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A novel semi analytical solution for the dynamic and heat transfer analysis of
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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
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- ) method and compared by numerical solution. The optimal convergence-control parameter value is
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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

K ds: N X . L

V?ZCV(“,‘;L fs|uid 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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Fig. 5 the h-curve of 50th order approximation for § = 2 for boundary
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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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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
1.3x102 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

2o b Jlailyy calises slael 5o oanl caws 4y Lod a6 (Siovie dunlie 7 JSCi

axbo ;5 S Ol sl oo

3 oolads 17 0995 1396 s 3 (jurde Suille Swise

5IUT gy 3l oolisal b (5y9m0 o)l b g amio j3 (9% pdilipSTys
9 b g Sl agigen 5Iikire 08 oS5 IS oy, 5 iisen
L sslge ey ke 926 4 &S f(1) polie 08 anslia soue
bowloas (3,554 5 3 sladsar ;o by 59 5 slp il oo gl
=55 Py Gl 45 398 o0 osalive o fagei 5 Joliz )3 Laosls auslis
2ls gove gy gl b o55 Jlems SlsFen siisen sllbipe 08
Tl s aolae 4S50 Cosgasme ogigen LT by, oMSiw 51 SO
Sle Glgioe ly Je 9 Jelod jgots (oold e U 1) el (s
B aS el gl addllas cpl o sk ek 4 0,8 dwlze | Sliiie
S dlre |y 10 50 b sl ins S¥olas 5l 6 3WL 5l e il
G w2 9 30 (Vb 2l Ken ey po a5 b oolial (5550 05 (g,
Sl bzl cep 2 Jgaz 53 sl ond radi o] o g0 Ll pd (08
o) S5 G5y 9 Ak 5o LT g, 50 2 sl LS5 4y 3
PSS A e az e &5l (et ool 0id (3155 ggigen 5lUT(s5y0
@ il agiser 5lilisiye 0 iy lp 12l Oley wsdise it
eyl Sore gemaslis & Wb A (o sle Dlislre e
@ OXen e bl b (el SYole sl by, cnl a8l s
b gy ol oSy el el caslin slanly &5 9 el )y Qlsedl by
N byi a) S8 gl 5l ke ol asigess 5T b,

278


file:///C:/Users/Desert%20Rose/dropbox/MME/Esfand%2095/0820/Enew%20170820M.docx%23_ENREF_21
file:///C:/Users/Desert%20Rose/dropbox/MME/Esfand%2095/0820/Enew%20170820M.docx%23_ENREF_2
file:///C:/Users/Desert%20Rose/dropbox/MME/Esfand%2095/0820/Enew%20170820M.docx%23_ENREF_2
file:///C:/Users/Desert%20Rose/dropbox/MME/Esfand%2095/0820/Enew%20170820M.docx%23_ENREF_21
file:///C:/Users/Desert%20Rose/dropbox/MME/Esfand%2095/0820/Enew%20170820M.docx%23_ENREF_2
file:///C:/Users/Desert%20Rose/dropbox/MME/Esfand%2095/0820/Enew%20170820M.docx%23_ENREF_2

—aalhs LS )daes 9 sile) Jaslowl 295902 JILT=6) 0 0,5 M )3 i) & Ugaw alaits Yl )lrs JUSl 9 Saolisd YSlao x5 doss Jo
0.6¢ - - -
P e, B =2-Axisymmetric Stagnation Flow 0.5p B =1-Plane Stagnation Flow
. +
[ N i
05fF "\ i Pr=05
[ : 04f
Loo o —~ea, « Pr=0.5 T
L . ~ ’.»/ |
04 ? ‘v pey —0—0—0—0—010—0—0—0—0—0—0—0—0|0—0—0—¢
i 'i‘o 0.3F
. R i dodididd Ratand .:-’og__:-o-o-o-o-o-o-o-o-oomo - l Pr=0.001
£03r T s | Pr=0.2
> [ Pr=0.001 Pr=0.2 . \,\ _\Q: i :
I « *~ 0.2
0.2+ ‘.‘ "‘. |
i k *e B
i “’ \‘\ :
01k . hsS 0.1F
T . Numerical Yey t . Numerical
P BK-HAM ol i BK-HAM
ol v o I
O 05 1 15 2 25 3 0\ T - P - P - P - T - L
n=y(BI)*® 0 0.5 1 15 2 25 3
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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

Calizes slael )0 sdel s a5 leas a0 013 50 Led @595 iie dunlio 8 S
Ao )0 oS by slp gode mli b Il

r B=2-Axisymmetric Stagnation Flow _, s +*3 3%
v >
| R (.’.,0 (((
0.8f M
L «
K3
| K
0.6F
=
® 04f
0.2F
I/ Numerical
F A«
% - BK-HAM
O Sl P I I P I L
0 0.5 1 15 2 25 3

n=y(Biv)"
Fig. 9 Comparison of temperature distribution profiles obtained from
the boundary knot-homotopy analysis method with numerical results
for axisymmetric stagnation flow

s b Jlalyy cilises slael 10 sl ooty Lo g0 355 (Sorie dumlie 9 JS&

Sa7e O b 8w by slp oo

Lol s 10 lads oS adgl wos cp i (9,9] Cowday @
397 5145 12 A5 (o0 B (g9igen (g, 50 Al s
(o Jool> Sloe J>

Sl 5 s assls 5 03 [ Kan @

S yile (09 e St oy by ol e

P sl ol jo colatul o Cudgue pas @

(Ui g i) IS alolas JS5 o5 jli pas @

oduzry SVolae pr Jlosl 5 55518 sl gy o ool @
S e 5,8 S 5l eolizal b

3 ooladds (17 0993 1396 s ,a (e Suilke wdiie



waldi Lo )ysuea 9 Slo) Jacloawl

295900 HLT-(6) 00 0,5 1S )5 9, & UgSw Alaits Py )l JU 9 Saoliad DYSlre ks doss Jo

deformation equations in homotopy analysis method, Applied Mathematical
Sciences, Vol. 6, No. 8, pp. 357-367, 2012 .

[9] S. Abbasbandy, Y. Tan, S. Liao, Newton-homotopy analysis method for
nonlinear equations, Applied Mathematics and Computation, Vol. 188, No.
2, pp. 1794-1800, 2007.

[10] Y. Zhao, Z. Lin, S. Liao, A modified homotopy analysis method for solving
boundary layer equations, Applied Mathematics, Vol. 4, No. 1, pp. 11-15,
2013 .

[11] Y. Lok, N. Amin, I. Pop, Non-orthogonal stagnation point flow towards a
stretching sheet, International Journal of Non-Linear Mechanics, Vol. 41,
No. 4, pp. 622-627, 2006 .

[12] A. Kimiaeifar, G. Bagheri, A. Barari, A. Arabsolghar, M. Rahimpour, On the
analytical solution of non-orthogonal stagnation point flow towards a
stretching sheet, International Journal of Applied Mathematics, Vol. 41, No.
2, pp. 41-51, 2011 .

[13] M. Jadidi, N. Moallemi, I. Shafieenejad, J. Alaee, An Analytical
Approximation of Stagnation Point Flow and Heat Transfer of a Micropolar
Fluid in a Porous Medium, Advances in Theoretical and Applied Mechanics,
Vol. 4, No. 2, pp. 81-90, 2011

[14] N. Freidoonimehr, A. Baradaran Rahimi, Investigation of MHD nano-fluid
flow over stretching surface with velocity slip and convective surface
boundary conditions, Modares Mechanical Engineering Vol. 15, No. 3, pp.
208-218, 2015. (in Persian . ,l8)

[15] S. Nadeem, A. Hussain, M. Khan, HAM solutions for boundary layer flow in
the region of the stagnation point towards a stretching sheet,
Communications in Nonlinear Science and Numerical Simulation, Vol. 15,
No. 3, pp. 475-481, 2010 .

[16] E. J. Kansa, Multiquadrics—A scattered data approximation scheme with
applications to computational fluid-dynamics—II solutions to parabolic,
hyperbolic and elliptic partial differential equations, Computers &
Mathematics with Applications, Vol. 19, No. 8-9, pp. 147-161, 1990 .

[17] J. Muzik, The boundary knot method for simulating unsteady incompressible
fluid flow, Procedia Engineering, Vol. 111, No. 1, pp. 575-581, 2015 .

[18] F. Wang, K. Zheng, Analysis of the boundary knot method for 3D
Helmholtz-type equation, Mathematical Problems in Engineering, Vol.
2014, No. 1, pp.1-9, 2014 .

[19] W. Chen, Symmetric boundary knot method, Engineering Analysis with
Boundary Elements, VVol. 26, No. 6, pp. 489-494, 2002 .

[20] W. Chen, L. Shen, Z. Shen, G. Yuan, Boundary knot method for Poisson
equations, Engineering Analysis with Boundary Elements, Vol. 29, No. 8, pp.
756-760, 2005 .

[21] F. M. White ,I. Corfield, Viscous fluid flow, McGraw-Hill New York, pp.
144-153, 2006 .

[22] D.-J. Shen, J. Lin, W. Chen, Boundary Knot Method Solution of Helmholtz
Problems with Boundary Singularities, Journal of Marine Science and
Technology, Vol. 22, No. 4, pp. 440-449, 2014 .

[23] S. Abbasbandy, M. Jalili, Determination of optimal convergence-control
parameter value in homotopy analysis method, Numerical Algorithms, Vol.
64, No. 4, pp. 593-605, 2013 .

[24] W. Gander, J. Hrebicek, Solving problems in scientific computing using
Maple and Matlab®: Springer Science & Business Media, pp. 29-35, 2011 .

[25] M. U. s. Guide, Natick, MA: The MathWorks, Inc, 2002.

[26] G. E. Fasshauer, J. G. Zhang, On choosing “optimal” shape parameters for
RBF approximation, Numerical Algorithms, VVol. 45, No. 1-4, pp. 345-368,
2007.

3 oolads 17 0995 1396 s 3 (jurde Suille Swise

[t

(21

[€]

[

[5]

[6]

[71

(8]

o )3 S Ol dm o sles 6
(kgm''s®) Salos e u
(M) Slows <} 9
(kgm?®) Js=> p

f oo il abs )
Slaals 9o 2 X

ok b Y

g )

5~ bound

Ssb8 e le diag

BUSERSY m

oy 5o ales olass n

&,ly> &= Source

0,90 w

Jsb x

&1y -10
C. Wang, Similarity stagnation point solutions of the Navier—Stokes
equations—review and extension, European Journal of Mechanics-B/Fluids,
Vol. 27, No. 6, pp. 678-683, 2008 .
R. A. Shah, S. Islam, G. Zaman, T. Hussain, G. Zaman, Solution of
stagnation point flow with heat transfer analysis by optimal homotopy
asymptotic method, Proceedings of the Romanian Academy, Series A, Vol.
11, No. 4, pp. 312-321, 2010.
S. Liao, Beyond perturbation: introduction to the homotopy analysis method,
CRC press, New York, pp. 24-256, 2003 .
S. Abbasbandy, The application of homotopy analysis method to nonlinear
equations arising in heat transfer, Physics Letters A, Vol. 360, No. 1, pp. 109-
113, 2006 .
S. Abbasbandy, A. Shirzadi, A new application of the homotopy analysis
method: Solving the Sturm-Liouville problems, Communications in
Nonlinear Science and Numerical Simulation, Vol. 16, No. 1, pp. 112-126,
2011 .
S. Abbashandy, F. S. Zakaria, Soliton solutions for the fifth-order KdV
equation with the homotopy analysis method, Nonlinear Dynamics, Vol. 51,
No. 1-2, pp. 83-87 ,2008 .
V. Gupta, S. Gupta, Application of homotopy analysis method for solving
nonlinear Cauchy problem, Surveys in Mathematics and its Applications,
Vol. 7, No. 1, pp. 105-116, 2012 .
J. lzadian, M. Mohammadzade Attar, M. Jalili, Numerical solution of

280



