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Abstract: Combined heat and mass transfer in free, forced and mixed convection flows along 
a porous wedge with internal heat generation in the presence of uniform suction or injection is 
investigated. The boundary-layer analysis is formulated in terms of the combined thermal and solute 
buoyancy effect. The flow field characteristics are analyzed using the RuugeKutta-Gill method, the 
shooting method, and the local nonsimilarity method. Due to the effect of the buoyancy force, power 
law of temperature and concentration, and suction/injection on the wall of the wedge, the flow field 
is locally nonsimilar. Numerical calculations up to third-order level of truncation are carried out 
for different values of dimensionless parameters as a special case. The effects of the buoyancy force, 
suction, heat generation, and variable wall temperature and concentration on the dimensionless 
velocity, temperature, and concentration profiles are studied. The results obtained are found to be 
in good agreement with previously published works. 
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INTRODUCTION 

The study of convection heat and mass transfer and fluid flow in porous media has received great attention 
in recent years. Most of the earlier studies were based on Darcy's law, which states that the volume-averaged 
velocity is proportional to the pressure gradient. Excellent reviews of natural convection flows in porous media 
have been presented by many authors (see; e.g., [I-71). Many practical applications of convective heat transfer 
exist, for example, in chemical factories, in heaters and coolers of electrical and mechanical devices, in lubrication 

~ i i ~ a r t S ; ~ e ~ ~ - ~ h ~ l d i n c l u &  the works of Gebhart and Pera [8] and Pera and 
Gebhart [9], where similarity solutions were obtained for a natural convection flow from a vertical surface and a 
horizontal surface, respectively. Chen and Yuh [lo] and Kandasamy and Devi [Ill studied this problem for the case 
of an inclined surface and a wedge surface. Many contemporary problems of heat and mass transfer do not admit 
similarity solutions 112-141. The nonsimilarity of boundary layers may results from a variety of causes, such as 
surface mass transfer, nonuniform wall temperature and concentration, and variable pressure gradient. 
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CONCLUSIONS 

Extensive numerical intepations are carried out with the use of the Runge-Kutta-Gill method in conjunction 
with t he  shooting method and the local nonsimilarity method with the third-order level of truncation. Results of 
numerical calculations in wide ranges of the problem parameters are presented. In particulas, it is found that the 
positive sign of the buoyancy parameter leads to acceleration of the fluid flow, whereas the negative sign of the 
buoyancy parameter means deceleration of the fluid flow. The opposing flow causes a decrease in the pressure 
gradient and the boundary-layer separation. Furthermore, the temperature and concentration inside the boundary 
layer increase with increasing power index in the law of the free-stream velocity for all convection modes. With 
increasing heat-source parameter, the fluid velocity inside the boundary layer substantially decreases in the free 
convection mode, slightly decreases in the mixed convection mode, and remains constant in the forced convection 
mode. The buoyancy force with the heat source and suction on the wall has a substantial effect on the flow field 
and, thus, on the rate of heat and mass transfer from the sheet to  the fluid. A method of solving the nonlinear 
Falkner-Skan boundary-layer problem is proposed in the paper. Such a numerical solution with the thud level of 
truncation for the flow past a porous wedge is obtained for the &st time. 
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