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In the present research, the temperature distribution in the thermal
boundary layer on a wedge was investigated. Boundary layer PDE
equations of continuity, momentum and energy based on Falkner-
Scan model with variable wall temperature conditions for laminar,
stable and incompressible flow were obtained and using a similar
solution to simple differential equations of momentum and energy by
applying variable wall temperature (n coefficient) was presented in a
new form. To solve the resulting equations, according to the infinite
boundary condition, the modified integrated semi-analytical method
was used. The results obtained from this method were compared with
the numerical method for a specific condition in the Prandtl number
(Pr) and the maximum error was 0.020%. With the increase of n from
0.5 to 1.5 and the Prandtl number (Pr) from 0.7 to 10 for the flow with
different angles, the thickness of the thermal boundary layer grew
faster; thus, the Nusselt number (Nu) which has a direct relationship
with the thermal boundary layer thickness gradient also increased.
Where Pr=1 and slope equaled 90 degrees, Nu increased by 36.5%
with an increase of n to 1.5. In the expansion corner (negative angle),
the flow behavior on the wedge was the same by increasing Pr.
However, by increasing the power of the variable wall temperature,
the thickness of the thermal boundary layer increased and the slope
of the thermal boundary layer decreased, consequently reducing Nu
such that the Nu in the separation point decreased by 14.5 % by
increasing n to 1.5.
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EXTENDED ABSTRACT

Introduction

Investigating the boundary layer flow over a wedge (flow with pressure gradient) is one
of the important issues in fluid mechanics and used in the production of adhesive tapes,
pipes and polymer part of equipment by using the extrusion method. First, non-linear
partial differential equations of flow over a wedge with a variable temperature surface were
transformed into ordinary equations using a similarity solution, not previously presented in
the literature. Moreover, due to an infinite boundary condition, the semi-analytical
collocation method was used with a variable change, which was also innovative.

Methodology

Figure (1) shows a viscose and incompressible fluid flow over a wedge where the x-axis
is in addition to the flow and the y-axis is normal to the flow. The surface temperature is
variable and equals T, =T, +Ax" where A is a constant coefficient and n is the variable

temperature index. The surface temperature (T, ) is considered greater than the free
stream temperature (T, ).

Figure 1. Schematic of problem.

Boundary layer equations of continuity, momentum and energy assume that Newtonian,
incompressible, two-dimensional and for laminar fluid flow will be in order:
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Simple nonlinear equations were taken from above equations by using similarity
solution as follows:

f'm+famf m+pa-f2m)=0 Q)
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0"+ Prfo, 0 +nBPrf, (1-6)=0 (5)

The momentum and energy equations respectability, and boundary condition are
as follows:

n=0->fM=fm=06=0 (6)
n—ow-fm=1,0=1 (7)

Both the semi-analytical collocation method and numerical 4th-order Runge-Kutta
were used to solve the problem. Furthermore, due to the existence of an infinite boundary
layer, this infinite boundary condition was transformed into a finite one via an innovative
variable change.

Results and discussion

Figure (2) shows the effect of n on the dimensionless temperature distribution 0 in
which the thermal boundary layer becomes thinner with the increase of n. Therefore, it
reaches the free flow temperature at a smaller distance on the surface. The maximum
thermal boundary layer thickness was generated when the wall temperature was
constant (n=0).
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Figure 2. Effect n on the nondimensional distribution temperature where Pr=1and B =1.

As per Figure (3), for flow on the wedge with positive B, the Nusselt number increased

with the increase of n, and for the same n, the Nusselt value also increased by increasing the
wedge angle. In flow on the expansion wedge ( 8 < 0 ), when n increases, the Nusselt number

was reduced, and for the same n, the Nusselt number decreased by increasing .
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Figure 3. Effect n on the Nusselt number where Pr=1and =1.

Conclusion

By increasing n from 0.5 to 1.5 and Pr from 0.7 to 10, the thermal boundary layer
developed faster; thus, the Nusselt number (Nu), which had a direct relationship with the
thermal boundary layer thickness gradient, was also increased. For Pr=1 and angle equal to
900, Nusselt increased by 36.5% when n was increased to 1.5. In the expansion wedge, the
thickness of the thermal boundary layer increased by increasing n, followed by a decrease
in the slope of the thermal boundary layer; therefore, the Nusselt was reduced until the
separation point by 14.5% when n was increased to 1.5.
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