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Preliminary Study of a Turbopump Pyro Starter

Moongeun Hong* - Soo Yong Lee**

ABSTRACT

The feasibility study into the development of turbine spinners, which start up the turbo-pump, has
been carried out and the design requirements and parameters ranges have been presented. Turbine
spinners use the solid propellant as such composite propellant based AN compound with high energy
plasticizers, coolants, and phase stabilizer which relieves a sensible volume change due to the phase
transformation of AN near room temperature. Propellants which have a burning rate of 0.2~0.3 mm/s
and pressure exponent ranged from 0.3 to 0.6, showed stable burn-out in the standard motor tests.
Both the magnitude of ignition energy and its thermal transfer mechanism have been proved to have
a tangible effect on the ignition of the pyro starter, and the results of this study showed that a flame
temperature of 1400K would be quite adequate to get a stable ignition for the AN composite
propellant.
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Fig. 1 Cut—off View of Pyro Starter(Vulcain)
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Table 1. Characteristics of Typical Pyro Starter

Parameters| A & B ¥ C ¥

AR F-1 TS-1001 -
A 2.18kg 0.45kg 0.7kg

A4Y | 6.89MPa | 5.0MPa 5.2MPa

74 | AN Composite | AP Composite | Double Base

slgdex | 1672K 1425K < 2000K
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Table 4. Propellant Combustion Characteristics

Parameter ideal | Exp. | Composition | mol%

Flame Temperature, K 1260| 1420 HCN 0.00003

) CH4 000348

Dersity, g/ec 00085 - H2 033564

Enthalpy, cal/g 6298 . HZO. 010662
C(solid) |0

Entropy, cal/g K 2487, - CO 032781

: | co2 00473

Molecular Weight, g/mol | 198 o poe

Heat Capecity, cll/g K| 0% -/ NH3  |0008

Ratio of Heat Capacity | 127] | N2 0.08018
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Fig. 3 Propellant Flame Temperature
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Table 5. Buming Rate of Propeliant (at 207C)

Test Pressure(psi) 1500 1000 400
# 1| 25374 | 2.2206 1.3726
Rate | # 2| 2.5426 | 2.2080 | 1.3682
(mm/s) | # 3| 2.5398 | 2.2012 1.3691
Ave.| 25401 | 2.2102 1.3697
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Fig. 4 Schematics of Pyro—starter with Pyrotechnic
Ignitor
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Table 6. Ignition Test of Pyro—starter
Type Powder(g) | Ignition
Pyrotechnic 10 x
Pyrotechnic+Pouch 20+10 X
Pouch 20 O
Basket 20 0]
Basket 30 O
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Fig. 6 Pressure Curve of Pyro Starter
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Table 7. Performance of Pyro Starter
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case 1 |case 2
ALLE(K) <1300 | 1378 | 1423
ALLES(mm/s)| 20 2.4 21

A 29 (MPa) 8.1 8.85 7.74

AR H(kg/s) 1.2 - 1.30

A &A1 T (sec) 15 127 | 142
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