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ABSTRACT

In this study, model combustion tests were conducted to investigate the combustion instability
characteristics of swirl coaxial injectors for a liquid rocket engine. To examine the effects of the
combustion chamber resonant frequency and the injector mixing conditions, pressure fluctuations in
the combustion chamber were measured by changing the combustion chamber length, injector recess
length, and propellant mixture ratio. From the test results, the variation in the pressure fluctuations
for each experimental condition was confirmed and the combustion stability was evaluated by stability
mapping. It was found that the longitudinal mode and Kelvin-Helmholtz instabilities occurred due

to the change in the combustion chamber and recess lengths.
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L, : exhaust nozzle length

Lr : recess length

m  : mass flow rate of propellant
n; @ number of tangential holes
O/F : oxidizer to fuel mixture ratio
p’ : pressure fluctuation

R : length of swirl arm

RR : recess ratio

Re : reynolds number

r;  : radius of discharge orifice
r, : radius of tangential holes
St : strouhal number

t  : oxidizer post thickness

u : velocity of propellant

VR : velocity ratio

¢ : equivalence ratio
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SECTION A-A

SECTION B-B

Fig. 1 Schematic of the swirl coaxial injector.
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Table 1. Geometric parameters of the injectors.

unit inner (i) outer (o)
ny ea 3 4
T 0.75 2.25
R mm 1.10 1.60
) 0.55 0.60
K - 0.91 2.50
t mm 0.5
L mm 0, 2.60, 5.00
RR - 0, 1.73, 3.33

Ln |

Thermocouples
&

!

£
Injector
manifold

AN

nnaaa

A

7

Fig. 2 Schematic of the model combustor (unit: mm).
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Table 2. Resonant frequencies with respect to the
chamber length.
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T11 T12 T13 T14 T15 Ti6 T17
— = —

L. [mm] L, [mm] fH [Hz] flL [Hz] @ T21 T2 T3 T24 T25 T26  T27
2020 A—A—AD—D—D—A—A
550 50 208 604 £
500 100 159 665 018 |
450 150 138 739 T3 T2 T3 T4 T T T37
400 200 127 831 orep B 7 3
350 250 122 950 (R N F FAP T FRT PR P F
04 06 08 10 12 14 16 18 20
300 300 121 1,108 ¢
250 350 123 1,329 Fig. 3 Experimental conditions.
Table 3. Detailed experimental conditions.
Test no. | mo [g/s] mr [g/s] Reo Rer O/F 1) VR
T11~T17 0.238 0.036~0.108 10,281 | 612~1,837
T21~T27 0.198 0.030~0.090 8,567 510~1,531 | 6.60~2.20 | 0.60~1.81 | 20.59~6.86
T31~T37 0.158 0.024~0.072 6,854 408 ~1,225
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Fig. 5 Stability map of the injectors (from left to right: Le = 250 mm, Le = 350 mm, L, = 450 mm, and L, = 550 mm,
from top to down: AR = 0, AR = 1.73, and RR = 3.33).
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