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(^ \  LYz Ah=h.-L.hr=-Ah--ioP+Lzl-r -
\Y ) D2g

/  11 /4 .

hr= sr6(+.]"-:y1
[pvD/ D 2e

hr *  Vl '75

(recall hr oc V for laminar flow)

Other useful relationships
Power law fit to velocity profile:

/ \m
u f  Y l- - l -  

|  Y: fo-r
u*u* \ro /

m- m(Re)

r r  1  r  t t *"max _ ^_ ln^o"  
+B

a a  
- -

uKr

V L , , , \ - l
t- _ t l+ 1.33f L:: 

) 
-

u -u*

TABLE IO.I EXPONENTS FORPOWER-LAW EQUATION AND

RAIIO OF MEAN TO MAXIMUM VELOCITY

Re-+  +x td  z .gx td  t . t x rd  l t x t t '  g .zx t f r

m +  
I  - l  1 '  I  I

6.0 6.6 7.0 8.8 10.0
V1r*,-- 0.79t 0.802 0.817 0.850 0.865

souRcE: Schlichting (36). Uscd with permission of the McGraw-llill Companies.
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Thc Edu iolutbn to. t|ta irt.pldc bo$d[y Inrr: {r, nuftriol !d{ir of Eq, (4,{j} (t)
@lltiu d | - s/U ddt .rt dmntr b!, Lilptf,ur {1943)_
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L o(J'
2 ' ,

0.664 e

tr{x

D ( .- dx 1.328=i-/ r:-T-u 1rle,
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lou'r

TABLE +T
Nunericrl solution of lhe Blasius flat-plate
rclatio& Eq. (4-45)

fl'l.| f'(4r t'lq)

0.0

0.1
o2
03
0.4
OJ

0.6
o.7
0i
0.9
t . 0 '

l , l
l 2
l . l
1 .4
I.f,

t .6
1.7
t.E
1.9
LO
7 t

L6
Lil
3.0

3.2
1.4
3.6
1.8
4.0

4.2
4.4
4,0
4.tt

0.0 0.0 0.469fi

0.m235 0.9696 046956
0.fix,:r9 0.09391 0.4693r
0.02113 0.146t o45E6l
0.03755 0.1tr6r O.6rE
0.05864 0234zJ 046503

0.{4439 0.2$58 0.4{5173
0.17474 0.32653 0.45718
0.1496? 0.371% 0.45119
0.lsrll 0.41672 0.44353.
0.23?18 0.46ffi3 0.4343t

0.2E1Zt 050354 0.42337
0.33366 054525 0.41057
039021 058559 0.3959E
O.4fi??l O.(tU39 03'1969
0.51503 o.ffir{l 03619)

0.5&296 0.696?0 0342/,9
0.65430 0.72943 032195
o.72$r 0.76106 03XX5
0.80644 0.79(m O.nvs
0.88680 0.Et669 0.?5ft7

t.05495 0.86330 0.21058
t23t53 0.90107 0.16756
t.4r42 0.93060 0.12861
r.60328 0.95288 0.095rt
|.7e551 0.96905 0.O6nl

f .99058 0.98&l? O.UCr37
2.18711 0.9nq/ 0.03054
23E559 0.99N' 0.01933
25'#'5{t 0.99594 0.0t t76
2.7tf3E8 0.957n 0.Uf5C7

2.98355 0.99882 0.m386
3.ilt318 0.99*10 0.0020E
3.3E329 {r.99970 0.0010t
3.58325 0.99et6 0.ffn54



Approximate solution Turbulent Boundary-Layer

Re, - 3 X 106 for a flat plate boundary layer
Re.rit - 500,000

cr_d0

2dx

as was done for the approximate laminar flat plate
boundary-layer analysis, solve by expressing c1: c1(6) and
0 - e(6) and integrate, i.e.

assume log-law valid across entire turbulent boundary-layer

u I. yu-:-=-ln--- +B
UKV

aty - 6, u: IJ

U 1, 6u*_:_=:ln--- _B
UKV

neglect laminar sub layer
and velocity defect region

t  ' r l l 2
(2l

or l- l  -2.441
\cr /

ar 2.02 Reu-1/6

Next, evaluate

/  , , 112
\-n..Ib'l

' \2 
)

[ ( n .trrl*nfneo[;J 
r

power-law fit

ci (6)



de-gigfr-alou
dx dxdU\ TJ)

= r* = "rtpu'-pu'::= *r"'#

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

rl - (Y\''' I *ote: can not be
u [a./ | ;ed to obtain cr (6)

t .

-r I stnce rw * oo

e=*o-e(a) )
72\

Reu-t'u -g.72+
dx

or 
6 = .16Re*l/ t i.e.' much faster
x growth rate than

laminar
6 * x6l7 almost linear boundary layer

.027
v f  -  --r 

RtYt

/-1 '031 
'7

Ur = --  , ,  =:Cr(L)'  R.ij '  6



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
shear-stress
coefficient

Local
shear-stress
coefficient

Cr=
.455 - 1700

(log,o R", )''tt Re,

i 
= cr(.lslogRe, -.T2)

cr = (ztogRe* -.6s)-z't

Re > 107

- '---106 
lo5 

*.rt ltry 

tot loe

Finally, a composite formula that takes into account both
the initial laminar boundary-layer (with translation at
Recn: 500,000) and subsequent turbulent boundary layer
.  ^ .074 1700
rD vf : -------;-;;-' R"ij' R.,

Avcragc shar strm ccfficient for
completely turbulent boundary lays

-\-Combination 
of laminar and

\ turuulcnt boundary layer

$o="ffi-ff

105<Re<loi
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