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Ap LV’ Ahz =k

hy=—Ah=— —+Az |=f ——
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l 1/4 g
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pVD D 2¢g
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(recall hy oc V for laminar flow)

Other useful relationships
Power law fit to velocity profile:

m
u L]
=| = Y=r,—T
umax I'0
m = m(Re)
1 *
u r.u
max __ 0
X =—In +B
u K r
\Y 172 Y
= (1+1.33f"2)
umax
TABLE 10.1 EXPONENTS FOR POWER-LAW EQUATION AND
RATIO OF MEAN TO MAXIMUM VELOCITY _
Re— 4 x 10° 2.3 x 10* 1.1 x 10° 1.1 x 10° 3.2 x 10°
1 1 1 1
m—> — — — —_ —
" 6.0 6.6 7.0 8.8 10.0
V/ Viosx — 0.791 0.807 0.817 0.850 0.865

PGS R - BN S Y~ e

source: Schlichting (36). Used with permission of the McGraw-Hill Companies.
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o
—=H =2.59
So, 9

aul U (0) S o 0.664 6

") 2 L Re x

1.328
C, =— f fL UL

~Re, Ree=s

1

'
LA
U .hRe << for Re_>>1
X

TABLE 4-1 2
Numerical solution of the Blasius flat-plate
relation, Eq. (4-45) s
n fn) f'(n) f"(w)
0.0 0.0 0.0 0.46960 //
0.1 0.00235 0.04696 0.46956 Thsemannenag.g fontasnssrserpssisasasaAaRS }( ....................
02 0.00939 0.09391  0.46931 7 fau :
03 0.02113 0.14081 0.46861 i !
04 0.03755 0.18761  0.46725 ik s i

v 8
05 0.05864 023423 0.46503 7 oe
0.6 0.08439 0.28058 0.46173 5 Iar
07 0.11474 0.32653 0.45718 g ~ :
0.8 0.14967 0.3719% 0.45119 0 T 1217 2 3 Pt
09 0.18911 0.41672 0.44363 . T
1.0 0.23299 0.46063 0.43438 7Y 5z
11 0.28121 0.50354 0.42337 (@
12 0.33366 . 0.54525 0.41057 12
13 0.39021 0.58559 0.39598
1.4 0.45072 0.62439 0.37969
15 0.51503 0.66147 0.36180 hd
1.6 0.58296 0.69670 0.34249
1.7 0.65430 0.72993 032195
1.8 0.72887 0.76106 0.30045 Symbol e, X 104 ___|
1.9 0.80644 0.79000  0.27825 M v
20 0.88680 0.81669 0.25567 . om —
22 1.05495 0.86330 0.21058 x 0
24 123153 090107  0.16756 S
26 1.41482 0.93060 0.12861 N 1.24
28 1.60328 0.95288 0.09511 s 7 8
3.0 1.79557 0.96905 0.06771
32 1.99058 0.98037 0.04637
34 2.18747 0.98797 0.03054 o
36 2.38559 0.99289 0.01933 FIGURE 4-6
I8 2.58450 0.99594 0.01176 The Blasius solution for the fiat-plate boundary layer: (a) numerical solution of Eq. (4-45); (h)
4.0 2.78388 0.99777 0.00687 comparison of f = 4 /U with experiments by Licpmann (1943).
42 2.98355 0.99882 0.00386
44 3.18338 0.99940 0.00208
46 3.38329 0.99970 0.00108
48 3.58325 0.99986 0.00054




Approximate solution Turbulent Boundary-Layer

Re, ~3 X 10° for a flat plate boundary layer
Rei: ~ 500,000

as was done for the approximate laminar flat plate
boundary-layer analysis, solve by expressing c¢= c¢(d) and
0 = 6(d) and integrate, i.e.

assume log-law valid across entire turbulent boundary-layer

u_ llnﬂlf_ +B neglect laminar sub layer
uoxoovo and velocity defect region
aty=0,u=U
E* _1 In ou_ +B
u K Vv
\ a 1/2
Re; (Ef—j

0 1/2 1/2
or (—J =2.44ln{Res(—Cf—) }5
Cs 2

c; =.02 Res_”6 power-law fit

> ct(9)

Next, evaluate :



do _
dx

bl

can use log-law or more simply a power law fit

1/7
u_l¥
)" |

7
0=—0=0(5
To=0()
1 ., 2d6 7
= Ty =C U =pU
1,0 =P ax ~ 7P
Re ‘“6_972@
dx
or §=.16Re;1/7
X
S o« x%7 almost linear
_.027
Cf_Rem
031 7
C; = =—C,(L)

N

RelL/7 6

Note: can not be
used to obtain c¢¢(0)
since Ty, —> ©

2 9 dd

dx

i.e., much faster
growth rate than
laminar
boundary layer



Alternate forms given in text depending on experimental
information and power-law fit used, etc. (i.e., dependent on
Re range.)

Some additional relations given in texts for larger Re are as
follows:

Total

455 —1700

.
shear-stress Cr= 2.58 Re>10
coefficient (logm Re ) Re|
—=c(.98logRe; —.732)
Local 93
shear-stress Cp = (2 logRe, —.65 )
coefficient T

0.0100
0.0090
0.0080

0.0070

— 0074

0.0060
0.0050

0.0040

nnmn

T

/ EL

Laminar boundary layer

Average shear stress coefficient for
/ completely turbulent boundary layer

. L) -

0.0025+
0.0020t

0.0015+

0.0010

"=~ Combination of laminar and
turbulent boundary layer
_ 0074 - 1700
= Re, 115~ Reg

(ku,oll Tk

105

]()6 107

Ugl.
Re1.=—fi

1 1100l
108

10?

Finally, a composite formula that takes into account both
the initial laminar boundary-layer (with translation at
Recr = 500,000) and subsequent turbulent boundary layer

074
/
Re;”

1700
Re;

is Cp = 10°<Re <10’
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Definition sketch for the two-dimensional laminar free jet. [After Schlichting
(1933a).]
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FIGURE 4-17

Velocity distribution between two parallel streams of different properties:
(a) geometry; (b) velocities at the interface (U,=0). [After Lock (1961).]
(By permission of The Clarendon Press, Ozford.)



