>
OH

2% stz A8 K| H11d R2Z 2007, 4.

I

25 YEA duk-go vz A FRA ALt xe] d3)

G - AR - FHP - BET - )

Y
o
¥

Effects of Solid Propellant Gases on the Thermal Response
of Nozzle Liner

Ki-Young Hwang* - Yoo-Jin Yim** -+ Hee-Cheol Ham* - Yoon-Goo Kang* : Joo-Chan Bae*

ABSTRACT

The thermal response characteristics of nozzle liner for a solid rocket motor applying highly
aluminized PCP or HTPB propellant with slotted tube grain have been investigated. The SEM
photographs of aluminum oxide particles taken from nozzle liner show that the PCP propellant
with the finer and less contents of oxidizer can offer greater possibility for increasing aluminum
agglomeration than the HTPB propellant. The PCP propellant shows locally greater mechanical
erosion at 4 circumferential areas of the nozzle entrance in line with grain slot due to the
impingement of large particles, but the HTPB propellant shows greater thermochemical ablation at
the nozzle blast tube, the throat insert and the exit cone because of relatively much more mole

fraction of H,O and CO; in combustion gases.
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Table 1. Comparison of the Formulation of Two
Propellants, H and P
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ant |-sition | (g/cm”) (um) (%) (%)
;’Ije‘? 091 | - | 12 | o
400 | 3 29
Ho| ap 195 | 200 | 3t 29
6 7 6
Al °o71 | 25 | 19 12
;r?dzr 131 | - | 20 | 40
o | AP 195 | 200 | 31 29
HNw | 203 | 5 | 20 18
Al 271 | 25 | 20 13
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Fig. 2 Cross Section of a Solid Rocket Motor
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Table 2. Combustion Gas Properties in Motor
Chamber for Two Propellants H and P

Propellant H P
Gas Temperature (K) 3576 3588
Molecule Mass (kgkmol) 29.754 | 20.748
Specific Heat (J/kg.K) 3553 3380
Mole Fraction of HxO (%) 13.05 552
Mole Fraction of CO; (%) 1.22 0.71
Mass Fraction of AbOs (%) | 3059 | 31.64

Fig. 3 Cross Section of a Motor Nozzle
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Fig. 4 Ablation and Char Profiles for Two Cross
Sections of Nozzle Liner Using Propellant
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Fig. 6 Post-Test Views of Nozzle Entrance for
Two Propellants, H and P
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