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Abstract

The aim of this work is to study the 2-D boundary layagsation point flow from a stretching surface
embedded in a porous medium with velocity/thermal slip ¢mmdi on the wall and heat generation|or
absorption. Under boundary layer approximations, the governing bquagar equations of the problem
can be reduced to two ordinary differential equations and sblyeing Maple code for some values|of
the problem parameters. The influences of problem parameteithe flow characteristics such ps
velocity and temperature profiles, skin friction and khesselt number are clearly discussed graphically
and in tables. It is found that the flow field is influenagdatly by the ratio of the free stream velodity

(U,) and the stretching velocityk,) as well as the velocity/thermal slip parameter. Westmompared
our results with open literature and found excellenceesigeat.

Keywords: Velocity slip parameter; thermal slip paraemngtstagnation point; stretching surface; porous
medium.
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1 Introduction

Boundary layer flow over s stretching surface has been isydiue to its applications in science and
engineering specially industry. Crane [1] developed siitylaolutions of continuous stretching sheet where
the velocity proportional to the distance from a stagnationtpBoundary layer flow through porous media
over a stretching sheet with internal heat generationfptisoe and suction/blow has been studies by [2,3].
Mahapatra [4] also initiated the boundary layer appratiom in the stagnation point flow towards a
stretching sheet. In the above studies they do not consipléiosl on the wall. On the other hand, boundary
layer flow with slip effects over stretching sheet hasnbeported by [5,6].

Nadeem et al. [7] have studied the axisymmetric stagmdtlow of a micropolar nanofluid in a moving
cylinder analytically by homotopy analysis techniqueuBdary layer stagnation point flow and heat
transfer of nanoparticles over an exponentially stretchuréace in a porous medium has been discussed by
[8]. Morever, steady mixed convective boundary layer and traasfer of stagnation point flow were
studied by [9] using keller box method. On the other hand [1@ kansidered the stagnation point flow
over an exponentially stretching sheet of a second dtaidethrough homotopy analysis and Keller box
methods.

In light of the above, the objective of the present papey &udy heat transfer boundary layer stagnation
point flow from a stretching surface based on velocity/ tlagstip on the wall in a fluid saturated porous
medium considering heat generation or absorption.

2 Mathematical Formulation and Discussion

Consider the steady two dimensional flow of a viscous aratripcessible fluid near the stagnation point on
a stretching surface placed in a plane y = 0 embedded indasfiturated porous medium. The stretching

surface has a uniform temperatl]FQN and a linear velocity,,, while the velocity of the flow external to

the boundary layer i:ue(x). Also, the effects of heat source are included in thergy equation.
Governing equation of the present problem can be written as

ou odu _
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The boundary conditions are

u:uW:cx+Nlu@,v:O,T:TW+D16—T at y=0
oy oy )

u=u,(x)=ax,T=T, as y - o

Where N and O is the velocity and thermal slip factor respectively.
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To facilitate the analysis, we introduce the following disienless variables:

% -
_(c Y _ b _T-T,
=y —| ,u=cx'(p)v=—(cv)2f(n),0=—=
7=y ) umorlp)v= (o) 1) 0= ®
Substituting (6) into (2)-(3), we have

2
fm+ﬂ:"_(f’)2+%g—f’j+a—2=0 (6)

Cc Cc
g +Pr(f '+160)=0 )

f=0, f'=1+af", =1+ 46 atn =0

8
f'=alc, d=0atn = ®)

v
Where, R= J is the permeability parameter) =

is the heat generation or absorption,
p

a = N,+/cu is the velocity slip parameter and = D1\/C/U is the thermal slip parameter.

The two sets of boundary value problems (6), (7) and (8) walked by using thelsolveroutine from
MAPLE [11]. Table 1 show the comparison results againstekelts reported by Mahapatra [4] and the
agreement is excellent.

Table 1. Comparison of resultsfor —8'(0) when R=0,0=0,4=0,4=0

alc Pr=1 Pr=15
Mahaparta and Gupta 2002 Present Mahaparta and Gupta 2002 Present

0.1 0.603 0.60215742 0.777 0.77680103
0.2 0.625 0.62446886 0.797 0.79712229
0.5 0.692 0.69244941 0.863 0.86479409
1 0.796 0.79788456 0.974 0.97720507
2 0.97¢ 0.9787269 1.171 1.1780990

3 1.124 1.13209179 1.341 1.35194366

Table2. Valuesof f "(0) and —0'(0) for different valuesof O, R and a/ ¢ when
Pr=07,6=0541=01

R alc f"(0) -0'(0)
a=0.1 a=05 a=1 a=0.1 a=0.5 a=1
0.1 -0.998243 -0.657759 -0.469132 0.284208  0.232737  0.194685
0.5 0.5 -0.646936  -0.417954  -0.292226  0.393729  0.375760  0.364828
1.5 0.823376  0.501814  0.335299  0.532773  0.544384  0.550024
0.1 -1.125256  -0.721802 -0.505852 0.262492  0.205533  0.165675
1 0.5 -0.705458  -0.443735 -0.305349 0.389880  0.371818  0.361363
1.5 0.865748  0.516377  0.341534  0.533924  0.545342  0.550733
0.1 -1.235065 -0.773005 -0.533485 0.244811  0.184560  0.144662
1.5 0.5 -0.757713  -0.465403 -0.315959 0.386672  0.368667  0.358686
1.5 0.905041  0.529401  0.347022  0.534946  0.546175  0.551342
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In Tables 2 and 3 we compute the local skin-friction aoall Nusselt number along the surface for different
values of the parameters.

Table3. Valuesof 8(0) and —8'(0) for different valuesof Pr,A and B when R=05a =05

alc=2
Pr A f"(0) —0'(0)
=01 =05 =1 =01 =05 p=1

0.1 0.96760! 0.85660! 0.74917 0.32395:. 0.28678! 0.25082:

0.1 0.2 0.968825 0.861406 0.756553 0.311753 0.277188 0.243447
0.3 0.970081 0.866396 0.764284 0.299187 0.267209 0.235716
0.1 0.920841( 0.69938 0.53773I 0.79159¢ 0.60122 0.46226:

0.7 0.2 0.923839 0.708117 0.548128 0.761605 0.583765 0.451872
0.3 0.926945 0.717329 0.559246 0.730546 0.565342 0.440754
0.1 0.79325( 0.43419: 0.27729! 2.06743 1.13161! 0.72270.

7 0.2 0.800677 0.445492 0.286581 1.993221 1.109016 0.713419
0.3 0.808480 0.457783 0.296834 1.915198 1.084435 0.703166

From these we have seen that:

1) The local skin friction and local Nusselt number decreagth the increase in R ar}@.
2) The local skin friction and local Nusselt number increagiéis the increase in a/c.

3) The local skin friction increase and local Nusselt nundeerease with the increasednand A .
4) The local skin friction decrease and local Nusselt numizeease with the increase in Pr.

Fig. 1, show the dimensionless velocity (left) andgemture (right) for a/c. It is seen that the thickrafss
the hydrodynamic and thermal boundary layer increasesenrdabes respectively with increasing a/c. This
indicate that the fluid motion near the stagnation point flmeeases and decreases.
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Fig. 1. Dimensionless flow profiles
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Fig. 2, show the dimensionless velocity and temperanreifferent values of porous parameter R. It is
seen that the boundary layer reduced the fluid motion by#nemeter. This behavior is due to the fact that
near the surface of the sheet, where the viscosity teffae dominant increase in porous parameter
corresponds to lower viscosity and hence lower profile theasurface.
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Fig. 2. Dimensionless flow profiles

Fig. 3, show the dimensionless velocity and temperaturesdtucity slip parameter. It is seen that the

thickness of the hydrodynamic and thermal boundary layeredses and increases respectively with
increasinga .
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Fig. 3. Dimensionless flow profiles
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Fig. 4, show the dimensionless velocity and temperaturghfermal slip parameter. It is seen that the
thickness of the thermal boundary layer decreases wdteasingg. We have seen almost negligible
impact on hydrodynamic boundary as we expect.
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Fig. 4. Dimensionless flow profiles

Fig. 5, show the dimensionless temperature profiles fandf number. It is seen that the thickness of the
thermal boundary layer decreases with increasing Pr. LBwinduced more flow than in the case of Higher
Pr. Larger Prandtl number fluids have higher viscousiglifity and weaker thermal diffusivity.
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Fig. 5. Dimensionless flow profiles
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Fig. 6, show the dimensionless temperature profilebidat generation/absorption parameter. It is seen that

the thickness of the thermal boundary layer increases withasiogeA . Note thatA <0 and A >0
indicate absorption and heat generation respectively.
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Fig. 6. Dimensionless flow profiles

3 Conclusions

2-D boundary layer stagnation point flow from a stretching sarfambedded in a porous medium with
velocity/thermal slip conditions on the wall and heat gati@m or absorption is studied. Velocity and
temperature flow profiles as well physical parametachi |s skin friction and Nusselt number are presented.
Our results are similar as those presented in literatMeeobserve significant impacts of flow phenomena
considered in this study.
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