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Abstract

The effect of the boundary layer development associated with the shock wave propagating through the low pressure tube part
of the expansion tube was investigated. For this purpose, the low pressure tube flow was simulated by the time-dependent
axisymmetric Navier-Stokes equation with ideal gas assumption and coefficient of viscosity given by Sutherland's formula. It is
found that because of the finite formulation process of the shock wave, the initial resultant shock speed exceeds the theoretical
prediction but, afterwards, the shock speed keeps decreasing because of the boundary layer development initiated from the
intersection of the shock wave and the tube wall. Simultaneously, the contact surface is accelerated. As a result, the region
between the shock wave and the contact surface becomes narrow and the test flow arrival becomes faster than the theoretical
estimations. The present simulation results agree with the experimental results at least qualitatively. However, numerical
calculation models must be improved, such as real gas effects or three dimensional calculation.
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Fig.1 Schematic view of Expansion Tube.

Fig.2 x-t diagram of waves propagation.
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Tablel Initial Condition for Theory.

Casel Case2 Case3
Compression Tube
Gas He He He
Static Pressure 101.3kPa 101.3kPa 101.3kPa
Temperature 300 K 300 K 300K
After 1st Diaphragm rupture
Static Pressure 50 MPa 50 MPa 50 MPa
Medium Pressure
Tube
Gas Air Air Air
Static Pressure 1kPa 10 kPa 5 kPa
Temperature 300K 300K 300K
Lo wPressure Tube
Gas Air Air Air
Static Pressure 4 Pa 4 Pa 4 Pa
Temperature 300 K 300K 300 K
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Table2 Initial Conditions for Simulation of Low Pressure Tube.
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Casel Case2 Case3
Behind Shock Wave in
Medium Pressure Tube
Gas Air Air Air
Static Pressure 548.6 kPa 2.92 MPa 1.82 Mpa
Temperature 277X 104K 149X 10* K 1.85xX10* K
Velocity 6.26 km/s 4.56 km/s 6.14km/s
Low Pressure Tube
Gas Air Air Air
Static Pressure 4Pa 4Pa 4Pa
Temperature 300K 300K 300K
_ 3.5m -
~ 7
3 ¢ 0.0175m
Constant Non Slip, Adiabatic Wall
Constant
N
0.0175m

symmetry condition

Fig.3 Grid and Boundary Conditions
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(a) Casel(CFD)

(b) Casel (Experiment)

(c) Case2(CFD)

(d) Case2(Experiment)
Fig. 4 Static Pressure History

(a) Casel

(b) Case3

(c) Case2

Fig.5 Compare Waves Arrival Distance with
CFD and Theory

52 B OBENE O L

T ZCIEBIN S D SR & Befidia O Bz ORI
DWTR D720, B & Ol EZ1T 5. Figs 12
CFDIZ 317 2 i B AMEEE ORI )N 2. 7m DL & |2
B L 7= BRI oo il oo d R, B, IR i T
BT D0 Eond. K ORRRIZCEDO#EF & [ U
REZINC 30T 2 BRI ER R C O EEe, Befili, ISR Zn
TNOWE OB & % m T, WALXIK O LD B A5~
NTCno &L, B &k N ROE A % Ff> T

This document is provided by JAXA.



A3 IR FRH 2 MR THBIE Y 3 2 v — ¥ 3 YRS VAR Y T A 2011 G 117

W5 ET 5L, CEDICRIT 2 B o2 & 1

B RO 1> H O RER 2L H ERD & LT%K, *@ﬁﬂi

M DONE DWW TIEBEED2M H O S B Y LR
BUIDHLTFYELTEZLND.

HATEEGR I 31T 2 B BEALE 2 CFDO A5 R & L
NLE, B LD EBRENE RoTNDH I L
WBoyond . 2kt L CCEDIZH 1T 2 $2film o G EAE X
FRERARIC 31T DAl B ENE 2B 2 T\ 5. Befilim
ML Te HHBIE, BEREIC X D 2= e lrE R4
’;OTMEéntk%ié D O mIIE RIS
EEE LEGAICLE U TIED 50, Bl & o
B, B J%{MIE@?E Tt ko TRAR S, Zh
5O &M HRBRAIORZE T M OF R IT R E 5
ETHILEEBE L ETCIIOMERLD EEZD.

5.3 PRI~ 0 A
T TIEEBE B ORI X AR D2 b & A
D12, B & CFDIC KA RO W TR d 5.
Fig 6| AR ERAEIC M o, ERHE O Z AR,
FOBREA L2 36V T IR U 0D 5280 3 e N 7= o fili B2 g7 Jol i
1T —ETH DN, CFDIZB W CIMEEERAZIC EH L
7o, BRIBOPEIZ K - Gl TR 5. HENT
MBBGIIE R KD EHBHEDW R TH D &5
ZB. 1212 L, B SIES 5 BT RE O L
G155 B MRS 5. Figs. 612 HEEICAE 5 @k g
DEALETRT D, EDFMEITEB TG i B I E R
BHEEO EARSH Y, MMER X0 b KX 2k
L Te D, BN O NE B G 00 FEHR T b ERE S 4
kv, mﬁﬁrﬁ%ww%tzéﬁA’*@ﬁ%#
58, ZoHGUIERE OWEGRRIC L 2 EETH
. R Ok A 75729, Fig7l %Hi@%ﬁ
TO L IR O RREE S R O 5 A6 E R T
i&ﬁﬁlkbfﬁé_&ﬂfé,mE#m%ﬁE
TEGZ EA LTV D EITERE OB EL =T, i
VAR B2 O KRS 38 WO TR I O 35 74 1 3R 23
—TE DRI B Y PRl N BT D &R A
TN%. Z O TIXI00000K % i KOWE & LTREL
T2A3, 0.5mOALE SR 23 B L 72 & & 12100000K %
2 DR A N B, E O%AERIS TS5 FA
RTE D, 0.5mLLRT CITIREEIX100000K L 0 HAL <, 1
B B O ANHE G e R IR T E 220, 0.5m & V) Al
THERENIME LN SER L CWHRETHD Z &
Bbns. Z OWEBRK ORI Whited €7 L%
BEsANc kiR E T 5. Lo TCFDOREHE
(R PRI HE DS EMBEGR LY b LA 8%
ﬁﬁ@ BT IE e ERUEMEIZIC K o TR EN D
BN ORIREZE L TV LI THD L5 2 5.
ARG D B 2 WAl S 5 72 8, Reynolds¥ #{LE I

AL ST & & O R EOHE O L% Fig 7R 7.
Case2 D SHIZ W TRIMEAR S A2 28 51 L KU Reynolds 3k
BEASERGE L, AL L2 T 5
BRI DAL E R~ T, MR D DA, EERE
B IIREME L 0 CEBIIC YD, Case2 D ARG
£V HReynolds#t % 5 < 9~ % & @Y EE AT 5
A ITREL Y, IO R RICES <.
MIDH%&£W@@%&EF@ﬁ9iH$@ﬁ%é
CHEAMERH D EE 2 5.

Fig.6 Propagation Distanceaffects
Shock Speed Reduction

Fig.7 x-t Diagram

Fig.8 Shock Speed Reduction depends on
Reynolds number
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