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This study characterizes the properties of Newtonian heat and mass species conditions in three-dimensional Jeffrey nanoliquid flow generated
by the movement of thermally radiative surface. The liquid flow is electrically conducting through the consideration of magnetic field. The
aspects of heat absorption, generation, and thermal radiation are considered in the equation of energy conservation. The boundary layer
phenomenon is employed to obtain the mathematical expressions of considered physical model. These equations are solved via homotopic
scheme. The convergence of homotopic solutions is validated by the numerical data. The importance of physical constraints on temperature,
and nanoparticle concentration of liquid is visualized by the graphical results.
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1. Introduction ing, renewable energy sources, engine oils, vehicles, sys-
tems of thermal energy storage, and many others. Some
Complex liquids have common nature of viscoelasticity.common base liquids such as oil, grease, water, and ethy-
Some examples of complex viscoelastic liquids include suslene glycol are poor conductors and have lesser thermal ef-
pensions of colloidal, polymer solutions, and polymer meltsficiency. Researchers have developed modern technique to
Such fluids are generally involved in blow, and injection augment the thermal performance of such liquids with inser-
molding, extrusions, lab on a chip, inkjet printers, and manytion of nanoparticles. The involvement of solid particles may
others. Viscoelastic behavior of liquids may affect the dif-alter the density, viscosity, thermal conductivity, and heat
ferent aspects of flows like transport, and energy dissipatiorgapacity of such liquids. In nanofluids mechanisms, there
hydraulic resistance, flow stability and mixing performanceare various slip factors include thermophoretic, and Brow-
[1]. Intra and inter molecules reactions of polymer chainsnian movement aspects which are responsible to motion of
may generate the viscoelasticity. Analysis and modeling ohanoparticles in base liquids. Concentration of nanoparti-
viscoelastic fluid flows have technical and scientific interestscles may not be constant due to presence of velocity slip
Researchers of modern world have paid full attention to elabfactor of nanoliquids. Investigators of the modern era have
orate the mechanism of viscoelastic materials for better qualroven that nanoparticles have an ability of transport energy,
ity in industrial manufacturing of products. Many complex and also alter the thermophysical features. Buongiorno [7]
rheological expressions of viscoelastic materials had been devas the first who explored the forces which have impacts on
veloped in the past. A very fabulous model of viscoelasticnanoparticles velocity. He reported that Brownian movement
liquids is known as Jeffrey fluid. This model has the fea-and thermophoretic are the forces which generate drift-flux
tures of stress retardation, and relaxation. Various investigdn nanoparticles. After that, different attempts have been
tors have adopted this model to discuss the different problemsiade by using the Buongiorno model to explore the mech-
of fluid flows under multiple situations. For example, Turky- anism of such factors under various circumstances and con-
ilmazoglu and Pop [2] modeled the flow of Jeffrey fluid due ditions [8-20].
to shrinking or stretching of surface and express the exact be- Here our attention is to discuss the nature of Newtonian
havior of govern mathematical expressions. Basl. [3]  heat and mass transportation in three-dimensional magneto-
disclosed the nature of thermal magnetic field in stretchetydrodynamic flow of Jeffrey nanoliquid induced by the bidi-
Jeffrey liquid flow with transport of melting heat. Gravita- rectional movement of surface. In the past, the investigators
tional aspects on Jeffrey liquid flow with solutal and thermaldiscuss the various fluid flows problems by only consider-
stratification have been reported by Abbesal. [4]. Hayat  ing the Newtonian heating aspects. They ignored the Newto-
et al. [5] addressed the convective heating effects in hydronian mass transport effects. In practical situations, heat and
magnetic stagnant flow of Jeffrey fluid. Qayywhal [6]  mass transport occur simultaneously and if Newtonian heat
discussed the reactive Jeffrey fluid flow over variable thick-phenomenon takes place, then the importance of Newtonian
ness surface. mass cannot be ignored. Here we considered both Newto-
Nanofluids have achieved special attention due to theinian heat and mass conditions because the problems of mod-
broad applications in modern science, and technology likeern industrial processes. This phenomenon is more realistic,
glass fiber, electronic chips, micro-computers, wire draw-and practical. We also considered the solar radiation term in



MAGNETOHYDRODYNAMIC JEFFREY NANOLIQUID FLOW WITH THERMALLY RADIATIVE NEWTONIAN... 629

O R LT T, oT 0T oC or
il et ox oy "oz 922 B0z 0z
e e (I N S -
wed | L vw(y) = by L Dr <8T>2 1 160*T3 0°T
- J—y > | i 0z (pc)y 3k* 022
I, X
- , ...... ) + Q(T - TOO)? (4)
200 2N B T oc | o | oc 92C  Dp 9°T
=Dp 5
Uy(x) = ax Yor v By tw 9z 922 T, Too 022 ©)
where the respective velocity components inthe y— and
FIGURE 1. Geometry of problem. z— directions are denoted hy, v andw, ¢, the ratio of re-

laxation to retardation time®, the retardation time]" the
energy expression. All the governing equations are tacklefluid temperaturey = (u/p) the kinematic viscosityy the
by homotopic procedure [21-26]. The results are plotted foildynamic viscosity of fluidp the density of fluid¢ the elec-
different values of physical constraints. trical conductivity,a the thermal diffusivity,Q > 0 the heat
generation parameter, aigl< 0 represents the heat absorp-
tion parameters = ((pc),/(pc)s) the ratio of nanoparti-
cle heat capacity, and the base fluid heat capasitythe
2. Governing problems Stefan-Boltzmann constant; the mean absorption coeffi-
cient, Dg the Brownian diffusion coefficient, anfdr the

thermophoretic diffusion coefficient.
We assumed the three-dimensional steady-state flow of Jef- 1, boundary conditions can be written in the following

frey liquid induced by the movement of thermally radiative ¢y, -
surface (Fig. 1). The impacts of heat absorption, generation,

and thermal radiation are accounted in the expressions of en- u=Uyp(x)=ax, v=Vu,(y)=by, w=0,
ergy. The Newtonian heat and mass species conditions are Ple.
imposed at boundary of surface. The equations of considered — =-h71, — =—-h.C, at z=0 (6)

0z Oz
u—0, v—0 T-—>Ty, C—Cqy,

flow phenomenon through boundary layer theory are

%4,@4,8710:0’ (_’]_) as z — oo, (7)
Jdr Oy Oz . . . .
wherea andb are the constants of dimension time inverse,
ou ou ow v 0%u 5 h; conjugate coefficient of heat transport, andconjugate
“or + Uai tw 0z 1+, \ 022 + 02 coefficient of mass transport.

By employing the following variables

ou 0% v 0%v  Ow v , p ,
(azaxaz 529502 T 92 972 u=daf'(€), v=dyg'(§), w=—Vdu(f(€)+g(c))
03u 03u 03u oB2 §= Z\[v 0(§) = T P(§) = c , (8
u +v tws= || ——u (2 v o0 o0
0xdz? Oy0z? 023 Py . . .
Eqg. (1) is satisfied automatically, and Egs. (2)-(7) can be
converted in the following forms:
"+ A+ 0)((f + 9)f" = f?) + Dea(f7
wgt bt p sl = <gz§ s (" g P~ (L AMS =0, (9)
! : ¢+ (L+8)((f +9)g" — ¢) + Der(g"
u Pv v v ow Py (4 9)g" — 19"~ (14 A)Mg =0, (10)
0z 00z 0z Oydz Oz 022 4
1+-=T >9"+Pr f+g)0 +Ngb'y
u Pu +v O u + w@ - —UBgv 3) ( 3 ( ) ’
0x0z* 0yoz* 023 Py + Ny + PrSo =0, (11)

Rev. Mex. Fis64(2018) 628-633



630 SABIR ALI SHEHZAD

¢" + PrLe(f + g)¢' + (N1 /Np)8" =0, (12) :
[=0.9=0, f'=1 ¢=60=-Ng(1-00). . | } SRk b
3; 0.4
¢’ = —Nc(1—¢(0) at n =0, (13) s,
et o Y e
f = 0,9' = 0,0 = 0,6 — Oasny — oo, 149 = ] o
=bp ’!, j
whereDe = d,d is the Deborah numbedd, = (o B3 /dpy) § g-"fj, /
the magnetic parameter, = b/a is a ratio parameter, P& s S
v/a is the Prandtl numbeflr = 4072 /kk* is the thermal .
radiation parametetrs = @/dpc, is the internal heat gen-

-5 -10

eration parametefNp = (7Dp/v) is the Brownian maotion fip g g
parameterNr = (7Dr/vT,,) is the thermophoresis param-

eter,Ny = hy\/v/d andN¢g = he+/v/d are the Biot num-  FIGURE 2. The h— curves forf(€), g(£), 6(§) andgp(€) at 15th-
bers,Le = /Dy is the Lewis number, and prime shows the order of deformations whewe = 0.4, 6: = 0.3, My = 0.7,
differentiation with respect tg. The local Nusselt number Pr=1.5= Le, Np = 0.1 = Nz, Ny = 0.2 = Nc, § = 0.5,
NuRe; /2 and Sherwood numbeihRe; /2 in dimension- = 01, andTx = 0.3.

less forms can be described as follows:

4 1 TABLE |. Convergence of series solutions for different order of ap-
NuRe;l/2 = Ny (1 + TR> (1 + ) proximations wherDe = 0.4, 1 = 0.3, My = 0.7, Pr= 1.5 =
3 6(0) Le,Ng = 0.1 = Np, Ng = 0.2 = N¢, S = 0.1, Tr = 0.3,
e 1 8 =0.5,andh; = hy = hg = h, = —65/100.
ShRe,"/* = Ne |14+ — |, (15)
©(0) Order of HAM
H H 17 1 ! /
in which Re, = u,,(z)z /v is the local Reynolds number. approximations —f7(0) —¢"(0) —0'(0) —¢'(0)
01 1.26661 0.64143 0.26625 0.26777
3 Series solutions 07 1.26718 0.68497 0.28911 0.27261
' 12 1.26722 0.68482 0.29060 0.27274
The initial guesses and auxiliary linear operators for present 18 1.26727 0.68480 0.29080 0.27279
case can be selected in the forms: 23 1.26726 0.68489 0.29082 0.27278
Fo(€) = 1— exp(—€),  g0(€) = (1 — exp(—€)), (16) 28 1.26732  0.68504 0.29081  0.27277
35 1.26732 0.68504 0.29081 0.27277
Bo(€) = Nfiexilj)\g—q (€) = %7 (17) 40 126732 068504 0.29081 0.27277
+ Ng + Ng
Lf _ f/// _ f/7 Lg _ g/// _ g/’ ost
Ly=0"—-0, L,=¢" —¢. (18)

De =0.0,0.4,0.8,1.2

0.4} )

Solid lines : &(&)

We observe that the auxiliary linear operators may satisfy Dashing lines: p(£)

the following expressions

L(f)(E1 + Eze® + Eze™*

8(5)wp(£)

L(g)(Ey + Eye® + Eze™*

)
)
L(0)(E7e® + Ege™) =
L(p)(Ege® + Eige™*) s
&
FIGURE 3. Curves ofg(§), and¢(&) for different values ofDe

whend; = 0.3, M, = 0.7, Pr= 1.5 = Le, Ng = 0.1 = Nr,
4. Analysis of convergence and results Ny =0.2= N¢,6=0.5,5=0.1,andTr = 0.3.

whereE;(i = 1 — 10) are the arbitrary constants.

An analytical technique namely homotopy analysis schemg@roper choice of auxiliary parameters. We plotted curves at
has been implemented to obtain the solutions of governind5" order of deformations to select the reasonable values
mathematical expressions. It is a well-established fact thadf auxiliary parameteréy, hy, by andh,. For the present

convergence of homotopic solutions greatly depends on thproblem, the solutions should be convergent in the range of
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FIGURE 4. Curves off(§), and (&) for different values ofd;
r=15= Le, Ng = 0.1 = Nr,
.1, andTr = 0.3.
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FIGURE 5. Curves off(&), andy(€) for different values off,
whenDe = 04,6, = 0.3, Pr= 15 = Le, Ng = 0.1 = Nrp,
Ng =0.2= N¢,0=0.5,5=0.1,andTr = 0.3.
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FIGURE6. Curves ofd(§), andy(&) for different values of Prwhen
De = 0.4,6, = 0.3, Mg = 0.7 Le = 1.5, Ng = 0.1 = Nr,
Ng =0.2= N¢,0 =0.5,5=0.1,andTr = 0.3.

—-0.85 < hy < —0.15, =090 < hy < —0.20, —1.20 <

he < —0.15 and—1.00 < h, < —0.25 (see Fig. 2). Ta-

631
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FIGURE 7. Curves off(¢), andp(€) for different values ofLe
whenDe = 0.4,61 = 0.3, Mg =0.7Pr=1.5 Ng = 0.1 = Nr,
Ng =0.2= N¢,6 =0.5,5=0.1,andTr = 0.3.
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' Ny =0.0,01,02,03 Dashing lines : @(£)

FIGURE 8. Curves off(£), andp(€) for different values ofNy
whenDe = 04,61 = 0.3, My =0.7Pr=1.5 = Le Np = 0.1,
Ng =0.2= N¢,6 =0.5,5=0.1,andTr = 0.3.

0.5}

Solid lines : &(£)
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FIGURE 9. Curves off(¢), and¢(¢) for different values ofNg
whenDe = 0.4, 61 = 0.3, My =0.7Pr=1.5 = Le, Ny = 0.1,
Ng =0.2= N¢,6 =0.5,5=0.1,andTr = 0.3.

S =0.1,Tg = 0.3, andd = 0.5. Here we analyzed that the

ble | executes that the present solutions converge from ordenagnitude values of”’(0) are larger in comparison ' (0),

of deformations. This Table is computed by choosfing=
hy = he = hy, = —65/100, De = 0.4, 6; = 0.3, M, = 0.7,
Pr=15=Le, Ng=01=Np, Ny =02= Ng,

6'(0) and(0).

Figures 3-10 are produced to elaborate the nature of

emerging physical constraints on temperat(® and nano-
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figure clearly elucidates that the variationsfi(f) are very

) . lesser in comparison tp(&) as we use the largdre. More-

I o = ool over, the curves of(¢), andy(¢) are decreased for the in-
creasing values ale. The coefficient of Brownian diffusion

becomes weaker for highér because it is inversely related

to it. Such weaker Brownian coefficient factor leads to decre-

ment in the profiles of (), andp(¢).

The impact of parameter of thermophoredg on 6(¢),
and () is discussed through Fig. 8. Figure 8 clearly de-
picts that profiles of botl#(¢), and (&) are risen due to
0.0 ) ; : , , ‘ rising values ofNr. The strongeiN corresponds to an en-

’ 2 4 g . - = hancement in thermal conductivity of liquid due to considera-
tion of nanoparticles. This higher thermal conductivity factor
FIGURE 10. Curves off(¢), and ¢(€) for different values of  |gads to highed(¢), andy(¢). The change (&) for var-

Tr whenDe = 04,01 = 0.3, My = 0.7, Pr= 15 = Le.  joys values ofV; are significant as compared ¢g¢). The
Np =0.1=Nr, Ny =02=Nec,6=05,5=0.1 increasing values of parameter of Brownian movenmggat

: - : : give risen to the profiles df(¢), andp(¢) (see Fig. 9). The

particle concentratiop(¢). Figure 3 clearly describes that liquid temperaturd(£) is boost up by an increment iV

an increment in Deborah numbBe leads to smaller profiles . .
of 6(¢), andp (&) Here De directly depends on stress retar- yvh|le the curves op(¢) are retarded. In facty; is appeared

dationd,. The stress retardation is stronger with an enhancel form of (1/Np) that corresponds to weaker nanoparticle

ment inDe. Such stronger stress retardation creates a redu%oncen_tratlion. The nature of parameteri of thermal rad.iatio_n
tion in the profilesd(¢), andy(¢). The results in the case R on liquid temperature, and nanoparticle concentration is
of fluid liquid can be a,chieved wheBe = 0, andé; = 0 described in Fig. 10. Here we investigated that the presence

The features of ratio stress relaxation and stress retardatio(?{(;_rpit_g'Veﬁr |s?n to&ég)(,j_andw(gc)j. The EaSeT(;]f abze_ntt_:e of
41 ond(&) andp () are investigated in Fig. 4. The curves of radiative effect can be discussed wiign= 0. The radiation

8(¢) andp(¢) are boost up when we use the larger From factor gives more heat to liquid due to which temperature and

physical concept, the highér implies to larger stress relax- concentration are enhanced.
ation in comparison to stress retardation. This fact leads to
stronger temperature and nanopatrticles concentration agairst Conclusions
the largers;. Figure 5 incorporates the impacts of magnetic
parameterM,, on 6(¢), andp(€). This figure clearly exe- This research work executes the features of Newtonian con-
cutes that an increment i/, give rise to the profiles of(¢) ditions in three-dimensional Jeffrey liquid flow under the im-
andp(¢). Here the Lorentz force exists due to electrically Pact of magnetic field, thermal radiation, and suspension of
conducting liquid. This Lorentz force becomes stronger fornanoparticles. We employed the boundary layer concept to
larger M, that resists the flow of liquid. Such resistance ingovern the expressions of physical phenomenon. The con-
liquid flow leads to higher temperature, and nanoparticle convergent solutions are developed and plotted. We observed
centration. Further, the hydrodynamic flow situation can bethat the ratio of stress relaxation and stress retardaticand
created by setting/, = 0. In case of hydrodynamic flow, Deborah numbebe have totally reverse influences on liquid
the profiles of(¢), andy(¢) are minimum position. temperaturgd(¢), and nanoparticle concentratierts). An
From Fig. 6, we evaluated the nature of Prandtl numbeincrement in magnetic parametéf, give risen to the pro-
Prond(¢), andp(€). The increasing values of Pr correspond files of 6(¢), andy(¢). This phenomenon occurs due to in-
to weaker profiles of temperature, and nanoparticle concerolvement of Lorentz force. The change in profilesi¢f)
tration. The conductivity of liquid is lesser for higher Pr, and for various Pr is significant as compared to profile of tem-
stronger for smaller Pr due to fact the profiles#¢¢), and ~ perature in case of variouse. The liquid temperature, and
@(5) decay_ The proper choice of Pr in manufacturing pro-nanoparticle concentration enhanced by increasing the values
cesses of industry is very essential because the suitable valf thermophoretic factoN7. An increase in factor of Brow-
ues of Pr are utilized to provide the best heat transport rate tgian movement lead to higher temperature curves but lower
achieve the highest quality product. The execution of Lewiscurves of nanoparticle concentration. The involvement of ra-
numberLe on §(¢), andp(€) is presented in Fig. 7. This diation factor gradually enhanced the temperature of liquid.
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