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ABSTRACT

We studied the flowfield behind a shock wave emitted from a square shock tube. Being
three-dimensional, it allows to observe various phenomena for axisymmetric flow such as
distorted vortex ring structure generated from the shock tube exit, shock wave deformation
and a variety of flow structures behind the shock wave. If the generative mechanisms of
distorted vortex ring and flows from the shock tube are clear, this also contributes to the
technical advancing, regarding the mixture of different chemical species, as, e.g., fuel and an
oxidizing agent, efc.

In this paper, the shock wave emanating from a square shock tube was studied in
numerical simulation and shock tube experiment, as well. In order to simulate these flow
fields, a second order upwind TVD finite difference scheme (Harten-Yee type) was used.
This TVD scheme, having been used for two-dimensional problems, was extended to three-
dimensions and applied to Euler equations. The computational domain of 60 X 60 x 60 grid
points covers a quarter of the shock tube cross section. As an initial configuration we took a
normal shock wave with Mach number 1.5. The numerical results were compared with data
from optical measurements. The double exposure holographic interferometry was used to
photograph the emerging shock wave. We were able to obtain good qualitatively agreement
between numerical results and experimental ones. The formation of shock wave and the
generative mechanism in the unsteady three-dimensional shock tube flow are discussed by
detailed analysis of the numerical results, and these flow properties were clarified.

* ALK - KRR - HRE AR 7 —
*x YUZEFH AR AT - AEH AT
*k UL KRS - RIKPHAIF R - BRI FFRL 7 —

Thic dociiment i nrovided hv TAXA

203



204 ETEHEEATERENEE14E

1. &

FFEEOE > SERESRE SN B L, &
I B BRI DR B I S %
HREAKOZAL S & U7 OFEOFHN AR
PLRAAECRBZLEBHOATHED, 4

iZ, BEHOL oRET 2RBEEICHESE SQ,

ARIE A ED, COX D EEMFRREED
R A = X LR OERAT I EickD, F
ZRBILA EBEORA 22 S SRR A0
LI EBWEREOTE bEZ SN B, AFE
T, =y ELS50FEEHBEVEAEKHEO
FREEGORBINSEIcAE U 2R A Bl
B OUREBREEERICK MWL 1, BBt
Hid, =&oniciisR L S R E /Y
NEICEDA 4 7 -FREXER O, KR
i3, “EHE XK Y57 0 FiitEEER O,
INODHEL SZRITFENEOBIBIC OV TR
H9 2,

2. BiEE &

BUEETR I3, I THgE»olisns =
KB LUHBHHEED Y $ 2 L— v 3 YICAHL
T "RSER LR TVD 245> oitE o
— FEFRICZRonicdisk L TiT» 1o TR
1, M1iEndLH2UuHBEED V4MEE ST
60x 60x 6018 F DL EZERITH 5, #IH1EIL,
EAEEHEBERIC v NRISOEEHEHOR
AEWT,

3. * 8
KB, ENAEHEBEELROTT -/, B8

FESHEZIE, K& 1.1m, BR70mm, BFF3,

£ %0.85m, BE70mm OEFIKX0.83m, Wik
40mmx40mm D HEMBELEREL TH 5,
qEKEKL, ER(AKE ), BH#KEE, ~Y
T LTHD, BEICE, EX50um D~ 47—
ZER LI JSonmBEk~y K3, 1.5TdH
5o

affuicid, “EENXT 075 7 4 TikitEx
i, IEH TS SR SN 3RS OHH

604 F
7

204 F

X1 FtEf

N
N A0S

NN
M2 TEARESH

A
©

ARCEBET AN 2R 60=0°, 45° D
Hmbh S\EAEIT -1,

4. BREER

X3(), GIKE2D=0°, 45° Fh T hDHmE
Ho_EBEXFO T 57 4 TEHETRELTE
ohicFHHBEE.RT, T, Tk, =
RaBEAT A ERT 5B -> THEIEIN
FEAMAERL TV S0, BRERATOSTEER
IREEIG LISV, TR0 % EHFICRE
T5L, BERPORET ZRBBEEL TV B
ZZONAEMT, @QOEAHEARS TR
HVRELZDIRILT, GTRWRERELD
0=0°, 45° A TTHEAHBKRECRLEE L
Bbhsd, 12, @QTHREIN I _REBRHEDK
RIIRE(AEHMLTEY, ER(EHERO—LD
RIX)ABVBZEREEITHALLEDbrb, TH
LTI, QDIBE LRI, ZREBRKIC

Thic dociiment i nrovided hv TAXA



8 AR RGN Y H T LR 205

(a) 6=0°

(b) 6=45°

M3 FitEs

M4 FEEAR»S

AEBi R oSN, JITER (ENToxA
MORI)IICFELWARKEITHLTEDNDNP S,
X oiIb) TR, BEHOED ORDERRSFEAEL
THh, TNF=0" HlEh,o TREEINLL
HEThHb, b LHic, FitEaEOERES
MTEIENENT A EE, EHO»SFES
HRBRBENEATO DL EAERT 5, RIT,
B EOBRERT,

B 4(), b3, KEFEERLOEONIEE
DA AEEEE NS L TRD @AM TH O,
TnTh 3 (@), GICHEd 5, K4@)TE, &
HOMHE TOMAHOIARDSEVRIE LD, FR
BFOHOIC bbb LT KRER (—H
LT3, M4aboEe s, MamhWRENLS
e EERMICROL—EDE O N, LEdo,

(b) 6=45°
BontEaf

PUEFTRARE, ERERE 2BV IaL—
PLTO S EHMTL, Kic, HERMOHENEE
IDOWTEET 5,

0=3°"~45° Wrin D FHEMX %X 5 (a), IR
T, K 5@, TH2 7 740TE SN Kl
DHEFEERXTH b, 0=3° Wi & 6=45° Wrfn &
OB LD, SREREK @RS X O0E,
oI, O SORNGOKF S ETEROWDSE
CT0BT Enbrbd. Fic, 6=3° Wi THRA
TAHROAELD b, 0=45" W THEST 2R
HWTRiCABET 2 Ep o, EHEMEE»S
R AIRBOMEDLEL T LMD S,

K 5b)t, itHERF v 7100THE LN 0=3"~
45° Wi OHEHEERXTH 5, 0=3" Wi & §=45°
Wrifi & O HE D &, WABICHRE L T 5 ik

Thic dociiment i nrovided hv TAXA



206 ZFHBEMHNASNER 145

BROMIK, WEKB8LUZzOMES ST, Bl TR, @APLAEMIITHRAMIICE - TES
OfHOREL TV AEHEREL EOEVHEA LTOWEIEnSe=3" KA TRONELOIL "
HThd, 6=3" BT, MPOMNENTHS  KREBREOBHIIESNL L, 1, 0=45° %
MrLRECZNTED, ZHIREBH-TKARE TR, BHOBL SHOERENSE LT 585,
CEM UL ZRBBESEEL TV S, 0=45"l1 0=3 W@ TR, ZRAEBBINTVLEY, K3

i \.Xffr. (A

@,‘\

A s
LS

A
-/

-
=

Y,

(b) Time step=100
X5 FHEEHRX

Thic dociiment i nrovided hv TAXA



FSEMERNBEERNT v v RV Y LRXE 207

TRULICERSREFEFRICBC—HT 3,

RiZ, ERO»ORAT 2BRIEEOER,SLE
DEIICHELBDOMPIZHOVTHRITT 3, X 6(3),
biid, =0 WrlEL LV 0=45 W TOLZBREE
KOBEZELTH S, ThiY, 6=0° WimToD
MEOHNKE L, 1, 2O0WIE, =45 W
MTHENABITHKE L TO oIzt LT, 6=0°8
HTHE, FTRABMSEZNTARE (EIL T C
CEmbmab,

K7, E¥EH0=0", HF3H50=45° ¥ i
TOFEIREXTH 5, BERLTOENDIL O
DIEIZEDLSTELWETH 305, dDffEIcLY,
BERLOrSEBREE CORENRBL I LMD,
BEHO» SR T 2HENICHT 2RO E )
Hiid, LDy, =0 BB ToOFENIL, B
O oRE AT EHENELD, @iz, Tks
@S EntcHa~NE B84 5, cnicxtLT,
6=45" Wl ToORNIT, FhOTHAEES DR
BER&EG RETHRABANBET S L5,
LiioT, 6=0° 45° B CO®/RPLOBEY
MBLCMBEOE D OBBRBEOEEAEL B
T EItis 5,

X 83, WA RN EEGEE RS A F A
DREERFDSEIC L TR LEEE~NY b VKT

Time step =100

X6 ZHRERN

Hbo K7 LIARITEN3H50=0° Wiy, L5
N 0=45" WK TH 5, Lz~ LHiz, 0
=0° Ml Tofn, FToRbmicEEEE Y
bR IR E L, ADETHBIY 6=45 W &
RIS HRICIE BT Ebhr b, 5T, 6=0°
D 5a, RATHRAR~OBE»EEHO
POEPEPEIHE I EBEERLODIZIHL,
6=45° Wil Tid, MEFERHRICEFICES H o>
TiTo TP, 0=45°DEA, EHOLSOD
HNDEHE L EEDREFRVBEEREHRNDOZNE
HUELD, HOBMBRENSEET I EITN B,

5. ¥

auj

EG MmO BBEERKE L, ol S h 58
BEFRORNIEOVT, BEHES L UEHRK
ERRETVLUTOSRAE 7,

(1) ESEMEORREE,» SHBSNIHE
BEHROHENE _EB L+ 07 57 4 FisthT
AR ST AT,

BontTHIEELD

6=0° 8=45°

X7 FHEHAEK

Thic dociiment i nrovided hv TAXA



208 BEFHEBRARAFRNEN 145

EHO»SRET I2RMBHBEPEL T E2HEL
720

(2) =WokiEELEZHEERER TVD %
AT 5-HEXERE, EBRERL
DR H O ERN I BIFRE—BAEET,

(3) BUBEFEHLS, AHRLERTHIBRELNRA
VWHEATORNDO A H =X xR L, BEHO
THRAET BEMBLBREOERBICLD, Riw
EDOES, “REBREOTEBNEERL XKUY
FRBEORE DR TIIEZARKIC LT,

Bbvic, XK, FEK 2 FEEEBEFH
RE (2A (HIHAR ), BEHFS02952137)
OEBAEZ T TiITbh .

2 ¥ XK

1) K. C. Schadow et al., AIAA J. (1989).

2) FEXE] : BBI¥ Y R T 4 (1989).

3) A. Abe & K. Takayama : JSME, Int. J.
Vol.33, No.2 (1990).

4) H. C. Yee : NASA Technical Memorandum
101088 (1989).

Thic dociiment i nrovided hv TAXA





