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Hybrid Rocket Instability I

Sunjae Rhee* - Jungpyo Lee* - Heejang Moon** - Honggye Sung** - Jingon Kim**'

ABSTRACT

In this paper, the typical combustion instabilities in hybrid rocket were studied. To induce
combustion instabilities in the combustor with the diaphragms were mounted, on front and rear
of the fuel, and combustion experiments were performed. The calculated theoretical frequencies
using Longitudinal Acoustic Mode and Helmholtz Mode are compared with experimental
frequencies using FFT analysis. The theoretical calculated results showed good agreements with

experimental results are compared.
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Table 1. Specification of the Combustion Test

Oxidizer Gas Oxygen
Solid Fuel HDPE
Oxidizer Mass Flow Rate (g/sec) 9 ~ 60
Solid Fuel Density (kg/m®) 950
Combustion Time (sec) 10
Initial Port 25, 30

Diameter (mm)

Fuel Grain Out 50
Diameter (mm)

Grain 50, 75, 100, 150,
Length (mm) | 175 200, 300
10, 15

Configuration

Diaphragm Diameter (mm)
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Table 2. Specification of the Diaphragm

Case Front Rear
Material Carbon Graphite
Inner Diameter(mm) 10, 15
Out Diameter (mm) 40 50
Thickness (mm) 15 20

:
GOx | L) m
Pre- Post-  Nozzle

Chamber Chamber

Fig. 2 Schematic of the Hybrid Combustor
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0. 5 Comparison of FFT with the Fuel Length
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Fig. 7 Experimental Helmholtz Mode Frequency vs
Calculated Helmholtz Mode Freguency

Figure 7 ©|& F3<3 A3 F34E5 vlug
Zeolth. AgE2 REC] o2 FAFE Eq. (2)
= o] &3 A} 500~700 HzthE A= oH,

Fig. 55 HW, F8 3 Fyg 2Er) opd
=

500~700 Hz tielA EFH =7t #A3)
= AL AT 4 A} o] W Fogees &
&2 HER f9HY, ol dE5E2 Ty
9ke] zpolzb oF 20% WE Holx itk Iy

Fa7t RE AY

2
&2 REF AGHE
2k

casedll A #F HA= &

=% Reo AEE T o84S o] &3t
AL Fakaol Ay dHolH ] FFT #4& ©f
&8t e FagE vlaste] 7 o] Eeh

+ 1000 Hz tigdlA A Aoz FATdHH,

o] mEE dAxd W Y FiE LE MY

of W 2 wEd ol Fuboh oF 20%9]
Aol7h vs A gl
P5E= w59 A

AR (L5} % R)e]

o] AR AT ALY 02

Mo
(]

bl
ot
4
K
]
2
0, 1

2. De Zilwa, S, Zilliac, G., Karabeyoglu, A.
and Reinath, M., “Time-Resolved Fuel-Grain
Regression Hybrid
Rockets,” 39th  AIAA/ASME/SAE/ASEE
Joint Propulsion Conference and Exhibit,
ATAA 2003-4595, July 2003

3. Karabeyoglu, M. A, De Ziwa, S,
Cantwell, B. and Zilliac, G. “Modeling of
Hybrid Rocket Low Frequency Instabilities,”

Measurement in

Journal of Propulsion and Power, Vol. 21,
No. 6, 2005, pp. 1107-1116
4. ©o]%3E, “Single-Port Hybrid Rocket Motor
o EAAY & 183 AAR A4S
I AT = HAbeel=E, 2007
5. olAx®, o|AA, 3%, AFA, AZ, “3t
olrgle 2H4 EAHAE O, dF=5+F3

3 A &3], 2012





