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Boundary Layer Analysis in a Hypersonic Flow Field
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ABSTRACT

Matching inviscid and boundary layer methods are developed for analysis of hypersonic flow with thick
boundray layer. The new equations match all the boundary layer properties with a yariation in the
inviscid solution near the edge, except for the normal velocity. Computational comparison are performed
for incompressible and compressible flows over a flat plate. Results from the present method are
compared with Navier-Stokes solutions. The present results are in good agreement with Navier-Stokes
solutions. They show that the new technique can provide improved predictions of heating rates and skin
friction predictions for preliminary design of vehicles where shear layers and entropy layer swallowing
are importantfor for preliminary design.

ZQ7)%80)(FA)0]) : Matching inviscid and boundary layer methods(RI&AA 453 AAZ WA A
H), Hypersonic flow(Z28<), Numerical analysis(5X]314)), Incompressible flows(¥}&

4 %), Compressible flows(¢=4 %), Turbulent flow(4F %)

1. Ha)e Z28& 3 AN dojupr] HEo] 1 vy 2
AT e 2RA A¥Ho 2 AN YLy
2284 HyA ARL st Tv)stel mpEz ohg vl Azro] WesA Bk mEd AAT

AT 7224 vAe &% 4eFd 24 BE Sold AdMe olE d4s d38 &+ I A /% 3
& A3 dIste A Wf Fad Yolth H] A e AHEl AAE Fdste Zlol Rt
YA Bt G Fo] FFE A Sk S2E5 WA 58 &F duAe FE4E
T HPAE EoUAZREH B3E £ A3 A TN, A o]F ZIAY W dqUAE W
< S5 T F ) gtk Iy F254 HIY 3 FERUAAN 52 222 7MFHY f-530l
Bl dojue F7] 71E @ 2 Sol e EAste B2 74u R E2F B4 & 9%

WA B @ A2 wEeld e 93 $Ey
o A% BB WY AHE FASI] A8 Aol

t 20049 5€ 159 H5~2004F 79 129 HAMEE

* 73Ed8tn(Kyungpook National University) Ef(trim) Zto] d34 44714 744 dto] A5
* Fietd T (ADD) wel 5 o oo Hool dhe EAE YoV
FA2} olefd : chsohn@knu.ac.kr @.;}‘[11 gy o] B ATE HZ T RS

SaALZ 8 7|& 88 2] A7H A|335.(2004d 99)/ 165



i
Mo
~
30
é{—l
Okl
1ok
I
Ho

ARZo A B A7} o] F A gttt

By gshkgo] e 7 &9 AAS dA4
HollMe ZAAF Bl dF(vorticity) & A3
2HE}A Fgoh a8y F2EE F504 AE F
ABE A #5S &4 Ads) deEZH Fur}
Asta dE=ZH s & R (vorticity)E A4
A dth g0l 1x7t & XA vy =4
e @2 Ie g 71x7] WEo] Reynolds 47}
1 oepA BAZTY FAZ S Fokete g
Reynold & 714 3lol] Al&HoIR= 712 ZHAZ 3
Ae 383 B9 vbd A € 2AFE Foied
QoA Be oAE fuaA A

B ApdMe AAZ oM o(vorticity)
g 28 & # AU=s S A5 AAFEREA
< Agste e Agatd, A4S 2dy oF
(vorticity) 9% A3 13A] R3le 71€Y 3
AT BAAEG FH vpF A5 4 A F 439
BYEE Folaz} i)

SC o o

2. HEY-ZAS 2 Uy

712N EE olsisty] A 2, HIEA, SR
T s Arw, wiEAd AL ol 2ol
g

Continuity E'l' —é;: 0 )]
aU ol 1 6P
X-momentum U—+ V—F=——— 2)
ox oy p Oz
2% ;374 1 8P
Y-momentum U—+ V—=—-"— 3)
o Y p oy

BAAZAL U 2t

y=0 99 Vix, 0)=0

y=co A U+ V2= UZ+ Vo] "tk 7|4 o
24 U, Ve HIAA 338249 £25 Jehdi,

71E9 R BAF YRS UH 2ok

166 | S+ AL A3 714882 AT A3E 20049 99)

ou bv_

or oy 0 )

Continuity

du ou % 1 6P
X-momentum u——+v———y—0=———" (5)
ox 8y gy p oz

P
Y-momentum —ag= 0 6)

7188 BASHAY oL 4 QA wHY &
= 7 oU/oye] e FAI 4 (D go] A&
3e, AAF X-+&%F WA HE3hd @4
Zo] gt

av__1dp
U—d;- p dzx )

u—+v——v—7p=U—— (8)

ABA Z7AL y=0 99 ulx, 0)=0 and v(x, 0)=0

y=co g u=U(x, 0) °]t}.

BAZE WA ARA u, vE AAFY &5
e Yeha, y>89dM e u=Ux, v), v=V(x, y)°]
211

U3 537 BASHAENES A¥se wHe
A (2)9] aU/oyd FE FABA &3 4 B o
Y3, a1 A3kes (9)40] Hrt

2
: alU U
) 24 ©)
ox 8y Y ox oy

@4e "4 G WP VAN 25T P
oM, BY @HNN y WFY 288 oz
42 A4 B2 AYAA @ G40l Y
1043+ 2ol & % gtk

g Hr 1>




i
HO
~
40
o
OH
ok
o
Ho

7 2ol Tk
=V )~ [y an

V()&  wddMe  HEA  #fA(inviscid
transpiration)& =8 FYst1, V(x, 0)=V,(z)°]
213

V,(z)Ee 4 W&
Ack.

R §
Vo) =4 [ (0w (12

AA%Z 2dY FHA(boundary layer momentum
thickness)& 4 (13)& ol&3to] 78 $ Qi)

olg8ted The ol FE 4

o= (13)
0 ee e

U
4 02 1=y 2, = \[Z 2 39 59 3

£ 883 Fol EUh A4 U E y0l4e vl
44 SEgolth olsh 2o AT WHe xol go|
371 845 ANSRE AAF FAS B 3%
ES @ Roltk

3. &n g &

7t vlAEM RS 54

2oy HIAHS
AA vgEAg %%
A z2A0E Folx
344 $E2IE t—‘i?ﬂoﬂfﬂ g3 V&V He
2 U/Uw=1+60(y/L)& #-&3}4h

TEFoEE 100708 AR S AHEIER, Aze
001m)2 stgor no HUge 5002 3} o

L 2REY ARHL T & Aoy 3
Z22& 10E-5 22 FHrk

g 12 x/Lo] 099 XM £z EXE H
g o HEAd fA9 FF FR FEA
AAZ ® 7‘3*—]"“ o &&= EEJ} 7]&9 Navier
Stokes®¥3 43} 2nd Order Defect Method®s} &8

3] ?—-17"]3}"5 S & F Aok Gk BAF £ 3“
Mo Bee A 8% AHEFOEN ol oy FTS

2EE 4 glod, # dAe 4 9& /‘}%3}01
A% ¥ 2¢ BHAAY BY vtF A @
£ Hi2g Aol Navier Stokes®AE243 2nd

Order Defect Method®} A&3] dAx)sle= AL ¢
F gtk 7129 1st Order ZAAZ sAdA=
Blasius®] ©|&4¢ ZA¥Q 03328 AT ;S
yehlled), o] g AL daelA x/L=091A<] 3k
7} dAg

a3y 3% 4= BgEAolY o= 4 Re=10°
olx H|FA HEEXE AR(sinusoidal) £¥ ¢ &

T8 JHAE o9 ASd U8 &= X9 9
old A-E v wsych
A ZA

U/Uy=1+05 sin?[50n(y/L)] for y/L<0.01
U/Uy=15 for y/L=00

0.015 —
B @  Navier Stokes
L |:| 2nd Order Defect
- Current Method
= === Inviscid Solution
0.010 -
Y L
0.005 —
r I
0.000 IIIllIILIlllIIIIII
0.0 0.5 1.0 15 2.0
u/Uw

[2& 1] Velocity profiles for constant shear flow at
x/L=0.9 '

ST AL |E 618 R A7 A|3E(20043 99)/ 167



rr
Ho
~
X
OH
o
o
Ho

055[_—
Current Method
- . Navier Stokes
0.50:. [] 2nd order Defect
0.45 [—
GVRe
-2 |
0.40 —
0.35
0.30Illlll‘LIIIllLIIIIIII(IIII
0.0 0.2 04 0.6 0.8 1.0

xiL

0.45 —
’ L Cutrent with inviscld ‘viscous' term
I - - - - Current without Inviscid 'viscous' term
- @ Navier Stokes
oaol. [ 2nd Order Defect -7
CVRe
2 -
0.35 —
030
R IR RPFTITY BRI PP WA
0.0 0.2 0.4 06 0.8 1.0
xiL

[27l 2] Skin-friction coefficient for constant shear
flow
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(2% 5] Velocity profiles for exponential shear flow
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(28 10] Heat transfer rate for cold wall
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[23 15] Turbulent velocity profile for a linear
gradient inviscid velocity case(same flow
condition of Fig. 14)
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{22! 16] Comparisons of wall heat flux for Me=15,
P==2800.91pa, T»=221.11K, Tw=1000K
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