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2-Parameter High Frequency Combustion Instability Model

Yong-Ho CHO" and Woong-Sup YOON™

ABSTRACT

The definition of burning admittance and conventional n- r stability rating technique are
combined to investigate the high frequency combustion instabilities inside the cylindrical
combustion chamber. Perturbed flow variables are written as the sum of fluctuating and
time-averaged mean quantities on the assumption that the terms of the order higher than
unity are sufficiently small, hence linearized governing equations could be formulated.
Chamber admittances up and downstream of the flame front calculated with appropriate
boundary conditions result in the burning admittance and corresponding n- r neutral stability
curve. Configurational and operational design factors are tested to detect the unstable
wave-induced LOX-RP1 combustion instabilities. Operational design factors, e.g. pressure or
O/F ratio, appear less influential to drive high frequency instability while the location of the
flame front and configurational factors enhance or deteriorate the stabilities strongly.
Conclusively, LOX-RP1 combustion inside the cylindrical combustion chamber is apt to be
unstable against long residence time and shortened chamber length.
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Fig. 2 Burning Admittance and Neutral Stability Curves in 1'st Tangential Mode with Variable
Chamber Pressure Level (+ : 1300 psi, C:2000 psi, A :4500 psi)

600

A
5]
)
|

N

S

S
|

Burning admittance | Yb |

1000 2000 3000 4000
Frequency (Hz)

(a) Burning admittance

3

G

§ e
o

£

e 2-
L

d

0

E -
o

=1
E1
e

5

7

A i
o

1 =9

o

0 1 l L ] R
0 1 2 3

Sensitive Time Lag (1)

(b) Neutral stability curve

Fig. 3 Burning Admittance and Neutral Stability Curves in 1st Tangential Mode with Variable
Propellant Mixture Ratio(+ :2.0, O:3.0, A :4.0)

Bt a6 oig A Hee A HEEA

Fig. 39lde 944 343 4298 1300psi
2 3ZAZ BEA F3A EF HE 20, 30,
4022 WHIFAIIEA, 2o WE IT EEA9

b
=
olo

HElE TAEH FHA Eduld u
24 2xe 24t 3344K, 3740K, 3667K7}
th o714 Ho 25 &3] 30004 Vel
% Atk Fig. 3@de 524 &3l o
aRkg-o] Wsyt veht Qloh Fig. 200149

u do 2 e rR
e

rg e



B
alo
o
o
oo
it
ok
H{
-
>
oH
_|g!
X
>

80

Fedsiel e AweodS} RASHA, Fu guwgel
99 2000~2400Hz, 3300~3650HzNA &3 o ARHor
JuASY FAY Aol WKL gor Am  FPW 5, A4 d2zd
99 271 28 A WIBE 24 UK Fig 3 %EL ¢ 4 sk 4, 294 s 2o
AN FUMYYUEE Fig. 2004 B3ksh A A2 A2z olglol, AeAT, 3 SYSEES
o YNVh FAA TP ABE A2l & oME FA EQW 4F slgage] AuAH

w

2000

N
)

PN

Burning admittance | Yb |
S
o
|
Pressure Interaction index (n)
1

o

L) I ] ' ¥
1000.00 2000.00 3000.00 4000.00 0 1 2 3
Frequency (Hz) Sensitive Time Lag (7)

(a) Burning admittance (b) Neutral stability curve

Fig. 4 Burning Admittance and Neutral Stability Curves in 1st Tangential Mode with Variable Flame
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