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The famous Blasius Boundary-Layer Flow
Over the Flat Plate:

The Shooting Method for a Boundary-value Problem

The Blaszius Boundary-layer (BL) flow over the flat plate is described by the following equations
(see F.M. White, Flud Mechanics, 3rd Edition, MoGraw-Hill, 1994, p.397):
n-th order ODE\

uix yi=velocity in stream-direction within the BL fo =df,/dn =f "
v y)=velocity in normal-to-streamtwalll direction within the BL =-0.5ff3,
~\where fo=f
J undary Conditions:  w{J)=0 - :=f|[|:|]| =0, L Foll]
u{ly=0 --= f (0= III f=|0 Ay
\ =y = =)=l 03 0 £ =05

ME4 piosren or fym-056pfy D W e
v od 4 v transformed in
where: fi="== =—_F —=Cv-{nf,-f
=5 d?ﬁ?’?? el o (7 ”);cv a system of

n=3 equations:
B ’E £, .15 ith dervative of £ (f=f, f,=1" =" =1 ") f,=dfy/dn=f"
[

U=const free-stream velocity, also velocity at the edge of the BL | f,=df/dn=f"

o
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Solving a “Boundary-Value ProblemeQi j
using the “Initial-Value Method”: 0 )
Guessing the unknown initial value of 0 £ (o)
f,(0) until we obtain the known . "f1 0t 05
_ - .. =4 ...d QUBSS
\_boundary value of f,(e0)=1 2 2 4
Diff Eqy. Derivatives: [ 1) MathCAD’s buit-in function
s for solving diff. egs. using
DO £ = 2 the Runge-Kutta method
-05£ £, ; (see HELP on next slide)
| i -y ]
(@ using Runge-kutta method: 2 ::rlcﬁxed(f,ﬂ,?,?ﬂ@ rows( 21 = 701 cols{ 2 =4
Check the fi=]=17%: - 1.314<...NDT YETI
tarzet = 1 = _1,'> ﬂ e need to keep guessing, or use the "shaoting method,”
et e see the corresponding program below:
NOTE: f'(0)= f'(7) = Z7OO,2
f,—gl \\
t1—skfixed(£,0,7,700, D) ... actually
27 11gl the “Shooting Method”
£, gl program is on the
12 skfixed¢£,0. 7,700, D) \second slide from here
T ! Taag, 2 =
<] |

Press F1 for help.
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SYSTEMS OF ORDINARY DIFFERENTIAL EQUATIONS—

rkfized(y, 21, x2, npoints, ) ———

N

MathCAD’s buit-in function

for solving diff. egs. using the
Runge-Kutta method

rkfized returns a matrx inwhich: (11the first column contains the paints
at which the solution is evaluated and (2)the remaining column contains

the carresponding walues of the solution and its first n-1 derivatives.
rkfized uses the fourth order Runge-kutta method to solve first arder

differential equations.

...or of the function & its

Argquments: first (n-1) derivatives
- of n-th order ODE
¥ y must be avector of n initial values.‘é"\

¥ %1, X2 are endpoints of the interval on which the solution to differential
equations will be evaluated. Initial values in y are the values at =1

¥ npoints is the number of points beyond the inttial point at which the
salution 15 to be approximated. This controls the number of rows (1 +
npoints) in the matrx returned by rkfized.

¥ D is an n-element vector-valued function containing first derivatives of

unknown functions. : —
ﬁ ..or the first (n) derivatives of n-th order ODE
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G tol, guess) = | gl — U885 —m— p— :I
f,— gl 1L The first guess :l
tl— shfixed(£,0,7,700,00,, -
-
g2 1.1g] ——m The second
f— g2 L (incremental) guess
?_rlﬂ{ed(f,n,?,?nn,DjTuulz -
i—10
L{"hﬂe | £2 - target [>tal <£ Convergence criteria :I
The o g2+ (gl gly 2B
« . t2 - tl
Shooting | | y —
Method” 2~ 8 Calculate (interpolate)
algorithm t1— 12 new guess value iteratively
t2— tified £,0, 7, 700, T using the r-nOSt recent tWO
Pr?\%r?{:gfg 0.2 guesses until convergence is
\'nMa J |&l—# achieved
- N— _/
f—it1
break if i»20
(g 12 |) [ The output of the program :l
< | _"|_I
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1—14+1

break if 120

(g t 1)
tol :=0.000001

3= [ 0332096351 0999999987 4] O
faT _
f, =l )D €S> 1, =033

guess =05

=5 tol, guess

=caling constants: Cu =1

Cor =045

Ct=25 \

[
Solve using the above “Shooting \

Method™ program: G(tol, guess)

O\

N\

i= (ST) ) i=4 number of iterations

7 = tifix fD??DDD)
\'_r EI:1'::.-.-.- _::]

rowrs 2 =701

cols{Z) =4

—

Check the the other-end BC: f e = (V)= 2717

The final SOLUTION Q

— —19 . .
z, . =0999990087 ) 51?7 isOKI =070
200, 2 i
—
@} wizcuz? ::Cv-(’?}-E{E} - z{”’) r=ctz®? >

—h

.| JIEE

1 | U=
\
m
m
| ]
[ |
]
"y
A
N -
1
: I

I _ Y e =
y_cyn,cy_x/xU C, ‘:’cv u,/XU C, =-pu

N
Q
Vv
—
[

wit
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—
i ::E{D} u ::CUE{E} v ::CE(?;'-E{E} - E{l}) T ::Ct-E{E}
C, =U =1 e
1 ___..?

=Z<1>.

Figure:

Stream velocity (u),

Wall shear stress (r) ~ahd
Normal velocity (v)

as function of

Distance from the wall (%)

<] |

Press F1 for help.

5

Distance from the wall

f

Scaling {
constants ||
(depend on
system
properties))

C, =

/L
xU

y:

C,n;C, =x

wit
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Mumerical values for the Blasius flow problern are tabulated below:

j:=0.3 k=

0. 70

Eij

=2

104
fll

31$ {00187
0.1 i16605.107 0033210, 5 32 34@ 2

" 51 133828 0993100133
02 66418.10" 00664 033 e enimehns
03 00149 0099603313 ! \q{ _ ;
05 00415 0.165910.3300 | N e

00597

0199 0.

2=

00813

10231910,

01061

02647 10,

Within 1% I

A good guess (so

to get the 3rd Boundar

lution)

y Condition

__J

00076 5430310

10,1342

020741

0.1656

03292

3

09921 44614107

02002

0.362

ahgm 09985 364724107

0238

103932 (0.

59

02789

04253 0.

0323

0453

54.1@5 0.598% | 206671

Within 0.1% I

428 (09901 L 4011.107

f.1

03702

-0 dEn%

19337107

|

Prezz F1 for help.

f.2

44709 10,9994 1 5495107

437959109993
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