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The study of the boundary layer flow is considered as one of the fundamental issues in fluid mechanics 
that attracts the attention of many of the researchers’ in this field. Most of the previous researches on 
boundary layer problem are limited to Newtonian fluids and only a few researches have considered the 
non-Newtonian fluids. The main objective of this research is to better recognize the viscoelastic 
properties effect on characteristics of the boundary layer. In this study, the hydrodynamic and thermal 
boundary layer of viscoelastic Falkner-Skan problem is investigated numerically. Here, the second order 
model has been used as the viscoelastic constitutive equation and MATLAB software is used for 
analysis. Both constant temperature and constant heat flux at walls are used as thermal boundary 
conditions. The effect of Reynolds number, the coefficient of the first normal stress difference, Prandtl 
number and wedge shape factor on the thickness of dynamic and heat transfer boundary layer, 
momentum thickness, displacement thickness, drag coefficient and Nusselt number are studied. The 
effects of both adverse pressure gradient and favorable pressure gradient in heat and hydrodynamics 
boundary layer characteristics are investigated. The magnitude of the non-Newtonian hydrodynamic and 
heat boundary layer are found to increase with increasing the coefficient of the first normal stress and 
finally at constant pressure gradient, average Nusselt  number decreases along plate by increasing first 
normal stress coefficient. 
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Fig. 1 Schematic of problem 
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Fig. 2 Current study and Blasius analytical results comparison 
in hydrodynamic boundary layer [6] 
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Fig. 3 Current study and Blasius analytical results comparison 
in thermal boundary layer [6]  
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Fig. 4 Current study and Falkner-Skan analytical results 
comparison in hydrodynamic boundary layer [6]  
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Fig. 6 Comparison of the displacement boundary layer 
thickness between Newtonian and viscoelastic fluid  
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Fig. 7 Comparison of the momentum thickness between
 Newtonian and viscoelastic fluid  
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Fig. 8 The local drag coefficient along plate between 
Newtonian and viscoelastic fluid at Re=1000  
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Fig. 9 Velocity profile at different Reynolds numbers   
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Fig. 10 Comparison of the boundary layer thickness at different 
Reynolds numbers
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Fig. 11 Comparison of the displacement thickness at different 
Reynolds numbers
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Fig. 12 Comparison of the momentum thickness at different 
Reynolds numbers
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Fig. 13 Velocity profile at different pressure gradient   
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Fig. 14 Comparison of the boundary layer thickness at different 
pressure gradient
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Fig. 15 Comparison of the displacement thickness at different 
pressure gradient
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Fig. 16 Comparison of the momentum thickness at different 
pressure gradient
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Fig. 17 Comparison of the boundary layer thickness at different 
first normal stress
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Fig. 18 Variation of drag coefficient to Reynolds numbers at 
different first normal stress 
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Fig. 20 Comparison of thermal boundary layer at different 
prandtl numbers at constant heat flux  
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Fig. 21 Variation of local nusselt number of the plate length
at different prandtle number in heating case
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Fig. 22 Variation of local nusselt number of the plate length
at different prandtl number in constant heat flux
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Fig. 23 Variation of average nusselt number to at
different first normal stress
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Fig. 24 Variation of average nusselt number to at
different first normal stress in constant heat flux
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