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ABSTRACT: The flow nature for mixture of viscous and micro polar fluid in the presence of source or sink
in a vertical channel is studied. The effect of governing parameter such as the ratio of Grashof number to
Reynolds number, viscosity ratio, width ratio, pressure and material parameter show the similar nature
keeping either source or sink the constant value. The effect of source is to increase, micro rotation velocity
and temperature whereas sink is to decrease velocity, increase the micro rotation velocity and to decrease the

temperature.
I. INTRODUCTION

Non-Newtonian fluids are of increasing importance in
modern technology due to its growing use in many
activities, such as molten plastic, paints, drilling and
petroleum and polymer solution.

Eringen (1966) proposed the theory of micropolar
fluids, which show micro rotation effects as well as
micro-inertia. The theory of thermo micropolar fluids
was developed by Eringen (1972) by extending his
theory of micropolar fluids. The theory of micropolar
fluid is generating a lot of interest and many classical
flows are being re-examined to determine the effects of
fluid microstructure. Gorla (1983) investigated the
forced convective heat transfer to a micropolar fluid
flowing over a flat plate. Free convective heat transfer
to a micropolar fluid along a vertical plate was studied
by Jena and Mathur (1981)

Much work has not been done on the fluid flow and
heat transfer in the presence of heat generation or
absorption effects. Examples of heat generation are
flowing water in solar collector and radiative cooling
of molten glass in a Fore hearth.

Therefore the objective of this chapter is to consider
the problem of flow and heat transfer in a vertical
enclosure consisting of the viscous and micropolar
fluid in the presence of source or sink.

II. MATHEMATICAL FORMULATION

Consider a steady, laminar, incompressible micro polar
fluid through vertical parallel plates in the presence of
heat generation or absorption. The region

0<y< Y s occupied by a micro polar fluid of
density p(l) , viscosity ,u(l) , and material parameter €2 .
The region —h? < y <0is occupied by viscous

fluid of density p(z)’ viscosity ,u(z). The fluids are

assumed to have constant properties except the density
in the buoyancy term in the momentum equation. The
fluid rises in the channel driven by buoyancy forces.
The transport properties of both fluids are assumed to
be constant. We assume the flow is steady, laminar and
fully developed. It is also assumed that the viscous
dissipation is neglected. Under these assumptions, the
basic equations of the micro polar fluid are

Region-1
(1) dZM(l) dN (1) (1) aP
(,U] +Q)F+Qd—y+pl gﬂl (T, _TO)—a
2.1)
d*N du"
y—5 —2QN-Q =0 (2.2)
Y Y
a’T"
(1 -n)=0 ey
Region-11
d*u® oP
Ly g (1, -1,) -5 =0 24
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The appropriate boundary and interface conditions on
velocity in the mathematical form are:

v =0 at Y = h"
u? =0 aty =—h
v =y® (Continuity of velocity) atY =0
(O] (2)
(,Ll(l) + Q)CZ—U +QN = lu(z) dg— (Continuity of
shear stress) at Y =0 (2.6a)

The walls are maintained at constant different
temperatures Ty, and T; at y = A" and y= —h®

respectively.

The boundary and interface conditions on temperature
are

T =T, aty ="
T® =1, aty =—h®
7O =7®@ (Continuity of temperature) atY =0
(1) ()
dL(o) = ar (()) (Continuity of heat flux)
dy dy

aY =0  (2.6b)

Further we assume that y has the following form as

proposed by Ahmadi (1976) Y= (LH_%) ]

where j is the micro inertia density.
It is convenient to non-dimensionalize the governing
equations using the variables,

W22 o n g LT
A U Tw—T,
P= (f?i)/axmz’l_l’z
MLu’lh
N=—N, v= +—1J,
h (ﬂ 2 )!
)
K‘:ﬂ— ,] :h(l) 2
Q

(1) ALy (2) (2)
m= ﬂ(z)’ h="T p:pu) ’ /’):ﬁu)
H h P B
(2.7)
Where U is the characteristic velocity
Region-1
dzu(l) dN (1)
(1+x)——+x—+GR6" +P=0
dy dy
(2.8)
2 (1
(1+£j d 12\7 —2KkN — K‘du =0 (9
2)dy dy
29(1)
dd6?2 +¢"6" =0 (2.10)
y
Region-11
dzbl(z) 2
5 B’ GROP +mh’P =0 (2.11)
Y
29(2)
dd6?2 +¢76% =0 2.12)
y

The non-dimensional form of the velocity, temperature
boundary and interface conditions becomes

N=0 at y=1
c;—N:O at y=0 (2.13a)
y
u® =0; at y=1
u® =0; at y=-1
u =@ at y=0
1 (2
(1+K’)du—+K'N=Ldu at y=0
dy mh dy
(2.13b)
0" =1 at y=1
6 =0 at y=-1
6" (0)=6*(0)at y=0
(1) ()
497 0)=L 49 (0) a y=0  (2130)
dy kh dy

III. SOLUTIONS

Solving analytically equations (2.8) to (2.12) using
boundary and interface conditions as given by
equations 2.13 (a, b, ¢) are
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Heat-Generation Case (+ ¢(1) >0, + ¢(2) >0) The resul.ts are presented graphically in ﬁgures.l to 12

. for velocity for a source and 13 to 24 on velocity for a

Region-I sink. Figures 25 and 26 display the effect of width ratio
0V = C cos+ld"V v+ C. sin/o" and source or sink on temperature.

! ¢ Y 2 ¢ Y We observe that effect of GR, viscosity ratio m, width

N =C,coshay+C, sinhay+d, sin /¢(1) y ratio.h, pressure gradient. P apd materia} parameter

remains the same as explained in the previous chapter

+d, cos f ¢(1) y+d,y+d,A for heat generation (Figs. 1 to 10). Effect of heat

generation @ on velocity and micro rotation velocity is

u(l) =d,C, sinh ay +d,C, coshay +1 cos / ¢(1) y t(? increase.the velocity and Fhe magnitud§ is large er
viscous fluid compared to micro polar fluid as seen in

: (1) 2 figures 11 and 12.
+1, S1n 4/ + - -
Ls P y+hy —Gy-G Figure 13 shows the effect of GR on velocity
u for heat absorption which remains same as that of
heat generation. Figure 14 show the effect of GR on

Region-I1 micro rotation velocity N for heat absorption, we

observe that these profiles for source (Fig. 2) are

0(2) =C. cos /¢(2)y+c sin /¢(2)y exactly the image of sink (Fig. 14). The effect of
] 4

viscosity ratio m on velocity u and micro rotation
(2 _ (2) . (2) 2 velocity N is to increase the velocity and the magnitude
u” =1,cos4/ + 1, sin/ +1y —Cyy—-C
4 Pyl Py +lsy 9 Y5 large for viscous fluids compared to micro polar
fluid as seen in figures 15 and 16
Effect of width ratio h, pressure P on velocity
Heat-Absorption Case (+¢(1) <0, +¢(2) < 0) u and micro rotation velocity N for heat absorption
show the similar nature as that for heat generation
(Figs. 17 to 20) except the difference in magnitude.

Region-1 The effect of material parameter on velocity u and
0" =€, cosn oy + . sinn i rotation ey, N for Sk o s
V= Cocoshay+ Coinhay-d,sinhyfpy Sl of et sbrpton s o decra e slocty s
+ d2 cosh \/p v+ d3y 4 d4 A that temperature increases as width ratio increases.

Figures 27 and 28 shows that as heat generation @
increases temperature increases where as temperature
decreases as heat absorption increases.

u' = d,C; sinh ay +d.C, cosh ay
+1 cosyJp" y+1, sinAJ@") y+1,y* —C,y - C,

Heat-Generation case

Region-11

6 = C, cosh\/¢® y + C, sinh /¢ y osf
M(Z) - l4 COSh '¢(2) y +ls Sll’lh '¢(2) y +l6y2 - 100 \\\}100

O Al OF) ,

IV. RESULTS AND DISCUSSION st

An exact solution for flow and heat transfer of micro

polar and viscous fluid in a vertical channel in the 10— 0 o pos 0 o
presence of source or sink is analyzed. Solutions are Fig. 1 Effect of GR on velocily profes u

given by equations (2.13) to (2.17) for heat generation
and (2.18) to (2.22) for heat absorption.
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Fig. 2 Effect of GR on micro rotation velocity profiles N
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Fig. 3 Effect of viscosity ratio m on the velocity profiles u
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Fig. 7 Effect of Pressure gradient P on velocity profiles u
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Fig. 9 Effect of material parameter x on the velocity profiles u
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Fig. 15 Effect of viscosity ratio m on velocity profiles u
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Fig. 16 Effect of viscosity ratio m on microrotation velocity profiles N
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Fig. 17 Effect of width ratio h on the velocity profiles u
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Fig. 20 Effect of Pressure gradient P on microrotation velocity profiles N
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Fig. 21 Effect of material parameter « on velocity profiles u
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Fig. 23 Effect of ¢ on velocity profiles u o
Fig. 26 Effect of width ratio h on temperaure profiles
Where
10 (for heat generation case):

(2) o (1) (2)
oal Qz(kthos /¢(2)) NP siny[@ 7 cosy[@ T +
kh\/qﬁ(l) sin \/¢(2) cos\/gb(l)

oaf o\ C, = C, sin/g"” /cos o C =C,;
1 cos«/¢(1) ) 2K

C,= -C a’ =

sin ¢ 1 siny/g"” (I+x)

GR:E;
Re

0.0

1 1 1 1 1
0.00 0.05 010 N 015 0.20 0.25

Fig. 24 Effect of ¢ on microrotation velocity profiles N

d, = 2KC1GR/( 0" (9" +a?)(2+ k) (1+ K))
d, = —ZKCQGR/(\/¢T)(¢“) + az)(2+ x)(1+ K'))
d, =P/(2+ K)’ d,=(1+x)/(2+x);

C, :—i(dl\/¢T)+d3)

Cic= —(C6 sinha +d, sin \/¢(l) +d, cos \/¢(l) +d, )/cosh a
0.0 0.2 0.4 0.63 08 1.0 1.2 1.4 CSCC — _d4 /Cosha CS — C5C+C5CCA
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Fig. 25 Effect of width ratio h on temperature profiles
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LS C,GR
(1+ 1) /0" ¢ (1+x)
o K C,GR
’ (14 x)/o" ¢ (1+x)

[ =— d;x P
o 2(1+K) 2(1+k)

l_ﬁmrthRCS.
4_T,
 _ Bl GRC,
5 ¢(2) 5
mh* P
I, =
2

2 _ 2K
(1+x)

d = 2K‘C1GR/( ¢(1) (¢(l) g

)2+ x)(1+ %))

d, = 2KC2GR/ ( o (9" +a?) (2+x)(1+ /()j

d, = P/(2+ k)
d, :(1+K)/(2+K);

Co = _é(dm/w +d3)

C, sinha+d, sinh/g") +
Ce=- /cosha
d, cosh~J¢") +d,

d,C,csinha+d,C, coshaCl-cc =—d, /cosha

mh
lcoS\/7+lsm\/7+é “CetCucA; d,=- K

Cec=———
1+mh(1+ )| mh
d,Co—1 +1 )

_Lh(l“ cosy¢? —I;siny/g” +l6)+
m

(2)
(14 &),y 0" + xd, _@_\:}i}

C7CC—m—h[ ! (d Cccsmha)+l(d }
1+mh(1+ &) [ mh

C,=Cc+CyccA

Aee C,c(2+k)

+(2+K)—2C, (2+k)

Where (for heat absorption case):

© z(k hJg" sinh g ) ol sinylg" cosn o/ +
Wsinhmcosh\/ﬁ

Cl :C3; C4 :C3 COS\/¢(T)/sin\/¢(T);
C. = 1 G cosh\/¢T)
" sinhyg®  sinhyg"

a(l+x) ’
I d,x C,GR
| _
(1+ 1)/ " ¢ (1+x)
L =— d,x _ GGR
2 (14 x)+/p" " (1+x)
L= — dk P
o 2(1+K) 2(1+k)
pmrh® GRC; pmrh® GRC,
L= =
¢( ) ¢( )
mh’ P
[, =— 5
d,Cicsinha
CIQL':#(}ZH_K) (1+&)| +dsC; cosha+ +1,—d,C,
A cosh\/w+l2 sinh\/w

1, 2) _
—1+1 ) 1 cosy/@
mh I GIH'J +1
(1+K)12\/¢(2) —Kd, +15“h:|
mi

mh

m[(u ) (dyCycesinha) - xd, ]

Ccc=
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