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Fig. 1 Schematic representation of the elec-
trical circuit for determining Joule’s
heat by ignition wire
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Fig. 2 Typical pressure-time trace and Joul’s
heat measuring data
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Table 1 Specification of propellant formula-
tion used for this study

" "PPOPELLANT A B

NITROCELLULOSE 54.10 51.29
NITROGLYCERIN 34.73 33.80
DIETHYL PHTHALATE 1.77 1.65
2-NITRO DIPHENYLAMINE 1.43 1.38
GRAPHITE 0.03 0.03
NICKEL — 406
TRIACETINE 6.67 6.56
DESENSITIZER .27 1.23

Fig. 3 An electron micrograph of nickel
powder used for propellant formula~
tion
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Fig. 4 Experimental heats of explosion of
standard and nickel added propellants
showing that the heat of explosion is
increased significantly by the addition

of nickel powder at low pressures
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Fig. 5 Comparison of the burning rates of
standard and nickel added propellants
showing that the burning rate charac-
teristics are not changed by the addi-
tion of nickel powder (From Ref. 1)
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Fig. 7 Schematic representation of the combustion zone, chemical reaction

processes and temperature profile for a typical double base propellant

n
]//-LUMINOUS FLAME

10
ql:(//fnanx 2ONE
!
INERT GAS DIPFUSION

BURNING SURFACE

PROPELLANT

Fig. 8 Schematic representation of the com-
bustion zone affected by the diffusion
of pressurized inert gas for a double
base propellant strand
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Fig. 9 Effect of propellant-sample on pressure
of flame limits showing that experi~-
mental results agree fairly with theore-
tical prediction
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Effect of inert-gas diffusion on heat of explosion
measurement of double base propellants

by J. Kimura and N. Kubota

The effect of pressure on the heat of explosion has been tested on double base
propellants at low pressures. The measurements were carried out using a .conven-
tional closed bomb calorimeter with a variety of propellant samples. The measured
heat of explosion was about constant above 40 atm, but decreased with decreasing
pressure below this pressure. It was found that the decreased heat of explosion at
low pressures was due to not only the burning pressure but the diffusion effect of the
pressurizing inert gas. The results of the flame-structure observation showed that
the inert gas diffused into the decomposed gas above the burning surface of the pro-
pellant sample prior to the completion of the flame reaction. Thus, the flame reac-
tion was prevented by the diffused inert gas which diluted and cooled the decomposed
gas. On the other hand, the heat of explosion of the propellant with 49 nickel
powder was about constant above 3 atm. Observavation of the flame showed the
flame reaction was accelerated by the addition of nickel powder and the luminous
flame approched the burning surface. Thus, the diffusion effect on the heat of ex-
plosion measurements was not significant and the measured heat of explosion appeared
to be independent of the propellant sample size. In addition, the theoretical model
proposed in this study describes well the effect of inert-gas diffusion on the measured
heat of explosion,

(Third Research Center, Technical Research & Development Institute, Japan
De-fense Agency, Sakae, Tachikawa, Tokyo 190, Japan.)
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