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ABSTRACT

The depressurization rate in a thrust variable solid rocket motor is the major factor that has
the greatest influence on the thrust termination performance. In this study, the depressurization
rates range of model solid rocket motor was identified and major factors affecting the
depressurization rate were found. It is important for actual system design to understand the
depressurization rate of the system that can satisfy the target performance as well as the
extinguishing characteristics of the solid propellant. The methodology for obtaining the
depressurization rate model in this study is considered to be applicable to the optimal design of

the thrust terminable propulsion system.
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Fig. 2 Simulink system model.
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Fig. 1 Pintle system schematic diagram.
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Fig. 3 Extinction free volume shape.
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Table 2. Test variables for depressurization rate prediction

model.
dAn,o:(;:, thoat * n V;It *x [m3]
3 0.50 0.083 (I)
4.5 0.65 0.166 (II)
6 0.80 0.249 (I1I)
7.5 0.95 0.332 (1V)

* Nozzle throat area variation rate based on reference
throat area in 0.1 sec
ex) 3 — nozzle throat area increase to 3 times in 0.1
sec

** Solid rocket motor free volume when extinguished

3 w4 Hdago] FasH "ok ozl Az
2 BN 8 27 En TR ZEE
Bt go] it Agtes YT wAA
2L vty ol g AR FFES IHosia
7t Fig. 33 zo] A tin] 0558 2.07hA =3
S ZI|AHoR Holdte] Table 294 o] 7} 4

s Z7\Be] AN GELGLE
MAE G stersty] ishel A7 400 mm

2 900 mm XA tldk dHEAA EAL uob
3t 600 mm Z|EZ27AA ALHF P &
WAL 3B AR wEe] =AU
600 mm FA7HE 7]FOE 9

stdth 27 AfAH A9 A5
A\ Fge) mgol YR = Fig 37

gol oo FX7IH AJANE AFAAN Y
o] do] o] FAH|(L/D)E 05~20°02 L&
2 S A stem, A% 600

2
mmét LA 4 6471 276 A 4E
&S g5t F FUHE 1287FA 274
g A3S nlwstgoh

4o H4H AU ES Bq. 13 2ol F317]
& R ggo] &3t ARAHY 4HY 5% F
Bl 50%7FA ZHAsH7|7kA o] kg el 2 g of st
Ak

(P =PI
T M
(e —tiar)

ext ext

dpldt = —



48 2XF= - sFEY - 247 SrEFEIZE 3 K|
Table 3. Combustion chamber pressure effects on depressurization rate.
Pc Pressure [psia]
dAlLuzzlc thoat 3 3
— n V... [m’] 2,000 1,000 500
dP/dt [psia/sec]
P01 0.95 0.332 (IV) 26,193 13,595 7,590
P02 7.5 0.95 0.083 (I) 39,043 25,671 17,812
P03 0.50 0.332 (IV) 21,320 12,974 7,891
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Table 4. Depressurization rate of Aerojet test results.

FO1 | FO2 | FO3 | F04 | FO5

At* [sec] | 0.605 | 0.575 | 0.425 | 0.530 | 0.475
%

P start™ | o0 | 189 | 135 | 151 | 120
[psia]
ok

Peu end 3 | 26 | 32 | 30 | 26
[psia]

dF/dt 244 | 286 | 244 | 228 | 19
[psia/sec]

* Pext end time - Pext start time
** Extinguishment event start time
*** Extinguishment event end time
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Table 5. Depressurization rate model validation.

Vo1 V02 V03 Vo4 V05 Vo6 Vo7
dA 2.5 5 5 9 9 9 10
n 1 0.3 0.7 0.5 0.5 0.5 0.65
Vext [m’] 0.1561 0.2736 0.0902 0.0908 0.2896 0.4885 0.2882
Calculated dP/dt [psia/sec] 8,907 9,871 18,714 26,126 14,840 13,781 15,625
Simulated dP/dt [psia/sec] | 9,443 10,582 18,887 26,381 15,621 12,176 16,896
Error [%] 6.0 7.2 0.9 1.0 5.3 (11.6) 8.1
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