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(6.54), we finally obtamn

wo g o Ky = 02| 2 O
R i 0 p}dé+2£( L)

U,

(6.55)

Eq. (6.55) is the transformed boundary layer x-momentum equation for a two-

dimensional, compressible flow.
The boundary layer y-momentum equation, pamely Eq. (6.29) stating that
dp/dy = 0 becomes in the transformed space

(6.56)

The boundary layer energy equation given by Eq. (6.30) can also be trans-
formed. Defining a nondimensional static enthalpy as

h
g=9Em=y 657

where h, is the static enthalpy at the boundary layer edge, and utilizing the same
transformation as before, Eq. (6.30) becomes

TC N -
(P’rg> +fg= 25[!
(6.58)
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S.P. Schneider, Purdue AAE | 24 Oct 2005 | COMPBL data from March 1990, mach5.p1l and mach5.s1

l —
- Both viscosity laws give
0.8 nearly the same result
o 0.6 _ _ _
2 Velocity Profile for Compressible Boundary
= Layer Using COMPBL (1990 version).
! M_=5, Pr=0.72, y=1.4, insulated wall.
- 04 Compares well to White, Viscous Fluid
Flow, 1st edition, Fig. 7-1. White omitted
the plot in later editions.
0.2 Power law viscosity, exponent = 1/3
Sutherland law, T ,=3T_=330K
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S.P. Schneider, Purdue AAE | 24 Oct 2005 | COMPBL data from March 1990, mach5.p1 and mach5.s1

Temperature Profile for Compressible Boundary

6 Layer Using COMPBL (1990 version).
i M, =5,Pr=0.72,y=1.4, insulated wall.
& Compares well to White, Viscous Fluid
5F Flow, 1st edition, Fig. 7-1. White omitted
i the plot in later editions.
i O Power law viscosity, exponent = 1/3
4r Sutherland law, T _=3T_=330K
=
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S.P. Schneider, Purdue AAE | 24 Oct 2005 | COMPBL data from March 1990, mach5.p1l and mach5.s1

(p w/(pg 1)

C =

0.8

VAR

N

Power law viscosity, exponent = 1/3
Sutherland law, T _=3T_=330K

Both viscosity laws give
nearly the same result

Simple theory takes C
to be a const. at some
mean value, at the

reference temperature

Chapman-Rubesin Param. for Compressible

Boundary Layer Using COMPBL.

M_=5,Pr=0.72, y=1.4, insulated wall.

Compares well to White, Viscous Fluid

Flow, 1st edition, Fig. 7-1. White omitted
the plot in later editions.

I | | | | I | | | | I I

1 2 3 4

n




|

APPROVYED FOR USE IN
PURDUE UNIVERSITY

Y 4 ard o U(\) Then

Rf | ol = (Vol=a (Vo)
dkcﬂm)F =0 (l)= (o)=0, (0)=

lva (od('< { ; (e = ngl

dlﬂ) ) l o f G
(( ) Ca- = OJ
. @Oyo{N@)

| Co ( £ ( BlaguS
Lt {wo cove qutomarcaly from B¢ onf.

sdwas Al st o

AL Cy b Gy
heedt ¢ =0,

=

C(@(\'\ he(owe S
(0 C«( A 0(3 d J\

|/
need (.‘:LOL,, Sy (o 7

ﬂ\()\f\ v( \ ‘ = Q &({0{ (\lagl\)éﬂ( ( ((’O
2T —



o Y «9 y |
So {(n) =¢ ('Q = G (( ) = ’(\((ﬁ" ttﬁla&tvb
( ( (, IL **(: r(foi ’“;)

d{' . ' (‘
--'{««“" '(W ?'.m o,
L% (() d - (B (J(() Q@I)

CE_ o Gl e (o)

o (& 0E O —

| I .
S (o) = (\{N@) ‘\{[(EOT%

Tw‘({uc —— {"(o) = (M Celle! [
Vj\(“{(u‘”y ) Colle. \/qu \{z '(j)

S ,,‘ "

Ue* /o
v e 6( QUC( * e \(O) (G Lﬂf x\ A q@ 30
zflb\) Ce(_é\(ﬂ(f' X) %(’ 0\}(:1((0) Vf QOX)(’,X‘(‘) b’,}(é?()@)qe




; OVED O
PURDUE UNIV

wd - dx
ERSITY

yaar

(153

R n«// ’

Reloene '(é?’iv\k‘); Udea S Ue thicd PproK, d N
prek € ag Cone averaqe, o That Pro ((lf”ﬁ ate o,
Cinee C deperd € ontewyp- dlone,fo 3‘0@0(&();}( 0K,
evalvate Cat Sune e ference Temp™ TH Can
‘o (*mpm(alti Or Ul H\'“(fﬂl\dl ﬁam\ohﬁq:\f,
(Whote pS4o ). -

T st ooy [ ohly

e
B Y oy <) Jaﬁku@
(O CA@M APV, N orenal Solng W6 r_,w((?\ft& )\%&

hﬁxﬁ N\Q(\lﬁ\@m ( g‘\‘%Q e
Lo Rl Dplaserent Theekres g Simalatvog $Gling

-

e

SN ("’ge%e)dﬁ - g:@ (%(') &y

- ,.ﬁ » ié. s ‘\e /((} gy A { (:( T
bu T W § V\L«gg 0, ardit heGpT

)i oo N
() ~(§£ - 'i("i wbere &: “6’,

)

2 0= (g




250 vISCOUS HYPERSONIC FLOW 5‘&\ Pn (\F(\ l(:m\
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Anderson, Hypersonic
and High-Temp. Gasd.
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Mach number. M
FIGURE 6.13

Comparison of exact and approximate Reynolds analogy factor for laminar flow over a flat plate.
(Ref. 90.)

is expressed by Eq. (6.83); numerical solutions are given in Fig. 6.13, obtained
from Ref. 90. Note that the ratio ¢,/Cy decreases as M, increases across the
hypersonic regime. However, again note that the ordinate is an expanded scale,
and ¢/Cy decreases by only 2 percent from M, = 0 to 16. Thus, the incompres-
sible result given by Eq.(6.82) is a reasonable approximation at hypersonic
speeds, namely

9’-=1Pr‘2"3 691
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S.P. Schneider, Purdue AAE | 24 Oct 2005 | LUD300KA.SUM from 1991

Boundary-Layer Thickness Integral

250 for Flat Plate. Isentropic expansion 16
- from 300K without bow shock.
i Air, y = 1.4, Sutherland law, Pr=0.72 14
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