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Abstract This paper considers the steady mixed convection boundary layer How of a 
viscous and incompressible Huid near the stagnat,ion-point on a vertical surface with the 
slip effect at the boundary The temperature of the sheet and the velocity of the external 
flow are assumed to vary linealy with the distance from the stagnation-point. The 
governiDg partial differentitial equations are first trmsformed into a system of ordinary 
differential equations, which are thm solved numerically b- a shooting methad. The 
features of the flow and heat transfer charactexistics for difierent values of the poremine. 

of the buoyancy parameter, while fir theassisting flow, the solution is unique. In general, 
the velocity slip increases the heat transfer rate at the surfaee, while the thermal slip 
decreases it. 
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1 Introduction 

The twedimensional stagnation-point flow of an incompressible viscous fluid on a vertical 
sheet has attracted the attention of researchers since the past several decades became of its 
wide applications in industry and practical applications. Some of the applications are cooling of 
electronic devices by fans, cooling of nuclear reactors during emergency shutdown, solar central 
receivers exposed to wind currents, and many hydrodynamic proce%esI1l. m a  

Significant numbers of investigations have discovered the existence of dual solutions for the 
problem of the stagnatian-paint flow toward a vertical plate. Ramachandran et al.i21 studied 
the steady laminar mixed convection in twedimensional stagnation-point flows around heated 
surfaces by taking both cases of an arbitrary wall temperature and arbitrary surface heat flux 
variations. They found that a reverse flow developed in the buoyancy opposing flow region, and 
the dual solutions eldsted for a ca ta in  range of the buoyancy parameter. Tlus problem was 
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For each selected values of 6 and (see Figs. 1-4), there is indeed a critical value A, of A, for 
which the solution exists. Based on ow computations, we find that A, = -2.9600, -2.936 1, 
and -2.9613, respectively, for 6 = 0.2, 0.5, and 1.0 (see Figs.1 and 2), and A, = -2.9613, 
-3.4890: and -4.0266, respectively, for y = 1.0, 1.5, and 2.0 (see Figs. 3 and 4). It is worth 
mentioning that the computations have been performed until the point where the solution does 
not converge, i.e., the calculations have been terminated at that point. It can also be pointed 
out here that the effect of the slip is to reduce the range of A, for wlucl~ the solution exists. 

Figures 5 and 6, respectively, present the samples of the velocity f'cq) and the temperature 
9 ( ~ )  profiles for the selected values of the velocity slip parameter 6 when X = -2.0 for both the 
upper and the 1-1 branch solutions, while the velocity and temperature profiles f o ~  different 
d u e s  of the thermal slip parameter y are depicted in Figx. 7 and 8, respectively. It is obvious 
that the upper branch solution displays the thinner boundary layer thickness compared with 
the lower branch solution. It can be seen that the velocity padient at the surface decreases as 
6 increases for the upper branch solution and as a result decreases the reduced skin friction co- 
efficient f"(0). Figul-es 5-8 show that the boundary conditions (9) are asymptotically satisfied, 
which supports the validity of the obtained numerical results besides supporting the existence 
of the dual solutions presented in Figs. 1-4. 

Fig. 5 Veloeitypmfiles f'(7) for somevalues Fig. 6 Temperature profiles 8(7) for some val- 
of 6 when Pr = 0.7, y = 1; and X = ues of 6 when Pr = 0.7, 7 = 1, and 
-2.0 X = -2.0 

U r n s  branch solution 
- - h . e r  branch solution 

Fig. 7 Velocity profiles f'(7) brmmvalues Fig. 8 Temperature profiles O(7) for same val- 
of y when Pr = 0.7, 6 = 1, and A = ues of y when Pr = 0.7, 6 = 1, and 
-2.0 X = -2.0 








