pa23
VII.  RESULTS distribution function F3(1'2'3) (v, 9,9, ) in MHD turbulent
Substituting the results (28) — (69) in equation flow in a rotating system under going a first order
reaction as

(27) we get the transport equation for three- point
(1.2,3) 1 1
oF; (VO o @ _ 9 @ 0 IR g(l)( agd vl 0

+
B 1 s 2) B 3 1
ot o@D ax@ 5O v g ox®

] F123)

2 2
@) 9P v 8 Off a9 v )

+9
Pl a® ag® o v®  og® ax(3)
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+v + +
()] (2) (3
8\/05 2(4) —)Y(l) 5Va 2(4) N 2(2) aVa )—((4) N )—((3)
0 4) = (12.3,4) 4 (8) 4y (4) 44 (4) (4
X J.V((x)F4 12,3,4) gy )dg( )d¢( )dy/( )
axﬁ axﬂ
H . . .
3 lim 3 lim 8 lim
+/1( (1) +

@0 00 @@ 0 @ _
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@ J'g(4) |: 12, 34)dv(4)dg(4)d¢(4)d1//

6x(4)ax
(8] (2) (3)
o s _, <@ o s _, %2 o s® _, %)
0° 4) £ (1L2,3,4) 4 (8) e (4) g 4 (4 4
S [#WEL23D D g @ gDy @
OX},” OX
s
lim lim lim
0 o o
+D( 5 e HNE)
v g 5@ v (@) (@) v o) xB)
0? (4) £ 02.3.4) 4, (4) 4y (4 4 44 4, (&)

0 1 0 1 0 1 0 1
R RS )
v 471j ox® ‘2(4) —Y(l)‘ v 47rj ox? ‘2(4)—%2)‘

(4) (4)
L0 {LI 0 1 v v aglh o9y D
v ArT xR -x0) o ax® o ax® 7

xdx@av®dg@dg@dy @ 146, QFY

) 0 ) 0 3 0 @23
4 v 4
Continuing this way, we can derive the VIIL DisCuUssIONS
equations for evolution of F4(1’2’3'4), I:5(1'2'3'4'5) and so If R=0,.e the reaction rate is absent, the

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.

transport equation for three- point distribution function in
MHD turbulent flow (113) becomes

1,2.3) 1 1
Fs (o RV B N 09y g 0
ot Pa® 7 @ o T v ol oax
2 2 3 3
+ 9@ ag?) vl | @ @) agd P ) JF 823
Pl ag® o v®  og® axg’)
) @) )
8\/0! 2(4) _)x(l) aVa X(A’) —)X(Z) ava )—((4) _>2(3)
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62

X —ax(4) @ I V((;‘) |:4(1'2'3:4) av® dg (4) dg R W (4)
4 4

lim lim lim
N ,1( 8(1) a@ 66
9 o(4) _ (M) 9 <(4) _, %(2) g <4 _, <)
o J'g 4)F(1z 34) g(4) dg(4)d¢(4)d
g 5X(4)8X(4)
= (o0 lim 5 lim p lim )
+y +— +—
82 1 (2) 3
= @ P @y @) 90 @) @
% )
8 w0 [$9EL29 /@ dg @ dp@dy @
= oxWox®
. B =B
5 5 lim 5 lim a lim
- : Y (4 y ov® 2 0 4 3
<@ 0 P @ @ w? @ e
S 52
—~ HE @234 40,® 3D ds® gy, @
- Xax(4)8x(4) JwF, dv¥dg®dg Y dy
~ BB
g o (1, @ 1 o (1, @ 1
2 — —=1 — + —
o [ av,gl){ 47;I ang( ‘2(4) _2(1)‘ )} avgf){ 47rI axff)( ‘2(4)_2(2)‘ )}
2 (4) (4)
B 24 ij 0 1 ) bx( v vy oglP 99, 0230
v ArT ) [ -x0) ox§ ox( ox) ox® T
- x X Odg@dgDdy @ ]+6 e, QuFLY (71)
i 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
é turbulent flow (114) becomes

1,2,3
oy AW o @ 0 @3 0 JFE29 4 [ g0 gl vy | o
Vi o Ve oV e st ot o Lo
ot O oxg X Vg 09, oxg
[ |
2
+g?( 09y Vg \ 0 . @ 095 | vy )0 @23

V@ og® @ TV a® og® o

© 2015 Global Journals Inc. (US)



+v( +—
5@ av?

P @

52
X—
(4) A, (4)

6xﬂ axﬂ

+ A —=
oo, ()

o 4)5)((4) S )9

+
00, x

52
X —
(4) Ay (4)
axﬁ axﬁ

Y ) op®
@@ v

82
«—9
(4) ~y,(4)
axﬂ axﬂ

(4

< aga O

+
@ 007 (@

NONN

lim d lim

2 )
L@ v @0

[V E L2396y dg D gy @

lim 8 lim

5@ "o NONREE)

(DFE234) 4yl (Dt g @y

lim

O

+
(2 99

[$OF L2390y dg () dg @y @

lim

<@ 0

+
<2 oy

[y DFL23D @ dg D@ dy @

0 1
Vom o s

oL

4

0 1 0 1
J

+— _
@ dr x® ‘)—((4)_)—((3)‘

< dx® dv® dg 4) d¢(4) dl//(4) ]

It was obtained earlier by Azad et al (2014a).

Equations (113)-(115) are hierarchies of
coupled equations for multi-point MHD turbulence
velocity distribution  functions, which derived by
Lundgren (1967, 1969) and resemble with BBGKY

) j+

d ( 1 | 0 1
v@ " Azt ox@ ‘y(4>_y(2>‘

))

4 (4)
vy NV
8x24) 6xé4)

4
_agl? a9,
8x24) 6xé4)

) 1,2,3,4)
4

(72)

hierarchy of equations of Ta-You (1966) in the kinetic
theory of gasses.

If we drop the viscous, magnetic and thermal
diffusive and concentration terms from the three point
evolution equation (113), we have

123) O 0
P (W0 @0 0 yeaad [ g2 Q' | N ) 0
a @t @ e o0 g VoD
‘g (2)( ag (2) av‘(zZ) ) P ) ag (3) 6\/((23) P ]F 123)
P el Tox e og® Tox

© 2015 Global Journals Inc. (US)

Global ]()urnal of Science Frontier Research (A ) Volume XV Issue II Version I E Year 2015



Global Journal of Science Frontier Research (A) Volume XV Issue II Version I E Year 2015

_[ a(l){ij 6(1) 41 1 )}+ ?2){i-[ 6(2)( 4l 2 )}
v® " ars X ‘y( ) _Yo‘ v® " ar? X ‘x< ) _x( )‘
4 (4 4 (4)
+ 0 i.[ 0 1 8Vé) 8vﬁ _agt(x) agﬁ ) 4(1’2’3’4) (73)
A A ax ox(™  ax() ax®
% dx® gv® dg (4)d¢(4) dl/l(4) ]: 0
The existence of the term
0P NP @ @ 09 v
( ov®  ag® ot )ad @) ®)
Pt 9z Ny’ 09y Ny’ 09y

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 .

oF® 1

m A &)
ot m X

@ _0

Fl(l) _

where /3, :y/‘v((f)—vg)‘ 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 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+e)FF®@

and

F3(1‘2‘3) — (1 +e )2 |:1(W) F1(2) |:1(3)

Also

F4“‘2‘3‘4) _ (1 + e)a F1(1) |:1(2) |: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.
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nfJ

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

oWy, OF D

@) gy @
x® v dx*<’ dv

(74)
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