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Fig. 1 Configuration of a typical ram-rocket.
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Table 1 Input data at AP 40% and Air 10% used for the calculation
of the combustion performance.

Heat of Initia]
Reactants Formula wt% formation | temperature
AP N| 100 |H| 400 |[Cl| 100 4.00 36.0 ~70690 298.15
PS C 1.00 |H| 1.87 | O] 0.03 0.008 54.0 — 2999 298. 15
Ol 2.0 2.4 0 298.15
Air -
N| 2.00 7.6 0 298.15
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Fig. 2 Relation between available heat
and Air % at 70 ata.
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Fig. 3 Relation between combustion per-
formance of AP/PS composite pro-
pellant and AP% at 70 ata.
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Table 2 Specifications of the AP content
of the propellants used in this

study.
PS HTPB
AP % Po‘ AP % iPo*

30 0.083 30 0.075
40 0.129 40 0.112
46. 65 0.168 50 0.168
50 0.194 60 0.208
60 0.291

*Equivalent ratio
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Fig. 5 Burning rate behavior of PS/AP
(fine) composite propellants
showing self-sustained combus-
tion limits.
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Fig. 6 Burning rate behavior of PS/AP
(coarse) composite propellants
showing self-sustained combus-
tion limits.
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Fig. 10 Combustion residue of AP/PS
composite propellant containing
less than 46.4% AP.
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by Combustion of Composite Propellants for Ram-Rockets

by Kazuhiro Arii¥, Naminosuke Kubota**¥, Kyosuke Yamada***,

and Masakazu Goto***

Composite propellants that contain reduced amounts of -oxidizer can be used as -

fuel for integral rocket-ramjets. However, the marked reduction of oxidizer contents

in the propellants may result in insufficient combustion.

The basic combustion per-

formances of the composite propellants containing reduced amounts of ammonium

perchlorate are calculated theoretically and confirmed experimentally in this paper.

The calculations show the following relationships:

(1) The propellants of low oxidizer contents are much more efficient in obtaining -

the available heat or impulse than convex_itiqnal propel_lanls -whenv sufficient air is.
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present.

{2} The propellants of oxidizer contents less than 70% ‘show remarkably low flame
temperature and produce solid carbon or soot. .

The following results were obtained through experimentation:

(1) The self-sustained combustion limits of the propellants are found, which depends
upon the contents and the particle size of the oxidizer, as well as the pressure.
These limits are influenced by the type of binder, but the effects of oxidizer
contents, particle size and pressuré on the combustion limits have same tenden-
cies,

(2) The propellants containing less than 64.4% AP burn from AP particle to AP
particle through carbonaceous residue that is generated by the decomposition of
the binder on the burning surface. This causes the burning rate of the propel-
lants to decrease with the decreasing AP contents.

(* Gifu Test Center, Technical Research & Development Institute, Japan
Defense Agency, Naka, Kagamihara, Gifu 504, Japan.

** Third Research Center, Technical Reseach & Development Institute,
Japan Defense Agency, 1-2-10 Sakae, Tachikawa, Tdkyo 190, Japan.
##% National Defense Academy, 1-10 Hashirimizu, Yokosuka, Kanagawa 239,

Japan.)
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