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Abstract
In this present work, the problem of heat and maassfer on the flow of Non-newtonian micropolauidl with uniform
suction/blowing with heat generation, radiationetiophoresis and chemical reaction effects areistud The non-linear partial
differential equation arising from the flow modgjinvere transformed into coupled non linear ordinalifferential equations and
subsequently solved by using the implicit finiféedence method. The effect of relevant thermaiphlyparameters such as material
parameter K, suction parameter A, heat generatibsdeption parameter B, Prandtl number Pr, radiatiggarameter R,
thermophoretic parameter, chemical reaction parametef , magnetic parameter Ha and Schmidt number Scatse being

numerically investigated and analyzed.
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1. INTRODUCTION

The dynamics of micropolar fluids has attractedsiderable
attention during the last few decades because titradi

Newtonian fluids cannot precisely describe the abt@ristics
of fluid flow with suspended particles. Eringerj fieveloped
the theory that the local effects arising from thierostructure
and the intrinsic motion of the fluid elements shkiobe taken
into account. The theory is expected to provideaghematical
model for the Non-Newtonian fluid behavior observied
certain man-made liquids such as polymers, lubti;dtuids

with additives, paints, animal blood and colloidahd

suspension solutions, etc. The presence of dusinmwke,
particularly in a gas, may also be modeled usingropolar
fluid dynamics. Later, Eringen [2] extended thedty of
thermo-micropolar fluids and derived the constitatiaws for
fluids with microstructures. An excellent reviewrafcropolar
fluids and their applications was given by Arimanaé [3],

Gorla [4] discussed the steady state heat transfema

micropolar fluid flow over a semi-infinite plate @nthe
analysis is based on similarity variables. Rees Rog@[5]

studied the free convection boundary layer flownéropolar
fluid from a vertical flat plate. Singh [6] hasudted the free
convection flow of a micropolar fluid past an infa vertical

plate using the finite difference method

Chemical reactions can be codified as either homeges or
heterogeneous processes. A homogeneous reactoe ithat
occurs uniformly through a given phase. In conjrest

heterogeneous reaction takes place in a restriggthn or
within the boundary of a phase. A reaction is daibe the
first order if the rate of reaction is directly partional to the
concentration itself. In many chemical engineerpmngcesses,

a chemical reaction between a foreign mass anéiuitedoes
occur. These processes take place in numerous tiradus
applications, such as the polymer production, the
manufacturing of ceramics or glassware, the foatessing

[7] and so on. Das et al.[8] considered the effefta first
order chemical reaction on the flow past an impelsi started
infinite vertical plate with constant heat flux andass
transfer. Muthucumarswamy and Ganesan [9] and
Muthucumarswamy [10] studied the first order honmagmis
chemical reaction on the flow past an infinite it plate.

Thermophoresis is a mechanism of migration of small
particles in direction of decreasing thermal gratidy
Hinds.W.C [11]. It is an effective method for pal#i
collection by Sai et al.[12]. The velocity acquirdéy the
particle is called thermophoretic velocity and therce
experienced by the suspended patrticle is calleunibyghoretic
force by Bakier et al. [13]. Thermophoresis causesall
particles to deposit on the cold surfaces. It haanyn
applications in aerosol technology, deposition ib€an thin
films, and radioactive particle deposition in naleeactor
safety simulations.

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 350




|JRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

Also, the study of micropolar fluids is very sigodnt due to
their potential application in many industrial pesses; for
example, in continuous casting glass-fiber produntipaper
production, metal extrusion, hot rolling, wire diag,

drawing of plastic films, metal and polymer extarsiand
metal spinning. Balaram and Sastry [14] solvedpttudlem of
a fully developed free convection flow in a micrégooflow.

Agarwal and Dhanapal [15] obtained a numerical temhuto

study the fully developed free convection micropadiiaid

flow between two parallel with constant suction ifgection).
Srinivasacharya et al. [16] studied the effectsnafrorotation
and frequency parameters on an unsteady flow ofopdadar
fluid between two parallel porous plates with a iqaic

suction.

The interaction of magnetic field and microrotatiplays a
vital role in several engineering applications sashin MHD
electrical power generation, designing cooling eystfor
nuclear reactors, etc., where microrotation providan
important parameter for deciding the rate of hé&awf Gorla
et al. [17] developed a numerical scheme to sdheesteady
free convection from a vertical isothermal plateairstrong
cross magnetic field immersed in a micropolar fluid

El-Hakiem et al. [18] analyzed the effect of vissand Joule
heating on the flow of an electrically conductingida
micropolar fluid past a plate whose temperaturéegdinearly
with the distance from the leading edge in the gmee of a
uniform transverse magnetic field. Helmy et al.][$8udied
the unsteady flow MHD of a conducting micropolanidi,
through a porous medium, over an infinite plate thaset in
motion in its own plane by an impulse. Bhargavalef20]
obtained a numerical solution of a free convectMdhD
micropolar fluid flow between two parallel porougrtical
plates by means of the quasi-linearization method.

The study of heat generation/absorption effectamioving
fluids is important in view of several physical ptems, such
as fluids undergoing exothermic or endothermic dbam
reaction. Due to the fast growth of electronic teslbgy,
effective cooling of electronic equipment has beeom
warranted. The cooling of electronic equipment enfrom
individual transistors to main frame computersnfrenergy
suppliers to telephone switch boards and thermffilision
effects has been utilized for isotopes separatidhé mixture
between gases with very light molecule weight (bgén and
helium) and medium molecular weight. Recently R. A.
Mohamed1 et al. and Ziabakhsh et al. studied [3H2at and
mass transfer analysis on the flow of non-Newtonian
micropolar fluid with uniform suction/blowing, heat
generation, chemical reaction and Thermophoresis .

The purpose of study is to investigate the effe€tsHD on
non-Newtonian micro polar fluid flow with uniform
suction/blowing heat generation, radiation, therhmpsis
and chemical reaction. We solved the non-lineamblary

value problem arising from the non dimensional@atand
local non similarity method using an implicit fiaitifference
scheme along with Gauss-Seidal method. The C-
programming code is used to solve the system eapsati

2. MATHEMATICAL FORMULATION

Consider the two-dimensional stagnation point flofv an
incompressible non-Newtonian micropolar fluid inmging
perpendicular on a permeable wall and flowing aalayg the
x-axis. A uniform magnetic fielgo is applied normal to the
walls. And using the boundary layer approximationd a
neglecting the dissipation, the equation of enerfgy
temperature T with heat generation or absorptiahthermal
radiation, the equation of mass for concentrationwith
thermophoresis and chemical reaction. The sinedifiwo-
dimensional equations governing the flow in the rimary
layer of a steady, laminar and incompressible rpiciar fluid
are governed by:

ot (1)
p(aZ+vE) = 19 () + 12— o )

p(uz—z+vg—§)=%%—$(m+2—‘y‘) ©)
S R R R
ug—§+vg—§= giyi—aiy(vtc)— R*c (5)

Where N is the microrotation or angular velocity osk
direction of rotation is in the x-y-plane, U is thiscosity of
the fluid, [J is the density, cp is the specific heat capadity a
constant pressure of the fluid, kf is the therm@hductivity

of the fluid, Q is the heat generation/absorptioafficient and
js0 and k are the microinertia per unit mass, spiadient
viscosity and vortex viscosity respectively whiale assumed
to be constant.

The appropriate physical boundary conditions of EQs(5)
are

u(x,0)=0; v(x,0) =-Vv,,N(X 0) = ﬂz—z

y—oo: u(X,y) =U(X) =ax, v(x,y) = 0,N(x,y) = 0 (6)
y=0T=T,,C=Cy

y—=oo: T—=T,,C—Cy,

Wheren is a constant andOn< 1. The case = % indicates
the vanishing of the antisymmetric part of thesdreensor and
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denotes weak concentration of microelements, whithbe
considered here. Using the transform we have

nzj?y.u:axf’(m, v =@ i)

T-Ty,
Tw—-Ty»

N:aX\/%g(n), g = -1, 6=

R — (7)

Cw—Co

After using the transformation (7), for micropofarid, there
are two equations in which one is for angular viyoor
microrotation and physically it is important in nmopolar
fluid. In this study, we have two equatiori&)) and g(»)

which g() equals te= () [22]

So Egns.(2) and (3) reduce to the single equatdaca (8a)

(1+ 5 F@) + FaDF'@) = Fn)? —Ha*f +1=0
(8a)

(1+ 2R)6"(r)+Prno’(n) + PrBO() =0 (8b)
¢"() +Sc (f-10) #- Scr g -5Scg =0 (8c)

Subject to the boundary conditions

f(0) =A f(0) =0, #)=1
00)=1, 6x) =0
0)=1, #gx =0 (8d)

K i i =Yo_
Where K = (> 0) is the material parametek,= = is the

suction parameter and primes denote differentiatiath

respect tay. Pr= ”—” is the Prandtl number arigi :a’% is
P

the heat Generaﬂon/absorption paramegg, = pLD is the

Schmidt number§ = ﬂ is the chemical reaction parameter,

40* Tw
K*K

T= kf (T, —T,)is the thermophoretic parametd&t=

, IS the radiation parameter, Ha = pi

parameter. For micropolar boundary layer flow, wedl skin
friction T,

[(u +k)S T kzv] 9)

Using U(x) = ax as a characteristic velocity, the skin friction

Coefficient,C; can be defined as

Tw

Cf = ,D? (10)
By using this definition we have
Re;/* = (1+ D T"(0) (11)

WhereRe!/* = % is the local Reynolds Number

The heat transfer from the surface to the fluiddmputed by
application of Fourier’s law

(12)

160 TO;’; T
y=0

q=[(*
Introducing the transformed variables, the expoesdor q

becomes and the heat transfer coefficient, in teohshe
Nusselt number Ncan be expressed as

Nu = —3"1 — (13)

k(Tw_Too)\/%
Then we haveNu = —6'(0)

The definition of the local mass flux and the lo&herwood
number are respectively given by

jw= =D (5) y=o (14)

shy=—2 — 15
* D(cw-coo)\/g (19)
3. NUMERICAL SOLUTIONS
Applying the Quasi-linearization technique [ 23] ttee non-
linear equation (8a) we obtain as

(1+K/2) £ +(F )"+ (-2 F-H&)f+F'f = FF" - F'F' -1
(16)

Where assumed F is the value of f iteration and  f is at
(n+1)" iteration. The convergence criterion is fixed Ia's f |
<10°.

Using an implicit finite difference scheme for tleguation
(16),(8b) and (8c), we obtain

a[i] fi+2] + b[i] f[i+1] + c[i] f[i] + d[i] fli-1] =e[l]

(17)
aufi] O[i+1] + bu[i] 0[i] +c4[i] 0i-1] = 0 (18)
a[i] p[i+1] + by @[i] + c2 P[i-1] =0 (19)
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Where
afil = Alil,  bli] = -3A[i] + h B[i] + 0.5*hC[i]
c[i] = 3A[i] -2*hB[i] + h ®DJi],
d[i] = -A[i] + h BJ[i] — 0.5*h?C]i]
e[i] = h°E[i]

a; = Aqfi] + 0.5*hB]i], b= -2A([i] + h*C[i]
¢ = Aqfi] —0.5*h Byi], a= A,[i]+0.5*hB [i]

b, = -2AJi] + h*hC]il, 6= AJi] — 0.5 *hByi]

Alil =1+k/2, Blil=F, Cli] = -B' - H& ,
Dlil=F" E[i]=FF"-FF -1, Ali] = 1+4/3R,
B4[i] = Prffi] di]l=PrB

4. RESULTSAND DISCUSSION

Numerical calculations are carried out for diffdrealues of
dimensionless parameters such as material paraméter
suction parameter A, heat generation/absorptioameter B,
Prandtl number Pr, radiation parameter R, thermmgilmo
parameter, chemical reaction paramet&r Schmidt number
Sc and magnetic number Ha and a representativa sesults
is reported in graphs from figures 1 to 18. Thesmuilts are
obtained to show that the flow field is influencagipreciably
by A, K, B, Pr, Sc, R,8, Ha.

Figures (1)- (3) represent the dimensionless wvgloci
temperature and concentration profiles for the eslof A

respectively. From these figures it is clear th@f) increase

with the increase of suction parameter A, wherelas t
temperature and concentration profiles decreasd Wit

increase of suction parameter A. The effect of nte
parameter K on velocity, temperature and conceatrat
profiles is displayed in figs. (4) - (6). It is seehat the

velocity profile, temperature and concentration fipge

decrease with the increase of material parameter K.

The effect of magnetic parameter Ha is shown is.f{@) - (9)
for velocity, temperature and concentration prefile
respectively. The velocity profile decrease with the increase
of magnetic parameter Ha,whereas the temperature and
concentration profiles increase with the increakenagnetic
parameter Ha.

Figures (10 )and( 11) show the effect of radiaflanameter R
on temperature and concentration profiles respelgtivt is

noticed that the temperature distribution increasth the

increase value of radiation parameter while theceatration
profile decrease with the increase of radiatiorapeaterR.

The effect of dimensionless Prandtl number Pr omptrature
distribution 8 is placed in fig.(12) It can be seen that the
temperature profile decrease with the increase rof/due.
The effect of Prandtl number Pr is to decrease the
concentration profile is observed from fig.(13).

1

Fig.(1) Effects of Suction parameter A on velocity profile
B=0.1,K=1.0,Pr=0.72,S¢=0.66,R=260.4z=1.0and Ha=0

2
——A=-2
----A=1

\\-....-. A=0

15

<1

0.5

Fig.(2) Effects of Suction parameter A on temperature [@ofi
B=1,K=1.0,Pr=0.72,S¢c=0.66,R=2680.47=1.0 and Ha=0.5

1
0.8
0.6

<
0.4

0.2

Fig.(3) Effects of Suction parameter A on concentration
profile Sc = 0.66,K=1.0,Pr=0.72;0.4,B = 0.1z=1.0,R =2
and Ha=0.5
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Fig.(4) Effects of material parameter K on velocity plefi
B=0.1,A =0 ,Pr=0.72,S¢=0.66,R=260.47=1.0 and Ha =0

2

0.5

Fig.(5)Effects of material parameter K on temperatureifgrof
B=0.1,A =0 ,Pr=0.72,5¢=0.66,R=260.47=1.0 and Ha =0

Fig.(6)Effects of material parameter K on concentration
profile B=0.1,A =0,Pr=0.72,Sc=0.66,R=3£0.47=1.0 and
Ha=0

Fig.(7)Effects of magnetic parameter Ha on velocity peofil
B=0.1,K=1.0,Pr=0.72,S¢=0.66,R=260.47=1.0 and A =0

1

Ha=0
0.8

0.6
o

0.4

0.2

Fig.(8) Effects of Magnetic parameter Ha on temperature
profile A=0,K=1.0,Pr=0.72,Sc=0.66,B = ®*0.47=1.0 and
R=2

-

0 2 4 6

Fig.(9) Effects of Magnetic parameter Ha on concentration
profile Sc = 0.66,K=1.0,Pr=0.72;0.4,B = 0.17=1.0,R = 2
and A=0
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Fig.(10)Effects of Radiation parameter R on temperature
profile A=0,K=1.0,Pr=0.72,S¢=0.66,B = ®£0.47=1.0 and
Ha=0.5

Fig.(11)Effects of Radiation parameter R on concentration
profile A=0,K=1.0,Pr=0.72,Sc=0.66,
B =1.06=0.47=1.0 and Ha=0.5

- —Pr=0.1

Fig.(12) Effects of Prandtl number Pr on temperature profile
A=0,K=1.0,Ha = 0.5 ,5¢=0.66,B = 06£0.47r=1.0and R =2

Fig.(13) Effects of Prandtl number Pr on concentration peofi
A=0,K=1.0,Ha = 0.5 ,Sc=0.66,B = 06£0.47r=1.0and R = 2

1
0.8
0.6

>

0.4

0.2

Fig.(14)Effects of heat generation/absorption parameter B
temperature profile A=0, K=1.0, Pr=0.72, Sc=0.66,
R=2.0$=0.4,7=1.0 and Ha=0.5

Fig.(15)Effects of heat generation/absorption parameten B
concentration profile A=0,K=1.0,Pr=0.72,Sc=0.66,
R=2.0$=0.47=1.0 and Ha=0.5
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Fig.(16) Effects of thermophoretic parameteon
concentration profile A=0,K=1.0,Pr=0.72,Sc=0.66,
B =0.16=0.4,R = 2 and Ha=0.5

Fig (17)Effects of chemical reaction parameiesn
concentration profile A=0,K=1.0,Pr=0.72,Sc=0.66,B
0.17z=1.0,R =2 and Ha=0.5

Fig.(18) Effects of Schmidt number Sc on concentration
profile A=0,K=1.0,Pr=0.73=0.4,B = 0.13=1.0,R = 2 and
Ha=0.5

Table (1) Results of*(0) and ©’0) for different values of

Kand Awhen B=0.1andPr=0.7

K A (0) 9(0)
0 1 1.419836 | 0.403682
0.5 1 -1.201999 | 0.398784
1.0 1 -1.055735 | 0.39472

15 1 -0.9498 0.391236
2.0 1 -0.86894 0.388179
1 2 0.378311 | 0.030677
1 1 0.519675 | 0.108716
1 0 0.737433 | 0.234122
1 1 1.055735 | 0.39472

1 2 1.494145 | 0.573393

Table (2) Results of 9'0) for different values of Pr and B
when A=0andB=0

Pr B -0'(0)
0.05 0.1 0.171646
0.1 0.1 0.17674

0.5 0.1 0.219637
1.0 0.1 0.271005
15 0.1 0.314981
0.7 0.1 0.303411
0.7 0 0.273324
0.7 0.1 0.240021

In fig.(14), the effect of heat source/sink paraend® is on the
temperature exhibited. From the figure it is netichat the
dimensionless temperatubedecreases for increasing strength
of the heat sink and due to increase of heat saireagth the
temperature increases. So, the thickness of thedaoy layer
reduces for increase of heat sink parameter, burcieases
with heat source parameter. This result is verychmu
significant for the flow where heat transfer ivagi prime
importance. The concentration profile decrease with the
increase of heat generation/absorption parametés Been
from fig. (15).

Figure(16) is displaced the effect of thermopharptirameter
T on concentration profile . From the figure it is observed
that the influence of thermophoretic parametés to reduce
the concentration profile.

Figure (17) illustrate the variation of concenwatiprofile fpr
difference values ob. The effect of increase of chemical
reaction paramete$ is to decrease concentration profile is
noticed from the figure.

Figure (18) shows the effect of Schmidt number 3$c o
concentration profile. From this figure it is dethat an
increase in the Schmidt number results in decréasthe
concentration profile.
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Table (1) shown the value of skin friction coeféiotf” (0) and
the rate of heat transfer coefficiertt (9) for different values
of K and A for fixed values oB andPr. It is observed from
the table the skin friction coefficielfit (0) decrease with the
increase ofK whereas the value df (0) increase with the
increase ofA. It can also be seen that the h&ansfer
coefficient —0'(0) decrease with the increasekof/alue. The
heat transfer coefficiento40) increase with the increase Af
value from -2 to 1.

Table (2) shown that heat transfer coefficier® (0) for
different values of Prandtl numberPr and heat
generation/absorption parametr It is observed from the
table heat transfer coefficiend{0) value increase with the
increase oPr value whereas it decreases with the increase of
B value from -0.1 t0 0.1

CONCLUSIONS

The problem of steady, laminar, two dimensionagsttion
point flow of an incompressible flow non Newtonian
micropolar fluid with uniform suction/blowing , hea
generation/absorption, radiation, thermophoresis cdremical
reaction under the influence of magnetic field. e ®ifects of
the various dimensionless parameters are investgat

1.The velocity profile is decreased with the inseaof
material parameteK and magnetic parametdda  suction
parameteA.

2.The temperature profile increases with the irsgeaf
magnetic parameteda , heat generation/absorptidh and
radiation parameteR. The temperature profile decreasetth
the increase of suction paramefgr material parametéf¢ and
Prandtl numbePr.

3.The concentration profile increase with the réase of
magnetic parametela whereas the concentration profiles
decreases with increase of material paramekersuction
parameterd, Prandtl numbePr, thermophoretic parameter
chemical reaction parametér, heat generation/absorption
parameteB, radiation parameteR and Schmidt numbec.
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