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Fig. 2 Relation between incident heat flux
and ignition time in 100 Torr argon,
oxygen, and helium environments.
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Fig. 3 Relation between incident heat flux
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Fig. 4 Relation between incident heat flux and ignition time in argon
and oxygen environments at 100 and 30 Torr, respectively.
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Fig.5 Relation between incident heat flux
and ignition time in nitrogen environ-
ment for two propellants having
different AP content. For example,
AP-85 denotes 85wt% ammonium
perchlorate and 15wt% polybutadiene.
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Fig.6 Relation between incident heat flux

and ignition time in nitrogen environ-

- ment for the propellants having
different irradiated surface area.

Bh D X BB BT, Wi 5 x5mm OMBL T
EZSHLT FOMIE g50um D2 B AL TR AL
BETizEa, ATHBREAOREYCESINEY
WRKEAHES X 5125 TR L RAROBH
AR LRERORE FOTEGL, v—wRMNMN
HHORKECOBEFLLEB L,
R7@QEEREE~Y v AFAZE 2D\ /ITOW
THEBEHIZ K1 5 APTHSwm SR KA T
DBREFLARES LU 1 HBRTREATV2, B
BRESARDRT LS A E—RL TV IBHIR
Rok5icnd, BATKELATWT, HXIMNC50
am B OE S ¥ CItiET 5 LR ~ES AR
RVWHAR, 1 A5B0 XS RBEESELEY. B
ET5RBEXZIRBYELCTWD, DR &S
THES AL ORI, K& (T 50pm LMD
ZP AR ARORTMBEYIERTRDS k3
MLy, .
TOXSNHEXESRVEL, BbhicF -2
hb, ~Y o AREG CIRLHKEEOLRTREILMOR
PSS L b L AR T20~50CHV T EN oz, ¥
7o, ~Y v . REKOHE KBLT, 510K2% D,
A PoERSFROMEBEHE? BT AT CORHER
RoEBFHEIOEENTFA LIS,

—134— IRARGLLE



Surface Temperature , Ts {K)

Vol 41, No.3, 1980

800,

Surface Heat Flux : 1.9cal/cmsec
Ambient Pressure : 360Torr

7001 Calculated(He, Ar, N2)

600

500

400

300

[Surface Heat Flux : 2cal/cm?)

1 1 1 1

0 1 2 3 4 5
Square Root of Time , t'? (sec'?)

Fig.7 (a) Temperature versus square root of elapsed time at the

Surface Temperature , Ts (K)

site located infinitesimally and calculated surface temperature
versus square root of time histories based on Egq. (2) for -
helium, argon, and nitrogen environments.
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Fig.7 (b) Calculated surface temperature versus elapsed time
in helium, argon, and nitrogen environments.
This figure is rewritten, magnifying the broken line
‘portion in Fig. 7 (a).
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Table 1 Paramecters used for the calculation of surface
temperature versus elapsed time relation during

ignition transient

Activation energy, E
Pre-exponential factor, B
Heat capacity of propellant, ¢;
Density of propellant, ps

Thermal conductivity of propellant, ks

Thermal conductivity of gas, &
Helium

Argon

Nitrogen

3x10* cal/mol
5x10° cal/cm?® sec
0.4 cal/g K

1.6 g/cm®

1x10-* cal/em sec K

3.54 %10~ cal/cm sec K
(1 bar, 288 K)
4.109x10~* cal/cm sec K
(1 bar, 290 K)
6.175 x10* cal/cm sec K
(1 bar, 300 K)
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Ignition of Composite Propellant Composed of Polybutadiene and .
Ammonium Perchlorate by Means of Carbon Dioxide Laser at -
Subatmospheric Pressures (I). :
Ignition Behaviors in Combustion Supporting, Non-Combustion
Supporting, and Inert Gas Environments under Low Radiative
Heat Flux Condition. " '

by Takeo SAITO*, Michiko HARAYAMA¥, and Akira IWAMA®*
Uniformalized radiative heat flux of a carbon dioxide laser was applied to the

propellant grains composed of carboxyl-terminated polybutadiene 75-85wt 2% and
ammonium perchlorate 25-15 wt % at subatmospheric pressures. The ranges of the

_ ambient pressure and irradiation time up to- and after ignition for which singular -

ignition aspects are observed, have been examined in terms of radiative heat flux,
ammonium perchlorate content, sample dimension, and the kind of ambient gas:
oxygen, nitrogen, carbon dioxide, helium, argon, and xenon. '

A photography evidence that ignition occurs in the gas phase above the propellant
sample surface in oxygen and argon environments was presented. However, even in
oxygen environment the ignition site transfers to the surface as the ambient pressure
approaches the second pressure ignition limit, over which up to the first p;xféssure
ignition limit the quenching would result once the additional laser irradiation is cut
off after the appearancé ‘of the incfpient flame. The surfacevtemperature at the
instant when ignition occurs on the surface in helium environment, is 20-50°C higher
than that in oxygen and argon environments where gas phase ignition is confirmed
at the same ambient pressure. C

Some items for chemical igniter to be capable of accomplishing sound ignition
under vacuum or space environment are described ‘in the light of the ighi’tion

- transient behaviors.

(*Institute of Space and Aeronautical Science, University of Tokyo.
4-6-1, Meguro-ku, Tokyo 153, Japan.)
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