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Abstract Shock tunnel is a common ground test device used for aerodynamic shape design and optimization of hyper-
sonic vehicles. Based on detonation driven technology, shock tunnel can generate high-temperature and high-pressure
driver gas in a short test time (millisecond level) to simulate hypersonic test airflow. The main diaphragm is located

between the detonation driver section and the shock tube section in the shock tunnel. During the test, the diaphragm

2020-09-27 Wik, 2021-04-23 5 H, 2021-04-23 MZ& A .
n EEBRREREEEBIBH (11672357).
2) VEIZMS, BB T 61, 3 B 9T 5 1) S KGR 56 5 XU K 4R, E-mail: wangyunpeng @imech.ac.cn
SIS0 %, IS, sEmemS, 2K, BRI (G B SRR MR 7. 7127244, 2021, 53(6): 1747-1757
Nie Shaojun, Wang Yunpeng, Xue Xiaopeng, Jiang Zonglin. Research on rupture characteristics of steel diaphragm between high and
low pressure section in shock tunnel. Chinese Journal of Theoretical and Applied Mechanics, 2021, 53(6): 1747-1757



mailto:wangyunpeng@imech.ac.cn

1748 ya| = 2 i 2021 4 3 53 %

is opened under the detonation impulse pressure. The opening state and falling off state of the diaphragm have a great
influence on the air quality in the shock tunnel. At the same time, the diaphragm is also a prerequisite for the formation
of shock wave. In the traditional wind tunnel, aluminum diaphragm is used for testing. In the shock tunnel, a diaphragm
with stronger pressure bearing capacity is needed. At this time, aluminum diaphragm is no longer applicable, and steel
diaphragm is needed. Therefore, it is necessary to research the rupture characteristics of steel diaphragm in a shock tun-
nel. By comparing the numerical results with the experimental results, it is found that the numerical results are in good
agreement with the experimental results, and the calculated results are reliable. Based on the stress-strain model of the di-
aphragm, a dynamic model of the diaphragm opening was established. According to the CJ detonation theory, the process
of the diaphragm rupture was simulated by finite element software, and the mechanism and mechanical characteristics
of the diaphragm rupture were analyzed and summarized. The control variable method was used to analyze and study
the diaphragm of different thickness and groove length, and the change rule of diaphragm rupture pressure and effective

diaphragm rupture time was obtained. In the shock tunnel test, the diaphragm parameters suitable for JF-12 wind tunnel

were designed according to the total rupture time of the diaphragm.

Key words shock tunnel, main diaphragm, detonation driven, rupture characteristics, numerical simulation
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Fig. 1 Schematic diagram of main diaphragm of shock tunnel
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Table 1 Main diaphragm model size information (Unit: mm)

D, Dy T E L W

540 400 3.5 1 400 3
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K E A 400 mm, 380 mm Al 360 mm —Ff2HY, H
R RSF sk 2 Fio.
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* 2 FRMERIBERRERTER (B0 mm)
Table 2 Dimensional information of diaphragm models
with different shapes (Unit: mm)

T B L

35 0.5 400
2.3 1 380
1.5 1.5 360

1.2 BRRBREHNFRE

ot B AR5, AR IRIERT,
Fr B8 — A SR (AR L B ) 2 e, T B3R
N JSE y Jid [L 52 24 RO At R 5 U RS Py oA 0 ) 2l 2
J1 - N RE T Bl Aoy B 2%, Wi 3 s, A
TR AZ I, (TR, ARSI AR BEA AR AL
(A DL Ik (e AB 2R R (A I 088 50 93 A B O
P AR 2R R G FERZR R T, B 25 i N g7
AP EPSK S G

diaphragm
NN A
P, ok——
P, £

driven section

k——— driver section
7S
RN L

B3 R T f

Fig. 3 Schematic diagram of diaphragm opening process
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Fig. 4 Flow chart of numerical calculation for diaphragm

rupture process
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Table 3 STEEL 4340 material properties

Property Value
density/(kg-m~?) 7.83 x 10°
bulk modulus/MPa 1.59 x 10°
shear modulus/MPa 8.18 x 10*

Young modulus/MPa

2.09 x 10°

1:3.2

BE Ry WA Kl 73

EARICH Bt H A, )
TUHR, T i 75 2
RFHHERS R, H2
i FA B 15 R AT\ i >R 1Y
SR HEEM CPU TSI [a] B Z ZE K,
FEBLIT s F ) F
AEL ) [0 B 5 P IS 1% 1 G TG A2

o A% % B2 AT Lo

W, 1

1 X% 4 4k 3]

Ty =)
tH 1K,

Loz FH R
)L’*’i: LJL ll

LRt % % B R0 ik
Ko FE A A R K] 4 A 38K
RN
IS VPN
ity FLFiti 4 kY

E NiRZEHRSTK. H
TR R R R, LR,
TH S A5 R AR AT BL2Z

A(9ES l"’l‘]‘l EiELE

PR 5 1751

Ul?"f\‘ﬂ‘ I (5 15 381 2 AR 1) TR g FE 1241 FE 280 2 IR
SR JE, e TR R IREE N 2.5 mm M ki) 7 1
e 2RO E, W 5 BT,

0.00 250.00

500.00 (mm)

125.00 375.00

B 5 B %

Fig. 5 Diaphragm mesh

DA A% S AR B G R ST O 3 mmy, (YA 1T A P9 A% PR G
JOSF N 2.5 mm, ST S BN 59 885, MG BLICHECN
206 433.

1.3.3  WIWGIA R4 E

1E 56 AR R 2 2 5, 2 T SR 8 e i )‘rmki’%
I FEIVIGE D ok A, BARQFE TR (A E L
(1) 38K A7 15 B AN ] 2 2 R
A BR G 1 SR 8] ) 5 R 75 B2 RS A U7 1 AR
20— A W AURIE IR RE S AE 1 LA [R] N 52 44T T
"R VTR [R) 0 250 R SE PR T, AN LR i O R
ARS8 B K, 278 8 R BUE T SR (AR E
1000 ps.
e brAE O, BB 32 1A o e A
i 6 M 7 ERIEE 72 <R JIER R, /)
0~200 us W, B H IETISZ 718 2 MPa, 51 %2 }J N
38 kPa, J7 [a] 3 B Tl /v ~F1HI; 7E ¢ = 200 ps B, 724
W& IE 77, IR BT /13838 % 32 MPa, [ E AN
A7, BIFE 200~ 1000 ps N, & H IEH & /14 32 MPa,
B 1 & 719 38 kPa, J& /78 faf B A& TH S R AE 2SS 2

/\l
mHZG .

B X T W B s R R R I BE, A
6 IS I 2 S AL e 70 A 3 b, OB R AN IR I [
AT A T 5 B A [ e 20 3R, Wl 8 B,

F 7.



1752 1

2 £ 2021 - B 53 %

) K175 18]
(b) Direction of pressure

e mlkIXIE N

Fig. 6 High pressure zone pressure
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numerical calculation result)
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Table 4 Calculation results of effective thickness of
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E/mm AP/MPa t/us To/uS
0.5 23.962 863.64 427.28
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2 26.962 872.73 372.73
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Fig. 11 Effect of effective thickness of diaphragm on diaphragm

rupture pressure
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Fig. 12 Effect of effective thickness of diaphragm on effective

diaphragm rupture time
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Table 5 Calculation results of different diaphragm
total thickness

E/T T/mm AP/MPa t/us To/Us
35 15.962 1076.8 564.68
0.43 25 11.962 1022.2 544.42
1.5 7.962 929.29 525.25
35 16.962 1100 544.44
0.57 2.5 12.962 1000 511.11
1.5 8.962 898.99 474.75
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Fig. 13 Effect of total thickness of diaphragm on diaphragm
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Fig. 14 Effect of total thickness of diaphragm on effective

diaphragm rupture time
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Table 6 Calculation results of different diaphragm
groove lengths

E|T L/mm AP/MPa t/us To/uUS
360 25.962 863.64 409.09
0.43 380 20.962 939.39 484.84
400 15.962 1076.8 564.68
360 26.962 872.73 372.73
0.57 380 21.962 969.7 454.55
400 16.962 1100 544 .44
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Fig. 15 Effect of diaphragm groove length on diaphragm

rupture pressure



1756 pal =21

=2 R 2021 4 3 53 &

580

R i e e .y . e, ) s S

— E/T=0.43
ElT=0.57

540}

_____

360

350 360 370 380 390 400
L/mm

P 16 TR MR R T A 8RR R (1) £ 5
Fig. 16 Effect of diaphragm groove length on effective

I
I
I
I
I
I
I
I
I
1
8

diaphragm rupture time

TEP 15 AT 16 o, 5 A 5 B AE B4 5
JE S I, BER O REUIE I g 5 1 (R K FE S
FHRERVE R 2R, R A 8RB MBI (1] 5 114 8 52
IEARSREGTESG AR, JEE A IUIAE A B3 T, 18 K F T 4l
AT T DRI, ARSI it 5 A RAIRE I ) /)N, B
ARSI AR T 3 22 R SER ). (ELJ B8 1R J5E S8 AR B AN
AR, BRI 0 (IS 2 IR M ML T T A, T
LAFHRH L R A7 RCRBRBE IS [v) 1.

34 fRR R

CEB AR AT BRI, 5 b e PR e
AR RS Py B 2R PR P A T LA AT 288 T B £ i
Vi 3 R4S 28RBS 1), (RIS, 224 e SR o ) il s P
D1 E I, BFFUBGBE P R R B TR
A T I ARG . £ B R o, JRATI A SR
TER LI BERGITRIFTIT, 10 ELFT T (¥ i R bR 4,
HEARTS O BATI NI R Ik 5] 56 42 4T JF, (5B 1y
BB RES IS [ R . (A1, B A 2R 1 o P2 R AN
tH LR V& B 0, ORIFBIIEIE 70 AN, ASRE A
DGR AL b 5T % TF-12 5B XU, AR A8 4 s 34
MIRFPESR T — st Oy %, & A R AR R B A
ML Wik 7 s,

&7 IF-12 BRRRBER RS R
Table 7 Diaphragm optimization scheme of JF-12
reproduction wind tunnel

T/mm E/mm L/mm t/us To/us
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