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Abstract
In this paper, the slow steady motion of a secanérathermo-viscous fluid between two parallel piats examined. The closed form
solutions of the velocity and temperature distribos are obtained when thermo-stress coefficierfaiisless compared to strain
thermal conductivity coefficient and coefficientcobss viscosity for the following two cases: (Hem the upper plate is in relative
motion and (i) when the upper plate is thermalhgllated. The heat transfer coefficient on the uppate , The mean Bulk
temperature and the transverse force perpendiciddhe flow direction are also calculated. It isserved that forces are generated
in transverse directions which are special featafehese types of fluids. The effect of various ff@rameters on the flow field have

been discussed with the help of graphical illustnas.
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1. INTRODUCTION

The non-Newtonian nature of materials has beesubgct of
extensive study for over one and half centuriess ibnly in

last seven decades that serious attempts haverbada to
extend these investigations in the realm of noediity. The
failure of the linear theories in predicting to @asonable
extent the mechanical behavior of materials sucHicasd

polymers, fluid plastic, the molten metal's etc jsabed to
stresses has been the motivating force behind stiihe non-
linear theories for material description. A non-nelar
generalization of the Voigt type materials was jsgd by
Rivlin [16] and Eringen [4]. Some of the non-lindreories
proposed so far (listed in references) have noertaito
account the strong dependence of visco-elasticvi@iraupon
thermal conduction i.e. interaction/interrelationetuween
mechanical and non mechanical (such as thermaiichg

electromagnetic etc.) effects even though the lamgmount
data of experimental evidence indicate a strongdéence of
visco-elastic nature of the fluid upon thermal béba( Ferry

[51).

The development of non-linear theory reflecting the
interaction/interrelation between thermal and visceffects
has been preliminarily studied by Koh and Ering8h dnd
Coleman and Mizel [3] . A systematic rational agmto for
such a class of fluids has been developed by Geseh
Nagdhi [6]. In 1965 Kelly [10] examined some simgleear

flows of second order thermo-viscous fluids . Nage® Rao
and Pattabhi Ramacharyulu [14] later studied soteady
state problems dealing with certain flows of themscous
fluids. Some more problems K.Anuradha [1] and
E.Nagarathnam [12] studied in plane, cylindrical aptherical
geometries.

Flows of incompressible homogenous thermo-viscduisis
satisfy the following basic equations.

Equation of Continuity:
Ui,i =0

Equation of Momentum:
ov.
P{a—t' + VkVi,k:| =R

Equation of Energy:

el =t dy —q; +py
Where
F = it Component of external force per unit mass
C = Specific heat
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y =Thermal energy source per unit mass
and
g =i" Component of heat flux bivectof %, h; /2

Solving a specific boundary value problem would mea
finding the solution of these equations with appicte
boundary conditions such as the no slip conditioa. ¢he
velocity of fluid relative to the boundary is zerahd the
prescription of the wall temperature. The laterditon may
be replaced by the prescription of heat flux ontitbendary.

2. MATHEMATICAL FORMULATION AND
SOLUTION OF THE PROBLEM

With reference to the Cartesian coordinates sysiéry y, z)
with origin on the lower plate, the X-axis in th&ettion of
flow. The flow is characterized by the velocitylfie

[u(y), 0, 0] and temperature I8yy).

Y‘L u=u0, 9:91

v

T —>»  Temperaturé(y)
—

Pressure Gradient h—yp idF\elocity u(y)

l u=20 0=

0

X Vo

Fig 1: Flow Configuration

In the absence of any external force in the dioectf flow,
the equations of motion reduces to

ap a%u 0 920

O:-a +u W—a a W (1)
a [ou\>

ey (5u) +pFy=0 )@
d (396 du

a%(a )+pF =0 @)

In the absence of any heat source, the energyiequatiuces
to

o ) (5)-

together with the boundary conditions:

20 du 06 0 9%u

e 2 &2 gv v gu
6ax dy dy 6y2+ﬁ36x dy?

4)

u(0) =0,
u(h) = Uy ,

6(0) =6, ®)
6(h) = 6, (6)

Introducing the following non-dimensional quanttie

_ _ _ 00 00 _0:-6
y=hY ,u= (ulph)U, T_91-90 oy —C2
o _ K
and E_prﬁcl

The equation (1) and (4) can be reduced to

dz da’t
0= + -AgCy vz (7)
and
du\2 du dr] . 1 d?T d2u
= — —_ I+ === -
Uc, =44 [(dY) 6~2 gy av| prarz 372 gy2 ©)
With
h
pr =% (Prandtle number), S= =2, B; = -phz ,
2 a 2
— u — _6(01-60)
A= rceey 2D A u?

where

C, is Non-Dimensional constant pressure gradient and
C, is Non-Dimensional constant temperature gradient.

The boundary conditions are U(0) =0, U@F

TO)=0, T(Q)=1

3. CASE-I: WHEN UPPER PLATE IS IN
RELATIVE MOTION

Assuming that the thermo — stress coefficiegtis far less
when compared to strain thermal conductivity coesfit 55
and coefficient of cross viscosity.

The equations (7) and (8) reduces to

_ d’u
0 _Cl +m (9)
1 d2T
Uc, =44 (dY) +p av? B3 C; dy2 (20)

The boundary conditions reduces to
uo)y=0 , T@O)=0 (11)

uy=u, , T1)=1 (12)
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i.e. the upper plate is moving with a given velpdind the
two plates are maintained at different temperatures

The equations (9) and (10) together with the bonnda

conditions (11) and (12) yield the velocity

C
U(Y)=71Y(1—Y)+U0Y

And the temperature

¢t 2 ug
T(Y)=Y + Alpr[Z r2-2y +1)+ 2

voci6 2= 1Y1-¥Y+C2pr
006 1+¥- B3C22V1I-V

The heat transfer coefficient i.e. Nussult numkséu

upper plate is

ar
ay

Nu:(

C124Y2- 1= 1-

A1 Py
), = (G- 20 + BUG]+

on the

€1

CZ pr

- UO Pr

1+ A;p,

c?
L (14 6Y%—-8Y3)

U,C —
5 (Cor?)

(1
— o4 (L+6Y = 2472 + 1677)

Uy
+ (1437 —9r?)
BSCZ
2

(-1+Y +2vY?)

C2
71(1 —4Y + 4Y?) — U2
A
Y] —30,C, (-1 +2Y)

ﬁ(Y —Y?%) —U,Y
+Cy42 0
+B;C,Y

It is observed that these forces generated in \teass
directions depends on the cross viscosjty and onag the
thermo stress viscosity.

ZE[C, + 8Up +12B5C,] +1 4. CASE-l: WHEN UPPER PLATE IS
Which depends on constant pressure gra@jerhe relative INSULATED
velocity of upper plateU,and B; the strain thermal A U= u, a8 _
conductivity coefficient, constant temperature ggatlC, and Ty g
the prandtle numbex,. "
—>» Temperaturé(y)
!1UT ar — >
0— —_
Also the mean Bulk temperatur fJuar Pressure Gradient h —» Fluid Veloaityy)
c? U UsC u=0 , 0=06,
1/3+"‘1Pr( Yagot /s " 1/360) >
0 X
C U Bs;C
~Copr (V40— a5+ 72" 24)
Fig.2: Flow Configuration
CE U¢ U,C
i, 1/24 +Aipr ( 1/2520 + 0/120 = 1/360) The equations of motion and energy reduces to
1
17C U B;C
~Cor (" Ya0160 240+ % 240) _ o Law a7
] C 0 =C +m -A6C2 m (13)
(vo+%)
_ du)2 dau dr], 1 d?T d2u
Uc, —Al[(g) —AsCy — ;] —avz T BCa gz (14)
The forces generated in transverse direction are Together with the boundary conditions:
2 c u@o)=0 T@0)=0 15
pF, = 2. [Up + 2 @ - D] 6, ©=0 . TO (15)
a0 _ u) =U, , (E)Y=1 =0 (16)
pr; = ntp -
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The velocity field is same as in Newtonian case iangiven relative motion with a given velocity, the velociby the fluid
by is steadily increased so as to attain the velaaftthe upper
plate, this is observed from the Fig 3.

C
uy) = 71Y(1—Y)+U0Y

VELOCITY PROFILE

1
And the temperature field is given by ool |
c . —o— U0=0
i (Y3 4+2Y2—2) + 0.8f —— U0=1 1
T(Y) = prC; Uy Y 0.7+ R
0 (y2
. 6 (Y 3) 0.6 b
Hip, [ (2 - 37 +4v2 —2y%) - L0 (3 - o5l |
2V¥V+U022(2- V)V+ B3C1C20r2 (V- 2)F
0.4 y
The forces generated in transverse direction are 03r i
0.2 B
5 Gy
PE, = 2z |Uat 5 @Y = D] o] f
sz: C(0 011 012 013 0.‘4 0.‘5 0‘.6 0‘.7 O‘.8 O‘.9 1
] o ] u(y)
ﬁ(1 —3Y + 6Y%2 —4Y3)
prCy U . . .
+70(1 +Y —3Y2) Fig 3: Velocity Profile
The temperature distributions for different valudsB3 are
C? illustrated graphically in Fig. 4, 5 and 6
C,ag ub, I[ i(32¥3 — 48Y2 4 24Y — 5) ]I graphically i H1g
+If’rA1| IF; [ When the upper plate is not thermally insulatedperature
[—Con(—5Y2 +5Y -1+ 7(4Y - 3)J increases gradually to attain the temperature eifiper plate
and when it is thermally insulated temperature egses.
+ M (3 — 4_Y) TEMPERATURE PROFILE
2 E UO=0,B3=1
1 2
c —©— no insulation
[ prC; {j (_YZ + Y) + UOY} ] 0'9'5 —#— with insulation b
e | |
4
T Uo|—p,A, |2 (4Y2 — 4y + 1) + (U, (1 - 2) + Ug]l o |
I I \
L i
| +,B5C,C, | o
> 0.5 ¥\ -
\\
Which depends onrg , B; , pressure gradient, given velocity 04f i
of upper plate and the constant temperature gradien 03l i
5.RESULTSAND DISCUSSION 02r |
Numerical estimates of the velocity and temperafiigkls 0-1f |
was carried for different values of U,=(0 ,1) by taking 0 % !
C, =1,A, = 1,p, = 1 and these are illustrated graphically. 05 0 ™ 05 !
When the upper plate is fixed, thermally insulabechot, the _ _
velocity is parabolic in general. When the uppeatelis in Fig 4: Temperature Profile
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TEMPERATURE PROFILE TEMPERATURE PROFILE
UO=0,B3=3 UO=1,B3=1
1 : ‘ ‘ o 1—+ ‘
—©— no insulation | ——em
09 with insulation ) 08¢ % —+— with insulation |
0.8 = 0.8 JY b
0.7 = 0.7 gé b
\
0.6 B 0.6 b
> 0.5F g > 05f E
0.4+ - 0.4 4
0.3F B 0.3 J
0.2 N 0.2+ il
0.1r N 0.1 il
0 L L & 1 0 1 1 % I I I |
-1.5 -1 -0.5 0 0.5 1 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
T(Y) T(Y)
Fig.5: Temperature Profile Fig.7: Temperature Profile
TEMPERATURE PROFILE TEMPERATURE PROFILE
UO=0,B3=5 UO=1,B3=3
—o6— no insulation —©— no insulation
09 ——— with insulation 1 0'9*\ ——*— with insulation 1
0.8 B 0.8 B
0.7 B 0.7+ R
0.6+ B 0.6 R
> 0.5r B > 05 B
0.4 B 0.4+ B
0.3F B 0.3 B
0.2 B 0.2+ B
0.1r B 0.1 B
o ‘ ‘ ‘ ‘ % ‘ o ‘ ‘ & ‘
-2.5 -2 -1.5 -1 -0.5 [0] 0.5 1 -1.5 -1 0.5 0 0.5 1
) )
Fig.6: Temperature Profile Fig 8: Temperature Profile
When the upper plate is in relative motion, tempeea R P
distributions for different values of B3 are illtested * ‘ ‘ ‘ ‘ ‘ ‘
graphically in the figures 7, 8 and 9. °of |
0.8 —
When the upper plate is not thermally insulatedperature 07t 1
increases gradually to attain the temperature eiihper plate 0.6} 1
and when it is thermally insulated temperature egoes. > osl ,
0.4 —
0.3 —
0.2 4
0.1 —
o ‘ ‘ ‘ ‘ % ‘
-2.5 -2 -1.5 -1 -0.5 o 0.5 1

)

Fig.9: Temperature Profile
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