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Abstract

This paper describes development procedure and verification test results of a bi-propellant thruster using hydrogen 

peroxide and kerosene. The design thrust of the thruster is about 500 N and six swirl type coaxial injectors were used. The 

passage type manifolds were employed for the injector head to reduce the response time. The passage was designed to 

minimize stagnation points and recirculation region to ensure uniform flow distribution and sufficient cooling performance 

through flow analysis using Fluent. A catalytic igniter using hydrogen peroxide was installed at the center of the injector head. 

The propellant feeding and spray characteristics were confirmed by hydraulic tests. Combustion tests were performed on 

design and off-design points to analyze combustion characteristics under various mixture ratio conditions. The combustion 

test results show that combustion efficiency was over 95 % and chamber pressure fluctuation were less than 1.5 % under all 

test conditions. 
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1. Introduction

Thrusters are commonly employed as controllers rather 

than main thrust generators of space vehicles. Their 

applications include 3-axis attitude control of launch 

vehicles, orbit transfer, and attitude control of kick motors and 

satellites. Thrusters must have a wide range of performance 

to handle a variety of mission requirements. Depending 

on the mission of the launch vehicle and satellite, various 

type of thruster can be used. A cold gas thruster is very 

simple and reliable, but has very low specific impulse. The 

structure of a solid propellant thruster is also simple, but this 

type of thruster is very difficult to control the thrust range 

and reignite. A mono-propellant thruster obtains its thrust 

through a chemical reaction between liquid propellant and a 

catalyst. Although it is more complex in structure than the two 

former thrusters, but has relatively high specific impulse and 

can operate in pulse mode. The bi-propellant thruster, which 

utilizes two kinds of propellant, is the most complex system. 

However, because it yields a very high specific impulse, it is 

widely employed for various applications, including reaction 

control systems (RCSs). It is also flexible about propellant 

combinations and can adjust the thrust range to meet a given 

set of requirements [1,2] 

Most of bi-propellant thrusters employed in the present 

time utilize hydrazine (N2H4) as a fuel and nitrogen tetroxide 

(N2O4) as a oxidizer. It not only has high specific impulse but 

also has hypergolic characteristic. However, both propellants 
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are extremely toxic and fire hazardous. Handling and 

transportaion of these propellants must meet very strict 

safety requirement. The recent global trend emphasizing 

environmental concerns over performance has spurred 

various studies associated with environment-friendly 

propellant [3].

In this study, a bi-propellant thruster using kerosene 

and high-concentration hydrogen peroxide (H2O2, 95%) 

was developed and combustion characteristics of this 

combination were investigated through firing tests. Hydrogen 

peroxide attracts attention as a viable environment-friendly 

propellant with many beneficial aspects. It undergoes an 

exothermic decomposition reaction upon contact with a 

catalyst, and its only by-products are high-temperature water 

vapor and oxygen gas. It is harmless and easy to handle on the 

ground. By taking advantage of the oxygen produced during 

decomposition, hydrogen peroxide can be used as both a 

mono-propellant and a bi-propellant. In addition, when it is 

used as an oxidizer, the propellant can self-ignite without an 

extra external ignition source. Therefore, a thruster system 

that uses hydrogen peroxide can yield various thrust ranges 

and higher reliability [4, 5].

The thruster developed in this study employs a passage 

type manifold that yields a quick response to meet the pulse 

mode operation capability. The development tests include 

sequential ignition tests, preliminary tests for determination 

of the firing sequence and purge pressure, and verification 

test was performed under design and off-design points on 

various mixture ratio conditions.

2. Engine Design

In this study, a heavy type experimental engine was 

designed for the future application of long mission 

time thruster. The engine consists of an injector head, a 

combustion chamber, and a nozzle. Table 1 shows the 

primary design requirements for the engine.

2.1 Injector

The injector head adopts six swirl type coaxial injectors, 

which shows superior atomization and mixing characteristics 

[6]. The fuel injectors and oxidizer injectors are arranged 

coaxially in inner and outer bounds, respectively. The design 

points of the injectors are shown in Table 2.

The injector head has passage type manifolds designed 

to supply each injector with equal amounts of propellant 

based on the specified design conditions. The passage 

type manifolds yield faster responses during start-up and 

leave less residual propellant after shut-down than dome 

manifolds. Therefore, the passage type manifolds allow for 

faster and more stable shut-down. However, since it has a 

complicated geometry as shown in Fig 1 and 2, stagnation 

points or recirculation zones may occur in the path. It can 

cause thermal damage to the injector head. Therefore, special 

attention must be paid to prevent them in the design of flow 

passage. Fig. 1 and Fig 2 show the final shapes of oxidizer 

and fuel manifolds obtained through the numerical analysis 

using Fluent. The results show that stagnation points and 

recirculation zones are minimized inside the manifold and 

the flow rate in uniformly distributed in each injector. Fig. 

3(a) shows 3-D schematic of injector assembly and Fig. 3(b) 

shows 2-D schematic of injector head design. As shown in 

Table 1. Requirement of thruster
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injector. Fig. 3(a) shows 3-D schematic of 
injector assembly and Fig. 3(b) shows 2-D 
schematic of injector head design. As 
shown in the figure, the injector head 
consists of an igniter, housing, a propellant 
supply plate, a propellant distribution plate, 
a fuel plate, and an oxidizer plate. This 
assembly employs a catalytic igniter, which 
comprises a hydrogen peroxide injector, a 
catalyst bed that stores the catalyst, and a 
kerosene injector. The propellant supply 
plate transfers the propellant from the main 
pipeline to the propellant distribution plate, 
which in turn delivers the propellant to the 
fuel plate and oxidizer plate. The propellant 
travels through 3 inlets to ensure that each 
plate receives the same amount of 
propellant. The fuel plate and oxidizer plate 
are designed to deliver equal amounts of 
propellant to the 6 injectors. Fig. 4 shows 
the photo of fabricated injector head. 
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Fig. 3. Diagram of injector head design 
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the figure, the injector head consists of an igniter, housing, a 

propellant supply plate, a propellant distribution plate, a fuel 

plate, and an oxidizer plate. This assembly employs a catalytic 

igniter, which comprises a hydrogen peroxide injector, a 

catalyst bed that stores the catalyst, and a kerosene injector. 

The propellant supply plate transfers the propellant from 

the main pipeline to the propellant distribution plate, which 

in turn delivers the propellant to the fuel plate and oxidizer 

plate. The propellant travels through 3 inlets to ensure that 

each plate receives the same amount of propellant. The 

fuel plate and oxidizer plate are designed to deliver equal 

amounts of propellant to the 6 injectors. Fig. 4 shows the 

photo of fabricated injector head.

2.2 Combustion chamber and Nozzle 

Prior to the design of the combustion chamber and 

nozzle, the properties of the combustion gas are determined 

via the commercial CEA code under the design conditions 

specified in Table 1 [7]. Then the thrust coefficient (CF), 

nozzle throat area (At), and total flow rate of the propellant 

(
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combustion chamber, as shown in Fig. 6 (a). 
As marked in the figure, when the hydrogen 
peroxide contacts the catalyst, it generates 
hot oxygen that causes the kerosene to 
self-ignite.  

The components of the igniter are the cap, 
the body with catalyst, the FX ring which 
holds catalyst inside the body and 

discharges decomposition gas into the 
combustion chamber and the kerosene 
injector. These components are shown in 
Fig. 6 (b). The exit area of the FX ring, 
which governs the decomposition gas speed, 
and atomization behavior of the kerosene 
injector are the primary concerns in the 
igniter design. A swirler is employed inside 
the kerosene injector tube to improve 
atomization.  The FX ring is designed so 
that the decomposed hydrogen peroxide gas 
does not choke at the inlet of combustion 
chamber and demonstrates a high success 
rate in ignition [9]. 

The hole-type FX ring failed because of 
heat and structural problems[9]. The failure 
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allows the catalyst to penetrate into the 
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reaction and even explosion of the engine. 
After failure, a radial type FX ring was 
newly designed, which is  
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the decomposed hydrogen peroxide gas does not choke at 

the inlet of combustion chamber and demonstrates a high 

success rate in ignition [9].

The hole-type FX ring failed because of heat and structural 

problems[9]. The failure of the FX ring can be catastrophic, as it 

allows the catalyst to penetrate into the combustion chamber, 

resulting in intensive reaction and even explosion of the 

engine. After failure, a radial type FX ring was newly designed, 

which is structurally reinforced while maintaining the same 

hole area for an optimized ignition rate. Fig. 7 presents the 

failed hole-type FX ring and the new radial-type FX ring.

3. Test Facility and Procedure

Before firing test, hydraulic tests were conducted to verify 

fabrication of the injector and investigate the injection 

behavior. In this test, water is supplied instead of hydrogen 

peroxide and kerosene. The fabrication is verified by 

observing the flow rate with the pressure, the uniformity 

of the flow rate and spray angle of each injector. The 

performance of the injector is verified via a series of tests, 

including a propellant supply test, ignition test, design point 

combustion test, and off-design combustion test, in that 

order.   

3.1 Firing Test Facilities 

The firing test facility consists of propellant pressurized 

system, oxidizer and fuel supply system, control and data 

acquisition system and test stand[10]. The specification 

of the data acquisition system is shown in Table 3, and the 

control room is shown in Fig. 8. The hydrogen peroxide 

supply system was newly constructed to supply the new 

oxidizer as shown in Fig. 9. Because this study utilizes high-

concentration (95%) hydrogen peroxide, its reactivity and 

stability are very important concerns in the construction 

of the supply and storage facility. All the equipment that 

contacts the hydrogen peroxide, including the supply tank, 

should be cleaned and stabilized. Otherwise, hydrogen 

peroxide may react aggressively with contaminants, resulting 

in fire or an explosion [11]. All equipment that contacts to 

hydrogen peroxide are treated and handled according to 

safety standard[11].

Non-reactive materials are used for the  equipment, i.e. 

sus-316 and sus-304 for the metallic parts and Teflon and 

Viton for the sealing parts [10].

 

 
 a) Hole type(damaged) (b) Radial type 

  
Fig. 7. FX ring. 

 

structurally reinforced while maintaining the 
same hole area for an optimized ignition rate. 
Fig. 7 presents the failed hole-type FX ring 
and the new radial-type FX ring. 
 

3. Test Facility and Procedure 
 
Before firing test, hydraulic tests were 

conducted to verify fabrication of the 
injector and investigate the injection 
behavior. In this test, water is supplied 
instead of hydrogen peroxide and kerosene. 
The fabrication is verified by observing the 
flow rate with the pressure, the uniformity 
of the flow rate and spray angle of each 
injector. The performance of the injector is 
verified via a series of tests, including a 
propellant supply test, ignition test, design 
point combustion test, and off-design 
combustion test, in that order.    

3.1 Firing Test Facilities  

The firing test facility consists of 
propellant pressurized system, oxidizer 

and fuel supply system, control and data 
acquisition system and test stand[10]. 
The specification of the data acquisition 
system is shown in Table 3, and the 
control room is shown in Fig. 8. The 
hydrogen peroxide supply system was 
newly constructed to supply the new 
oxidizer as shown in Fig. 9. Because this 
study utilizes high-concentration (95%) 
hydrogen peroxide, its reactivity and 
stability are very important concerns in 
the construction of the supply and storage 
facility. All the equipment that contacts 
the hydrogen peroxide, including the 
supply tank, should be cleaned and 
stabilized. Otherwise, hydrogen peroxide 
may react aggressively with contaminants, 
resulting in fire or an explosion [11]. All 
equipment that contacts to hydrogen 
peroxide are treated and handled 
according to safety standard[11]. 
 

Table 3. Specification of data acquisition 

 system. 

Parameters Channel Sampling 
Dynamic Pressure 16 

Max. 
400KHz Static Pressure 32 

Temperature 32 

 

 

Fig. 9 P&ID of hydrogen peroxide supply system 

Fig. 7. FX ring.

Fig. 9. P&ID of hydrogen peroxide supply system

Table 3. Specification of data acquisition

 

 
 a) Hole type(damaged) (b) Radial type 

  
Fig. 7. FX ring. 

 

structurally reinforced while maintaining the 
same hole area for an optimized ignition rate. 
Fig. 7 presents the failed hole-type FX ring 
and the new radial-type FX ring. 
 

3. Test Facility and Procedure 
 
Before firing test, hydraulic tests were 

conducted to verify fabrication of the 
injector and investigate the injection 
behavior. In this test, water is supplied 
instead of hydrogen peroxide and kerosene. 
The fabrication is verified by observing the 
flow rate with the pressure, the uniformity 
of the flow rate and spray angle of each 
injector. The performance of the injector is 
verified via a series of tests, including a 
propellant supply test, ignition test, design 
point combustion test, and off-design 
combustion test, in that order.    

3.1 Firing Test Facilities  

The firing test facility consists of 
propellant pressurized system, oxidizer 

and fuel supply system, control and data 
acquisition system and test stand[10]. 
The specification of the data acquisition 
system is shown in Table 3, and the 
control room is shown in Fig. 8. The 
hydrogen peroxide supply system was 
newly constructed to supply the new 
oxidizer as shown in Fig. 9. Because this 
study utilizes high-concentration (95%) 
hydrogen peroxide, its reactivity and 
stability are very important concerns in 
the construction of the supply and storage 
facility. All the equipment that contacts 
the hydrogen peroxide, including the 
supply tank, should be cleaned and 
stabilized. Otherwise, hydrogen peroxide 
may react aggressively with contaminants, 
resulting in fire or an explosion [11]. All 
equipment that contacts to hydrogen 
peroxide are treated and handled 
according to safety standard[11]. 
 

Table 3. Specification of data acquisition 

 system. 

Parameters Channel Sampling 
Dynamic Pressure 16 

Max. 
400KHz Static Pressure 32 

Temperature 32 

 

 

Fig. 9 P&ID of hydrogen peroxide supply system 

 

 
 a) Hole type(damaged) (b) Radial type 

  
Fig. 7. FX ring. 

 

structurally reinforced while maintaining the 
same hole area for an optimized ignition rate. 
Fig. 7 presents the failed hole-type FX ring 
and the new radial-type FX ring. 
 

3. Test Facility and Procedure 
 
Before firing test, hydraulic tests were 

conducted to verify fabrication of the 
injector and investigate the injection 
behavior. In this test, water is supplied 
instead of hydrogen peroxide and kerosene. 
The fabrication is verified by observing the 
flow rate with the pressure, the uniformity 
of the flow rate and spray angle of each 
injector. The performance of the injector is 
verified via a series of tests, including a 
propellant supply test, ignition test, design 
point combustion test, and off-design 
combustion test, in that order.    

3.1 Firing Test Facilities  

The firing test facility consists of 
propellant pressurized system, oxidizer 

and fuel supply system, control and data 
acquisition system and test stand[10]. 
The specification of the data acquisition 
system is shown in Table 3, and the 
control room is shown in Fig. 8. The 
hydrogen peroxide supply system was 
newly constructed to supply the new 
oxidizer as shown in Fig. 9. Because this 
study utilizes high-concentration (95%) 
hydrogen peroxide, its reactivity and 
stability are very important concerns in 
the construction of the supply and storage 
facility. All the equipment that contacts 
the hydrogen peroxide, including the 
supply tank, should be cleaned and 
stabilized. Otherwise, hydrogen peroxide 
may react aggressively with contaminants, 
resulting in fire or an explosion [11]. All 
equipment that contacts to hydrogen 
peroxide are treated and handled 
according to safety standard[11]. 
 

Table 3. Specification of data acquisition 

 system. 

Parameters Channel Sampling 
Dynamic Pressure 16 

Max. 
400KHz Static Pressure 32 

Temperature 32 

 

 

Fig. 9 P&ID of hydrogen peroxide supply system 

Fig. 8. Control room.

(270~278)16-049.indd   273 2017-07-03   오전 10:03:36



DOI: doi.org/10.5139/IJASS.2017.18.2.270 274

Int’l J. of Aeronautical & Space Sci. 18(2), 270–278 (2017)

3.2 Firing Test Procedure

Once the injector has been verified via the hydraulic test, 

it is assembled, along with the combustion chamber and 

nozzle, for the combustion performance tests. For safety 

reasons, the stability of the propellant supply and ignition 

is confirmed first, and then combustion tests at the design 

point are conducted to verify the actual propellant flow 

rate, sequence, and combustion stability. Once combustion 

stability is confirmed, the effects of the O/F ratio on the 

combustion performance and efficiency are investigated by 

combustion tests under off-design conditions.

The most important consideration when testing the 

combustion of a new propellant combination is the firing 

sequence. Supplying propellant or igniting it at the wrong 

time may result in destruction of the engine. If the kerosene 

fuel is delivered first to the igniter, the catalyst can become 

wet with kerosene. Delivery of hydrogen peroxide to the 

wet catalyst may result in intensive combustion inside the 

catalyst bed, followed by an explosion. Therefore, hydrogen 

peroxide is delivered to the igniter first. The combustion 

stability is further improved by delivering the main quantity 

of kerosene after the main hydrogen peroxide is delivered 

to the ignited system and the combustion pressure reaches 

roughly 50% of the design pressure. The nitrogen purge 

is delivered to the combustion chamber in two pressure 

levels: high and low. Using the high-pressure purge during 

start-up may interrupt generation of the ignition flame due 

to excessive purge gas. Therefore, a low-pressure purge is 

used to prevent the decomposed hydrogen peroxide gas 

from entering the main injector until just prior to ignition. 

After ignition, the high-pressure purge is used to prevent the 

combustion gas, which is developed inside the combustion 

chamber when the igniter is in operation, from entering the 

main injector. The high-pressure purge also prevents the 

combustion gas from entering the kerosene injector when 

the combustion chamber pressure soars because of the 

influx of hydrogen peroxide. In addition, the high-pressure 

purge eliminates the residual propellant from the injector 

passage after shut-down, resulting in improved combustion 

stability.

Figure 10 presents the final version of the firing sequence, 

which includes a hydrogen peroxide lead time of 2 seconds 

for the igniter and 0.5 second for the main propellant. 

The lead times were experimentally determined to be the 

minimum duration required to yield stable ignition and 

combustion, because a quick response is as important for the 

thruster as stable ignition and combustion. The sequences 

for the ignition test and hydrogen peroxide main supply test 

differ from the sequence shown in Fig. 10 because these tests 

are focused on the possibility of igniting and maintaining the 

flame without optimizing the combustion. The top priority 

of these tests is stability of ignition and combustion, not 

necessarily quick response. Therefore, the lead time is set to 

5 seconds to ensure sufficient stabilization. Fig. 11 shows the 

engine mounted on the vertical test stand. 

4. Test Results and Discussion

As previously stated, due to safety concerns, the tests are 

conducted in the following order: hydraulic test, ignition 

test, main hydrogen peroxide delivery test, design point 

combustion test, and off-design combustion test. The 

hydraulic test confirms that the flow rate reaches the design 

value under the designed differential pressure of 5 bar. 

In addition, the flow rate deviation among the 6 injectors 

stays within a range of –2.0% to 1.33%, indicating that the 

injectors yield uniform flow. Therefore, it is concluded 

that the injectors are well designed and fabricated [6]. The 

actual propellants are delivered after the hydrogen peroxide 

facility is installed, and as the designed flow rate is verified, 

it is confirmed that the pipeline and instrumentation are 

correctly functioning [10]. The most difficult part of this 

study was to develop reliable igniter and find a proper firing 

sequence. Numerous modifications had been made during 

this period for hardware and test procedures.

4.1 Igniter Improvement Test

As previously stated, although the FX ring from the 

previous study yielded an ignition success rate of greater 

than 90%, it showed a structural problem that might result 
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in leakage of the catalyst. Therefore, the design of the FX 

ring was altered to a radial type and ignition reliability 

was verified through the ignition test. As shown in Table 

4, the flow rate of the hydrogen peroxide for this test was 

lowered by 5 g/s from the flow rate of the previous study, so 

as to reduce the exit velocity of the decomposed hydrogen 

peroxide gas at the FX ring exit. This change resulted in 

improved ignition performance. Furthermore, the kerosene 

injector was improved by reducing and chamfering the 

outlet diameter. Table 4 summarizes the ignition test 

results, indicating that ignition was successful under all test 

conditions. Fig. 12 presents the test results regarding the 

flow rate of hydrogen peroxide and kerosene and the interior 

temperature of the combustion chamber. The combustion 

chamber temperature, which was measured at a point 5mm 

from the wall, indicates the temperature of the interior of 

the chamber, not the flame. It is noticeable from the figure 

that the delivery of hydrogen peroxide caused a jump in 

temperature due to its decomposition gas. The delivery of 

kerosene then ignited the engine, causing another jump in 

temperature.

Figure 13 compares the previous and present studies in 

terms of their flame characteristics. The flame of this study 

appears stable and evenly aligned with the axis direction, 

while the previous flame was tilted and rather unstable. This 

indicates that the kerosene spray behavior was improved and 

the flame was moved upstream as the flow rate of hydrogen 

peroxide decreased, forming a stable ignition flame.

4.2 Main Hydrogen Peroxide Delivery Test

Prior to the combustion test at the design point, only the 

main hydrogen peroxide was delivered after the catalytic 

igniter was started up. This was to ensure that the ignition 

flame was maintained, as well as to measure the combustion 

chamber pressure in order to determine the main (high) 

purge pressure. An appropriate main purge pressure is 

important because a main purge pressure lower than the 

chamber pressure when the main hydrogen peroxide is 

being supplied may result in backflow of the oxidizer-rich 

flame into the kerosene injector, followed by a catastrophic 

explosion. As previously stated, the catalytic ignition led by 5 

seconds and the ignition flame was maintained for 5 seconds 

to confirm successful ignition. Fig. 14 shows a photo of the 

delivery of the main hydrogen peroxide after ignition. It 

is noticeable from the figure that the engine maintains the 

flame during the delivery of the main hydrogen peroxide. 

Table 4. Results of ignition test.
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ignition and combustion, not necessarily 
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set to 5 seconds to ensure sufficient 
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Test No. H2O2 

[ g/s ]
Kerosene

[ g/s ]
O/F 
ratio Ignition 

1 8.7 1.5 5.8 O 
2 9.0 1.5 6.0 O 
3 8.9 1.5 5.9 O 
4 8.4 1.5 5.6 O 
5 8.6 1.5 5.7 O 
6 8.7 1.5 5.8 O 
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axis direction, while the previous flame was 
tilted and rather unstable. This indicates 
that the kerosene spray behavior was 
improved and the flame was moved 
upstream as the flow rate of hydrogen 
peroxide decreased, forming a stable 
ignition flame. 

4.2 Main Hydrogen Peroxide Delivery 
Test 

Prior to the combustion test at the design 
point, only the main hydrogen peroxide was 
delivered after the catalytic igniter was 
started up. This was to ensure that the 
ignition flame was maintained, as well as to 
measure the combustion chamber pressure 
in order to determine the main (high) purge 
pressure. An appropriate main purge 
pressure is important because a main purge 
pressure lower than the chamber pressure 
when the main hydrogen peroxide is being 
supplied may result in backflow of the 
oxidizer-rich flame into the kerosene 
injector, followed by a catastrophic 
explosion. As previously stated, the 
catalytic ignition led by 5 seconds and the 
ignition flame was maintained for 5 seconds 
to confirm successful ignition. Fig. 14 
shows a photo of the delivery of the main 
hydrogen peroxide after ignition. It is 
noticeable from the figure that the engine 
maintains the flame during the delivery of 
the main hydrogen peroxide. Fig. 15 
presents the time history of the combustion 
chamber pressure and the flow 

 

 
Fig. 14. Firing test with main H2O2  
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Fig. 15. Firing test result with main H2O2  

without fuel supply). 
 

rate. As the combustion chamber pressure 
yielded 0.5 MPa during the main hydrogen 
peroxide delivery, the main purge pressure 
was determined to be 0.6 MPa. 

4.3 Design Point Combustion Test 

The combustion test was conducted 
under the design point based on the 
determined purge pressure and firing 
sequence. Table 5 summarizes the test 
results under the design mixture ratio(O/F) 
of 7.0. It is noticeable that the test results 
yield a value similar to the design 
requirements. Fig. 16 presents the time 
history of the combustion test, which 
indicates that the oxidizer and fuel flow 
remain stable. The combustion chamber 
pressure is also stable after the delivery of 
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pressure is also stable after the delivery of 

Fig. 15. Firing test result with main H2O2 (without fuel supply).
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Fig. 15 presents the time history of the combustion chamber 

pressure and the flow rate. As the combustion chamber 

pressure yielded 0.5 MPa during the main hydrogen peroxide 

delivery, the main purge pressure was determined to be 0.6 

MPa.
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The combustion test was conducted under the design 

point based on the determined purge pressure and firing 

sequence. Table 5 summarizes the test results under the 

design mixture ratio(O/F) of 7.0. It is noticeable that the test 

results yield a value similar to the design requirements. Fig. 

16 presents the time history of the combustion test, which 

indicates that the oxidizer and fuel flow remain stable. The 

combustion chamber pressure is also stable after the delivery 

of main kerosene. Fig. 17 shows a photo of the steady-state 

flame during the 5-second combustion test.

4.4 Off-Design Points Combustion Test

The combustion stability and performance were 

investigated under various off-design conditions. The test 

conditions were determined to include a mixture ratio of 

6.0 ~ 9.0 and combustion pressure of ±10% with respect 

to the design point. Fig. 18 shows firing data with various 

mixture ratio to evaluate the combustion stability and 

performance in the range of stated off-design conditions. 

The off-design conditions were achieved by controlling the 

propellant tank pressure, which affected the total flow rate 

and propellant flow rate ratio. The combustion performance 

was quantified in terms of the characteristic exhaust velocity 

(
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were somewhat different due to combustion efficiency 

etc, but both values showed a similar tendency that they 

decreased as the mixture ration increased. Fig. 20 showed 

that the combustion efficiency was about 95% at various 

mixture ratio. Considering that the combustion efficiency 

of the other small bi-propellant engine with a similar thrust, 

the combustion performance of this engine was confirmed 

to be very high. 

The effects of combustion chamber pressure on the 

combustion characteristics are investigated using the same 

method as the investigation of the mixture ratio. Fig. 21 

shows that the characteristic exhaust velocity varies little 

with combustion chamber pressure.

It is inferred that the combustion chamber pressure and 

flow rate affect the characteristic exhaust velocity in opposite  

ways and therefore cancel out each other’s influences. Fig. 22 

presents the combustion stability in terms of the calculated 

combustion pressure fluctuation. In general, fluctuation 

within 5% of the mean value of the combustion pressure is 

regarded as stable combustion. Because the results of Fig. 22 

show a maximum fluctuation of less than 1.5% regardless of 

mixture ratio, it is confirmed that the combustion is very stable. 

5. Conclusions

In this study, a 500 N thrust bi-propellant multi-injector 

thruster was developed. The thruster utilized high-

concentration hydrogen peroxide and kerosene as its 

propellant. This study employed a catalytic igniter, which 

operated without external energy source. The combustion 

performance of the thruster was verified through a series of 

firing tests, including ignition test, sequence determination 

test, and design/off-design point combustion tests.

The propellant supply facility was established according 

to the appropriate precautions for safely handling hydrogen 

peroxide. The optimal sequence was determined based on 

the results achieved in each test step and applied to the 

actual combustion tests. It was confirmed from the design 

point combustion test that the propellants remained stable 

during the combustion process. The stability of start-up and 

shut-down was also verified.

In the off-design tests with various mixture ratios of 6.0 to 

9.0, it was found that an increase in the mixture ratio resulted 

in a slight decrease of the characteristic exhaust velocity. 

However, the thruster yielded combustion efficiency of 

greater than 95% regardless of the mixture ratio. In addition, 

the combustion was stable, with fluctuation within 1.5% for 

all mixture ratios.

The supply facility for the high-concentration hydrogen 

peroxide, the preliminary design, and the test data of the bi-

propellant multi-injector thruster using hydrogen peroxide 

and kerosene will provide a valuable foundation for the 

future development of small thrusters.
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C*     :  Characteristic exhaust velocity (m/s)

CF    :  Thrust coefficient

At :  Nozzle throat area (m2)

 

kerosene as its propellant. This study 
employed a catalytic igniter, which operated 
without external energy source. The 
combustion performance of the thruster 
was verified through a series of firing tests, 
including ignition test, sequence 
determination test, and design/off-design 
point combustion tests. 

The propellant supply facility was 
established according to the appropriate 
precautions for safely handling hydrogen 
peroxide. The optimal sequence was 
determined based on the results achieved in 
each test step and applied to the actual 
combustion tests. It was confirmed from the 
design point combustion test that the 
propellants remained stable during the 
combustion process. The stability of start-
up and shut-down was also verified. 

In the off-design tests with various 
mixture ratios of 6.0 to 9.0, it was found 
that an increase in the mixture ratio 
resulted in a slight decrease of the 
characteristic exhaust velocity. However, 
the thruster yielded combustion efficiency 
of greater than 95% regardless of the 
mixture ratio. In addition, the combustion 
was stable, with fluctuation within 1.5% for 
all mixture ratios. 

The supply facility for the high-
concentration hydrogen peroxide, the 
preliminary design, and the test data of the 
bi-propellant multi-injector thruster using 
hydrogen peroxide and kerosene will 
provide a valuable foundation for the future 
development of small thrusters. 
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Nomenclature 
Pc     : Pressure of combustion chamber (MPa)  
Pe     : Pressure of environment (MPa)  
C*   : Characteristic exhaust velocity (m/s) 
CF  : Thrust coefficient 
At : Nozzle throat area (m2) 
 : Total flow rate of propellant (g/s) 
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