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DEFLAGRATION TO DETONATION TRANSITION
CHARACTERISTICS OF GUN PROPELLANTS
UNDER STRONG CONFINEMENT

Yang Tao Xia Zhixun Lei Biwen

(Dept. of Aerospace Technology, National Univ.
of Defense Technology, Changsha, 410073)

Abstract: The mechanism and sensitivity of deflagration to detonation transition
(DDT) in highly packed granular propellant beds confined in steel tube have been ex-
perimentally studied for D-45, S-14, and 3/1 propellants. The compressive wave and
flame front in the DDT processes were monitored by strain gages and ionization probes,
respectively. By separating the compressive wave front and the combustion wave front,
it was found that the compressive wove formed in the burning region behind the flame
front, with the increase of its strength and velocity , would overtake the flame front and
forms a strong shock wave to initiate the detonation. The analysis for the experimental

data showed that a rapid pressure increase near the ignitor was a necessary condition for
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the formation of the compressive wave, which could explain the difference in DDT char-
acteristics of the three propellants mentioned above. The influence on DDT characteris-
tics of the experimental parameters ( propellant properties, loading density,
confinement) has also been investigated.

Subject terms: Gun propellant combustion, Combustion chemical kinetics, Shock

wave initiation, Flame propagation
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Table 1 Property parameters of propellants
Propellants D-45 3/1 S-14
Parameters
Force of propellant U/kg) 1. 0X 108 1. 02X 108 1. 17 X 108
Average molecular weight (g) 24. 14 24. 34 25. 89
Ratio of specific heat 1. 2362 1. 2331 1. 2141
Density (kg/m?) 1600 1600 1600
Burning rate coefficient (m/s » Pa=) 0.758X 108 0. 8257 X107 0.18X1077
Burning rate index 0.96 0.76 0. 86
Ave burning layer
rage biming 0. 27~0. 37 0.3~0. 38 0.12~0.16
thickness (mm)
Particle
size Average pore diameter (mm) 0.1~0.2 0.1~0.2
Average length (mm) <1.3 1.7~2.3
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X D-45, S-14, 3/1 =F A%, EARPMEREAFE T#1T T DDT £H. FRER,
Xt D-45 k25, BREHEFE RN 34. A%TMD H—RKERRREBESI, RHEBFEFMN 41. 6 %3
75. 6 %TMD &% RERYIMBIREHBEIAR; S-14 KGN FEEEE THLRYME
BBE; 3/1 KANERERS, RRBBMHRE, RELBE. NEREWEFRRFBH
AW, REBEE, BFNBEATFBERTEHRE, MRREBER, FFUBERILE.
3.1 EFHEHHIMRER

Table 2 Parameters for convective flame front and detonation wave

Prope. Density Convective Related Detonation parameters
llants No. wave parameters l D Aty At
g/cm? %TMD a b coefficient (mm) (mm/ps) (ps) (ps)
1 0.55 34. 4 9.25 2.14 0. 9894 —a —a —a —a
2 | 0.666 41.6 —b —b 223 3.37 705 131
3] 0.666° 41.6 —b —b ' 220 3.37 —b —b
4| 0.713 4.6 9.6 4.37 0. 9968 200 3.37 670 96
D45 5 0.713 4.6 10. 11 4.01 0.9912 199 3.7 460 103
6| 0.74 46.2 | 9.73 3.71 0. 9973 175 3.85 780 101
71 o.80° 50.0 11.18 7. 36 0. 9921 171 4.0 318 74
8| 0.84 52.5 9.74 6. 13 0. 9917 170 4.17 468 60

(To be continued)
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Table 2-continued

Density Convective Related Detonation parameters

Pl:;lp: No. wave garameters I D Ay Aty
g/em’  %TMD | b | coefficient | (mm) (mm/ps)  (us) (us)

9 0. 881 55.1 9.3 5.75 0. 9895 164 4. 44 466 60

10| 0.881° 55.1 ~-b —b 165 —b —b —b

11 0. 936 58.5 10. 14 6. 82 0. 9951 164 5.0 442 58

12 1.01 63.1 9. 26 6. 57 0. 9896 161 5.33 405 42

D-45 |13 1.01" 63.1 10. 26 5.57 0. 9931 162 5.33 475 54
14| 1.046 65. 4 10. 38 7.62 0. 9903 158 5. 46 340 40

15 1. 10 68. 8 10. 37 9.98 0. 9824 151 5.72 280 38

16 1. 156 72.2 10. 11 8. 68 0. 9932 157 5.92 290 42

17 1.21 75. 6 9.98 8.6 0. 9897 166 6. 14 319 48

1 0. 881 55.1 9.4 4. 387 0. 3937 126 4.22 629 95

2 0.98 61.2 9.18 5. 834 0. 9796 120 5.0 463 61

S-14

3 1.08 67.5 9. 52 16. 05 0. 9916 92 5.48 : 160 17

4 1.1 68.8 9.2 7. 806 0.9772 103 5.71 336 28

#  DDT tube was heat treated
a: No transition to detonation observed
b: Normal analysis data not possible
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3.2 EEANMRER | |
S BEHFFE R, EAARAEEBK LA, X838 FEERBRENT R
JUESLE, WHEELA, BENSPBE/dF-HBHMM. YEHRBESE LTS, N
BRAOMEEERA FREBLYE LT, dE/d: REEARZ . B 3 & 63. 1% TMDD-45 R A |
R E-BHRIZE. £S5 —. SWAANER M E+ & L, dE/de AR BRI, HHEH
HRERBBE, GENNERE E-+ ik E, dE/dt RE—KBHBEH, R RE—HESR
BeuE 3 MNER. BR, ABCDERET - HEERBEMHE, FCGRET B HEEHBMN

——— . No.x (mm) D-45
110 63.1% TMD

2 50

3 90

4 130

5170 A _§

e
l‘ Time(pus)

(a)

Fig. 3 Strain gages voltage-time data for 63. 1% TMD D-45
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