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A novel semi analytical solution for the dynamic and heat transfer analysis of
Stagnation Point Flow using BK-HAM Method
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, dynamic and heat transfer equations of two-dimensional laminar plane and axisymmetric
Received 19 January 2017 stagnation flow are solved by Optimal Homotopy Analysis Method, Boundary Knot-Homotopy analysis
Accepted 14 February 2017 method and compared by numerical solution. The optimal convergence-control parameter value is

Available Online 11 March 2017 calculated using Chebyshev points. These points correspond to the range of solutions to get the best

answer for both flows. Boundary Knot Method gives the best initial guess that applies in terms of

{(,?chf,‘f,;dfs,;,id primary answer of homotopy analysis method. Results are reported by the 50" order approximation.

Stagnation Point Flow Also, it is considered that the total numbers of knots on the domain and the boundary is 40. It is shown

Temperature distribution ] that results have good agreement with the numerical solution. The stream function, the velocity

Boundary Knot-Homotopy Analysis Method function, the shear stress function and the temperature distribution for small Prandtl values is shown for
plane and axisymmetric stagnation flows using BK-HAM compared with the numerical solution. It can
be found that, with increasing vertical distance, because of decreasing the effects of wall, the fluid shear
stress will be reduced. Besides, the temperature distribution in the boundary layer changes linearly with
distance from the wall. Also, increasing the Prandtl number and decreasing the thermal boundary layer
thickness leads to increased temperature distribution.
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Table 3 Comparison of f"'(0) with numerical result in A = 3 for plane and axisymmetric stagnation flow
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7.0x10° 6.2x10° 1.232660 1.232652 <5.66x10° 1.23259 1
9.6x10° 2.9x10° 1.312036 1.311969 <9.10x10* 1.31194 2
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Table 4 Comparison of f'(n) with numerical result in 2 = 3 for plane stagnation flow (8 = 1)
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2.6x10% 2.0x10° 5.1x10° 0.229304 0.226612 0.226559 0.22661 0.2
5.2x107 9.0x10° 4.7x10° 0.419679 0.414451 0.414413 0.41446 04
7.2x10° 1.3x10° 3.3x10° 0.573568 0.566267 0.566247 0.56628 0.6
8.5x103 2.3x10° 2.7x10° 0.694494 0.685917 0.685913 0.68594 0.8
8.7x103 2.5x10° 2.1x10° 0.786653 0.777845 0.777849 0.77787 1
6.0x10° 8.0x10° 6.0x10° 0.902838 0.896802 0.896804 0.89681 14
8.2x10* 3.0x10° 2.0x10° 0.957660 0.956837 0.956838 0.95684 1.8
2.6x10° 3.0x10° 5.0x10° 0.981165 0.983857 0.983865 0.98386 2.2
1.3x10° 5.0x10° 1.3x10° 0.993354 0.994635 0.994653 0.99464 2.6
15x10° 6.0x10° 2.1x10° 1 0.998424 0.998451 0.99843 3
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Table 5 Comparison of f'(n) with numerical result in 2 = 3 for axisymmetric stagnation flow (8 = 2)
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8.7x10° 4.9x10° 8.0x10° 0.251130 0.242439 0.242382 0.24239 0.2
1.7x10? 1.1x10* 1.5x10° 0.462374 0.445109 0.444975 0.44499 0.4
2.5%x10? 1.5%x10% 1.2x10° 0.634286 0.608860 0.608698 0.60871 0.6
3.2x107 8.5x10% 8.0x10° 0.768227 0.735855 0.735762 0.73577 038
3.6x107 2.3x10% 1.3x10° 0.866651 0.829847 0.829857 0.82987 1
3.3x107 9.4x10% 1.5x10° 0.972948 0.939736 0.939815 0.93983 1.4
1.3x10? 5.0x10% 1.6x10° 0.996252 0.983110 0.983144 0.98316 18
7.5%x10% 3.9x10% 2.3x10% 0.98881 0.996311 0.996327 0.99635 2.2
8.5x10° 45x10° 2.8x10° 0.990822 0.999355 0.999372 0.99940 26
7.0x10% 5.4x10% 3.1x10% 1 0.999876 0.999899 0.99993 3
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Fig. 7 Comparison of temperature distribution profiles obtained from
the boundary knot-homotopy analysis method with numerical results
for plane stagnation flow
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Fig. 10 Comparison of temperature distribution profiles in differential
form obtained from the boundary knot-homotopy analysis method with
numerical results for axisymmetric stagnation flow
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Fig. 8 Comparison of temperature distribution profiles in differential
form obtained from the boundary knot-homotopy analysis method with
numerical results for plane stagnation flow
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Fig. 9 Comparison of temperature distribution profiles obtained from
the boundary knot-homotopy analysis method with numerical results
for axisymmetric stagnation flow
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