Commun. Theor. Phys. 70 (2018) 534-540

Vol. 70, No. 5, November 1, 2018

Convective Heat and Mass Transfer in Magneto Jeffrey Fluid Flow on a Rotating Cone

with Heat Source and Chemical Reaction

S. Saleem,™* M. M. Al-Qarni,’ S. Nadeem,? and N. Sandeep®

IDepartment of Mathematics, College of Sciences, King Khalid University, Abha, 61413, Saudia Arabia
?Department of Mathematics, Quaid-e-Azam University, 45320, Islamabad 44000, Pakistan
3Department of Mathematics, Central University of Karnataka, Kalaburagi-585367, India

(Received April 18, 2018; revised manuscript received June 10, 2018)

Abstract The present paper addresses the megnetohydrodynamic Jeffrey fluid flow with heat and mass transfer
on an infinitely rotating upright cone. Inquiry is carried out with heat source/sink and chemical reaction effects.
Further, constant thermal and concentration flux situations are imposed. Optimal homotopy analysis method (OHAM)
is employed to achieve series solutions of the concerned differential equations. Important results of the flow phenomena
are explored and deliberated by means of graphs and numerical tables. It is perceived that thermal boundary layer
thickness possess contrast variations for the heat source and heat sink, respectively. The chemical reaction enhances
the heat transfer rate but decline the mass transfer rate. Moreover, the precision of the existing findings is verified by

associating them with the previously available work.
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1 Literature Survey

The worth of non-linear fluid is obvious due to its
enormous applications in countless industrial and man-
ufacturing areas. This phenomenon realizes great impor-
tance in academic as well as in applied perspective. Heat
and mass transfer in Non-Newtonian liquids are corre-
spondingly crucial in food processing, substantial oils and
greases.[! =6l An important area of study is mixed convec-
tion flows, which occurs in atmospheric boundary layer
flows, heat exchangers, nuclear reactors and in electrical
tools. More recent developments are canister’s structure
for nuclear waste disposal, nuclear reactor cooling sys-

(7l achieved the similar solution

tem. Anilkumar and Roy
for time dependent flow in rotational cone. Rajul®l has
measured the impacts of the thermophoresis on radiative
combined convection on a rotational cone with porousity.
Sulochana et al.l! explored numerical study of MHD flow
by a roatating cone with nanoparticles and chemical re-
action. Nadeem and Saleem['® deliberated a theoreti-
cal analysis for MHD flow above a spinning cone. The
flow over conic shape objects has been studies by various
investigators.'1 =12

The phenomena of megnetohydrodynamics (MHD)
flows with convectional heat and mass transfer is signifi-
cant in technological and industrial applications. Saleem
et al.l'3] explored an unsteady water-based nanofluid flow

besides an upright rotating cone with buoyancy effects.
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Sheikholeslamil'! investigated impact of Coulomb forces
on Fe30,H,0 nanofluid. Sheikholeslami and Ganjil*®!
studied inspiration of MHD flow of CuO-H>O nanofluid
seeing Marangoni boundary layer. Sandeep et al.l'0l pre-
sented unsteady flow of thermophoric MHD nanomate-
rial by stretching surface with internal heat source/sink.
Sheikholeslami and Ellahil'” discussed three dimensional
microscopic model of natural convection flow of nanofluid
with magnetic particles. Sparrow and Cess!'8! presented
MHD flow and heat transfer around a rotational disk. In
nature, most of the flows are unsteady due to the ambi-
ent velocity. So, as a step just before the consequential
progress of study on mixed convection flows, it is very sig-
nificant and valuable to study such flows about an upright
cone with the heat and mass diffusion, while the ambient
velocity fluctuates randomly with time. Together with
thermal and mass transfer, chemical reaction is of worth in
numerous developments. Chemical reaction are revealed
as any homogeneous or heterogeneous procedures. It is
based on wether it takes place at a boundary or as a sin-
gle point volume. A homogeneous reaction arises in par-
ticular phase. The species generation in a homogeneous
reaction is the parallel to the inner cause of heat genera-
tion. On contrary, other reaction happens in a controlled
region or with in the phase boundary. Similarly, numer-
ous physical existences include free convection determined
by heat generation.['9=21 The vision for performed analy-
sis is to explore the impact of heat generation/absorption

http://www.lopscience.iop.org/ctp http://ctp.itp.ac.cn
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and chemical reaction on MHD Jeffrey fluid in a spinning
cone. The extremely nonlinear partial differential equa-
tions prescribed by heat flux situations are transmuted
into structure ordinary differential equations with suitable
constraints and then answered by the optimal homotopy
analysis method (OHAM).[22735] Likewise, the impact of
interesting parameters on the velocities, surface stress ten-
sors, temperature and concentration fields are discovered
and deliberated through graphs and numerical columns.
The accuracy of the analytical technique is also confirmed
by comparing the results with existing literature.

2 Mathematical Analysis

Consider an incompressible, axisymmetric Jeffrey fluid
flow about a cone. The flow is unsteady due to the rota-
tion of cone.

A rectangular curvilinear coordinate system is engaged
in which, x is along tangential direction, ¥ is in azimuthal
direction, and z is in normal direction to the cone axis
Fig. 1. Additional u, v, and w are the velocity compo-
nents in the tangential, azimuthal and the normal direc-

tions, respectively. A continuous magnetic field is utilized
perpendicular to the cone. Induced magnetic field is ab-
sent for small magnetic Reynolds number.

5

Fig. 1 Geometry of the flow field.

Further electric field is absent. After using the Boussi-

nesq approximations, the boundary layer motion, energy

and diffusion equations for a Jeffrey fluid are given as.[”10l
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A1 is the ratio of relaxation and retardation times and Ao is the retardation time.

dimensional quantities:(”!
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§ = ko(Qsina®) 711 — st*), A= X\(Qsina*)"t, M= U—(l — st*)(Qsina*) L. (7)
P
At this point s is the unsteadiness parameter; the flow field is assisting for positive s and vice versa. Ap is the
buoyancy force parameter, IV is the fraction of the buoyancy forces and mass diffusion, A is the Deborah number. The
incompressibility equation (1) is identically fulfilled and Egs. (2) to (5) take the form:

o (£ gen) s+ (5 =) £ = 26* = 2m(6+ No)

o (3007 g = 34O+ 25y = M) =0, ®)
Trn g" = (fg' —gf') - 5(9 + %?79’) —1 f)\l (259“ + 1sng’” + ; "f - %f”g + fg’”) - Mg=0, (9)
Pl (012 ) (25 + B)0+ 2 Lm0 =0, (10)
S (70— 1Y)~ (2s—d)6+ 2 snd =0, (11)

The boundary conditions for the flow problem in non-dimensional form are stated as follows:
f(o) = Oa f/(o) = 07 g(o) = 13 0/(0) = _1a ¢/(0) = _17
f(00) =0, f"(00)=0, g¢'(00)=0=g(00), 0(x)=0, ¢(c0)=0. (12)

The skin friction coefficients in x and y directions are correspondingly set as

[2Twz]z:0
Chp = , 13
! p[Qxsina* (1 — st*)~1]2 (13)
[2Tyz]z20
Cpy = 14
7= plQasinar (1 — st*) 12 (14)
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1/2 _ [_/_7 gl 94" //} 1
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where B | bo(n) = exp(—n), do(n) = exp(-m),  (17)
12 _ x°Qusina”(1 — st*) ” "
Re,/” = " : G = 1" =1 () =9g" -9,
The heat and mass transfer rates are respectively given Co(n)=0" =06, Cp(n)=¢" — 0. (18)
by:
1 1
N 71/2:7 h 71/2:7. 1
ulte; 6(0)’ ShReg #(0) (16) 3.1 Optimal Convergence-Control Parameters
3 Solution Expressions The auxiliary parameters which are involved in the

The highly nonlinear Eqgs. (8) to (12) are treated with ~ convergence of the homotopic solutions are cf, cf, cf and
optimal homotopy analysis method []. The initial guesses cg . We have engaged the notion of minimization by intro-
fo, 9o, 0o, ¢o as follows: ducing the residual errors to find out the optimum values

fo(m) =0, go(n) =exp(—n), | of cg, d, ¢ and ¢ as introduced by Ref. [20].

Table 1 Optimal convergence control parameters and total averaged
squared residual errors using BVPh2.0.

m ol s f 2 Ep CPU TIMES (8]
20 -103 —037 —087 —0.88 842x10~* 6.93

40 -122 -045 —0.73 083 1.75x 1074 76.82

6.0 —093 —042 —0.64 —0.72 3.15x10°° 7150.88

80 -0.75 —-0.36 —0.55 —0.61 1.38x 1075 9262.14
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The Mathematica package BVPh2.0 is used to min-
imize the average residual error. Three arrays of total
optimum convergence control parameters are attained at
2nd 4t “and 60 iterations (see Table 1).

With 4" iteration optimum convergence-control pa-
rameter, singular averaged squared residual errors is
achieved and offered in Table 2. Averaged-squared resid-
ual errors and total averaged-squared residual errors are

reduced by increasing the approximations.

Table 2 Individual averaged squared residual errors
using optimal values at m = 8 from Table 1.

m Ef, E EY ES, CPU TIMES [9]
2.0 —1.03 —0.37 —0.87 8.42x 10~% 6.93
40 —1.22 —045 —0.73 1.75 x 10~* 76.82
6.0 —0.93 —042 —0.64 3.15x 1075 7150.88

4 Analysis of Results

In order to deliberate the inspiration of numerous
physical constraints on the velocity field, thermal bound-
ary layer, skin-friction, Nusselt number and sherwood
number, the analytical solution is obtained in the above
segment, has been carried out and shown graphically. The
regime is controlled by thermo-physical parameters, which
are ratio of buoyancy force N, Deborah number A and
ratio of the relaxation to the retardation time Ay, the
unsteadiness parameter s, the magnetic parameter M,
Prandtl number Pr and schmidt number Sec.

M =0.0,0.5,1.0
1.2
1.0 Solid lines for s>0
Dotted lines for s<0
0.8
S
;‘? 0.6
0.4
0.2
0.0 .
0 1 2 3 4 5 6
n
Fig. 2 Impact of M on tangential velocity —f'(n).
M =0.0,0.5,1.0
12 ¥ v r v
1.0 Solid lines for s>0
0.8} Dotted lines for s<0
=
= 0.6
0.4
0.2f
0.0k, o
0 1 2 3 4 5 6
n

Fig. 3 Impact of M on azimuthal velocity g(n).

4.1 Dimensionless Velocities

In Figs. 2 and 3 the evolution of dimensionless tangen-
tial and azimuthal velocities inside the boundary layer,
against span wise coordinate 1 for magnetic parameter M
is shown. It is perceived that the force exerted by mag-
netic field opposes both velocities, f'(n) and ¢'(n). It is
also observed that the both velocities attain greater mag-
nitude for s < 0.

4.2 Dimensionless Temperature

It is illustrated from Fig. 4 that temperature of the
fluid reduces its magnitude for heat source coefficient
B > 0 when unsteadiness parameter s > 0. While the
behaviour is reverse when s < 0. Further temperature
decreases more rapidly for s > 0. The impact of heat sink
parameter S < 0 on parameter filed is demonstrated in
Fig. 5. As expected, the graphical variation is opposite
when compared with Fig. 4.

£=0.0,0.5,1.0,1.5

2.0F, ©,

WY, Solid lines for s>0
LSENW N Dotted lines for s>0

< 10}

0.5f

0.0L,

Fig. 4 Impact of 8 > 0 on temperature 6(n).

B=10.0,-0.4,-0.8, -1.2

2.0

Solid lines for s>0
Dotted lines for s>0

1.5f

= 10f
0.5
0.0L
0 1 2 3 4 5 6
n

Fig. 5 Impact of 8 < 0 on temperature 6(n).

4.3 Dimensionless Concentration

Figure 6 exhibits the effect of § on the concentration
filed. It is depicted that concentrated field is an accumu-
lative function of § for every value of s. Since chemical
reaction consequences the consumption of the compound
of concern and hence concentration field indicates reduc-
tion. Besides the concentration boundary layer thickness
has higher magnitude for s < 0. The inspiration of g
and § on local Nusselt number is offered in Figs. 7 and
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8 correspondingly. It is revealed from Fig. 7 that the in-
crease in § causes reduction in the local Nusselt number,
but after of s = 0 its magnitude goes higher. While lo-
cal Nusselt number enhances its variation along with ¢
(see Fig. 8). Figure 9 is devoted to see the deviations of
the local Sherwood number for several values of chemical
reaction . It is of a great interest that local Sherwood

6=0.0,0.2, 0.4, 0.6

2.0

1.5 Solid lines for s>0

= W Dotted lines for s>0
g
n
Fig. 6 Impact of § on concentration profiles ¢(n).
6= 0.0, 0.2, 0.4, 0.6
0.655
a 0.650
%;
S 0.645
0.640

0.0 0.2 0.4

S

-04 -0.2

Fig. 8 Impact of § and s on local Nusselt number.

number decreases due to a rise in §. In addition, to ver-
ify the stability of present results, comparison Tables 3
and 4 is computed in the lack of buoyancy force and heat
generation/absorption parameter with the results set by
sparrow and Cess.['8] The results are seen to in the decent

compatible order with each other.

B=

-0.4,-0.2,0.0,0.2,0.4

0.70F

0.68F
s 0.66f
0.64f
0.62f
0.60
0.58

~1/2

NuRe

Fig. 7 Impact of 8 on local Nusselt number.

6=0.0, 0.2, 0.4, 0.6

-0.4 -0.2 0.0 0.2 0.4

Fig. 9 Impact of § and s on local Sherwood number.

Table 3 Comparitive results for significant physical numbers for

special case.

Present results

Numerical results!?]

M CjyRey” CjyRey” CjyRey!” CjyRey!”
00 10202 0.1650 1.0207 0.6159
1.021% 0.616*
05  0.7731 0.8481 0.7730 0.8488
0.770* 0.849*
1.0 0.6190 1.0698 0.6194 1.0692
0.619* 1.0692*
2.0 0.4615 1.4414 0.4613 1.4418
0.461* 1.442*
3.0  0.3810 1.7473 0.3813 1.7477
0.381* 1.748"

*Sparrow and chess!14]

4.4 Skin Friction Coefficients

Table 5 is prepared for values of skin friction coeffi-
cients against A and Ay, M, 71 s, and N. It is obvi-
ous that tangential skin friction coefficient escalates with
larger values of A, v1 s, and N, but decreases with A\; and
M. Besides this, azimuthal skin friction coefficient has a

| direct relation with all these pertinent parameters. It is

due to the information that wall temperature at the cone
boundaries is rather larger than the temperature of the
fluid which finally rises the G+, as compare to Gys, thus
greater value of IV offer the larger values of skin friction
coefficients.
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Table 4 Comparitive results of heat transfer rate for limiting case.

Present results

Numerical results(7]

Pr M =0 M=1 M=0 M=1
0.5 0.0421 0.2815 0.0426 0.2819
0.0428* 0.2820*

1.0 0.0283 0.1939 0.0282 0.1939
0.0244* 0.1940*

2.0 0.0104 0.0984 0.0107 0.0981
0.0108* 0.0982*

3.0  0.006 19 0.0570 0.006 12 0.0587
0.006 14* 0.0588*

40 0.004 00 0.0340 0.004 06 0.0344
0.004 07* 0.0395*

*Sparrow and chess[!8]

Table 5 Skin friction coefficient for selected significant

constraints.

A M M oy N CRey/?  CpyRed/?

0 1.6436 0.3473

0.3 2.1405 0.5837

0.5 2.6814 0.5859

0 2.2458 0.4834

0.5 2.1371 0.4761

1.0 1.9974 0.4543

0.5 3.4177 1.4553

1.0 3.2885 2.7009

15 3.2270 4.2656

1 2.9672 0.5376

15 3.8982 0.6402

2.0 4.8252 0.7428

05  3.5698 0.6032

10 43214 0.6853

15 50715 0.7673

fluid flow with heat source and chemical reaction on a rota-
tional vertical cone is investigated. The non-dimensional
differential equations with heat and mass flux conditions
are solved with well supposed analytical procedure known
as optimal homotopy analysis method (OHAM). The re-
cently considered outcomes are recognized to be in con-
ventional settlement with the earlier printed results. It is
observed that heat source S > 0 and heat sink 8 < 0 pos-
sess opposite variations for temperature field. The role of
0 is to the enhancement of concentration field. The tan-
gential skin friction coefficient varies as an inverse function
of A\1. The impact of M is to decrease the tangential skin
friction coefficient whereas increases the azimuthal skin
friction coefficient.

Table 6 Local Nusselt and Sherwood
numbers for certain noteworthy physical

4.5 Nusselt and Sherwood Numbers

The effect of Pr, Sc, and N on heat and mass transfer
rate coefficient is deliberated in Table 6. It is found that
Pr and N improve the heat transfer rate coefficient while
the variation is opposite for Sc. Physically the fluid with
greater Prandtl number has a lesser thermal conductivity,
which effects in thinner thermal boundary layer and as
an outcome rate of heat transfer increases. Also the mass
transfer rate coefficient demonstrate a growing apptitude
for different values of N and Sc. On the contrast, Pr
reduces the magnitude of mass transfer rate coefficient.

5 Key Points
In the current analysis, the behaviour of MHD Jeffrey

parameters.

Pr Se N NUR€;1/2 ShRegfl/2

3.0 0.9400 0.8486

7.0 1.0335 0.8484

12.0 1.0637 0.8480

1.0 0.6671 0.9985

2.0 0.6666 1.4570

3.0 0.6660 1.9649

0.5 0.6674 0.8501

1.0 0.6757 0.8583

1.5 0.6842 0.8666
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