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1. Introduction

Heat transfer of forced convection exists widely in every field of engineenng practice and
human life, so 1t 15 important to ngorously investigate this phenomenon. On the early time,
the single Blasius Ordinary Differential Equation transformed from the monument partial
cifferential equations was applied for prediction of its velocity field [1]. Polhausen [2] used
EBlasius transformation system to further calculate heat transfer with constant property
assumption for Laminar forced convection on a honzontal flat plate. After their studies, the
investigations have been done for the effect of the vaniable thermo physical properties on
compressible forced boundary layer (Schiliing [3]). For incompressible forced boundary

layer there have been some studies with consideration of wvanable liquid wviscosity, for
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instance, the studies of Ling and Dybbs [4.53]who proposed an assumed equation for
approximate simulation of the wviscosity of the fluid, where the wviscosity of the fluid 15 an
inverse linear function of temperature. However, there still has been a requirement for an
extensive investigation of coupled effect of the varniable physical properties, such as density,
thermal conductivity, and viscosity on heat transfer of forced convection, In recent paper the
coupled effect of these variable physical properties on heat transfer with free convection were
systematically reported. These studies demonstrated that the variable physical properties have
obvious effect on free convention which can never be 1gnored for reliable prediction of the
related heat transfer.

3. Basic Conservation Equations

Considening two-dimensional conservation equations for non Newtonian laminar forced
convection boundary layer are shown below.
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In Equation (1), (2) and (3) we get,
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Equations (6)-(8) are nonlinear partial differential equations centaining two independent
variables and hence to reduce it inte ordinary differential equations we select followinf one-
parameter group of transformation:

x=A%%, y=A“y, y=A"y, W, =A%w,

(9)
Introducing Transformations (9) into eguations (6)-(28) and usingsimple chain rule, and then eplonng

condition of invanance we get folowing relations among ¢ 's

&, oy __l:l—fn].:r+l

=a (say) and

o % 2—n

Mow in second step, we can easily denve following similanty transformations;
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Where's’ and “t’ are given by:
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s:—i:—a (say) m1dt=—%:—{ ) (11}
) 2-n
Thus, the new similanty transformations are
p=yx"" andf ()= ﬁ (12)
¥ I-n
Again from the boundary conditions we have,
W, =W,
d d 1-2 +1
But w_= W —Ii:rmf{r?}jl =x""f(n) where a = [ n)a
¥ | 2-n
=w,, = x""f(n)
= w,, ax*" = w,_ = Cx*" where Cis constant (13)
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—ubstituting all these values 1n Equation (6) and (7) we get,

) ; temy (14)
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Taking C = land [vax ™ ] =f (Some Non dimensional Quantity)

The Above Equation 15 reduced to

(@-a)f ) —ef S "= -(a-a)+BF"" " )" ()
(15)

And equation (V) will reduce to:

e (E ] =—6"()

1 1-2a

2SO =78"()  where —=
(16) with Boundary conditions:
n=07=0r(n)=086(n)=1
n=o,f'(m=16(7)=0

For Newtoniancase 1.e. for n=1, set of equations (13)-(17) will be reduced to those denived by
—hang [7]

(Non dimensional quantity)

Vv

4. Governing Partial differential equation with variable Physical property.

A flat plate 15 honizontally located in parallel main stream velocity w., The plate surface
temperature 15 ty and fluid bulk temperature 15 t Then a velocity boundary layer will occur
near the plate. We assume the velocity boundary layer 15 laminar.

a{pwr] + afpwlj —_
dx av a7
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With Boundary conditions
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Here, temperature dependent physical properties density p, Absclute wiscosity L,
thermalconductivity A, and specific heat C; are taken into account As p 15 a varniable phyisical
property the above Equations are further simplified as
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With same boundary conditions
INow solving the boundary condition t =t, and t =t. we get,
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Introducing the stream function v
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Hence equation (21)-(23) will be
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Tsing similanty transformations defined in Equation (12) and (24), the above last two
equations are reduced to an ordinary differential Equations as

(@—a)f ) —afmr o= uaf" " o)) Lo
o1 (25)

[1-u)(3a-1) , I.:.:CP ai
x T [-aC f ()8 —af ()t > ]=AE”W)+E
(26)

Boundary conditions

n=0f'(m=07(n)=086(n)=1
n=0w,f'(7)=16(n)=0

For Mewtoniancase 1.2 for n=1, set of equations (23) and(26) will be reduced to those denved
by Shang [7].

5. Conclusion:

Equations (26) and (27) are completely ordinary differential equations of laminar forced
convection. These transformed goverming ordinary differential equations are completely
dimensionless because of the followings: (1) Thev involve dimensionless  welocity
components f(n), dimensionless temperature 6(m), as well as their dimensionless denvatives,
which constitute whole unknown vanables of governing equations; (2) All physical properties

exist in form of the dimensional physical property factors, such as

lop 1dC, 1dA ¢
pon C, dn Adnp t,-t,

The coupled effect of the wvariable physical properties on laminar forced convection i1s
dominated by these dimensionless physical property factors.

oimilarity selutions of two dimensional conservation equation for Non-Newtonian (power law
fluids) laminar forced convection boundary layer on a horizontal flat plate 15 investigated

using one parameter Linear group of Transformation.

The similanty equations denved are agreed with that of derived by “Shang” for the case of
MNewtonian fluid The similanty transformations with some little change are 15 used to denve
similarity solution for the Partial Differential Equation governing the two-dimensional
laminar forced convection flow of Non-Newtonian power law fluids with same flow geometry

but with variable physical properties hike p, p, €, A. The advantage of present technique 1s 1t

15 simple and hence 1t works well with many complicated highly nonlinear partial differential
equation governing the different flow geometry.
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