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Table 1  Non-dimensional wall shear stress f,’(0) as a function of 8

(29)

£ (0)

B present . :

R = — White*] Motsa et al.[!4] Hartree!®!
0.0 0.468 980 8 0.469 599 8 0.469 600 0 0.469 6 0.469 600 0.469 6
0.2 0.686 673 9 0.686 708 2 0.686 708 2 0.686 7 0.686 708 0.686 9
0.4 0.854 423 4 0.854 421 2 0.854 421 2 0.854 4 0.854 421 0.854 2
0.6 0.995 834 3 0.995 836 4 0.995 836 4 0.927 7 0.995 836 0.996 0
0.8 1.120 275 1.120 268 1.120 268 1.120 3 1.120 268 1.120 0
1.0 1.232 582 1.232 588 1.232 588 1.232 6 1.232 588 1.232 6
1.2 1.335 723 1.335 721 1.335 721 1.3357 1.335 721 1.336 0
1.4 1.431 583 1.431 585 1.431 585 - - -
1.6 1.521 515 1.521 514 1.521 514 1.5215 1.521 514 1.521 0
1.8 1.606 480 1.606 480 1.606 480 - - -
2.0 1.687 218 1.687 218 1.687 218 1.687 2 1.687 218 1.687 0
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R2 RAEL A LR
Table 2 The far field asymptotic property of the solution
M(B) =n - f,(n) (n=500)
P n =35 n =6 n =17 n =28 n=9 n = 10 n = 20
0 1.216 7650 1.2167800 1.2167810 1.2167810 1.2167810 1.2167810  1.216 781 0
0.2 0.984 1554  0.984 1585 09841585 0.984 1585 09841585 0.984 1585  0.984 158 5
0.4 0.8526332 0.8526342 0.8526342 0.8526342 0.8526342 0.8526342 0.8526342
0.6 0.7639714 0.7639718 0.7639718 0.7639718 0.763 9718  0.763971 8  0.763 971 8
0.8 0.6986801 0.698 6802  0.6986802  0.698 6802  0.698 6802  0.698 6802  0.698 680 2
1.0 0.6479003  0.6479005 0.6479005  0.6479005  0.6479005  0.647 9005  0.647 900 5
1.2 0.606 898 1  0.606 898 1  0.606 898 1  0.606 898 1 ~ 0.606 898 1  0.606 898 1 ~ 0.606 898 1
1.4 0.5728677 0.5728677  0.5728677 0.5728677 0.5728677  0.5728677  0.572 8677
1.6 0.544 0218 0.544 0218 05440218 0.5440218 0.5440218 0.544 0218 0.544 021 8
1.8 0.519 1582 0.5191582  0.5191582 0.5191582  0.5191582 0.519 1582  0.519 158 2
2.0 0.497 4337 04974337 04974337 0.4974337 04974337 0.4974337  0.497 4337
R 3 MAZUREE S SRR
Table 3 Displacement thickness 8 * and momentum thickness 6 of the boundary layer
5" 0

P present (n = 500) Zhao et al.[?] present (n = 500) Zhao et al.[?]

0 1.216 781 0 1.216 8 0.469 600 0 0.469 6

0.2 0.984 158 5 0.984 2 0.408 230 4 0.408 2

0.4 0.852 634 2 0.852 6 0.366 691 1 0.366 7

0.6 0.763 971 8 0.764 0 0.335 908 3 0.336 0

0.8 0.698 680 2 0.698 7 0.311 846 6 0.3118

1.0 0.647 900 5 0.647 9 0.292 343 8 0.292 3

1.2 0.606 898 1 0.607 0 0.276 110 6 0.276 0

1.4 0.572 867 7 - 0.262 320 9 -

1.6 0.544 021 8 0.544 0 0.250 415 0 0.250 0

1.8 0.519 158 2 - 0.239 998 3 -

2.0 0.497 433 7 0.498 0 0.230 783 5 0.231 0




gas T WA ™ 85

4 4% 1w

ARICHFFE T Falkner-Skan Wi 877 7.0 118 BR 2 1R JCBR K E S e 7 afr 301 9 2% 1l
K BRI figk PR , SC AP X 72 e R R RN 5 | AR e, A TTDRE BRI 55 DX [l A o — A FR
DX R A AR 2 1 7 0 (TR AL 2 T 2R SR T PP X A 1) JB 4 7R it , #5921 ) Falkner-Skan
VR Bl J7 R RS B R LU, O LT (LA ARG BE 7 FPMHEZR R R LR 25 5 M i A0 2 i 315
LR RN R ] FPM R —Fh 305 2 2 AR 2 Mk o 75 Rl (UL A1 2007 k.

2 2% 3k ( References) .

[1] Wang C Y. Exact solutions of the unsteady Navier-Stokes equations| J |. Applied Mechanics
Reviews, 1989, 42(11S) . S269-S282.

[2] Wang C Y. Exact solutions of the steady-state Navier-Stokes equations| J|. Annual Review of
Fluid Mechanics, 1991, 23. 159-177.

[3] Falkner VM, Skan S W. Some approximate solutions of the boundary layer equations[ J].
Philosophical Magazine, 1931, 12. 865-896.

[4]  White F M. Viscous Fluid Flow[ M]. New York: McGraw-Hill, 1991.

[5] Schlichting H, Gersten K. Boundary-Layer Theory[ M]. Springer Verlag, 2000.

[6] Blasius H. Grenzschichten in fliissigkeiten mit Kleiner reibung[ J]. Z Math Phys, 1908, 56 1-
37.

[7] Hiemenz K. Die grenzchicht an einem in den gleichformingen flussigkeitsstrom eingetauchten
geraden kreiszylinder[ J]. Dinglers Polytech J, 1911, 326 321-410.

[8] Hartree D R. On an equation occurring in Falkner and Skan’ s approximate treatment of the e-
quations of the boundary layer| J |. Mathematical Proceedings of the Cambridge Philosophical
Society, 1937, 33(2) . 223-239.

(9] Asaithambi A. A finite-difference method for the Falkner-Skan equation|[ J |. Applied Mathe-
matics and Computation, 1998, 92(2/3) . 135-141.

[10] Fazio R. Blasius problem and Falkner-Skan model: Topfer’s algorithm and its extension[ J].
Computers & Fluids, 2013,73. 202-209.

[11] Boyd J P. The Blasius function: computations before computers, the value of tricks, under-
graduate projects, and open research problems|[ J]. SIAM Review, 2008, 50(4) : 791-804.

[12] Boyd J P. The Blasius function in the complex plane[ J|. Experimental Mathematics, 1999, 8
(4) . 381-394.

[13] LIAO Shi-jun. A uniformly valid analytic solution of two-dimensional viscous flow over a semi-
infinite flat plate[ J]. Journal of Fluid Mechanics, 1999, 385 101-128.

[14] Motsa S S, Sibanda P. An efficient numerical method for solving Falkner-Skan boundary layer
flows[ J|. International Journal for Numerical Methods in Fluids, 2012, 69(2) . 499-508.

[15] Marinca V, Ene R D, Marinca B. Analytic approximate solution for Falkner-Skan equation[ J].
The Scientific World Journal, 2014, 2014; 617453.

[16] Yun B I New approximate analytical solutions of the Falkner-Skan equation[ J]. Journal of
Applied Mathematics, 2012, 2012, 170802.

[17] XU Ding, XU Jing-lei, XIE Gong-nan. Revisiting Blasius flow by fixed point method[ J]. Ab-
stract and Applied Analysis, 2014, 2014, 953151.

[18] Zeidler E. Nonlinear Functional Analysis and Its Applications, I. Fixed-Point Theorems

[M]. Springer, 1986.



TR SR G AEL M Falkner-Skan i 30 5 T

[21]

[22]

[23]

XU Ding, GUO Xin. Fixed point analytical method for nonlinear differential equations[ J].
Journal of Computational and Nonlinear Dynamics, 2013, 8(1) . 011005.

XU Ding, GUO Xin. Application of fixed point method to obtain semi-analytical solution to
Blasius flow and its variation[ J]. Applied Mathematics and Computation, 2013, 224. 791-
802.

XU Ding, WANG Xian, XIE Gong-nan. Spectral fixed point method for nonlinear oscillation e-
quation with periodic solution [ J]. Mathematical Problems in Engineering, 2013, 2013.
538716.

SRR, EW, 7T, AR, IRGETOREE AT Legendre SR J]. W% My,
2013, 34(8) : 782-794.( GUO Xin, WANG Xian, XU Ding, XIE Gong-nan. A Legendre series
solution to Rayleigh stability equation of mixing layer[ J]. Applied Mathematics and Mechan-
ics, 2013, 34(8) . 782-794.(in Chinese) )

s, BUHBE RGP D% [ M. deat: HUBCT i, 1992, (ZHAO Xue-duan, LIAO Qi-

dian. Visocus Fluid Flow[ M]. Beijing: China Machine Press, 1992.(in Chinese) )

Application of the Fixed Point Method to Solve
the Nonlinear Falkner-Skan Flow Equation
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(1. State Key Laboratory for Strength and Vibration of Mechawical Structures
(X1’ an Jiaotong University) , Xi’ an 710049, P.R.China;
2. Engineering Simulation and Aerospace Computing ( ESAC) ,
Northwestern Polytechnical University, Xi’ an 710072, P.R.China)
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Abstract: The Falkner-Skan flow equation is a strongly nonlinear differential equation, which
describes the flow around a wedge. In order to overcome the difficulties originated from the
semi-infinite interval and asymptotic boundary condition in this flow problem, transformations
were simultaneously conducted for both the independent variable and the correponding function
to convert the problem to a 2-point boundary value one within a finite interval. The deduced
new-form nonlinear differential equation was subsequently solved with the fixed point method
(FPM). The present analytical results obtained with the FPM agree well with the previous refer-
ential numerical ones. The accuracy of the present solution is conveniently improved through it-
eration under the FPM framework, which shows that the FPM makes a promising tool for non-

linear differential equations.

Key words: Falkner-Skan flow; fixed point method; nonlinear differential equation; boundary
value problem
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