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An Experimental Study on Thrust of Ground and High Altitude
by Hydrogen Peroxide/Kerosene Engine
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Abstract Ground and high altitude simulated combustion experiments were conducted using a liquid
rocket engine with hydrogen peroxide and kerosene as the propellant. A ground and high altitude
simulated combustion test facility was constructed by installing a high altitude model diffuser and TMS
(Thrust Measuring System) on a vertical combustion test bench. The thrust characteristics according to
altitude were investigated using the combustion test equipment. The diffuser was designed on a 1:4.8
scale to verify the characteristics of the high diffusing diffuser and starting pressure. The cold flow tests
were conducted using nitrogen gas, and the performance characteristics and starting characteristics of
the scale down diffuser were verified. A diffuser and TMS were installed on the vertical combustion test
bench, and the thrust correction equations for the system resistance were derived. The thrust correction
equations were derived from the step test and vacuum step test before the actual hot firing test. Nozzles
with an operating altitude of 10km were designed. Hot firing tests were conducted to analyze the thrust
characteristics according to the operating altitude changes. The actual thrust was calculated using each

correction equation with the thrust value measured by the TMS.
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Fig. 1. TMS (Thrust Measurement System) diagram
Fyree = Fp—(Fy+F +F,+Fy) (1)

Fyoo A9 24

rame

Fp @ 71Z22EA0M 2449 9
Fy, : AEREAAq 2749 9

Fyrume * Adapter frame] 283k & @
Fy o A gl ot 3
Fpo g o] gt 7

TUE 87 BAK] 284 OFAS olgst
L 22 244 QA9 A/ R A
7z wefstolor Ack. OFA7E B4 4B Fig. 29
2ol 2] Aol t7ito] 2§k Tl of]
ST} vhe Bl AT webd Az A/F
QreRe] o P Fee) Mgos 183 Hu
2 AR Q] g3t FEE o] AL e

ofst 9 A o do] Aok ek,

——

Pa \_/ 1 :
—> : Am
/F’Nv-\-. :

T — e——

Fig. 2. Schematic Diagram of Engine & Dffuser
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Table 3. Requirement of Engine Development

Parameters Description
Propellant 95% H202 + Kerosene
Thrust 500N (83N x GEA)

1MPa (10bara)
1000

Chamber Pressure

Pressure Expansion Ratio
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Fig. 3. Schematic of Multi Element Injector Engine
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Table 4. Physical Characteristics of Nozzle

Parameters High Altitude
Throat Diameter (mm) 18.33
Exit Diameter (mm) 47.08
Expansion Ratio 6.60
Half Angle of Divergence (deg) 15
Thrust Coefficient 1.55
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Table 5. Requirement of HATF

Parameters Description

Vacuum Pressure Under 0.2bara

Starting Pressure Under 10bara

Table 6. Physical Characteristics of Diffuser

Full 1/4.8

Parameters

65.5 135

Inlet Diameter (mm)

82.0 16.9

Exit Diameter (mm)

78.7 16.2

Divergence Length (mm)

Half angle of Divergence (deg)

Total Length (mm) 602.4 124.2
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Fig. 4. Result of TMS Step Test

Table 7. Equation of TMS step test

Ground Test Fp  =1.006Fy,  +0.219

Fp =1.011F,  +0.494

High Altitude Test W.s
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Fig. 7. P&ID for H202/Kerosene Combustion Test Cell

Table 8. Combustion Test Conditions

Fuel Kerosene
Propellant
Oxidizer 95% Hydrogen Peroxide
Ignition Type Torch
O/F Ratio 7.6

Mass Flow Fuel 19g/s
Rate Oxidizer 144g/s
Total Mass Flow Rate 163g/s
Chamber Pressure 10bara

Combustion Time 3sec
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Fig. 8. Thrust, Chamber Pressure vs Time(High Altitude)
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Fig. 9. Compensated Thrust vs Time(High Altitude)
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Table 9. Results of Combustion Test
Table 10. Results of Combustion Test
Mass Chamber
Propellant Al O/F
ow Rate Pressure Mass Chamber
Propellant O/F
H202 142.3g/s . 8.5 Flow Rate Pressure
7.0 Sbarg
. H202 144.1g/
Kerosene 20.3g/s g/s 731 85barg
Kerosene 19.7g/s
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