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The present discussion deals with the study of an unsteady flow and heat transfer of a dusty
fluid through a rectangular channel under the influence of pulsatile pressure gradient along with
the effect of a uniform magnetic field. The analytical solutions of the problem are obtained using
variable separable and Fourier transform techniques. The graphs are drawn for the velocity fields
of both fluid and dust phases under the effect of Reynolds number. Further, changes in the Nusselt
number are shown graphically, and, on the basis of these, the conclusions and discussions are
given.

1. Introduction

The concept of an unsteady flow and heat transfer of a dusty fluid has a wide range of
applications in refrigeration, air conditioning, space heating, power generation, chemical
processing, pumps, accelerators, nuclear reactors, filtration and geothermal systems, and so
forth. One common example of heat transfer is the radiator in a car, in which the hot radiator
fluid is cooled by the flow of air over the radiator surface. On this basis many mathematicians
were attracted by this field.

Saffman [1] has formulated the governing equations for the flow of dusty fluid and
has discussed the stability of the laminar flow of a dusty gas in which the dust particles are
uniformly distributed. Datta et al. [2] have obtained the solution of unsteady heat transfer to
pulsatile flow of a dusty viscous incompressible fluid in a channel. Heat transfer in unsteady
laminar flow through a channel was analyzed by Ariel [3]. Ghosh et al. [4] have made the
solution for hall effects on MHD flow in a rotating system with heat transfer characteristics.
Ezzat et al. [5] analyzed a space approach to the hydromagnetic flow of a dusty fluid through
a porous medium.
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Some researchers like Anjali Devi and Jothimani [6] have discussed the heat transfer
in unsteady MHD oscillatory flow. Further, Malashetty et al. [7] have investigated the
convective magnetohydrodynamic two phase flow and heat transfer of a fluid in an inclined
channel. Palani and Ganesan [8] have discussed the heat transfer effects on dusty gas flow
past a semi-infinite inclined plate. Attia [9] has investigated an unsteady MHD Couette flow
and heat transfer of dusty fluid with variable physical properties.

Unsteady hydromagnetic flow and heat transfer from a nonisothermal stretching
sheet immersed in a porous medium was discussed by Chamkha [10]. Mishra et al. [11]
have studied the two-dimensional transient conduction and radiation heat transfer with
temperature-dependent thermal conductivity. MHD flow and heat transfer of a dusty visco-
elastic stratified fluid down an inclined channel in porous medium under variable viscosity
was analyzed by Chakraborty [12]. Shawky [13] has investigated the solution for pulsatile
flow with heat transfer of dusty magnetohydrodynamic Ree-Eyring fluid through a channel.

Gireesha et al. [14] have obtained the analytical solutions for velocity fields using
variable separable method for an unsteady flow of dusty fluid through a rectangular channel
under the influence of pulsatile pressure gradients and in the absence of a magnetic field.
In continuation of this paper and with the help of the above cited papers we have studied
an unsteady flow and heat transport in a dusty fluid through a rectangular channel under
the influence of a pulsatile pressure gradient in the presence of uniform magnetic field
and viscous dissipation term. Further, heat transfer analysis and the effect of Reynolds
number, Prandtl number, and Nusselt number have been considered. This paper presents
three methods of solution, namely, perturbation technique, Fourier decomposition, and
finite Fourier transform, to obtain useful results on the problem. Finally, the graphical
representation of velocity fields of both fluid and dust phases and changes in the Nusselt
number are drawn for different values of Reynolds number and Prandtl number.

2. Equations of Motion

The governing equations of motion and energy for two phases are given by [1] the following.

For fluid phase,
V=0,
ou — 1 == f FT O.Béﬁ
ﬁwﬁ.v)u__;vav u+T—v(?—u)—7u, (2.1)

p{%—f+(ﬁ-v15)} =Q+ (U -u) -F+kV-(VT) + ®s.

For dust phase,

V-7 =0,
ov - 1 N
ot (@ VT= - (@-7), (2.2)

N{%+(?-VE,,)} =-Q-d,.
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We have following nomenclature. E = ¢,T, E, = ¢uTp, Q = Nc¢y(T, — T)/7r is the thermal
interaction between fluid and dust particle phases, F = N (0 —1) /7, is the velocity interaction
force between the fluid and dust particle phase, 7, = m/6mrauy = m/K is the velocity
relaxation time of the dust particles, 7r = mc,/4mak is the thermal relaxation time of the
dust particles, kV. (VT) is the rate of heat added to the fluid by conduction in unit volume,
®; and @, are the viscous dissipation of fluid and dust particles. U, p, p, v, T, ¢p, and
k are, respectively, the velocity vector, density, pressure, kinematic viscosity, temperature,
specific heat, and thermal conductivity of the fluid, o, N, Ty, ¢m, and m are, respectively,
the velocity vector, number density, temperature, specific heat, mass concentration of dust
particles, K = 6srapu is the Stoke’s resistance coefficient, and t is the time.

3. Formulation of the Problem

Consider an unsteady flow of an incompressible, viscous, electrically conducting fluid with
uniform distribution of dust particles through a rectangular channel. It is assumed that the
flow is due to the time-dependent pressure gradient and applied uniform magnetic field.
Both the fluid and the dust particle clouds are supposed to be static at the beginning. The
dust particles are assumed to be spherical in shape and uniform in size. The number density
of the dust particles is taken as a constant throughout the flow. The flow is taken along z-axis,
and it is as shown in Figure 1. For the above described flow the velocities of both fluid and
dust particles are given by

U= u(x,y, t)ﬁ, T =v(x, y,t)E. (3.1)

4, Solution of the Problem

The governing equations from (2.1) and (2.2) can be decomposed as follows.

For fluid phase,
ou  10p o’u  du f 0B}
E__EE+V<@+a_y2 +T—U(U—u)—7u,
oT Ng¢p, N 2 o*T 0°T
—=—(T,-T)+ —(v- k| — +— 4.1
P 5t Tr (Ty )+Tv(v s <6x2+6y2 (1)
HERE)
#1353\ ox oy/) |
For dust phase,
ov 1
ot E(u—v),

oI, ¢ wp 4 700\? /00\? #.2)
p_Ceir_y_ M40 ov
o =z (T Th) N[3<ax> +<6y> ]

where u and v denote the velocity of the fluid and the dust phases, respectively.
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Figure 1: Schematic diagram of dusty fluid flow in a rectangular channel.

The boundary conditions of the given problem are taken as

u=0, v=0, T=Ty, aty=0,

u=0, v=0, T=Ty aty=h,

(4.3)
u=0 v=0, T=T, atx=-d,

u=0, v=0 T=T; atx=d.

Since we have assumed that the pulsatile pressure gradient has influence on the flow, we
have that

_% g_’; = A1+ ee], (4.4)

where € is a small quantity and A and w are constants.

To make the above system dimensionless, introduce the following nondimensional
variables:

_ uw _ vw - T-T,
u—X, U—X, t—tw, e—ﬁ,
- _ LT
é_ h/ 71_ h/ (If— h/ - Aph/ p Tl_TOI (45)
Hcp wh? wh? A2
=P Re=2, Rey= -~ , Fe=——
! k v P Vp (/JZCP(Tl —To)

where h is the distance between plates, Ec the Eckert number, P, the Prandtl number, Re and
Re, the Reynolds numbers of fluid and dust phases, x and y the space coordinates along and
perpendicular to the plates, 6 and 6, the dimensionless fluid and dust phase temperatures,
the viscosity of fluid, and v, and p, the kinematic viscosity and density of the dust particles.
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Using the above nondimensional variables in (4.1) and (4.2) and dropping the bars,
one can get that

ou_op 1 (u
ot Oy Re\ o on?

> + fa(v—u) - pu,

> +a1$1(60, - 0) + apiEc(v — u)?

00__1 (20 0

ot ReP,\ 0&  on?
+E£%CEY+<%>Z, (4.6)
Re |3\ 0¢ on

ov

E_a(u_v)r

00, yEc [4 /00\* [ov\?
E—Yﬂl(e—ep)—m[§<a—é> +<ﬁ> ’

where a =1/wT,, p = GB(Z)/pw, a1 =1/wtr, pr = N/p, po = N/pp,and y = ¢,/ cim.
The dimensionless boundary conditions are

u=0, =0, 6=0 atn=0,

u=0, v=0, 8=1 atn=1,
4.7)

u=0, v=0, 0=T, até¢=-r,

u=0, v=0, 0=T, ati(=r,

where T, = (T> = Ty) /(T1 = To), Ty = (T3 = To) /(T1 = To), and r = d/ h.
The nondimensional form of pressure gradient is given by
op it

5 = [1 +ee ] (4.8)

Now assume the solutions of the velocities and temperature of both fluid and dust phases as

u(E,m,t) = ug(,m) +eu (&,1)e,

v (& m,t) = vo(&1n) +evri(é,n)e",

6(¢,1,t) = 60 (&, 1) +e61(S,m)e + €26, (¢,m) e,
Op (& 11,t) = Op0 (&, 1) + €0p1 (&, m)e” + €202 (&, 1) ™"

(4.9)

Substituting (4.8) and (4.9) in (4.6) and equating the coefficient of the similar powers
of € on both sides, then we obtain the following set of equations.
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Steady part (coefficient of €°):

1 82u0 82u0
R_e [a—gz + a_rlz + fa(v() - uO) - ﬁuO = _1/ (410)

a(ug —vp) =0, (4.11)

1 6290 8290 2 Ecl4 auo 2 auo 2
RePr[aéz + | 000 vapiictn -’ + e 5(FF) + (5) | -0

YEc [4 /0vp\? ovp \ 2
reto-an) - (%) + (&) |-

(4.12)
Unsteady part (coefficient of ¢):
1 azul azul
I e e _ B Nt = 1
Re [ ozt |t/ ) - (B =1, wis)
a(u1 - ’01) — ivl = O,
1 [o%0, 0%
Re P, [ o2 o |7 @11 (0p1 — 01) + 2aprEc(vo — uo) (v1 — u1) .
4.14

2Ec [4 Oug 0u;  Oug Ouy .
+R—e[§a—ga—g+aa] 61=0,

2yvE
Yo [61 - Gpl] _ArEe [4 0vy 0v;  0vy 01y

Res |3 08 58 * 1 3y "1 =0 ¢

Unsteady part (coefficient of €?):

1 |0%; . 026,
ReP, | 0>  on?

Ec[4 /0u\? oup \* o
+R_e[§<a_§> +<a> —2192—0,

Ec [4 /00 \? 001\ .
yai [62 - 6,0] —IJQ—M[§<6—‘;> +<a_ql> ]—219,,2=0. (4.17)

] + alﬂl (9;,2 - 92) + OlﬂlEC(Ul - u1)2
(4.16)
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Now, the corresponding dimensionless boundary conditions are as follows:

up=0, ©v9=0, 6y=T, até=-r,

up=0, ©v9=0, 6y=T, até=r,

(4.18)
uy=0, v9=0, =0 atn=0,
uy=0, v9=0, =1 atn=1;
u1 =0, v1=0, 61=0 até=-r,
up=0, v17=0, 6;=0 até=r,
(4.19)
up=0, v17=0, ;=0 atn=0,
u=0, v1=0, 6;=0 atn=1;
6,=0 até¢=-r,
6,=0 até=r,
(4.20)
6,=0 atn=0,
6,=0 atn=1.
By substituting (4.11) in (4.10), one can get
a2uo a2uo
a—gz'i'a—rlz—ﬁReuo = —Re. (421)
To solve (4.21), we assume that the solution is in the form
uo(&,1) =X (& 1) +Y(Q). (4.22)
Substituting ug(¢,77) in (4.21), then we obtain that
X 0y 0*X
a—¥+a—112+a—112—ﬂRe(X+Y):—Re. (4.23)
so that
az—Y—,[iReY+Re—O (4.24)
on? - '
2 2
6_X aX—ﬁReX:O. (4.25)

oF o
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The corresponding boundary conditions will become

ug(-r,m) =X (-r,n) +Y(-r) =0, ug(r,n) =X(r,n) +Y(r) =0,

(4.26)
up(§,0) = X(§,0)+Y(§) =0, up(§,1) = X(§,0) +Y(g) = 0.

By solving (4.24) and using the method of separation of variables to (4.25), we obtain the
solution in the form

1 cosh(ﬂ[fRe §> 2& . /nx \[sinhA;(7-1) —sinh(Ai7n)
| B R COI e

1 o pRe (4.27)
nrw rzA%cosh<\/ﬁTe r> nwr A '

vo(&,1) = uo (&, 1),

where A1 = \/(ﬂ Rer? +n2x2)/r2.

Here one can observe that the velocity of steady part of the fluid and the dust phases
is the same.

In a similar manner, by the method of separation of variables, the solution of (4.13),
and using the boundary conditions (4.19), one can obtain that

_Re cosh(Q¢)] 2Re& . /nor )\ |sinhB(n-1) —sinh(Br)
“ (é’l) - @ [1 B cosh(Qr) * Q2 r; sm<7§) [ sinh B ]

“ {L ni Q? (_1)71}, (4.28)

nr  r2B2cosh(Qr) nrB?

14
U1 = <—.>u1/
a+1

where Q% = Re[fai/ (a0 +i) + (B +1i)] and B = \/(Q%r2 + n2x2) /r2.
We define the finite Fourier sine transform of 6 and 6, as

F.(0) = [re(g,q) sin<$g>, F.(6,) = J 6,(¢,1) sin<$g>. (4.29)

Eliminating 6,0 from (4.12), we get that

0%0, 0%00 . [4/0u\*  [ouo\’
82 Tap [§< 32 > " ( 871) ] (430
a Ec 4 /0y 2 0y 2
Bpo (¢,1) =00 — Re,mifh [5 <_ag ) + <_811 ) ] (4.31)

where H; = Ec Re P, (f1/Repf> — 1/ Re).
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Applying the finite fourier sine transform to (4.30) with respect to the variable ¢ and
to boundary conditions, one obtains that

4H, 8r? \/ﬂ Re
3 ﬂ2

sinh<\/m r)
Z B Re r2 +4n2or? cosh<\/[5T{e r>

2 252 <
RO T ) = 3 [T+

n=1 r

(4.32)
L B nar ~ PRe (-1)"
nwTo r2A3 cosh(x/ﬂ Re r) nrAf
sinh Ay (n-1) - smh(Alrl)
x sinh A1
Fs(60(¢,0)) =0, Fy(60(¢,1)) = 0. (4.33)

The temperature of fluid is obtained by solving (4.32) with the help of boundary conditions
(4.33) as

32 ReH 2
R0 = | S - Ty« PR S
2 sinh(x/ﬂRe r> 1 nr - BRe (-1)"

X
A3r? —n?x? cosh<\/[57Re r> nrT A2 cosh(Wm r> nr A}

[ () R )

2 . 327%/PReH 2
~ é (Ty - To)(-1)"] + 3p2 1 Z ~ fRe r2n+ 4n2 g2
r2 sinh(\/ﬂiRer) 1 nir _ PRe(-1)"

§ Alr? —n2r? cosh<\/ﬁiRe r) nT 2 A7 COSh(\/m r> nar A}

y [smhAl (n-1) —smh(Am)]

sinh A
(4.34)
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Now taking the inverse finite Fourier sine transform to (4.34), one can obtain that

© © )
o) = 524 [ S [0 - 1y ) + ZVPReH

“nr a 3p2

—_
NI

2 sinh(x/ﬁ Re r>
Z — PRe Tz +4n?r? Ar? - na? cosh \/[TRer>

L B nir ﬂRe( 1"
nw y2A2 Cosh<\/ﬁTer> nr A}
nor - cosh((nxr/r)n) (4.35)
) {C05h<711> sinh(nor/r) smh( 71)}
& r b 327%\/PRe Hy & n?
;E (Ty - Ta) (-1)"] + 32 Z,[ZRe 72 + 4n2r?

2 sinh(y/pRer) [Sinh Ai(g-1) - Sinh(Am)]
X s
A%rz - 1272 oogh ( VPRe r) sinh A;

1 nr PRe (-1)" . <n7r )
x| — - - 5 sin[ —¢ ).
nw y2A2 cosh(\ /BRe r) nr Ay r

The temperature of dust 6, is obtained by substituting 6 in (4.31).
Using (4.15) in (4.14) and boundary conditions (4.19), with the help of finite fourier
sine transform technique, one can get the solution for 6; as

61 (éf 1’1)
_ <2 [16Rex’Hs | 1 i n’ 1 sinh(Qr)
T&rT 3 | Q& AT - £ Q2 +4n2a? cosh(Qr)

1 nir - PRe (-1)"

X —_—

nT 2 A7 COSh(\/ﬁiRe r> nr A}
R /[3 Re & Z n? 1
1 (B

-q7) PRer? +4n?m?

. < 1 nar B QZ(—1)ﬂ> sinh \/BRe r]

nr (Q2r2 + n2x?)cosh(Qr)  nwB? /) coshq /BRe r

(1-coshq)
~ sinhgy Qi

x {cosh(qm) smh(qm)}
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16 Reyr Z 1
A2 ‘71 Q212 + An2 2

1 nor _ PRe(=1)" ) sinh(Qr)

X R

nw r2A2 cosh<\/ﬂiRe r> nr A} cosh(Qr)

y [sinhA1 (11—1)—sinh(A11]):|Jr \/ (BRe) i n? 1

sinh A, Q? &4 (B*-q2) PRer?+4n’x?

1 nar Q?(-1)" \ sinhy/BRer
nr (Q%2+n2x?)cosh(Qr)  naB’ ) coshy/BRer

x <smh3<" a0

(4.36)
Using 01, we get the expression for 0, as
Yoy 2yEc 4 0vg 0v; Oy 601]
4 = . AN Aas  As + A~ 7 .
p1(S,7) <ya1 + 1> Re,fo(yar +i) 13 0§ 0 ~ 0on o7 (4.37)
where
2,2 ;
g1 = H2+"”, HZ:RePr[a1ﬂ11,+i],
yai +i
(4.38)
a1y a 1
H; =2Ec Re P - — .
} e r[Repﬁz(yal +1) (a+1) Re]

Similarly, the solutions of (4.16) and (4.17) using boundary conditions (4.20) are

obtained as
8Re Z ( > 471'2H6 i n> 1
L Q212 + 4n?m? | B2 - g2

n=

sinh(Qr) < nir 1 3 Qz(—l)n>

cosh(Qr) \ nr Q22 + n2x? cosh(Qr)  nxrB?

0t = 321

r=1

(1-coshgy)
) sinhg sinh g

sinhB(n-1) - sinh(BTl):I }

+ [cosh(qm sinh(go7) + .

x sin<g§).

(4.39)
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uo(x, h)
uo(x, h)

00
(a) (b)

Figure 2: Variation of fluid velocity u(¢, 77) with ¢ and 7 (for Re = 1 and Re = 10).

From (4.17), one can get that

B yag yEc 4 /001 \? 001\ 2

where

n?ar? 2ia1ﬂ1
=\/Hy + — H,; =ReP, 2i
qz V 4+ o 4 e r[)’cx1+2i+ l],

Hy = _CeRePraby - pRep @ifry (=5 )2—i :
(a+i)? "I Repfo(yan +2i) N +i Re

(4.41)

5. Results and Discussion

Figures 2, 3, 4, 5, 6, 7, and 8 represent the velocity and temperature fields, respectively, for
the fluid and dust particles, which are parabolic in nature. Here we can see that the path of
fluid particles is much steeper than that of dust particles. Further, one can see that if the dust
is very fine, that is, the mass of the dust particles is negligibly small, then the relaxation time
of dust particle decreases and ultimately as 7, — 0 the velocities of fluid and dust particles
will be the same. Also we see that the fluid particles will reach the steady state earlier than
the dust particles. Further, one can observe the impressive effect of Reynolds number on the
velocity fields. It means that the Reynolds number is favorable to the velocity fields, that
is, the velocity profiles for both fluid and dust particles increases as the Reynolds number
increases.

The graphs are drawn for the following values: w = 0.5, N =04, =2,0 =1,Ec = 0.02,
P =072,Ty=05T=1,T,=15T3=2,17, =7r =0.15,and y = 1.4.
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vo(x, h)
vo(x, h)

00 00
(a) (b)

Figure 3: Variation of dust velocity vy (¢, 77) with ¢ and 7 (for Re = 1 and Re = 10).
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600

400

uy(x, h)
uy(x,h)

600

(a) (b)

Figure 4: Variation of fluid velocity u; (¢, 77) with ¢ and 77 (for Re = 1 and Re = 10).

800
600

400

vi(x, h)
— N W > ul
vi(x, h)

(a)

Figure 5: Variation of dust velocity v; (¢, 77) with ¢ and 7 (for Re = 1 and Re = 10).
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Nuyg
Nugy

—— Varies with & —— Varies with &
- -~ Varies with ¢ - == Varies with 7

(a) (b)

Figure 6: Steady part of the Nusselt number (Nug) versus ¢ and 7 (for ¢ = rand 7 = 0 and ¢ = —r and
n=1).

x1073 %10-3
6 T " " . 6
P, =3 =
5 r 5 Re=5
2§ 4 Zg 4
- Re=3
% 3 Pr = % 3
< P =3 <
£ 2 e T ER
a. e r = S . =TT T TRe-s5 "7~ ~<_
g 1 ! =TT " < \ E 1 //’ ———— IR}E_—S_“‘—‘ SN
) =" p=2 NN < T e=3 -
0 ,///’ ________________ . \\\\\ 0 ,i// Re = \\\\\
Z -- =<2\ e m e m e — N\
£ P=1 3 - Re=1 -3
-1 -1 *
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
& &
—— Varies with &€ —— Varies with &€
- -~ Varies with 5 - -~ Varies with 5
(a) (b)

Figure 7: Unsteady part of Nusselt number (Nu;) versus ¢ and 7 (for ¢ = r and = 0) and ¢ = —r and
n=1).

Now we discuss the heat transfer at the vertical walls, so we consider the Nusselt
number (Nu) of the fluid as

Nu = 99
ag at ¢=r or {=-r
doy  ,dor  , ,,d6s
=—| = +ee —= +reM —= (5.1)
[ dé dé dé at é=r or ¢=-r

- [Nuo +ee*Nuy + ezez”Nu2] )
at ¢=r or {=-r
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x107* x1074
e=1 Re=1
g Re=3 g Re=3
Z 2
5 Re=5 ) Re=5
L%} L%
g 1 g 1
£ . N £ 7T Re=1 ~
S e S\ L TS
i Re=5 \\\ ). - Re=5 \\\
0 : ' ' ' 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
& &
—— Varies with &€ —— Varies with &
- -~ Varies with 5 --- Varies with 5

(a) (b)

Figure 8: Unsteady part of Nusselt number (Nuy) versus ¢ and 7 (for ¢ = rand 77 = 0 and ¢ = —r and
n=1).

Next to discuss is the heat transfer at the horizontal walls, so we consider the Nusselt
number (Nu) of the fluid as

00

Nu=—%

at 7=0 or n=1

_[4d6o te it 401 +€2ezit@

4% ] (5.2)
dﬂ d?’l d?’l at 7=0 or n=1

= —[Nuo +ee'Nuy + ezez”Nuz] ,
at =0 or =1

where Nuy, Nu;, and Nu, denote the Nusselt number for steady part, unsteady part for
coefficient of €, and unsteady part for coefficient of €2, respectively.

The graphs of steady part of Nusselt number (Nug) against { and 77 (aty =0and & =r
oratn = 1and { = —r) has been drawn in Figure 6. It shows that for different values of
Prandtl number, Nusselt number increases with increase in ¢ and 7.

Figure 7 shows the unsteady part of amplitude of Nusselt number (Nu;) against £ and
n(atny =0and ¢ =roraty =1and ¢ = —r). It reveals that for different values of Prandtl
number, amplitude of Nusselt number increases with increase of ¢ and 7. The unsteady part
of the amplitude of Nusselt number (Nuy) against ¢ and # has been drawn in Figure 8. Here,
one can see that the amplitude of Nusselt number increases with increase of ¢ and 7 for
different values of Prandtl number.
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6. Conclusions

A detailed analytical study has been carried out for the unsteady flow and heat transfer of a
dusty fluid through a rectangular channel. Here, one can see that the flow of fluid particles is
parallel to that of dust. Further, one can see that the fluid particles will reach the steady state
earlier than the dust particles. From the graphs the impressive effect of Reynolds number
on the velocity fields of both fluid and dust phases is evident. It is clear that the effect of
Reynolds number on velocity fields is favorable, that is, the velocity profiles for both fluid
and dust particles increase as Reynolds number increases.

Further, one can observe the changes in the steady and unsteady parts of amplitude of
Nusselt number. It is clear that for different values of Prandtl number steady part of Nusselt
number (Nug) increases with increase of ¢ and 7. In the same manner unsteady parts of
amplitude of Nusselt number (Nu;) and (Nuy) increases with increase of ¢ and 7 for different
values of Prandtl number.
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