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Prediction of Some Moving-Body Problems Using Overlapped Grid System

Ol A #F , &2
Jin-Gyu Lee and Keun-Shik Chang

There are many moving-body problems to be solved, the solution of which necessary for
proper design of flight vehicles in aerospace industry. Since a body moves relative to other
bodies in the category of these problems, difficulty arises regarding both generation of
computational grid around the body in motion and conservation of flow properties in the
moving grid system. A few example could be store separation from the aircraft and relative
vibration of multiple bodies in the high-speed flow passage.

In this paper we report on the progress made in computing moving-body aerodynamics
related with sabot separation characteristics. Conservative overlapping grid together with
cell-merging-unmerging technique is used to solve the Euler equations for a body in high-speed
motion. Carbuncle errors has to be removed before we obtain physically adequate solution.
Two-dimensional application is reported here.
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ARgALeo] AQATol vlal B4 Fadol 45l AAY BES ol FaT
E77) goj7ta AT, A AAP BAE AA g 1 F 23 4e AUAYG M2 4
WeEe e BAY AL AN AP oalge] Fad BAZ SAs IUck

A2 49 ol2ge Wiy AF WA HEEA HFY AR sPol AgtEo] kg EA
d Agdm U ¥R AR lEe BIE BAFAY AxE und 44 INT 5 A7,
AAE A7t e AATOZA ALAAE 44 2JT & AoE Wl YA, B ¥ F
AA ARE ARSL FAoiof I, NavierStokes P4 AN A% Ed AR Y4A A2
270l A% A4S Parl olFris wHol YoH, olAAA 34 A HgardE e
o]l }ET @uoz ERF BIAQAL Nt 4Rl He o8 AY Argdez sy, 1
Zzto] dsle] AXNE A4S WHol AYHYEH, ol¥A FE FLARNAES 18T + Qo
A%e e 71 4 YA o 98 AH4HE ISR B/Y(DDT: domain decomposition
technique)[1]elE 2AAA AANNY A 92, ARAAZ FEIL D@ ol g} 33
2277, H(Patched) AAH23], 5 (Overlapped)[14] AA 59 Pol Yok B3 229 7
S AR Ato] FEAAR $£AF ARMo] AAE 72y A5HoZ ojolAE W,
#2AA ) A FEAANES staAzt ARdo] 94Y Fast gk 9 PEe KBRS 2@
o] RERo|:, A% FPH FFAAY RANE SuF BAWE Ya 2 HAA AW, FEH
A7k 948 Aol e ol Ak FAARY A F olge AxE SYAeE JNG
F BEAAR Qo) AP WY AL ZES WY AY F UL, N AR FUEFo)
Fsdthe Aol AAT, AATY AR@Po] BIPHH] A8 TN WR) READ P
ol HA Ralm, F(twoway)d] Hzbgel TFHE BHol k. B ATFAMAE FRAAA
71B-& F3 Wanga} Yang(1994)2lol ol3) +3=ol, AAAs FHAR AL 4 nER
23 AAYL A4 olst BEo AR §F 2 olW(Cell-merging-unmerging)[35] 714
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B 76N moving body problem®) RAW-FEEAE #A37] A Euler 34 7=
=3, A% 299 4EAEY, 224 2% J1ES AR §F 2 olg /EE A 3
B ZE=E FAse], B3E §F L 244 I9dAM nFe
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2. Avl A4 D 52714
2.1. Euler Equations

ol Al g ZWA U=A Euler AL AZAFTANN nesdoz vehd oot
2]

3Q/ot+ oE[/dx+ dF[dy = (

Q=1[p, ou, ov, el”
E = [ pu,, puu+tp, ouw, (e+du+pm; 17
F = [ ov, evu, ovp+p, (et+pv,+py, 1"
w3, u, ve AWEE, w(=u—x),0,(=v—y)2 JWER, 7, y= ARY £EF
i, 298 AT o AHF LR oo FEE AHF $5U co, FF pFH THAH
F % oUA et pockoz Tk
FE AA e g e oldriAle HE duEHez gAd

p = (r—Dle~— lz—p(u2+ %))

22 £A71E AA=RA

zA71MesE A %A SEAAYL AMgstn, 2 FE ALNE] #d HLLE
Riemann solverE AF&-$TH7,8]. ol Zo] slE22A Roe 3gelA HethE Carbuncle LAE
AAS = 4 Uk F=F wxpe) TN AFYEE TSI Y8 MUSCL 714E AHg3t, £94%
W #le] AEL ur] 9938te) Koren differential limiterE ol8-@th Al HE & 1349
ABCE 2tE YA (global time stepping)e] A H AL YL AHERT-

AAzAL FHHoz mE AIFd. QPAAdME IFRFHeZ 1AL £F5& 7HAsEA
Riemann 2wWxle] 2% EA4¥H HAZAL AH83n, BAZWHAME WAAA=zZA
(reflection boundary condition)-& A}-&-3tct.

0 = 01 v4 = v;—2((v;—v)- M7
(7121 ) + %:Pd' loal?
714, 29 v, & & 530 29 $Hole EARYEY £=F vehdth

b = bi, e =

3. 4A7Y
31 B3 %3 24 7]¥(Conservative overlapped grid)

ol gL NEHoz T J9 Ayl $H Holdg W FH @ 99 BAY d¥E o183
q 238 AAAS ARAAAZ wipe Rod23] o HFE T FHE RN rnEZ
AL ARAANAY TEAANMY FFRExACE uHA Hol S REHOZ A T
ol BEe e s 71£9 Chimera AA7Ho] FATS e ¢ 77l Biygol &
A godd Fole AL uREAo] At A} dao. I olfE BIY o AdMe AW

- 83—




FAAHNE BEA ¢ga ot A9 gg ololF T V] WA, BEH FHAHR Y
TEAAE 71248 RFELEXNE WEHIA Q7] W&ol

o] Ao o3 WEAN FFFAZ AA FHAE 3714 FF AMAMFH o] Yo At
%, 357349 s FHAE AAAHEQ Cut Cell(CC), FAAA A o3 T4 &E Ao
AAQ Normal CellNC)3 RAAA el ¢33 23 e AojAA<] Hole CellHO) oI} ©]
A HEAA FHA AojAA ] FEPRE NCY 35 F99 AojAAozng nz 73 &
4 A3, HCE ALt 99eA AGAA FA "ok EA7F sl CCo f53RE 357348 7t
2A2E #3334 35249 A4E g CCo HMAL oA 78 & At

32 AA #H 2 o]et 71'Y(Cell-merging-unmerging technique)

ghef AAARZE AAE ow, FAA AFFA AL HANC, HC, COE]l ¥3tA Feot. 3
A, FAAY A=A F& 7tEA RAATL ols el wal n3 n+l AZPGA AleldA FAZ
AgA A JAol WA Hed, F 7Y bedel verdt. & AgA o] AlAAYGHC
o] HAY), AEA BAUS(CC, NCo] HE) Aot o] F 7}A ALdA FHA AAIA o]
nd n+l AZFGAGA 25 FLHA] RIEE AIZHES 98 5 A Ao £, AR A
F HE 7ol NCol RgsiA AlZFAES 314, AEA AAE vidAFe CCAMe g4l
BA7F A7 olsh 22 EAES A% Y8A AMgsle 7ol AR R 2 o' 7Yl
o35}

Az &F 7Y 9F FAARol AAE AAFLEN T AAES AT, AR AFAF
o2 nteEs Aol 71 wWhiolth AX olg JIHE ntl @AM FFESLE FEHE UL, TF
BAAE B2 FRID AFAFS 2YAA FA ok o] PP AA &F 7Y d&S JAF
igR R )

4. A9 5%
219 FoAM e ZFAe] 25 ¥R HALE EFE YA v FA e AAH 4
AE Z+ AAFY Y £ & olg3dte T diAl, FA AF FA (x,, v)olAY HA &%
(ue, v) A & @ 24 T3, A vlgo] = WS xS W o W »
Zo) wapo g Fu, AASL WA WFS Fo| gol HEE Gk AA AWM, (u, v.)%
wss A vpERd) agsls GPEX IR AN & A
Az Aol Atz FAA u, AR ARAHY JX &=
2" = %7+ cos(w, - 4D - (x"—x7) — sin(w, - 4D - (Y"— ") + u, - At
Yy = i+ sin(w. s 48 ¢ (x"— D) + cos(w+ 4D+ (V"= D) + v, 4t
A7, 2 =ty A, Y=y + v, - 4t
2544 d&3 2o
md~c,, m%-c,, r%-c,
Q7H, C,= —C,-dl- ny- Coeff,— Coeffy , Cy= —C,-dl- n,Coeff, — Coeff;

Cn = —Cp* Yoy Ny~ Xapm" 7y) Coeffy
_ 1L-A _ 1L _ L
Coeffy = 5 oM, Coeff, = 5 A oM, Coeff, = 5 mug
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ZEE @8t A7t 5 L/cw, Fl220] dist RAES X4, Yo L, AF m my, BAR
AE J& mylloz TaAsgrt o] W, L& 544l Yshdrh

5. 4% 9 14
5.1. O-type2] NCAC0012 ojo] ¥ EA|(H <)

AHE-F AAAE 1141149 FHE ) FAHRAG) 125x229] O-types] _,-7;11}7412 Aolse =
AAA A olth. Fig. 1& A{FEE9] visiee 0809, Wzt 744 (° © o o] SgAAM
o FALEASLE Yehin glen, EAYEASE FuEd {kﬂ} "éz Fe B 2= ol
B AFqMNE FFAANMY g 0319 gihe AMgdtd FRoER, 139 FNPE/EE 714
I 9Jth

52, M=3.02 2 %371# 9] Zd(Impulsive Starting)S 3= Q4 AALY £A4

AANGEFS 2724 u=v=028 51, A 4 0.1x107'e2 Als Fo. o] u
Fig. 2& AA 3 e AAG7} nlsly 3002 QEZJM dRo2 £ FUE e AT
24 g9l Azt SYHFAMEE R9Fn 3t Fig 3L ZAFEEA S} vug EAGHAFE
el ok o71A, AAE FU9E AL dddMe dXd AFE RAFT Jo FAF
A9l &Y e AL ANAS AA BRI, ARARES =4 & & AT AT HEEE A
£8 39 2% 4 Uk 2 W AEEE 9 =9 F7] A8A, AR §F AN T A
AA gES TS 28d FolA, AA olg dAdlA o] Fuld] wal ztE ARw dHFA &
o}.

5.3. M=0.30 3 -r'Zl‘Zq"] %ﬂ_{% a‘rE 1%@% A

24@4 QHE 203 oY AALE BES FUT AU BAG Be zﬂ&a—% z3 oha
% 0302 £7r49 28E AATU Fig 4b)e 99 Ale) SYHAE $ETE Yehdok

54. A3 QAL o] ALzt AAzie] v A &% A

FA37} vhekee 5002 QJAbE o, RAstE Aol 2857, AYRAMET} 0643 ALY At
o] "l %52 ANYTHFig 5@)(3]. AHEE AXAE 130x719 F WPl FAAA 97X5
S O-typeA ﬁz}ﬂla Aolee FHAAA oth ARl &7l nAHE AIAFL, t=047F 2 o
ZA5E8A £3Y = YA dAFUt BRFH oz AR ALEA He 4F W dAe #HAFH
AT L ¢4 A Dot Fig 5(b)= FAY &5 & 019 Al HH0E RAFy Qo 4
Ao &% F FUEE AL 27 54 HU ¢Hol HEW o] FoiAmR WAIA BT
AL T Aoz FE2HATW, AAZE AANMEY AL FAN LEES & F A

6. 48

BIPH-E »e 2 sl 7|£9 Chimera AA7Y-& 459t g 723 Ful7l B3] 3=
E 990 Fole RS HEEAo] AR Al €, REH FHHAANHLE FEAAXDE
Zt2A8 FFREZAL UFINe R, TEAAGL B 7l A=A EFHo R B§HEH
P 7tALt =g, AA &F L og JHe SYste] HAFEAS AP A v FFIH
o] fE3lNo] sy, BE 3 3} b AZle 254 49904 Roe Alge] 7IES A3
o F o A7) Carbuncle 4L 23 FZ7 A7le YA HLLE 71H& Ao =EH
AAY 7} AAh
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