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ABSTRACT

Prediction of combustion instability within a solid-propellant rocket motor has been conducted with
the classical acoustic analysis. The effect of particle size distribution on the instability has been
analyzed by comparing the log-normal distribution to the fixed mono-sized particle followed by a
survey of motor length scale effect between the baseline model and small scale model. Particle
damping effect was more efficient for the small scale motor which has a relatively high unstable mode
frequencies. It was also revealed that the prediction results by considering the particle size distribution
show an overall attenuation of fluctuating pressure amplitude with respect to the mono-sized case.
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Nomenclature

: speed of sound
: specific heat of condensed phase

: mass ratio of entire condensed phase to

gas per unit volume of mixture,
=Pl Py

: specific heat of mixture

: particle size

: mean particle size

: Normalization constant for mode n, Eq. (7)

: mass distribution function, Eq. (8)

: wave number, k, =w,/a

: outward normal vector from grain

surface

: prandtl number

: pressure fluctuation

: universal gas constant

: temperature of gas mixture

: mass fraction of particles with radius, D,

: function of 7, Eq. (7)

: function of 7,;, Eq. (7)

: mass fraction of either fine or coarse

distribution

: motor’s total stability alpha, Eq. (6)

: pressure coupling

: nozzle damping

: particle damping, Eq. (7)

: perturbation amplitude

: ratio of specific heats of mixture

: wavelength

: viscosity

: standard deviation of the particle size

distribution

: dynamic relaxation time, Eq. (7)

: thermal relaxation time, Eq. (7)

: n-th acoustic mode shape function

: n-th mode angular frequency
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Fig. 1 Relative particle damping efficiency  versus
particle size[14].

Table 1. Propellant matrix[6].

Unit : [%]
Propellant | 15pAl | 95pAl AP Binder
H-15 20 0 57 23
H-95 0 20 57 23

23 2O YA 2] BEE

2 Aol A" AR 27 EERE vE
NAWC[6]9] 942 23 3 4% F3
Ao zR ALEH FA S AL Table 137 2
o} 34 23%2) HFl G (binder), 57%2] AP
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Table 2. Cumulative mass fraction[6].

Unit : [%]
Size [um] H-15 H-95
D< 5 77.86 56.20
Fine
5 <D< 25 97.07 74.38
25 <D< 38 97.82 76.21
38 <D< 75 98.27 84.97
Coarse
75 <D< 150 99.48 96.80
D < 300 100.00 100.00

Table 3. Fine and coarse residue mean particle size
distribution datal6].

Propellant H-15 H-95

a [%] 97.1 744

Fine D, [pm] 2.75 3.06
o 2.0

a [%] 29 25.6

Coarse D, [um] 82.8 82.3
o 1.5
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Fig. 2 Cumulative mass distribution of condensed
aluminum oxide particles.

Fig. 3 Three—dimensional view of cylinder-slotted grain
chamber and fore and aft cross sectional views.
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Table 4. Acoustic mode frequencies. gl e
Unit : [Hz] e,
Mode Motor 1 Motor 2 Motor 3 F =00 N, ©
(baseline) |(scaled down)| (cylinder) S
‘3 -1000
L1 307.1 614.3 290.2 g
L2 615.1 1230.2 580.4 £ 1500
L3 884.6 1769.3 870.6 g%
L4 1182.4 2365.0 1160.8 i
—8—H-15 Distribution
-~--H-95 Distribution
_25000 1000 2000 3000 4000 5000 6000
4’ Frequency [Hz]
/ / (a) Calculated particle damping.
(@) L1 b) L2 2 e
P > : .
> ’ ) ’ g 80
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Fig. 4 The first to fourth longitudinal mode shape é-mo—____ e
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Table 5. Particle damping [1/sec).

(@ Motor 1
Mode | Mono-sized H-15 H-95
L1 - 6.17 - 24.70 - 27.49
L2 - 24.77 - 82.64 - 7849
L3 - 51.23 - 151.14 - 137.25
L4 - 9147 - 240.29 - 212.33
(b) Motor 2
Mode | Mono-sized H-15 H-95
L1 - 2488 - 83.06 - 78.90
L2 - 99.17 - 256.09 - 225.54
L3 - 204.39 - 44440 - 380.62
L4 - 362.90 - 674.82 - 566.55
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Fig. 6 Comparisons of pressure fluctuation(a, b) and FFT results(c, d) between Motor 1 and Motor 2.
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