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ABSTRACT

The prediction of combustion instability is important to avoid an obvious threat to the
structural safety and the motor performance because it affects the apparent response function of
the propellant, the burning rate, and a mean flow Mach number at the local surface. The
combustion instability occurs in case acoustic waves were coupled with the combustion/flow
dynamic frequency. In this paper, an acoustic instability model is derived from the nonlinear
wave equation for analysing acoustic dynamics in solid rocket motors. The chamber pressure and

burning rate effects on combustion instability have been investigated.
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a speed of sound p, : propellant density
a : propellant regression rate ps : particle density

coefficient(m/s/ Pa") o : particle diameter
A - admittance 1, : n-th mode shape function
A, : burning area w : angular frequency
A, : nozzle throat area w, : angular frequency of n-th mode
C : specific heat of particle material
C, : specific heat of gas LN =
¢* @ characteristic exhaust velocity
k, : n-th wave number TASZADEA HAEE o Boby &4
k, : thermal diffusivity of propellant o dad yre sk oy A W gAY
L : chamber length S FUste] 2E Aol ddiAd JEFS H A
M : Mach number 7] wEell, A& G AR AT 2H A
M, : Mach number at the burning surface Al Al REEAl EIFojok ghrh. 1A 2 KE 9
M\-: Mach number at the nozzle entrance TF EES T R AL %X‘q’ﬂ} Q? & 5
n : propellant regression rate parameter Ak, UlF eI 4T A4L T 2H
. Ax AP/ EAXAHARE UdE 4 Adh Culick
n : outward normal vector [A]e 197082 Sawcel i §54
b pressure HES AT ANe ) At 47 o
p i mean pressure 34 clgozyE HIW WA AN Py
p’ : pressure fluctuation (approximate method)& o] &3te] A& /n] 43
7 : gas constant 94 AL A Fori23] 1980dW =
r. : radius of cylindrical port o]4 Flandro, Baum=9 A7ASo] Culicke)
S, : area of burning surface ol2S A& AP/ FAHNY AFE 593
S, : area of nozzle entrance Atk olEs A Ay dH Ay &£T A%

- o3t H3d kYA o]Eo] AAHUT Flandrod
v’ : velocity fluctuation A g4 e S8l DC shift A4
Q- total growth constant Limit cycle, Triggeringe] tig A57F & 714
. defined in Eq. 6 s JAHD rhd4]. AT 2, TAZAR

B A4 EQrgAL ETF A o3 71

: mean velocity

ay @ defined in Eq. 6

. . A7lE aadt AT 24r Yes e
@ @ defined In Eq. 6 W, A WRelA BAHE YARY, SE 2
@ ¢ defined in Eq. 6 @ A4 20 he WY Ee BAIL
Qpumping * defined in Eq. 6 AAATE fiola, FEUFASRY wF, T
v : ratio of specific heats (gas only) ZE 2 e EFALS AYPAIIE L4022
v : ratio of specific heats Zvzt Ay BA e ALz FRAHATH5]
k : mass fraction of particles on gas EF WY A4 BoHY s e BEASs &7
p @ viscosity A s A sfiMo] HEs] o]FolAof dh=
p : density AL FAetde]. o1&k 7Igkell A 2000
p, : gas density FRble 2 oA BAsk= =83 d
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A Total = Oépt:+a1\7+ aP+aR +aﬂ1

where,
ﬁ%d&
bRb
f WiSdz
e
@ayy 2| 2

/ wnScdz

C)ap{ PR RCa b= AR

p

X = and X = wn‘Qt
P2 1+ 2 ©6)
‘Qd =W, Ty ’ Qt —W,Ty
- pso—Z I = 2 C/,L )T
d ’ |9 7. |d
18 t 3k,
1(dy, |’
— \[/T(i) dSb
ang, 2\ de
@aﬁ - 9 7 )
f V28, dz

a]llb ﬂ¢d3b
/ Y2S.dz

Edoltt. felMFE Adz O 4H2%
(pressure coupling)oll 9|3 7FXQAE 9w
i, ot &%, M FAA ZTHA ojgk
= vhal, RVE FAA9 SHFel g
M, 5 S 474 4 A

S et Q=
oujslar, ~
=5 Y47 delM e B vk, S
T WAt @2 YA ot 4 (particle
ogmet, & A} 7hxe] A

damping) &

damping) &

FHl, 0= JAY HE, ¢ 7h=e MY,

© 929 9%, o= YAY AA, pe FA, kp
< FA9 € FEE Ul D= F5%
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FAT FE5o FsAgor TAse AR

of v e,

Fig. 1 Schematic of a solid rocket motor(1].
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Table 1. Value of the geometrical and Combustion
properites(1].

Geometrical Properties :
length L =0.5969 m

r,=0.0253 m
r, = 0.00936 m

radius of cylindrical port
throat radius

Combustion properties :
mean pressure p=1.06 10" Pa

burning rate r,=0.001145 m /s

parameters in the A =60

combustion response B = 0.55
chamber temperature T=3539 K

mass particles/mass gas Kk =0.36

c=2x10"%m

particle diameter

1.2

Linear analysis
Non-linear analysis|

0.8+

12 L 1 L 1 1 1
0 10 20 30 40 50 60 70 80

ta/L

Fig. 2 Comparison of calculated acoustic pressures
based on linear analysis (line) and non-linear
analysis (dot).
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Fig. 3 Comparison of pressures wave configuration

based on linear analysis (ine) and
non-linear analysis (dot).
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Fig. 4 Comparison of calculated acoustic pressures

based on the culick's result{1] and approximate
analysis.

Table 2. Frequencies and amplitudes of acoustic
pressures.

Frequency, Hz
1 2 3 4 5
Numerical[1] | 926 | 1824 | 2698 | 3595 | 4491
Approximate[1] | 895 | 1785 | 2683 | 3571 | 4449
Approximate | 900 | 1801 | 2701 | 3601 | 4502

Mode Amplitude, p// p|
1 2 3 4 5
Numerical[1] ]0.151|0.042|0.023|0.020| -
Approximate[1] |0.151|0.048|0.028|0.015|0.019
Approximate |0.147]0.044/0.022]0.011|0.010

Mode

Table 3. Linear growth constants.

Mode 1 2 3 4 5

Qrpall] | 81.4 | -316.4 | -561.1 | -873.9 |-1255.6

Q Total 82.9 | -315.8 | -551.3 | -857.4 |-1231.3
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Fig. 5 Stability alpha of the first acoustic mode as
function of time.
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Fig. 6 Stability alpha of the second acoustic mode as
function of time.
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Fig. 7 Stability alpha of the third acoustic mode as
function of time.
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Fig. 8 Comparison of pressures wave configuration
based on burning distance.
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