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ABSTRACT
The aim of this paper is to investigate how the flow of ferromagnetic non-Newtonian fluid is affected by
elastic deformation when an external magnetic field is present on a stretching sheet.
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INTRODUCTION:

The investigation of fluid flow behavior in the presence of magnetic fields has been given great attention
for its widespread applications across engineering and industry. One such unique group of fluids is
ferrofluids which change their flow properties in the presence of an external magnetic field. These fluids
are colloidal suspensions of ferromagnetic nanoparticles usually magnetite, which are suspended in a
conventional carrier fluid (such as water or oil) and thus lose their magnetic properties when the fluid is at
rest. Ferrofluids have the unique property of forming dipoles in the direction of magnetic field giving rise
to changes in viscosity and flow behaviour properties.

The heat transfer characteristics of ferrofluid flow inside a micro fin tube under the influence of
rotatingmagneticfieldswereanalyzedandfoundthatrotatingmagneticfieldsdrasticallyimprovedthe overall
heat transfer efficiency in ferrofluid-based systems [1].

Some recent studies have considered them a magnetic field effects on ferro fluid over-stretching
surfaces for non-Newtonian models like Casson ,Carreau and Power-law fluids[2].These models are
crucial in determining the flow behavior of complex fluids in practical applications. Because of flow
stability and heat transfer, the impact of external factors such as magnetic fields, thermal radiation, and
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chemical reactions on non-Newtonian ferrofluids has been extensively examined In this paper, the effects
of a magnetic field on the flow of non-Newtonian ferrofluids over-stretching surfaces are explored.
FORMULATIONOFPROBLEM

The two-dimensional steady incompressible flow past a horizontal and impervious flexible sheet is
presented In Figure(1). In the direction of the x-axis by applying two opposite and equal forces, the sheet
is stressed from the origin. The 2nd-grade fluid with Cauchy stress T has the form which is mentioned

below equation:

T=—pl+uAl1+alA2+a2A". 1 (1)

Where,
A1=(grad v—)+(grad v—)T, @)
A2= d;Atl +A1(grad v—)+Hgrad v—)"A1. (©)

In equation (1) the circular stress —plis due to the constriction of inelasticity p denotes the viscidness,
a;and apdenotes material moduli, d/dt represents the time derivative, v represents the velocity field,
Azand Acare the first two Rivlin - Ericksen tensors.
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Figurel:Geometric Illustration of Flow Problem

The equations of mass, momentum, and transport energy in a steady two dimension problem are follows
as [24],

O_u +d_v =0, (4)
0x 0dy
du du ap OH  0u 0d%u
p(ua +v@):_ 3x +.u01wa +u( 2 +@2)+
ud*u Pu  oudv du
a]_((,ﬁa_y2+uamz-+aﬁ)ﬁ:hvay3),— %)
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+u[2( a—;‘>+2( ) a+ai;>]—aal< a—ya—y(”a—x“’a—;”' (6)

In these above Eqns. (4) - (6) u and vrepresent the velocity components, and the pressure field isrepresented

by p. The appropriate boundary conditions along the sheet at y = 0 are [26]

u=cx,v="0,T =Ty, aty=0 (7)
u=0, T=Tg, p+p§u2+v2):constant, aty—oo (8)

Theeffectofamagneticfieldontheflowofferrofluidsisgivenby [26],

o X
Y= —smryraR ®

ThecomponentsofthemagneticfieldHreasfollows[26],

8¢ Y x—(y+a)

Hx:_af2n[52+(y+a)2]2’ (10)
__ 09 Y 2x(y+a)
1y~ oy onlxriyray? ()

After
expanding the terms up to an order of x% Let us consider that the applied magnetic field H is properly
tough to preserve the ferrofluids. And the linear equation which denotes the deviation of magnetization is

as follows,

0H Y 2x

% Znprald (12)
oH_YvY_ = 2 N 4y (13)
EO A T e e

M=K1(T—T). (14)
w(f,n)=§«f.f(n), (15)
P(¢m)= % =—P1(n)-P2(n), (16)
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_Tg _ 2
TeTu =01(n)+$"02(n). A7)

Equations(4),(5),and(6) have solutions of the form,

6(¢.m)=

0 , 0
n=( —yf( Pz Wer v P M)
u dy 0x p

(18)
Wheretheprimesignifiesdifferentiationwithrespectton.Confirmlyuandvsatisfiedthecontinuity ~ Eqgn.
Given Eqgns. (10) — (18) the above Eqns. (5) - (6) gives,

f4ff~(f Y +2P2- (4’%4 +K(Ff~f*~ff")=0, (19)
9”+Prfe+wf+2e A =0, (20)
Y (a3
" oo faoye 2802 2f o (21)
02-Pr(2f 62-f62)+ s ——3 [~ AB(01- e)[( L (n+a)b] A
—ASK(f f*~ff f)=0.
Satisfying the conditions
f=0, 61=1,02=0,f=1. atn=0 (22)
61—1,02—0,P1——Poo,P2—0,f —0 asn—oo (23)

NUMERICAL EFFECTS AND DISCUSSION

Thesetofnon-linearODEsfromEqns.(20)—(22)havebeensolvednumericallybyusingthestandardshooting

method with the help of boundary conditions (22) — (23). The calculations were done by the program
bvph 2.0 by using MATLAB. Boundary value problem solver BVPh 2.0, a MATLAB program that solves
boundary value problems (BVPs) for ordinary differential equations (ODE). In this work shooting method
was performed with BVPh 2.0.The validation is usually done by verifying the solution convergence and
comparing the numerical results to previously validated numerical solutions. The results were validated in
the study by comparing against suitable references, and the method showed consistent trends to previous

work under different parameters, vyielding physically sound profiles for velocity
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fields/pressures/temperature distributions.

The effect of different parameters is discussed with the help of figures. For the fixed parameters in the
system, we assigned numerical values to the flow structure for velocity, pressure, and temperature
profiles. The impact of an external magnetic field is established over the ferromagnetic interaction
parameter . The existence of magnetic field performance the fluctuation force on the velocity profile.
Figure (2) — (5) show the effect of different inserted flow parameters B, A, €, o, Pr, K, 8,fand 0. The value
ofA=0.01, &=0.1,ando=2 is fixedthroughoutthe wholediscussion.Theeffect ofK,d,5, andPron velocity
sketch fare presented in figures (2) to (5). In figure (2) and (3) the velocityf' rises when enhancing the
value of K and P respectively, while in figures (4) and (5) the fluid velocity declines for the increment in
the value of 6 and Pr respectively because, for a larger value of Prandtl number, the fluid has

comparatively lower thermal conductivity.

= = =K=0.1

- =~ K=0.2
- = =K=0.3]
- = = K=0.4

North Asian International Research Journal Consortiums www.nairjc.com

120



North Asian International Research Journal of Social Science & Humanities ISSN: 2454-9827 Vol. 4, Issue 1, Jan. 2018
<< >

Figure2: Effect of Kon theVelocity Profile for Fixed Values of f=0,Pr=0.7,and 6=4
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Figure4: Effect of PronVelocity Profile for Fixed Value of =0, and 6=4
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CONCLUSION:

In this paper, we have reduced the PDEs into ODEs by using the resemblance transformations. The
thermal energy equations and fluid momentum equations are expressed as a seven-parameter problem,
and the impact of the magneto-thermo mechanical combinations is resolved mathematically. The
presented research discussed the new prospects for employing this technique in a reasranging from
magnetic drug targeting to imaging, which is applied for better accuracy in treatments and diagnostics.
The effect of different factors such as K,B,6,and Pr on temperature velocity and pressure are concluded.
On raising the values of K and  the velocity profiles also rise and the velocity profile decreases when we
increase the value of Pr and 6. Increasing the Prandtl number results in a significant decrease in
temperature profiles, with a reduction in heat transfer for higher Pr values due to lower thermal
diffusivity. Increasing the parameters (second-grade factor K, ferromagnetic interaction parameter ,
Prandtl number, and the combined elastic deformation/second-gradeparameter leads to a decline in the
temperature profiles. The pressure increases with higher values of B, 8, and Pr, as these parameters
enhance the magnetic interaction, elastic deformation, and thermal resistance, causing greater fluid
pressure.The pressure decreases as K increases, indicating that the elastic nature of the fluid reduces the
over all pressure exerted in the system.Onraising the parameter Pr,the skin friction factor also increases.
By increasing the value of Pr, the local Nusselt number also rises.
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