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Table 1~ Comparison of f,(7n), f,/(n) and f(7m) between FPM and Cortell
S
n FPM
n = 150 n = 200 n = 500 Corell™
0 0 0
0.1 0.097 782 2 0.097 782 2 0.097 782 2 0.097 782 2
0.2 0.191 139 5 0.191 139 5 0.191 139 5 0.191 139 5
0.3 0.280 103 9 0.280 103 9 0.280 103 9 0.280 103 9
0.4 0.364 726 7 0.364 726 7 0.364 726 7 0.364 726 6
0.5 0.445 077 3 0.445 077 3 0.445 077 3 0.445 077 2
0.6 0.521 241 2 0.521 241 2 0.521 241 2 0.521 241 1
0.7 0.593 318 4 0.593 318 4 0.593 318 4 0.593 318 2
0.8 0.661 421 0 0.661 421 0 0.661 421 1 0.661 420 7
0.9 0.725 671 8 0.725 671 8 0.725 671 8 0.725 671 4
1 0.786 201 9 0.786 202 0 0.786 202 0 0.786 201 5
1.5 1.038 013 0 1.038 013 0 1.038 013 0 1.038 012 0
2 1.218 553 0 1.218 553 0 1.218 553 0 1.218 552 0
3 1.432 731 0 1.432 732 0 1.432 732 0 1.432 730 0
4 1.533 082 0 1.533 083 0 1.533 083 0 1.533 080 0
5 1.578 846 0 1.578 846 0 1.578 847 0 1.578 844 0
10 1.615 462 0 1.615 464 0 1.615 466 0 1.615 463 0
15 1.616 108 0 1.616 111 0 1.616 113 0 1.616 112 0

20 1.616 117 0 1.616 122 0 1.616 124 0 1.616 112 0
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7 FPM
n = 150 n = 200 n = 500 Corell™
1 1 1
0.1 0.955 661 7 0.955 661 7 0.955 661 7 0.955 661 6
0.2 0.911 538 7 0.911 538 8 0.911 538 8 0.911 538 6
0.3 0.867 834 5 0.867 834 5 0.867 834 5 0.867 834 3
0.4 0.824 737 1 0.824 737 1 0.824 737 1 0.824 736 7
0.5 0.782 417 5 0.782 417 5 0.782 417 5 0.782 417 2
0.6 0.741 028 2 0.741 028 2 0.741 028 3 0.741 027 9
0.7 0.700 702 7 0.700 702 7 0.700 702 7 0.700 702 3
0.8 0.661 554 9 0.661 554 9 0.661 555 0 0.661 554 6
0.9 0.623 679 6 0.623 679 7 0.623 679 7 0.623 679 3
1 0.587 153 1 0.587 153 1 0.587 153 2 0.587 1525
1.5 0.426 242 4 0.426 242 5 0.426 242 5 0.426 241 7
2 0.301 783 6 0.301 783 8 0.301 783 9 0.301 783 0
3 0.144 016 0 0.144 016 2 0.144 016 3 0.144 015 7
4 0.066 243 3 0.066 243 6 0.066 243 7 0.066 243 4
5 0.029 949 4 0.029 949 7 0.029 949 8 0.029 949 7
10 5.324 068E-4 5.326 908E-4 5.328 379E-4 5.329E-4
15 8.887 505E-6 9.174 255E-6 9.322 613E-6 9.4E-6
20 —3.241 474E-7 -3.733 526E-8 1.110 681E-7 1.0E-7
-f"
n FPM
n = 150 n = 200 n = 500 Corell ™
0.443 748 5 0.443 748 4 0.443 748 3

0.1 0.442 656 8 0.442 656 8 0.442 656 7 0.442 655 7
0.2 0.439 462 9 0.439 462 9 0.439 462 8 0.439 461 7
0.3 0.434 308 1 0.434 308 0 0.434 307 9 0.434 306 8
0.4 0.427 355 1 0.427 355 1 0.427 355 0 0.427 353 9
0.5 0.418 782 9 0.418 782 8 0.418 782 8 0.418 781 6
0.6 0.408 780 1 0.408 780 1 0.408 780 0 0.408 778 7
0.7 0.397 540 4 0.397 540 4 0.397 540 3 0.397 539 0
0.8 0.385 257 5 0.385 257 4 0.385 257 4 0.385 256 1
0.9 0.372 120 9 0.372 120 8 0.372 120 8 0.372 119 5
1 0.358 3129 0.358 3129 0.358 312 8 0.358 311 4
1.5 0.284 776 1 0.284 776 1 0.284 776 0 0.284 774 9
2 0.214 505 8 0.214 505 8 0.214 505 8 0.214 504 7
3 0.109 835 0 0.109 835 0 0.109 834 9 0.109 834 3
4 0.052 159 8 0.052 159 8 0.052 159 8 0.052 159 4
5 0.023 922 8 0.023 922 8 0.023 922 8 0.023 922 6
10 4.305 247E-4 4.305 229E-4 4.305 220E-4 4.305E-4
15 7.576 84E-6 7.576 794E-6 7.576 T768E-6 7.6E-6
20 1.334 392E-7 1.333 058E-7 1.332 913E-7 1.0E-7




pas T 187

IRFRE IR BT YISy £7(0) BOMEAEDR 2 Thal i IF R SCik ip Hf 2 g 25 51> b A
T ALY no= 300 B, ARSI BIREHHE] 7 M ARECTFF(0) =- 0.443 748 3, iZ{E I Anders-
son' " 2 J 58—
k2 BRI F7(0)

Table 2 The non-dimensional wall shear stress f"(0)

FPM
Le]

Sakiadis!!! Andersson! "] Cortell®! Pop!® Pantokratoras
n £(0)
1 -0.414 7325
25 -0.443 638 0
50 -0.443 769 6
100 -0.443 748 3
150 —-0.443 748 5 -0.443 75 —-0.443 748 3 —0.443 747 33 -0.444 5517 -0.443 8
200 —-0.443 748 4
300 -0.443 748 3
400 —-0.443 748 3
500 -0.443 748 3
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Table 3 The asymptotic property of solution f(7)

FPM (n = 500) Schlichting!?’ Cortell"®!
n M(=f,) 1.615 9 1.616 112 0
5 1.578 847
6 1.599 456
7 1.608 685
8 1.612 807
9 1.614 646
10 1.615 466
15 1.616 113
20 1.616 124
25 1.616 124
30 1.616 124
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AR RIS AT T 52X (36) i1 T P Al B 4 0 A Bty st BB P A — i S s ik,
T R BRSBTS I S RSN RS il R TR S I Ak B TR A
y 77 16) 38 LA [0 P Al 33 RS X o L PR J58 A I A IV T AR 2 AR,

4 4k

i®

1) ARSCE X Sakiadis Jish 51 AALHRI, 1228 3R] L iR i 3~ JCFROR 2 SR L K IR 55
LA 30 5 2R P T RS b B DRI

2) ASCRIAS G705 B A5 875 REREAT 1R A58 1 /e R sl X3 A — 2K
AR AT AT it , 2 ARL BT it T LA S Ok 3R 1k

3) MR R, R FPM 2 — Rl 3RAS il I Rk AU BT i 64 2805 k.
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A Uniformly Valid Series Solution to Sakiadis Flow

XU Ding
(State Key Laboratory for Strength and Vibration of Mechawical Structures
(X1’ an Jiaotong University) ; School of Aerospace,
Xi’ an Jiaotong University, Xi’ an 710049, P.R.China)

Abstract: In order to overcome the major mathematical difficulties in Sakiadis flow due to the
semi-infinite flow domain and the asymptotic far field boundary condition, transformations
were introduced for both the related independent variables and functions simultaneously, to
convert the semi-infinite domain to a finite one and the asymptotic boundary condition to a con-
venient form. Then, based on the fixed point theory in functional analysis, the deduced nonlin-
ear differential equation was solved, and an approximate semi-analytical series solution to Saki-
adis flow was obtained. The calculation results show that the solution is uniformly valid in the
semi-infinite domain, and the fixed point method makes an effective way to achieve approxi-

mate analytical solutions to differential equations.
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