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A Study on the Design and Performance of a Green Propellant Engine

* * = * &% sk ok dkkk
Ol M HMZEL AT DAMT P KT AMA

Yangsuk Lee Junsu Jun Ohsik Hwang Youngsung Ko Yoo Kim Sunjin Kim

Abstract

In the last decade, hydrogen peroxide has received renewed interest as a green propellant which is non-toxic,
environmentally clean and relatively easy to handle. This study was performed to acquire the design technique and
combustion performance of a 200N bi-propellant engine using hydrogen peroxide and kerosene. The engine which
used a catalytic ignition method was designed and cold flow tests were carried out to investigate atomization
characteristics. Combustion tests including a pulse mode operation were performed to investigate the combustion
performance on various O/F ratios. The results showed that the combustion efficiency and the repeatability of the
engine performance were enough to use as an essential database for the development of a high performance

engine.
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Table 1. Requirements of engine design

Oxidizer Fuel
Propellant
Hx0, (96%) Kerosene
Thrust 200N
Chamber pressure (Pc) 10bara
Po/Pe 1000
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Fig. 1. Schematic of injector head

Thrust (F), Chamber pressure (P_),
Nozzle exit pressure (P,)
O/F ratio, Half angle of nozzle expansion (a)

@ CEA code : R, T, k

@ Thrust coefficient (C;)

@ Thrust correction factor (A.)
- @ Area of nozzle throat (A)

® Expansion ratio (&)

® Area of nozzle exit (A))

@ Mach Number (M,)

Total mass flow rate (,;)

@ Spray angle (8)

@ Pressure drop (AP)

@ Number of orifice

- @ Kinematic viscosity

® Discharge coefficient (u)
® Filling efficiency (&)

@ Geometry constant (K)

Diameter of swirl chamber (D)
Discharge of orifice diameter (d )

Fig. 2. Flow chart of injector design(Fuel)
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Table 2. Design parameters of injectors

HeO, injector
Type m AP Density
Orifice 108.8g/s 0.3MPa 1,430kg/m’
First Number of orifice 12EA
orifice Diameter of orifice 0.67mm
Second Number of orifice 18EA
orifice Diameter of orifice 0.95mm
Kerosene injector
Type m AP Density
Swirl 14.9¢g/s 0.3MPa 830kg/m’
Number of inlet orifice 2EA
Spray angle (©) 80°
Discharge of orifice diameter (d,) 1.36mm
Diameter of swirl chamber (D,) 5.42mm

Fig. 3. Manufactured injector head(200N)
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Table 3. Characteristic length of Propellantsle]
Propellant Length (m)
Hydrogen peroxide/RP-1 1.52~1.78
Nitrogen tetroxide/Hydrazine 0.76~0.89
LOX/ammonia 0.76~1.02
LOX/LH, 0.76~1.02
LOX/RP-1 1.02~1.27

Table 4. Parameters of chamber and nozzle

Diameter of nozzle throat (D) 14.88mm
Inner diameter of nozzle exit (D,) 23.17mm
Inner diameter of chamber (D)) 40.9mm
Length of chamber (Z,,) 117mm
Convergence half angle (a) 30°
Divergence half angle (3) 15°
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Fig. 4. Schematic diagram of cold flow test

Fig. 5. Installed injector for cold flow test
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Fig. 6. Installed engine for hot test

Table 5. Test conditions of hot firing test

Test | Mass flow rate (g/s) OfF
: Time
No. Hz02 Kerosene | ratio
1 124 11.5 10.8
2 124 14.0 8.9
3 123 15.0 8.2 3sec
4 123 16.0 7.7
5 124 19.0 6.5
6 124 15.0 8.2 (Pulse)
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Fig. 9. Mass flow rate of HO» injector
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Fig. 8. HxO» injector cold flow test Fig. 10. Kerosene injector cold flow test
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