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Abstract: In this study the temperature fluctuations in dusty fluid homogeneous turbulence prior to the final period is
considered by using the four point correlation equations for fluctuating quantities in the flow field. The correlation equations
are converted into spectral form by their Fourier-transform. The set of equations are made to determinate by neglecting the
quintuple correlations in comparison to the fourth- order correlation terms. Finally by integration of the energy spectrum over
all wave numbers and have obtained the energy equation of decaying of temperature fluctuations in dusty fluid homogeneous
turbulence for four point correlations. The obtained results have been shown by graphically at different Prandtl no. and at the
different state of temperature. It is also determined the values of the constant appear at the energy equation by using the values
of the parameters which exist in it for different fluids. It has also been shown the effects of the parameters by graphically.
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1. Introduction

Very recently the motion in dusty fluid in homogeneous
turbulence problem is developed rapidly. The motion of dusty
fluid is observed in the movement of dust-laden air, in a gas
cooling system, in the tidal rivers and in other fluids. The
behavior of dust particles in a turbulent flow depend on the
concentration of the particles, the size of the particles and
quantities of the particles with respect to scale of the
turbulent fluid.

In the past, some researchers had done their research
considering dust particles in turbulence and MHD' turbulent
flow. Corrsin [1] considered on the spectrum of isotropic
temperature fluctuations in isotropic turbulence. Deissler [2,
3] developed a theory on decay of homogeneous turbulence
for times before the final period for three and four point
correlation. In the next, Loeffler and Deissler [4] extended
their theory for the case of decaying of temperature
fluctuations in homogeneous turbulence. Saffman [5] derived
an equation that describes the fluid containing small dust
particles which is applicable laminar flow as well as
turbulent flow. Kishore and Sinha [6] studied the statistical

1 MHD= Magneto-hydro Dynamic.

theory of decay process of homogeneous hydromagnetic
turbulance, Kishorand Golsefied [7] have done their research
on theEffect of coriolis force on acceleration covariance in
MHD turbulent flow of a dusty incompressible fluid. Kishor
and Sarker [8] also studied the rate of change of vorticity
covariance in MHD turbulent flow of dusty incompressible
fluid. Recently, Azad and Sarker [9, 10, 12] calculated a
results on decaying of MHD turbulence before the final
period for the case of multi-point and multi-time in presence
of dust particle taking Coriolis force. Azad et al [11, 13]
studied the decay of temperature fluctuations in dusty fluid
MHD turbulence in a rotating system before the final period.
Sarker et al [14] have been done their work on first order
reactant in MHD turbulence before the final Period of decay
for the case of multi-point and multi-time in presence of dust
particles. Azad et al [15, 16] had done their research on the
decay law of temperature fluctuations in dusty fluid MHD
turbulence before the final period. They also had done their
work on joint distribution function of velocity, temperature
and concentration in convective dusty fluid tubulent flow.
Azad and Mumtahinah [17, 18] considered the decay of
temperature fluctuations in dusty fluid homogeneous
turbulence prior to final period with Coriolis force. Bkar et al
[19] studied on 4-point correlations of dusty fluid MHD
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turbulent flow in a 1* order chemical reaction. Azad et al [20,
21, 22, 23] had done their work on the effect of chemical
reaction on statistical theory of dusty fluid MHD turbulent
flow for certain variables at three-point correlation. Alam et
al [24] Study the Effect of Chemical Reaction and Magnetic
Field on Free Convection Boundeary Layer Flow of Heat and
MassTransfer with Variable Prandtl Number. Most recently
Mamun et al [25] also studiedthe effect of 1st order chemical
reaction in convective dusty fluids turbulent flow for three-
point Joint Distribution Functions.

The above researchers have considered two and three point
correlation equations and solved these equations after

neglecting the fourth and higher order correlation terms. But
in this work we have solved for four point correlations
equations after neglecting the quintuple and higher order
correlation terms for dusty fluid turbulent flow.

The main purpose of the present study is to find a possible
solution for the dynamics of decaying the temperature
fluctuation in homogeneous dusty fluid turbulence for four
point correlation. Through this study, we have obtained
energy equation of decaying of temperature fluctuations in
dusty fluid homogeneous turbulence at times before the final
period for four- point correlation systems which comes out in
the following form

7

<T2> = W(t _to)_% +X(t _tO)_S +Y(t _tl)_E eXpV(I _tl)]+Z(t _tl)—7 exp[l(t _tl)],

Where <T 2> denotes the total energy and t is the time, W, X,

Y and Z are arbitrary constants determined by initial
conditions. Through this study we have tried to show the
effect of varying Prandtl no. by graphically. In this study, it
observed that the energy more decays than the clean fluid.

2. Four Point Correlation and Spectral
Equations

In order to find the four point correlations and spectral
equations for single time and take the momentum equation of
turbulence at the point P and the energy equation of
Temperature fluctuation for four point correlations in
presence of dust particle at P',P" and p" with position

vectors 7, 7 and 7"

Pm
p” P "
7 14
P. - )
7 P

Vector configuration for four point correlation equations.

2
_auj + —a(ujui) --L. L—a Yy Slu;=vy (1)
ot Ox; p P 0x;0x;
ar' . 1oT' _ v 9T’
& Sl T @
ot Ox;  p, 0x;0x;
aT" " aTn v aZTn
——tu, = ——— 3)
ot Oox;  p, 0x;x;
aT"' v aZTm
ar" +u"' m my_m (4)
i ax[ y 2z ax,-axt
ot
Where, T,T,T",T" denote temperature at points

P,P',P"and P" ,u; = Instantaneous velocity,
O =Fluid density, ¢, = Heat capacity at constant pressure,

k = Thermal conductivity,

. . KN

X; = Space co-ordinate, ¢= Time, f=—— the
P

dimensions of frequency, K=Stock’s drug resistance,

N=Constant number density of dust particles, v,=velocity
component of dust particles and the repeated subscripts are
assumed from 1 to 3.

Multiplying equation (1) by 7/ 7/ 7,7 (2) by u; T} T,/ (3)
by u,T;T,  (4) by «,T/T; and adding these equations, after

taking time averages, result is

\ / \
]

)

’\
+

0w, T T T Ol T 17) oI/ T I}

a(uiu;'Y}'T;T,;") N oluu" 1 TTY)

ot 0x; Ox; Ox; Ox;'
pR— 2T o o) LY = 2 P
__1OPTITITY) v 0 Y Tk)+L6 (uiTiTj Tk)+L6 lu,.T,.Tka)+ 5)
P Ox; F, 0x;0x; Dy 0x;0x; P ax,."ax,."

v aZuiTirTrerrn+
pr OxOx]

Now we will use the transformations
0 0 0 0 0 0 0 0 0 0
= = = — = —(— +—+ —)
Or, Ox; or, or or'

ox!" 0r' ox; Or Ox
b

>

1

S =v)T T/ T,

into equations (5) then,
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O, T/ T) T 0T, T/ T 0(uu T T) T 0T} T} T7) a(u W TT} T,;")

ot or; or/ or’ ar;
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2 e 2 T
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02w T]Ty) 02 (w1 T]Ty) 02w, TTY) R
+2P, +2P, i +2P S =) T} T,
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Converting the equation (6) into spectral form, now we can define the following nine dimensional Fourier transforms
(wr ) = | j [{avidy;Ryncn ) explivhs-+ R 7'+ & 7"kl k"

j _[ <§0,¢g(k) 14 (k) Y (k ) V"(k")> eXp[l(k FHE PR f")dkdk 'dk"
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(13)

Interchange of points p' and p" , p' and p" the subscripts i and j; i and m results in the relations

oy T T3) = Ty T 1) Gy T3 Ty = iy 7 Ty

By using equations (7) to (13), one can write equation (6) in the form

g(@VW") +Pi[(1 +P,)K* +(1+P,)K"? +(1+P,)K"* +2P,KK' +2P,KK" +2P,KK"Y@yVV") =

r

i(K; +K; +K")(¢%%WVL)—i(Kk + Ky + KWV VY V) —i(Ky + K + K (@A VYY)
+i(Ky + Ky + K YWYV Vi) +i— (Kk + K, +K")(PY.Y V)

The tensor equation (14) can be converted to the scalar equation by contraction of the indices i and j;

%(@ VYY) +Pl[(1 +P,)(K? +(1+P,)K'* +(1+P,)K"* +2P KK' +2P KK" +

r

2P KK"N@Y.Y:Ym) =S @ =vDQYYiVm = UK+ K + K)@ARY. YY) ~1(Ky + K + KDY VYY) =
i(Ky + K + K" ) @G YiYn) +i(Ky + K +K")(%%%%V,"n)+i%(1<k +K K (PYYY,)

(14)

(15)
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If we take the derivative with respect to X; of the momentum equation (1) at p, we have

azu/u, 1 o°P
—t = (16)
0x,0x; P Ox,0x;
Multiplying equation (16) by 7;T;T,, ; and then taking time averages
0% (uu,TTTT, [ O (PTTIT,) an
axiaxl- P axiaxj
Equation (17) can be written in terms of the independent variables 7, F and 7" we have,
9’ 9’ a9’ a9’ 9’ 0’ | ——
+ N1 + ! n+ ] + I n+ " (ujutT;Tij):
or0r, 0rdr, 0r0r" O0rdr/ O0rdr' Ordr
1| 9° a9’ o’ 0’ 0’ 0’ 0’ 0° |
- + Tt ot 2t et | (PTTT,,) (18)
p | 0ndr, 0rdr, O0rdr, 0rdr, O0rdr, O0rdr' 0r0r, 0ror J
and
_1 Ty o KKy v KK+ KK A KK + KK + KK+ KK+ KK + KK ——
P (Pyivive) KK, +KK]+K/K]+2K K| +2K K, +2KK] DAYV Y (19)
Equation (19) can be used to eliminate [ Loy VJ from equation (16) and (17). Taking contraction of the indices i and
p i jrm

j in equation (19). Equations (16) and (19) are the spectral equation corresponding to the four —point correlation equation. The
spectral equations corresponding to the three-point correlation equations by contraction of the indices i and m are

+K'? + 2P KK'N@BB) = i(Ky + K@@ BB —i(Ky + K)( BB BB

~i(Ky + K @ABBN +i(Ky + K @ABB) +i(Ky + KD OBBY+ 1w, =v )@YV, (20)
And
1 ——= KiK KK' K'K KK
~— (B = Bt TR PR P RIRE (o pian @21
o K> +K}> +2K,K;

the six dimensional spectral tensors are defined by

() =

8 —— 8
8 —— 8

(@B (BB )expliCh + K7 dkdF (22)

(u u,TTy()) = _I_I<¢j¢lﬁ; (lé)ﬁ;(ié)>exp[i(1€f + k' Py dkdk' (23)
(w1} (7)) = I I<¢[¢,-,B,-’ (lé)ﬁ;(lé)>exp[ k7 + K FydkdE (24)
(w1, (HT] () I I<¢:jgo,ﬂ; (1€)ﬂ;(1€)>exp[ ik 7+ By dRdE 25)
(u i (HT} () = I I<¢jgo, (1€)/3;(1€)>exp[ i(k.7+ k' F)dkdk' (26)

(PTG =

8 ——3
8 ——3

(v Bl (BB (E) ) expl iCk.7 + K'.7")dkdk @27



American Journal of Applied Mathematics 2017; 5(5): 132-144 136

Interchanging the points P and P" shows that

(T T") = (u 7T = j Tﬁj,@'e'e"exp[i(k G+ R'0) |dk ak (28)

The spectral equations corresponding to the two-point correlation equations by contraction of the indices i and j are

2v
P

r

a —_ [ [
5, @BD+ =K (98] = 2iK ,[(99, B) = (910 B)) (29)

A relation between ¢ ¢! B! (k) and 09,8/ ( k ) can be obtained by letting 7" =0 in equation (7) and comparing the result

with equation (23)
(TP = [(@B: (6))expl itk )1dk (30)
(wai T/(M) = [ (@@ Bi (k) yexpl iCk.)dk (31)
(w, TP = [ (@l B] (k) yexol iCk.)dk (32)

-0

3. Solution

To obtain the equation for the timesbe fore thefinal period of decay, the four point correlations are considered and the quintuple
correlation terms decays faster than the lower order correlation terms. If this assumption is made than we can neglect all the
terms on the right side of the equation (15).

So we get

g(wmﬂ) +Pl[a +P)K +(1+P,)K? +(1+P,)K"? +2P, KK +2P,KK' +2P KK"Y@V,Y¥}) = f (w: =)@V Viy, =0
Integrating this equation between t; and t with inner multiplication by k; we have,

(v i) =(avivivin) exp -fpi[a +P)(K +(1+P,)K* +(1+P,)K"” +2P, KK +2P,KK' +2P,KK"]+ f(u; =v)} (=1, (33)

Where <@ Y, Vf’V’:>1 is the value of <W}/l}//'y::> at t= t, for small values ofk,
Substituting of equation (21), (28), (33) in equation (20), we get,

[(1+P,)XK>+K"™+2P KK'Nk;@BB)) =

0 — v
—(k,@.B/B8 +
5, Ke@BiBD 3

[a], Texp[ —PL(t —t)(A+P)K> +k + k") +2p, (kk' + k'k" + k"k)}] exp[ fs(¢ —t,)]dk" +

(6], T eXp[—PL(t — (A +P)(K* + k' +K") +2p kk' = 2p, k"k)} expl fs (¢ = 1,)1dk" +

T

[c], T exp[ —Pi(t —t)(A+P ) (k> + k"> + k") + 2 p kk' = 2p k"k")} exp[ fs(t = 1,)]dk" (34)

—00

At t;, the functions ) shave been assumed independent that assumption is not, made for other times. This is one of several
assumptions made concerning the initial conditions, although continuity equation satisfied the conditions. The complete
specification of initial condition is difficult; the assumptions for the initial conditions made here. Substituting
dk" = dk{ dk; dk; and integrating equation (34) with respect to & , k5 and &3 ,
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We get,

+K'?)+2P KK'|(k,$,B/B) = i
p, 2
[v(r—tl)(Hpr)]

1
vie—t)[A+P,) (1+2Pr)(kz+k'z)+ 2P, kk' 2

- ﬂpr
P, Y TS ”)“[v(t—tl)(np»]

[a;]exp[-

v(ie-1)[A+P,) (1+2P ,)k> L 2P kK

1
_ 2 _ p, 2
[b;]exp[ P, (xr ) (1+Pr)+k Hlexp[ fs(¢ ll)]+[7v(t—tl)(l+p,))
-)[(1+P 1+2P,)(k'*) 2P, kk'
[T expl -2 "I)J[V( ) g 4 L +(1+£>3()2 )+ g et =) (35)

Integrating equation (35) with respect to time, and in order to simplify the calculations, we will assume that [a]l =0;
Substituting of equation (32) in equation (29) and setting 7 = 277 2g,¢; , result in

or 2|/k2
+
o p,

=W (36)

Where,

W=k (2 (kB Bk R) =l B B ) o expl— (=) (4P )R +E7) + 2p, k|

3

o A A . y 37
k222 oy expt -1+ rexelea 00+ 2, e[ tenpte

exphpexpl-a 1+ p, )0 +7) 29,6 1] fexpe?

T is the temperature fluctuations spectrum function, which represent contributions from various wave numbers to the energy
and W is the energy transfer function, which is responsible for the transfer of energy between wave numbers. In order to make
further calculations, an assumption must be made for the forms of the bracketed quantities with the subscripts 0 and 1 in
equation (37) which depends on the initial conditions.

(kBB R)) ~ (ke BB e~y = & ('K =KK™ (38)

where, & o 1s a constant depending on the initial conditions. For the other bracketed quantities in equation (37),

7 7

Ap. 1 [b(kk)+b(k+k)] 2pe T [C(kk)+c(k+k)] -2& (kK" - k%'®) (39)

Remembering that dk' :—27z]€'2d(cosH) and kk' = kk'cos@ , 0 is the angle between j and ' and carrying out the
integration with respect to @, we get,

14 4712
We j[fo(k K =k
v(t—t,)

fexpl=—— (= 1) {(1+ P, ) + k) ~2p, ki) ]~

expl=—L =) (14 P + 57+ 2p i+ SEK TR
P, v(t—ty)
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@k
2
Heexpl(=a7) (1+ p K +K7) =2, k' )1~k expl(~e) (14 p, ) +K) +2p, k' |I} [ exp(o® )+
0
ak
2
K expl=c ((1+ ) +K) =2, )1 =K expl=a? ((1+ p, W +£) +2p, bk I} [ exp )i (40)
0

1

Where, ¢ = (WY
P

I

By integrating equation (40) with respect to k” We have,

W =Wg+W,explfs(t—1)] (41)
Where,
1
T2&,p, v(t—ty)(1+ p,)k? 5p,k*
Wp=—5 sop 7 exp{ lo - 2 £ 2 *
1 2 s 2p,(1+p,) vi(t=t)"(+p,)
V2(t=1,)2(1+ p,)? (42)
2 2
512% _ 3 K6+ Pr 1+ p, e
(I+p)vlt=ty) 2v(—1t) (1+2p,) (1+p,)
And
L
2 5 _ _ _ 2 6
W, = USEVE expt VU rl)((11++2p; 2.0y p5k1 N
ES . . vit-t +p,
80— 1) (1% p)S p p ( D+ p,)
4p, + 2Pr2 _ 1 y 8 4
A+ pvi-1) (A+p)vie-6)’ vie-1)°
2 3 2
642pr + 1(1p2r > —_ 40 }kl(] +8{ pr > + pr }k12]+
I+ p)v(@-n) A+ p)viE-t) v(r—1)) 1+ p,) a1+ p,)
64 pr2(12+ P, 10 pﬁ(}ltp,ﬂ . kg (32 0 p )T P Ut p) e gy
A+ 2p)°v(r-1) (+2p,)°v (t-t)" v(-1) (+2p,)° (1+2p,)
L 9
w2 B —v(t-t)(1+2 90 p,k’
i §1p,2 —expf (1= 1) pr)}kzv[ - zzr .
= B = P vi(e=1) "+ p,)
8v2(t-1)*(1+2p,)?
120 p, 60 p,> B 1 O
vie-)? a+p)ivie-)t vie-o)?
Wy
64p,” 60p,’ _A00*p)t i, 2 X
vii—t) vit-1)>(1+p,)> v(t—t,) {r,” —p.(l+p,) ;feXp( vy )dy
0

1

Where, o, = [%]’ .

The integral expression in equation (41),The quantity Wﬁ is the energy transfer function arising from consideration of

r

Temperature fluctuation field at three point correlation equation; Wy arises from consideration of the four —point correlation

equation. Integration of equation (41) over all wave numbers shows that

[w.dk =0 (43)
0
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The expression for W satisfies the conditions of continuity and homogeneity, physically, it was to be expected, Since W is a
measure of transfer of energy and the numbers must be zero. From (36), we get,

Wk (t -t Wk (t -t 20k (1 — ¢t
T =exp[ —(—O)]J.W exp[ —(—O)]dt + J(k)exp[ —M]
P, p, P,
Wk (1 —t Wk (1 — ¢ 20k (1 — ¢t
= J(yexpl - 2Ly oo - LD gy oy enpp - 22 l0)g (44)
r pr pr
2
Where, j (k) = Nok™ s a constant of integration and can be obtained as by Corrsin S
Where,
Wo=W, W, (43)
After integration of equation (43) becomes
20
T = J(k)exp| —Mprﬂ +T, (46)
Where,
L 5
2 5 — 2 4
T, = m {Oprz exp{_v(t IO)(1+2pr)k }+[ 3p)k +
S z p(1+p,) 3
8v2(1+p,)?2 WAt =15)?)
| (47)
5p.2-6 6 3p,i-2p,+3 8v2(3p, -2p, +3
{ Pr P, 3}k(—{ P, P, 1}k8+{ Bp SP }kQF(W)]
3w+ p,)(t—tp)? 31+ p, )t = 1) 3+ p)2p2
Where,
1
T v(t-1y) )2
F(w) =ex —wZJ.ex x2)dx Jw=| ————— | k
() p(-a’)| exp(x”) PP
0
And,
1
2 5 _ _ _ 2 6
= Z $\py —exp! v(e-1)1+2p, —p, )}kz - 18pgk +
v+ p,) p,(1+p,) vie-1)°0+ p,)
15-6p,+21p,° 4p, SN ST
41+ p )i -t A+ pvia-)t vie-n)?
15 -6p,+36 p,° -6p,* 14 p,°-404 p, -18 | B .
Ut vt T e ot F e men[ @i +
1 9
(28 per g TVt zpr)}kz[u4if0-f'§(“l(1++2§r)>b 6
128 i1+ p,) 2 br : P (48)
1710 -1036 p, 1820 p,> 140 p,(1+p,)  _ 1 W
40+ p )i -t 3+ 2pyvic-)’ vie-n)’
Where,

—(1+2pr2>rk2}
p,(0+p,) and e, = ZUF 2Pk’
=1 p,(1+ p,)

exp{

Ei(w) =

From equation (45),

T=T+T, (49)
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Wk(t-1t,)

Where, 7, = J(k)exp[- 1#T; and T,=T,

;
In equation (48) T, and T, are temperature fluctuation field spectrum arising from consideration of the three and four —point
correlation equations respectively. Equation (48) can be integrated over of all wave numbers to give the total Temperature
fluctuation turbulent energy. That is

TT'\ % T
<T>=jrdk = [(@ +1y)ak (50)
0 0
3 3 _3
“ Sy 2(f— 2 _ _
NOW,ITldk = Nopav 2 =ty) v g Bv S (t-1,)7 (51)
3242
And
_13 1 _15 _13
jndk IRV 2(t=t) 2 +8v 2 (t—1) 2 Jexp[fs(t—1)]. (52)
Where, R:C2+C4+C6+. ... And S:C1+C3+C5+ ...........
6
B, = D, [_ $32.0%5p,)
2(1+2p,)
(1+p, )(1+2pr)2
z 2
c = i 7[13.7+13.5(13—4p,+15pr)+ ..... ]
s , 13 21+ 2p,)
(I+p,)20+2p, —P,")?2
n 2
c, = : .2 11.7+1347.5(15pr—14+220p D
3 , 203 271+ 2p, - P.7)
(1+p,)20+2p, -P7)2
17 1
C. = m, 21+ p,)? [BJ+1aﬂw+2mg—MP%+mpﬂ)+ ]
' ) s 32 2+ pa+2p, Y
(I+p,)"(+2p, -P7)2
= 11.7.3  13.7.5(-20 17 P2 +20p.%)
V4 VAN . - -
c, = - D, 2 Tl 27(11;’2 _;32) 2r )y ]
1+ p)2(+2p, - P2 Pr=fn
17 L ,
C. = m, 21+ p,)2 [3753_35305+%p,ﬂ4Pr+mpﬁ)+ |
’ n 103 2Ma+pyr T
(I+p,)2(1+2p,)2
21
_ mp, 2 13.11.73 11.9.7.5(20 +20 p, =17 P, +20 p,*)
Co = g DR T 271+ 2p, - P,2) "ol
(1+p,)2(1+2p,)? o
<TT'> 33 _3
T) N 2w 23—t _ _13 _i 15 _13
o7 0P (t=ty) 2 +EOXV (t-ty) exp[fs(t tl)]+E[RV 2(t=1) 2+Sv 2(t—1) 2 lexpl i(t—1)] (53)

2 627

Also, we can write equation (50) of the following form,
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(12) = W12+ X1y expl=1)] + V(=) 2 explle=y)1+ 2 =) explit =1,

This is the decay of energy of Temperature fluctuation in dusty fluid
homogeneous turbulence for four point correlations.

3 3
Where, (77) = (TT), W= NZ% 2 X=2&w", Y=2& R

11

9
y gandZ:2EISV 2,

I=fs the dust particle parameters
If R=0 and S=0 that is Y=0 and Z=0 in equation (53), it will
be in the form

(1) = 4t =10)™" + Bt =15 expl fo(t ~1,)], Taking
W=A,X=B (55)

Which is completely same with the result of Azad and
Sarker (2009) for the case of three -point correlation for

dusty fluid. In equation (54), the third and fourth term on the
right hand side comes due to four point correlations for dusty

,
(54

fluid.

4. Result and Discussions

The evaluation of analytical results reported in this paper
is performed and representative set of results is reported
graphically. These results are obtained to illustrate the
influence of various parameters on the temperature
fluctuations and dust particle. For numerical validation of the
analytical results, we have taken the results obtained in
equations (54) and (56). The constants W, X, Y, Z is calculated

in terms of Prandtl no. P, constants N, Eo , {1 , kinematic

viscosity V, thermal conductivity k. In the present study we
adopted the following default parametric values for some
fluid in the table has discussed step by step

Table 1. The value of the constants and parameter used in equation (54) and (55).

Fluid P, No & & w X Y Z
Mercury 0.015 1 .01 .02 .00058 4.18x107 3.69x10" 5.87
MixGas 0.2 .1 .01 .02 1.15x10°¢ 5.75%x10°"8 3.78x107'¢ 9.95x107"3
Hyd.Gas 0.4 1 01 .02 4.86x107 9.4x107%° 1.9x107"¢ 2.3x107"
HelGas 0.7 1 .01 .02 4.6x10° 4.8x10"° 7.4x10™" 9.4x10%
0.05] 5t
for the value t (=2.5 tenpature
0.04F 4T fluctuation
for the value t =1.5
003} 3r
™ r
0.02} 2L
001} Time 1k
- r > Time
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Figure 1. When P,=.01, I=0 (for clean fluid). Figure 3. For I=1.5.
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tenpature
L fluctuation
0.08 - 3000
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[ 2000
004
i 1000
002 b
L L I L I L I I I
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Figure 2. For [=0.5.

Figure 4. For [=2.5.
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5 100 tenpature
fluctuation

Figure 5. For [=3.5.

Figure | and Figure 2, Figure 3, Figure 4, Figure 5,
represents the energy decay of temperature fluctuation for
four-point correlations of equation (54). When the Prandtl no.
is small as of mercury P,=.015. It is observed from the above
figures the energy decays more rapidly as dust particle
increases from 0.5 to 3.5 that of clean fluid.

4107

for the value t (=2.5

310 7F

Figur 6. Energy decay for mix. of gas p,=.2forcleanfluid.

Figure 7. For I=0.5.

Figure 8. For I=1.5.

0000035 F
0.00003 |-
0.000025 |- tenpature
b fluctuation
0.00002 |-
0.000015 |-
0.00001 |-

510 6¥—> Tine
%—!—g

4 5 6 7 8

Figure 9. For [=2.5.

0.010 -
0.008
F tempature
0.006 [ fluctuation
0.004 +
0.002
: P Time
L L L i L L L L L L L 1
4 5 6 7 8

Figure 10. For [=3.5.

The above figures represent the energy decay of temperature
fluctuation for four -point correlations of equation (54). With
fixed Prandtl no. is as of mix. of gas P,=.2, if we increases
the quantity of | the energy decays rapidly more and more.

for the value t (=2.5

for the value t (=2.5

4. 107t
™
2 107t
Time >
4 5 6 7 8 9 10
Figure 11. P,=4, [=0
12 10 61
110 6

[ tenpature
8. 107 I\ fluctuation

Figure 12. For [=0.5.
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Figure 13. For I=1.5.
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Figure 14. For [=2.
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Figure 15. For [=3.
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Figure 16. For [=4.
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—»  Tine
L " L 1

Figure 17. For [=7.

Figure 11 represents the energy decay of temperature
fluctuation for four -point correlations of equation (54).
When the Prandtl no. is as of Hyd gas P,=.4 without dust
particles and Figure 12- Figure 17represents the energy
decay of temperature fluctuation for four -point correlations
of equation (54). When the Prandtl no. is as of Hyd gas
P=.4 with dust particles for 1=0.5, 1.5, 2, 3, 4 and 7
respectively

5. Conclusions

Through this study we conclude thatthe temperature
energy in homogeneous dusty fluid turbulent flow for four-
point correlations decays rapidly more and more by
exponential manner than that of clean fluid. It is observed
that the energy decreases more rapidly as Prandtl number
increases which shows in Figure 1, Figure 6 and Figure 11 in
the case of clean fluid. From the resulting equations and its
figures we have tried to show the effect of dust particle in the
Figure 2- Figure 5; Figure 7- Figure 10; Figure 12- Figure 17
that the energy decays more faster and abruptly change than
that of clean fluids the quantity of dust particle gradually
increases.
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