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An experimental study on propagation characteristics of blast waves
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Abstract: It is necessary to take into consideration the effects of elevated-altitude conditions on the propagation characteristics
of blast waves when evaluating the explosion power of ammunitions under plateau environment. In order to study the
propagation characteristics of blast wave under plateau environment with low pressure, experiments were carried out at
simulated plateau environment at altitudes of 500, 2 500 and 4 500 m, respectively. Results show that when the ambient air
pressure decreases by 20%, the overpressure, specific impulse and atrival time of blast wave decrease in average by about 9%,
10% and 6%, respectively. Calculated results corrected by Sachs' factor are compared with the test data. It is found that the
method proposed in the present study can better predict the blast wave parameters under different environmental conditions.
The effects of ambient temperature were also studied. It is concluded that the increase of the initial ambient temperature will
reduce the arrival time of blast wave, however, the effects of ambient temperature on the overpressure and specific impulse are
not significant. The results have reference significance for the evaluation of warhead explosion power at elevated altitude.
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Table 1 Atmospheric parameters

h/m p,/kPa pi/(kg:m™) ¢/(ms™) T,/)K
0 101.33 1.23 340.29 288.15
1 000 89.88 1.11 336.43 281.65
3000 70.11 0.91 328.58 268.65
5000 54.02 0.74 320.53 255.65

053206-2



5 42 45 Blell, 45w RRSER A P A AR P SR AT 5

L 445 t T RSB R R M X 5 7 L e

b 19 LA B I 5 R A AR B . T ) o e TRl

FE, KRS B L R B 2R S ’

F 39 8 T A 1 o 51 0 8 0 B < B

. 2HER R 5 000 mit, 7 s HERIE R4 S ol re—

AR EN T T b ) 60.1% Fl 53.3%. ~e- Pressure e M
IR B R ) B 2 P 2k O e ound L

TR EH A, AT O S 4 501 ‘

0 1000 2000 3000 4000 5000

YE Ik BRI T i BRI o, A R R

h/m
MES B0 vl AL B B M HEA T AT 5
” K1 KRASHERR N E B
2 g‘.-_ qﬁ. ﬁ};l; ﬁ Fig. 1 Atmospheric parameter changes at different altitudes

IR b 02 4 28 s P s R, TR E RSO0 SR R R, X TNT 2 BR7E 2 34 P4 i ) e o
R AT, DA 28 AN R A PR X K oo 0 995
21 ELWHRZG

P T S 55 r o DL ST AR BE RS, B AR s U S 8 0 e R B A v TR B O, R SR
FR OO R JEAR R IR AT T AL, [ 2 S S B 0 s B, SER P A B R K 2.8 m, HAR
F2m, FREUN 7.3 m?, Bt s TAER 18 6 MPa, 250 R 40 E B AL R G . 1 H K &R 48 Fi =
WM RS, B ARG R, &bk & A 28 U SGR IR 58 4L TR I R S 56 A B e R
NI B 5 s A% IRAs SO LS 145 5 18 PR ORI 10 SR A o AR, A% IRER I I B 1 1 (5 5 1%
i BE G RN, AR BRERIRAT D R Aar 15 5 WO, B (8 B e SR AU A7 T ok . KRR B R 5
P L2 2 R g 0 2 2 ARG, 3 2ot o P s A DA AR PR il 2 A R I, AR R e T ) s 0k
PAIAE R 7 DhIR B SR 1 R 1K .

Electric pulse

generator
é Synchronous
TNT o# machine
S#
4#
1# 2# 3{ j
¥ VYVVYY
Vacuum Pressure Signal Data
pump monitor processor collector

B2 SRR

Fig. 2 Schematic of experimental device
RN i T 2 25 28 10 — O SO 3 2 MBI AT IR A 28, R e SR U 7E— 2 BE R I, AT IE
2N T OUAE A [ A B I 21 19 A5 b i e T 0 A BOR 22 5, OF H S BB 2250 LE, TR R IX KR AR L
119 [ A: J1 2 22 B ) £ 49 1) v o 8 PR A 5 24 60% 0 5 PR 2T IR B 5% T, SIZ 36 v fiff FHERJE TNT 2%
2y, BT SO R . BRZG Rk R AEER, R A ER TR MR ACE AL R 2 AT, R BRI A A

053206-3



5 42 45 Blell, 45w RRSER A P A AR P SR AT 5

Bl [N, b N RERCRUBOKR &, 25 Bk R 5 2 T HUE GBI AT E . ARZDAR AR 23
W A% I ST S A 0 1 el 3 o B D3 A 52 W0 J DAy , Tl 2 S g 14 £ TR R B Ao A PELAEL A 8 T I
FIWIE , PRI AS S5 56 0 A TR TSR T T 3 S W BB | ] DX sl o ~F T B9 (B 2 54540, o
I AR A5 ) PCB113A21, A4 RS Ju aod AT K 2 T A JFG T 1) A b, T o MR AT T s 1 [ 7 R
AL A R R PR R T 7 [0, £ 2R A 8 R 1) o 98 R T 5 152 48 T T
22 ELWHE

TESCIHT, R 1 kg BFRE 245 RO AL A EAT 1 2h S hr e o 7EIES b, R 1 2 MO Y 2y
BRe (1) Z5BRFAR 1, 09 35 mm, BTl mg, 0y 292 g, AR I 25 Bk T IC 0 SR35; (2) 2 Bk42 0 25 mm, G
106 g, iZFUAE R BRTFTIC S SR25. WM A I 3 828 2l 95, 74 1 57 kPa, 43 5 % BEHEIR kR 500,
2500 Fi1 4 500 m Ak AR ST o XA RR AR 149 245 BRTE A [R] SOR A0 T 23 B EAT 2 ik, 331 12 2152
6 o S0 I AL AT SR AN P 3 BT Ao R A S v LA G AT T2 RS F) T A R H At B TR £ S
SRR S5 oot ™ A R, P S 58 B T SR AR I A s DX s g I AR 0

@ Pressure sensor

e TNT
5
y
o
5
[ag)
=) D
— %
o g
I o0 (e}
T O O ) 2 S
1 4 rl\, o
=1 =N =N =)
poeaffl afl o
o sl o
T T T T A ¥ T
N A o

0.20 0.25 0.25 0.25 0.15 0.15

3 IS E R B (B m)

Fig. 3 Distribution of measuring points (unit: m)

S I, TSR A 0 SR 2 BRIK O AR B HUBR I 1Y PR S 5 RS, TERE T A % = B R R 2
T8 B IF A B BRG], FT T B0 28 ZE TR E (A PN A 1 T 3k B S B TR, i i B AURME AR R . TR
NEE NG, A SR HUA AR5 5 5 48 TNT 255k IF il & 80 0 sk ke 8 o Rrlie i s 88, 4TI I 1 HE S
HENA TR TIRMER T — IR LS.
23 ZWERESH

&l 4 SAE k=500, 2 500, 4 500 m 55 3 B4k (U ) Z50F 5, XF 2 FoRAS O 253K TE. 1IN S0 320 1Y )i 4
JE JTEERR 2R, h 4 rb i A WA R RIS B S b R R A S e e 5K SR R O e, 20
J& IR 28N e Ty e, S AR ERC /N B R BT RE TR SCS Y EpR BA . R T RER AR AE D
RN EE R, RBHEIE B T 2 24 op b B . BRI I 5, 33 2 o 2 TP X S50 v BT OG0 A G i
T A AL SE A o B R0 46 e 7 A REEARR, S ek d0k %) 06 {20 M AR AT, AR5 1 g 1 el A B 25
W) T W

SEYG IS 72 457K A I RR MR, XA AR B B G I AT T B . 8 TR BN T
1 s 7% 30 4 R S BUW IR T4 5w, SR F 8 IE Y Friedlander J7 F2 U i oo I R AR SR 4T T 1S
o3, 2T A

0532006-4



5 42 45 FRIERH, 45 g JEUER B AR A woh o e R O SE BRI 5 5

t—t, =b(t—ty)
apw=ap, (1-0) e ®

d

s Ap(r) I AR ML, Ap, R EWEARL, ¢, BRI, 1y I FERREENT ], b 2 08 R AL

S S 4 F A& IE D7 36 % [ 4(a) Hh (SR35 23k, h=500 m) i IR kA D8 AT LA TR a5 . M
Friedlander 75 F! 400575 3] 04 nfra e I A2 st £ RES I M T R S i b 60 B R S5 e 7, O BL 5 I5UAR P
A B AL B, BRI T b PR g e

F T T T i 2 A7 A W P R RE 5, A TR RO H T 4 1 B0 {0 38 3k I ] 23 ok — S Y IR 22
Kinney 55" $i M T 22 1 o £l - N 1] | 8 e - 0 50t 1) tf 2 P A8 033205 0 (LI 6), BRIV A i Pl IR R IXC
IV 400 ik RIA i T AR P 0 0 22 Wil — 2 doe A AUL A L, I LA 28 30 3K ik 220 R s 2 6, AT ] )
T2 P B S PN IE TR 2 IR IR], L e 50t DU e e X B T I R R A B33 8 o Tsmail A1) A5k Sz fH A
AT ARAIE I 1% 07 1 REAC Il R IR il e 280, AR SOt R FZ D i AR M o 80 0 28808000

1200 1200 1000
o0} | 900 | ‘ 800T
600
£ 600 £ 600f | g
< . < = 400
Y } & &
300 u 300 200 |
| A .
0 VK.M*WW"“WI\ 0 b— A Sy 0
! ! ! ! ! ! ! ! -200 ! ! ! !
0 03 06 09 12 15 0 03 06 09 12 15 0 03 06 09 12 15
t/ms t/ms t/ms
(a) SR35, k=500 m (b) SR35, #=2 500 m () SR35, h=4 500 m
600 600 600
450 450 450
[+ < <
[y 3 o) r V)
] 300 ] 300 ] 300
< 150} < 150t < 150t
0 0 0
0 07 14 21 28 35 0 07 14 21 28 35 0 07 14 21 28 35
t/ms t/ms t/ms
(d) SR25, =500 m (¢) SR25, h=2 500 m (f) SR25, h=4 500 m

4 R[AITLUTAE 1400 sAs 0 wh il b TR I R 22

Fig. 4 Blast wave overpressure-time curves obtained by the pressure sensor at monitoring point 1# under experimental conditions
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Table 2 Initial experimental conditions

4151 h/m r,/mm mg/kg p,/kPa T,/)K
1 500 35 0.292 94.51 310.35
2 500 35 0.291 95.02 299.95
3 2500 35 0.292 74.05 299.85
4 2500 35 0.291 73.99 298.75
5 4500 35 0.292 57.01 299.25
6 4500 35 0.291 57.08 301.75
7 500 25 0.107 95.03 299.05
8 500 25 0.106 94.90 299.65
9 2500 25 0.106 74.07 302.15
10 2500 25 0.107 73.97 302.35
11 4500 25 0.105 57.05 297.25
12 4500 25 0.105 57.02 305.25
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Fig. 7 Experimental blast wave overpressures
at different scale distances
under different initial atmospheric pressures
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Fig. 8 Experimental blast wave scaled specific impulses
at different scaled distances
under different initial atmospheric pressures
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Fig. 14 Effect of ambient temperature on blast wave overpressure
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Fig. 15 Effect of ambient temperature on blast wave specific impulse
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