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Abstract: Following Deissler’s approach, the decay of MHD turbulence at times before the final period for the

concentration fluctuations of a dilute contaminant undergoing a first order chemical reaction in a rotating

system for the case of multi-point and multi-time is studied. Here two and three point correlations between

fluctuating quantities have been considered and the quadruple correlations are neglected in comparison to the

second and third order correlations. The correlation equations are converted to spectral form by taking their

Fourier transforms. Finally, integrating the energy spectrum over all wave numbers, the solution is obtained

and this solution gives the Decay law of magnetic energy for the concentration fluctuations before the final

period in a rotating system for the case of multi-point and multi-time.
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INTRODUCTION

The essential characteristic of turbulent flows is that

turbulent fluctuations are random in nature. In

geophysical flows, the system is usually rotating with a

constant angular velocity. Such large-scale flows are

generally turbulent. When the motion is referred to axes,

which rotate steadily with the bulk of the fluid, the

coriolis and centrifugal force must be supposed to act on

the fluid. The coriolis force due to rotation plays an

important role in a rotating system of turbulent flow,

while the centrifugal force with the potential is

incorporated into the pressure. (Kishore and Dixit,1979)

studied the effect of coriolis force on acceleration

covariance in turbulent flow. (Kishore and  Singh, 1984)

considered the effect of Coriolis force on acceleration

covariance in turbulent flow with rotational symmetry.

(Dixit and  Upadhyay, 1989) considered the effect of

Coriolis force on acceleration covariance in MHD

turbulent dusty flow with rotational symmetry. (Kishore

and Golsefied,1988) discussed the effect of coriolis force

on acceleration covariance in M HD turbulent flow of a

dusty incompressible fluid. (Funada et al., 1978)

considered the effect of coriolis force on turbulent motion

in presence of strong magnetic field. (Kishore and

Sarker,1990) studied the rate of change of vorticity

covariance in MHD turbulence in a rotating system.

(Sarker, 1997) studied the thermal decay process of MHD

turbulence in a rotating system. 

(Deissler, 1958,1960) developed a theory “decay of

homogeneous turbulence for times before the final

period”. Using Deissler's theory, (Loeffler and

Deissler,1961) studied  the decay of temperature

fluctuations in homogeneous turbulence before the final

period. In their approach they considered the two and

three-point correlation equations and solved these

equations after neglecting fourth and higher order

correlation terms. Using Deissler theory, (Kumar and

Patel, 1974) studied the first-order reactant in

homogeneous turbulence before the final period of decay

for the case of multi-point and single-time correlation

(Kumar and Patel, 1975) extended their previous problem

for the case of multi-point and multi-time concentration

correlation. (Patel, 1976) also studied in detail the same

problem to carry out the numerical results. (Sarker and

Kishore,1991) studied the decay of MHD turbulence at

time before the final period using (Chandrasekher, 1951).

(Sarker and Islam,2001) studied the decay of MHD

turbulence before the final period for the case of multi-

point and multi-time. (Sarker and Azad, 2004) studied the

Decay of  MH D turbulence before the final period for the

case of multi-point and multi-time in a rotating system.

(Islam and  Sarker, 2001) also studied the first order

reactant in MHD turbulence before the final period of

decay for the case of multi-point and multi-time.     

In this work, following Deissler theory we studied the

magnetic field fluctuation of concentration of a dilute

contaminant undergoing a first order chemical reaction in

MHD turbulence before the final period of decay for the

case of multi-point and multi-time in a rotating system.

Here, we have considered the two-point, two-time and

three-point, three-time correlation equations and solved

these equations after neglecting the fourth-order

correlation terms. Finally we obtained the decay law for

magnetic field energy fluctuation of concentration of

dilute contaminant undergoing a first order chemical

reaction in MHD turbulence for the case of multi-point

and multi-time in a rotating system is obtained. If the fluid

is non-rotating, the equation reduces to one obtained

earlier by (Islam and Sarker, 2001).
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Basic Equations: The equations of motion and continuity

for viscous, incompressible MHD turbulent flow in a

rotating system are given by

(1)

(2)

Here, ui, turbulence velocity component; h i, magnetic field

fluctuation component;

,

total MHD pressure , hydrodynamic pressure; D,

fluid density; v, Kinematic viscosity; 8 = v/PM , magnetic

diffusivity; PM, magnetic prandtl number; xk, space co-

ordinate; the subscripts can  take on the values 1, 2 or 3

and the repeated subscripts in a term indicate a

summation; Sm, constant angular velocity component;

,mkl, alternating tensor. 

Two-Point, Two-Time Correlation and Spectral

Equations: Under the condition that (I) the turbulence

and the concentration magnetic field are homogeneous (ii)

the chemical reaction has no effect on the velocity field

and (iii) the reaction rate and the magnetic diffusivity are

constant, the induction equation of a magnetic field

fluctuation of concentration of a dilute contaminant

undergoing a first order chemical reaction at  the points p

and p! separated by the vector  could be written as

(3)

and

(4)

where R is the constant reaction rate.

Multiplying equation (3) by  and equation (4) by hi

and taking ensemble average, we get

(5)

and

(6)

Angular bracket  is used to denote an

ensemble average. Using the transformations

(7)

into equations (5) and (6), we obtain

(8)

and

(9)

Using the relations of( Chandrasekhar,S.,1951)

Equations (8) and (9) become



Res. J. Math. Stat., 1(2): 35-46, 2009

37

(10)

and

(11)

Now we write equations (10) and (11) in spectral form in

order to reduce it to an ordinary differential equation by

use of the following three-dimensional Fourier

transforms:

(12)

and

(13)

Interchanging the subscripts i and j then interchanging the

points p and p' gives

(14)

where  is known as a wave number vector and

=dK1 dK2 dK3. The magnitude of   has the

dimension 1/length and can be considered to be the

reciprocal of an eddy size. Substituting of equation (12) to

(14) in to equations (10) and (11) leads to the spectral

equations

(15)

and

(16)

The tensor equations (15) and (16) becomes a scalar

equation by contraction of the indices i and j 

(17)

and

(18)

The terms on the right side of equations (17) and (18) are

collectively proportional to what is known as the magnetic

energy transfer terms.

Three-Point, Three-Time Correlation and Spectral

Equations: Similar procedure can be used to find the

three-point correlation equations. For this purpose we take

the momentum equation of MHD turbulence in a rotating
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system at the point P and the induction equations of

magnetic field fluctuations, governing the concentration

of a dilute contaminant undergoing a first order chemical

reaction at p' and p'' separated by the vector  and 

as

(19)

(20)

(21)

Multiplying equation (19) by h'i hj'', equation (20) by

ulhj'' and equation (21) by ulhi', taking ensemble average,

one obtains

(22)

(23)

and

(24)

Using the transformations

into equations (22) to (24), we have

(25)

(26)

and
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(27)

In order to convert equation (25)–(27) to spectral

form, we can define the following six dimensional Fourier

transforms: 

(28)

(29)

(30)

(31)

(32)

(33)

Interchanging the points P! and P" along with the indices
i and j result in the relations

(34)

By use of these facts and the equations (28)-(34), we can
write equations (25)-(27) in the form

(35)

(36)

and      

(37)
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If the derivative with respect to xl is taken of the

momentum equation (19) for the point P, the equation

multiplied by hi!hj" and time average taken, the resulting

equation

(38)

Writing this equation in terms of the independent

variables   and 

(39)

Taking the Fourier transforms of equation (26)

(40)

Equation (40) can be used to eliminate  from equation

(35)

The tensor equations (35) to (37) can be converted to

scalar equation by contraction of the indices i and j and

inner multiplication by kl

(41)

(42)

and

(43)

Solution for Times before the Final Period: It is known

that the equation for final period of decay is obtained by

considering the two-point correlations after neglecting

third-order correlation terms. To study the decay for times

before the final period, the three-point correlations are

considered and the quadruple correlation terms are

neglected because the quadruple correlation terms decays

faster than the lower-order correlation terms. The term

associated with the pressure fluctuations should

also be neglected. Thus neglecting all the terms on the

right hand side of equations (41) to (43)

(44)

(45)
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and

(46)

Integrating equations (44) to (46) between to and t, we

obtain

and

For these relations to be consistent, we have

(47)

where 2 is the angle between and  and 

  is  the  value  of    at   t  =  t�, )t

= )t! =0, 

By letting , )t? =0 in the equation (28) and

comparing with equations (13) and (14) we get 

(48)

and

(49)

Substituting equation (47) - (49) into equation (17), one

obtains

(50)

Now,  can be expressed in terms of k! and 2 as

!2Bk!d(cos2)dk! (cf. Deissler,R.G.,1960)

i.e. (51)

Substituting of equation (51) in equation (50) yields

(52)
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In order to find the solution completely and

following(Loeffler,A.L. and R.G. Deissler,1961) we

assume that

(53)

where *0 is a constant determined by the initial

conditions. The negative sign is placed  in front of *0 in

order to make the transfer of energy from small to large

wave numbers for positive value of *0.

Substituting equation (53) into equation (52) we get

(54)

 

Multiplying both sides of equation (54) by k2, we get

(55)

where, , E is the magnetic energy

spectrum function and F is the magnetic energy transfer

term and is given by

(56)

Integrating equation (56) with respect to cos2 and  we

have

(57)
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The series of equation (57) contains only even power of

k and start with k4 and the equation represents the transfer

function arising owing to consideration of magnetic field

at three-point and three-times.

If we integrate equation (57) for )t=0 over all wave

numbers, we find that

(58)

which indicates that the expression for F satisfies the

condition of continuity and homogeneity. Physically it

was to be expected as F is a measure of the energy

transfer and the total energy transferred to all wave

numbers must be zero.

The linear equation (55) can be solved to give 

(59)

where  is a constant of integration and

can be obtained as by (Corrsin,S.,1951) 

Substituting the values of F from equation (57) into

equation (59) gives the equation
(60)

where, ,

 

or .
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By setting , j=i,d, 

and  in equation (12) we get the

expression for magnetic energy decay law as

(61)

Substituting equation (60) into equation (61) and after

integration, we get

(62)

where T=t-t0 . For   , equation (62) takes

the form

(63)
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This is the decay law of magnetic energy fluctuations

of concentration of a dilute contaminant undergoing a first

order chemical reaction before the final period for the

case of multi-point and multi-time  in MHD turbulence in

a rotating  system. 

RESULTS AND DISCUSSION

In equation (63) we obtained the decay law of

magnetic energy fluctuations of a dilute contaminant

undergoing a first order chemical reaction before the final

period  considering three-point correlation terms for the

case of multi-point and multi-time  in MHD turbulence in

a rotating  system. 

If the system is non-rotating then , the

equation (63) becomes

(64)

which was obtained earlier by( Sarker,M.S.A. and M.A.

Islam,2001).

If we put )T=0, R=0, in equation (64) we can easily

find out

(65)

which is same as obtained earlier by( Sarker,M.S.A. and
N. Kishore,1991).

This study shows that due to the effect of rotation of
fluid in the flow field with chemical reaction of the first
order in the concentrarion the magnetic field fluctuation
in MHD turbulence in a rotating system for the case of
multi-point and multi-time i,e.the turbulent energy decays
more rapidly than the energy for non-rotating fluid and

the faster rate is governed by .

Here the chemical reaction (R¹0) in MHD turbulence for
the case of multi-point and multi-time causes the
concentration to decay more they would for non-rotating
system and it is governed by

 

The first term of right hand side of equation (63)
corresponds to the energy of magnetic field fluctuation of
concentration for the two-point correlation and the second
term represents magnetic energy for the three-point
correlation. In equation (63), the term associated with the
three-point correlation die out faster than the two-point
correlation. If higher order correlations are considered in
the analysis, it appears that more terms of higher power of
time would be added to the equation (63). For large times
the last term in the equation (63) becomes negligible,
leaving the -3/2 power decay law for the final period.

REFERENCES

Chandrasekhar, S., 1951a, The invariant theory of
isotropic turbulence in magneto hydrodynamics.
Proc, Roy ,Soc , London, A204: 435 -449.

Corrsin, S., 1951b. On the spectrum of iso tropic
temperature fluctuations in isotropic turbulence. J.
Appl. Phys., 22: 469-473.

Deissler, R.G ., 1958. On the decay of  homogeneous
turbulence  before the final. period, Phy. Fluid,1:
111-121.

Deissler,R.G., 1960. Decay law of homogeneous
turbulence for time before the final period. Phys.
Fluid, 3 : 176-187.                        

Dixit, T. and B.N. Upadhyay, 1989a. The effect of
Coriolis force on acceleration covariance in MHD
turbulent dusty flow with rotational symmetry. Astr.
Space Sci., 153: 257-268.



Res. J. Math. Stat., 1(2): 35-46, 2009

46

Funada, T., Y. Tuitiya and M. Ohji, 1978. The effect of

coriolis force on turbulent motion in presence of

strong  magnetic  field.  J.  Phy. Soc. Japan, 44:

1020-1028.

Islam,M.A and M.S.A. Sarker, 2001. First order reactant

in  MHD turbulence before the final period of  deay

for the case of multi-point and multi-time. Indian J.

Pure Appl. Math, 32(8): 1173-1184.

Kishore, N. and T. Dixit, 1979. The effect of coriolis

force on acceleration covariance in ordinary turbulent

flow. J. Sci. Res., B. H. U., 30(2): 305-313.

Kishore, N. and S.R. Singh, 1984. The effect of Coriolis

force on acceleration covariance in turbulent. flow

with  rotational symmetry. Astr. Space Sci., 104:

121-125. 

Kishore, N. and Y.T. Golsefid, 1988. Effect of Coriolis

force on acceleration covariance in MHD turbulent

flow of a dusty incompressible fluid. Astr. Space

Sci., 150: 89-101.

Kishore, N. and M .S.A. Sarker, 1990b. Rate of change of

vorticity covariance of MHD turbulence in a rotating

system. Astr. Space Sci., 172: 279-284.

Kumar,P. and S .R. Patel, 1974. First order reactant in

homogeneous turbulence before the final period for

the case of multi-point and single time, Phys. Fluids,

17: 1362-1368.

Kumar,P. and S .R. Patel, 1975. First order reactant in
homogeneous turbulence before the final period for
the case of multi-point and multi-time,Int. J. Eng.
Sci., 13: 305-315.

Loefter,A.L. and R.G. Deissler, 1961. Decay of
temperature fluctuations in homogeneous turbulence
before the final period, Int. J. Heat Mass Transfer, 1:
312-324.

Patel, S.R., 1976. First order reactant in homogeneous
turbulence-Numerical  results, Int. J. Eng. Sci., 14:
75-80.

Sarker,M.S.A and N. Kishore,  1991. Decay of MHD
turbulence before the final period, Int. J. Eng. Sci.,
29: 1479-1485.

Sarker, M.S.A and M.A. Islam, 2001. Decay of MHD
turbulence before the final period for the case of
multi-point and multi-time. Indian J. Pure Appl.
Math,32(7): 1065-1076.

Sarker.M.S.A and M .A. Islam,  2001. Decay of  dusty
fluid turbulence before the final period   in a rotating
system . J. Math and Math. Sci.,  16: 35-48.

Sarker.M.S.A and.M.A K. Azad, 2004. Decay of  MHD
turbulence before the final. period for the case of
mult i-point and multi-t ime in a rota ting
system,Rajshahi   university   studies,part-B   32:
177-192.

Sarker, M. S.A., 1997. Thermal decay process of MHD
turbulence in a rotating system. Rajshahi Univ.
Studies, Part-B, 25: 139-151.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

