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A control method for attenuation history of shock wave generated by blast
simulation shock tube based on high pressure gas driving technic

CHENG Shuai, TONG Nianxue, LIU Wenxiang, YIN Wenjun, LI Qinchao, ZHANG Dezhi
(National Key Laboratory of Intense Pulsed Radiation Simulation and Effect, Northwest Institute of Nuclear Technology,
Xi’an 710024, Shaanxi, China)

Abstract: A high-pressure-gas-driving blast wave simulation shock tube, commonly composed of driving section, throat
section and expansion section, is an ideal platform for explosion damage effect research of long positive shock pressure
duration time in the laboratory, as the ability of generating simulated shock wave with similar characteristics to real explosion
wave. One of the core problems in the design of blast simulation shock tubes, is the control method of the simulated wave
attenuation process by modifying the variable section structure and the driving section shape of the shock tube. In this article, a
numerical calculation model of one-dimensional flow in the shock tube is established based on the explosion simulation shock
tube in the laboratory, a similarity evaluation method of simulated shock wave and standard explosion wave in a shock tube
based on determination coefficient is proposed referring to the statistical theory. Then, based on the flow characteristics of the
variable section shock tube, the influence of the shape of the driving section on the shock wave attenuation history is studied.
The results show that, it is feasible to acquire simulated wave with approximate exponential attenuation history of real blast
wave, by using variable cross-section driving tube, of which the section diameter decreases with the growth of distance to the
throat, optimizing the variable cross-section structure due to the determination coefficient, and controlling the motion property
of expansion and compression wave in the shock tube.
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Fig. 1 Structure of blast wave simulation tube
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Fig. 3 History of shock wave in blast tube with uniform driving section
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St —— Standard St —— Standard 150 F —— Standard
— Model 3 — Model 3 — Model 3
6F — Model 4 6F — Model 4 100 — Model 4
g G, g G, & G,
= 4r = 4 =2 50F
< x &
2+ 2r 0
0r 0r =50
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
t/ms t/ms t/ms
K6 SRNBIE R a5 A8 o ¥ X i e I AR Y S )
Fig. 6 Influence of contraction structure location of the driving tube on the attenuation of the impact
N N lr—t = == g lIon
5 MEERBAREGGEMLRE

LA 51 B 2 AR AL 45 A o v ol i s i D1 R )32 M AL R DAy R, e i S A2 A O T AR WL 4540 , 1A%

AR K AR AL B s RS b eh e . e A B TR 92 kPa. IE FEAE IR IE] 24 ms MRRKEDE, Z3d
SRR, W T 7 DU B AR Bh B A5k . (8] 8 X EL TSR R A A9 A5 B 1 vhii ik th 2 5 255 vhah B ) L,
P B ARALRE RER R?=0.938 9. Hirr R F DU BLAK S 45 A4 I, BRE) SRR 128 7.8 MPa, FREE A T 95 kPa,
TEEE N 15 °C 5 AR SCHik [18] 153 (b o v o ol ply 26 68 F W (B R 92 kPa ., 1E FEAE FHIS [E] hy 24 ms.

IR AL 7 W BT, A S 0 2 P R Sl BRI O AR T, FEAH B A 3R Bh e g L KRB T R 5

UESEH o 8] 8 s 1 U B A5 60 bl R P DD AR 2R, T DL A — AL S T AR R A T 45
5 SR A Y — B, ST SRR A T e [R] EI6UE 1 3 T gK s B AR T 04 e ] o o
P R AT AT

052201-5



5 44 45 OO, SF BET R SRIR S B SR AL e B D R A T v %5

— Experiment
100 —— 1D model
— Standard
g £
= =) = L
£ £ g IS < 0
2] <t 0 (=]
< ~ 0 —
m— I N
R=0.9389
100 mm 150 mm 150 mm 200 mm ) ) ) ) ) )
I I I 0 5 10 15 20 25
N NI N - t/ms
P 7 ik P o P A
Fig.7 Computational model of blast wave attenuation SRR o 820 W el
process control Fig. 8 Result on the attenuation process control of blast wave

6 & it

B0 T e AR K 3l 14 8 e DD IR e v e ol o s 0 R A R [ R, ST T IR A A Y
il e A5 B v K DR RA BE A T 05, e e S PN — R S BT SR, IE S T K sl B A A T
BB R RS, 23T 1T KB BOR ARG S5 F 8 ool S T 200 RE B2 IR, 45 T e i 3R sl BRIk
] ofr et b e S ek D AR ) U i, DR IT R SR SRR T AT A T, AR BN A EEAHE T .

(1) BT i R BIR Sl (8 B X DAL A, 7T LA Ao 8] A 4 T 25 g, B2 g Mk B | A
NIRRT IR 2 BE, 77 AR s D R AT 5 AR KR D e DL A A b b 90

(2) 259K 5h By S AR TR 45 4 IR, R T g TR UM K 8l A A 1 SRS ARLIR R A, 7 A 1 o ol I8 T D e
A BRI AEAIE 5 9K B Bt N PRS2 18 Bl AR B . R4, 2 S BB R DB i ) 2 RN

(3) 72 7 TF 9K 8l B v o 90 S 0 3 A ) W ML, Rt o A T A 30 TR A A S A R A
7 A B e A B B AR SR R I P S L, BT A T 7 BB 1) SR s 18], 4 T s v AR A A O ek
AR AR o

B X Hk:

(1) MR, EE, AN, 55, RBURKE P BRI B HC R [CL/36 75 4 B S5 s 2 R S BO8 SR il
B, W ER: PR A el S A Lol R R 2, 2014

[2] NIAN W M, SUBRAMANIAM K V L, ANDREOPOULOS Y. Experimental investigation on blast response of cellular
concrete [J]. International Journal of Impact Engineering, 2016, 96: 105-115. DOI: 10.1016/j.ijjimpeng.2016.05.021.

[3] RENEER D V, HISEL R D, HOFFMAN J M, et al. A multi-mode shock tube for investigation of blast-induced traumatic
brain injury [J]. Journal of Neurotrauma, 2011, 28(1): 95-104. DOI: 10.1089/neu.2010.1513.

[4] RESLEREL, LIN S C, KANTROWITZ A. The production of high temperature gases in shock tubes [J]. Journal of Applied
Physics, 1952, 23(12): 1390-1399. DOI: 10.1063/1.1702080.

[5] CHESTER W. The quasi-cylindrical shock tube [J]. The London, Edinburgh, and Dublin Philosophical Magazine and Journal
of Science, 1954, 45(371): 1293-1301. DOI: 10.1080/1478641208561138.

[6] CHISNELL R F. The motion of a shock wave in a channel, with applications to cylindrical and spherical shock waves [J].
Journal of Fluid Mechanics, 1957, 2(3): 286-298. DOI: 10.1017/S0022112057000130.

[7]  WHITHAM G B. On the propagation of shock waves through regions of non-uniform area or flow [J]. Journal of Fluid
Mechanics, 1958, 4(4): 337-360. DOI: 10.1017/S0022112058000495.

[8]  CHESTER W. The propagation of shock waves along ducts of varying cross section [J]. Advances in Applied Mechanics,
1960, 6: 119-152. DOI: 10.1016/S0065-2156(08)70111-X.

[9] COULTER G A, BULMASH G, KINGERY C. Feasibility study of shock wave modification in the BRL 2.44 m blast

052201-6


https://doi.org/10.1016/j.ijimpeng.2016.05.021
https://doi.org/10.1089/neu.2010.1513
https://doi.org/10.1063/1.1702080
https://doi.org/10.1063/1.1702080
https://doi.org/10.1080/1478641208561138
https://doi.org/10.1080/1478641208561138
https://doi.org/10.1017/S0022112057000130
https://doi.org/10.1017/S0022112058000495
https://doi.org/10.1017/S0022112058000495
https://doi.org/10.1016/S0065-2156(08)70111-X

5 44 45 b, A LT IR CURTIR S A R IR A PR R A e o e e D AR R T %5

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

simulator: AD-A139631 [R]. U.S. Army Ballistic Research Laboratory, 1984.
HISLEY D M. Computational studies of wave-shaping in a blast simulator by perforated plates in the driver: AD-A188200 [R].
Aberdeen, UK: Ballistic Research Laboratory, 1987.
MARK A. Computational design of large-scale blast simulators [C]//19th Aerospace Sciences Meeting. St. Louis: AIAA,
1981.
OPALKA K O. Large blast and thermal simulator advanced concept driver design by computational fluid dynamics: AD-A-
211364 [R]. Aberdeen, UK: Ballistics Research Laboratory, 1989.
JOSEY T, SAWYER T W. High fidelity simulation of free-field blast loading: the importance of dynamic pressure: DRDC-
RDDC-2018-P003 [R]. Canada: Defense Research and Development, 2016.
GION E J. A multidriver shock tube model of a large blast simulator: AD-A208324 [R]. U.S. Army Ballistic Research
Laboratory, 1989.
SCHRAML S J. Performance predictions for the large blast/thermal simulator based on experimental and computational
results: AD-A-235728 [R]. Aberdeen, UK: Ballistics Research Laboratory, 1991.
HRAE R TR TR (M. et S SEEE L, 2010: 151
ZHANG D L. A course in computational fluid dynamics [M]. Beijing: Higher Education Press, 2010: 151.
OPALKA K O, MARK A. The BRL-Q1D Code: a tool for the numerical simulation of flows in shock tubes with variable
cross-sectional areas: AD-A174254 [R]. U.S. Army Ballistic Research Laboratory, 1986.
SCHRAML S J, PEARSON R J. Computer programs for LB/TS test design: technical description, usage instructions and
source code listings: AD-A-299247 [R]. Aberdeen, UK: Ballistics Research Laboratory, 1995.
XIS, Bliochs, . M2 SEEGETH I M), 2 M. L3 AR T AitkE, 2004: 186-195.

TG I R)

052201-7



	1 激波管结构和计算模型
	2 模拟冲击波相似度评估方法
	3 高压气体驱动爆炸波模拟激波管的基本流动特性
	4 驱动段形状对冲击波历程的影响
	5 冲击波衰减历程控制方法和实验
	6 结　论
	参考文献

