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Applications of Characteristic Boundary Conditions within CFDS

Numerical Framework

S. K. Hong and K. S. Lee

Characteristic boundary conditions are discussed in conjunction with a flux-difference
splitting formulation as modified from Roe's linearization. Details of how one can implement
the characteristic boundary conditions which are made compatible with the interior point
formulation are described for different types of boundaries including subsonic outflow and
adiabatic wall. The validity of boundary conditions are demonstrated through computation of
transonic airfoil, supersonic ogive-cylinder, hypersonic cylinder, and S-duct internal flows.
The computed wall pressure distributions are compared with published experimental and
computed data. Objectives of this paper are thus to give insight of formulation procedure of
a flux-difference splitting method and to pave ways for other users to adopt present
boundary procedure on their numerical methods.
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FofNE A= R0 GFRHUY o8 &
Mac. B AdEo] 45 AXNEAE 4
HX Kt} downstreamolA 3l et &S
5402 Hol M9 YA FE2dA @
Fstmz Y19 Aole ¥E & FAols} ofy
2 AlgdY. 2Yeg &4 9994 CFDS
o YA vy FE=E A Aoz
g,

5.2 X84 ogive

Nose ¥-#°] 3 caliber {1 secant ogives}t ¥

2 FA9 3x9 slender body © whaled =
% fFEH4E Y43 ARF 28L& 9
% 30, #&7 10, Aoz £ 60x10° ol
F2de 7|&E B-L 2d& 297 5344
2 95 & $£AF Degani-Schiff(D-S)[(12]=2
AHgE T At Aas Holwgos 84
A, Yhol F=A3A 657, YFYFoz 627
& EXANZon, A7 gz wZ wrl
A dgog Y. TFHAEHAAME no-slip
% ¥d EAdAAzZE, 93FAE J/ET
EXBAzAE HE&3AT. 1¥3E Tty
TEXEEN FZne 2YE F HAdF3 U
aP4ols A 1 Ao} wEe YHy oY
Hel QtAE¥XE AIZAA3]9 vl
adddA xFe FAAFLE FAUZ A
caliber @90l y%< A} (static pressure)
& A<t (total pressure)® x93 ¢ 3tol
o AEAEFT otLAFA fH &Y g ZH
Z} 4¥7159 ALY vlsold. AMF dHe
Zzk 13 2 239 FWFEEE AME dH
22X o5& AR fABIY 23 FExe] ALY
237t A¥As o F dAFE BgFn g
. 285& FA x=5.77 caliber A 45
ko] YREE AYPA S} vja g Aoy, o
ZIME 23 A8z A7 A & 4A
ok 3PN eFHFez 100= F3A
cross—flow 887} ¥As =Y, B-L 4754
€ AHE-3tE o] §E9 48 ol 4EAS A
o]g Xt weA B-L EHA AlLse
¥4 f(y)& W¥sEs D-S 2dg Agsiezg
A AYPA G & dX g dHE AU

% do 2

tlo

239 9 A ohats
80 A RHEFN ¥ #1418 FAANE
Fasias AV A 296 2w
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AzFE 101x50 H4d AAzBL
ogive EAI9 A3ttt Roe scheme ©|u
CFDS$t & flux difference WA &
&% F9 EA FXALA carbuncled Ze
ul 239l &7t 2= oy A& A
f87) 98 o8 WHEel Ed AMAHUG
oldd ZZAvtel Bty VAL AR FANL
Az Gt Ao A FATSG HYF
wWagel &% Aol Qe dgolA LAY F
e, Az HHol AAE o] ol ¥A
2 ¥ F¢E g B dFedAe FAH
o} g BFayedA J ¥ 2HA 4
of M FYGYen a1 dHE YT
AASAT. aF70A A, Fol FAL G A
g3 gl FRHAEE ¢ F At 4FF
vty & Sanders et al[15]0] #¢tg wHi & 7]
2oe 3t & EY2E AMY 9 d99
ANY 229 HYo2 JeyoAE AAFHE
od dg3te AadY AFAFAN HF &
oz gxdd 1§ F4(fixing)sle

o} i,

H -
A= maX("iH/z.k » Aj k172 »
Aji=1izs Ajwtr» Ajrra-1i2)

2 AL 21989 (a)e TwEty R E,
b 5948 BXola (ot AAHE M9 &9
F(gY, 495, £5)5¢ Nakamoril14]e] ZA
¢} wla@ Aok CFDS AAdzgs Moz
HE A8t Nakamori ZTE 7|32 FEAIRAE
b 5 AdE3 245 fX 2 4 EAFEC]
Az & X adeg ARAYG PEE
28 2357 d&de ZAAME A di@
FRPVoz FEI AAHHT HFY FAHY
43 9¢ + glon, B EX 339 &
Aol el AAHQA eigenvalue fixing WYl
daMEe o §& d77t gasid.

5.4 S-duct LS RSOl Ot &
HA=AH Jgu|a

S-duct 9+t wdF 06, Reynolds
176x10° @ 580 ¥ BHREF disl &+
AzBEsd g dx5 HESFAG W5EH
Fo g dEzde FuTdA6lel 2 He
Ho] glou fREe] Ee maty JHA v
¢4 fE5 dF Yol W R/EFS T4
A o 7P dF FAZH dAC] F
a8 EAoly, diFe FLma=d AFAE
o] extrapolation 3} AYFE BAHAIE AR
o 239 AAZAL HEFHn do ¥
CFDS RZEoANE olgE &7 S4W
Aoz Jehyxl= 4709 ;e N-S BA
g 98Uz FAstn, AFAM LEF FA
HoZ Eolot EAXNE Lddy o EAHY
F2E 9uryoz AYH@PE Ay 2 7}
2 dgd dig AE HES}/ A3 &
(H® Y9 P -Compatibility W}E4& A
o 1 ARE M2 wasgch

23 dd9 S-ductel W FA4H AAAE
2Y9st 21, 9 x=0o1A o] FojA7| Al
Zerh S-ductd] TFAHL @ UFA6D),
S-duct F3H30deg. - 30 deg.), ¥ &+(10D)
g FRHY, 4714 DE #9 HA2=
1651lcm ot} 299 AAAlE dIHez @
o] YRvteg HoFz gloen AA HAAAE

1

Z 4

77x33x49  oltt. AdYdAAM ZFAHF FELS
x/D=-2(I), 2°(ID, 15°(0D), 32°(IV), 45°(V),

60°(VI) olw, 1§99 A SEHo] ¢
=00°, F7ol ¢=90°, 18 ot HWUol ¢
=180°c1ck. 19109 (a)& S-duct FHE W3
doll g F viEls BEXeln (b)e TYHE
¥ojh. 10X 5% g ol
¥3 BEF JFHAAME o] Hopxle AL

o
ERihs
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G A £ a2YlldE 2FFAxHeE
A FHY EABAZAE AL FAHN F
Fo FnFA[7] £ A¥AEY GHEEE
Az vadlde. €79 FAzALE 4246dA
A9 g s(p=0,
equation(93 Felel T7'1g) o2 Fdz
BCl1, BC2, BC32 %93t BClat BC29
A3E M2 §A13 3 BC38 Aate o3 oF
e Holg BAY. Y119 (a)b))e ¢
=0.0°, 90°, 180° EHY 4HE X ol 1:(a)dl
A FAHY e 2E2F AHE 1-377)
oA HAPAse} FAolE Holy W EEUKX
HE 3-57MAME A¥AS% 7 dAsE 3
g2 Holm, FNEHU[7]Y FAAE LEU
A Agxe & dXsin EEHAA AP
2ol & Holed aY(dME olg AFgS
E 5 Atk FAH Agger HAE ANE
g FHsAY o] A FIYAEE A4
£ in-house code24 #YF e} &79 AAZ
2oz AFFHY AHE AL Aol &7
9] <t gtol welrd CFDSY 7ZA¢ AAzxA
BC1(6p=0), Ex¥ BC2(4F=0)8 HE&T Aol
Aty oz Ay TAY FAHE RAF
2 k. Y119 CFDSe FuFA[17]9 £
A AN E B-L dFEdo] AEHUG. 7
Azde UL Jdehde 42 adi11@el
duct H& w2t AHREI UREA AdolA
t AL & F U

29119 ¢-180°¥ ¥ 2E(concave)§
A9 ALt SEAY Aelrt A YErY
3, o] Re} GHAFF 4 @ol ¥ Eo
2 {FHo] 19Y9-119) Ao AL§ B-L
29 o]9je] 1-Equation ¢HF 2 42 Baldwin-
Barth(B-B)[18] 24& A-&3E gttt 219129
B-B ¢HE2UE AL de B-L dFEY
< HEY AAE QYNNG N2 v I

8(c%) =0, P -compatibility

39129 (a)elA B-B 2499 ZAzrt 5%
HolME AP e Z dAFE Holx, IY
(b)(c)lME B-B 24 Afst B-LEDY
Az 49 o 2 #&E BAEY. 2
HE2 Y fFdddMe s drd ¢
FEde Hgo] Sule EUFY 4F =&
o] € £ Y&S BAFR 3ok

6. 8 &

CFDS #X 84 719 ¢neF AN &
AFE BHE AAB] 7lestd o F£X71Y el
W oJHE FANINEE xYsPon ol
gad g P8 < ANHFAG. =¥ 54
ZAZY HLo] A dFgoz ¥HE ¢ ofF
g7t THAA WA AN 54
MAel disted B 7HA] o § S0 YA
Feeo A¥S YEr] fstq dES5 9
%% iz FA, 3254 FUEAY
AHE AFAqen, FAMY A7t 49
AN A ot g AN AFe M2 F
g Ag HlsAd

EF774AWY F8AHE el A2
S-duct WH /%9 &7 ZAAzdA WA
2 A EAd¥sE ALE D),
P -compatibility 4 &% HAFAE M2 ¥
a2 o d3 e E4ds=2
A 29 HY dAst X M 2
Hadd o] MR RF AHdME dREEY
AAo] FFd 4L FAISS BAFEUG.
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Fig. 1. Mach contours around NACA
0012 airfoil at M=0.799, AOA=2.26

Fig. 3. Mach contours in symmetric
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Fig. 10. (a) S-duct Mach contours in symmetric plane
(b) S-duct pressure contours in symmetric plane
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Fig. 11. S-duct surface pressure distributions for three different characteristic
boundary conditions, (a) =0 (b) $=80 (c) $=180
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