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Abstract. Rocket propellant is an important part of the rocket. Solid or liquid propellant will
burn in the engine combustion chamber, and then a large amount of high-pressure gas will be
generated. High-pressure gas will be ejected from the engine nozzle at a high speed, generating
a reaction force on the rocket, so that the rocket will advance in the opposite direction of the
gas injection. This paper mainly analyzes the advantages and disadvantages of current
propellants and conceives a theoretically feasible propellant selection method. The main
method of research is to calculate the theory of each propellant and make diagrams. Some of
the research data were based on existing research reports. Each fuel has its own characteristics,
they have one aspect of excellent ability, such as heat conduction, high thrust, high reliability.
This paper summarizes the characteristics of current propellants and provides a more
convenient query for future researches.
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1. Introduction

Rocket propellant is mainly composed of fuel and oxidizer and other substances. Propellants are
divided into solid propellants and liquid propellants. In addition to the two substances mentioned
above, solid propellant contains additives and other substances. Among them, fuel and oxidant are the
basic components, while additives are other components added in small amounts to improve
combustion performance. The solid propellant is installed in the combustion chamber of the solid
rocket motor, and after ignition, the solid propellant burns rapidly from bottom to top or from inside to
outside. In the liquid rocket engine, the liquid propellant is generally pressurized by high pressure gas
to fuel and oxidizer tank, and then the turbopump is used to further pressurize the fuel and oxidizer
and transport them into the combustion chamber. The high temperature and high pressure gas formed
by propellant combustion is ejected through the engine nozzle to generate thrust.

Liquid propellant can be subdivided into single component propellant and double component
propellant. Single-component propellant refers to a component that is decomposed or burned through a
catalyst to generate thrust, commonly used are hydrogen peroxide, hydrazine anhydrous, etc. The
benefits of liquid propellant are its relatively high energy production, easy adjustment of thrust
control, and the ability to repeatedly shut down and start again. Therefore, liquid propellants are
widely used in launch vehicles for launching spacecraft.

At present, the most commonly used rocket fuel is chemical fuel, chemical fuel thrust is good, but
not high mass efficiency and energy density. The Saturn V took astronauts to the moon, consuming
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3,600 cubic meters of fuel and generating 35 million Newtons of thrust. The limitations of chemical
fuels are obvious. To get farther, the rocket has to carry more fuel, and more fuel means more rocket
weight [1].

This paper analyses the advantages and disadvantages of the current mainstream propellants. The
main research methods are literature review, theoretical calculation and chart making. This paper may
facilitate the later research queries and looking forward that the rocket propellant of the future may use
nuclear power.

2. Characteristics analysis of current used fuel

2.1. Single-component liquid propellant

Single-component liquid propellant is also known as "monopropellant". "Single-component liquid
rocket propellant" means that it has only one component. It does not need to supply oxidizer from the
outside when burning, and it will decompose by itself or decompose first and then burn. It is mainly
suitable for micro single component propellant liquid rocket engine, and has been widely used in
ballistic missile multiple warhead missile and space vehicle attitude control, at the same time it can
also be used as gas generator working medium.

2.2. Dual component liquid propellant

Dual component liquid propellant is also known as "dual propellant", "dual component liquid rocket
propellant” is composed of two kinds of components into the engine combustion chamber, combustion
agent and oxidizer, these two components are mixed in the combustion chamber of the liquid rocket
engine, this propellant is also known as separately transported propellant. Because of its high energy,
it is the most widely used propellant in liquid rocket propellants, commonly used are nitric acid/mixed
amine, nitrogen tetroxide/hydrazine and liquid oxygen/liquid hydrogen. Solid rocket propellants
consist of fuel and oxidizer that react chemically under certain conditions to release energy, thereby
producing thrust [2].

2.3. Chemical heat sink of endothermic hydrocarbon fuels

Fuel heat sink [2] is a core index to measure the heat absorption ability of fuel, which can
quantitatively evaluate the performance of fuel as coolant, and its value is directly related to the flying
velocity of aircraft. Figure 1 shows the requirements of fuel heat sink with the increase of flight Mach
number [3].
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Figure 1. Heat sink against flight speed.
For Mach numbers greater than 5, one of the difficulties encountered by hypersonics is the high

temperature problem caused by aerodynamic heating. According to the formula% =1+ VT_lMZ’

where TAT represents true air temperature (<C), SAT represents static air temperature (C), y
represents Gas specific heat capacity ratio (JC/g), M represents Mach number, which can be
concluded that if the plane flying in the stratosphere to hypersonic Mach number 6, the nose
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temperature will rise to 1360 degrees Celsius, ballistic missiles or spacecraft with Mach number more
than 10 speed into the atmosphere, the surface temperature of their heads can reach 4000 degrees
Celsius. At this time, the fuel is required not only to have good combustion performance, but also to
play the role of coolant [4].

Figure 2 shows the relationship between velocity and temperature more visually.
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Figure 2. Graph generated by Desmos.

Endothermic hydrocarbon fuels have good thermal stability, and the physical heat absorption (physical
heat sink) ability of fuels can be improved by increasing the thermal stability temperature of fuels. It is
characterized by the use of its physical heat sink and chemical pyrolysis reaction heat absorption
(chemical heat sink), which absorbs energy from the engine combustion chamber and tail nozzle, not
only to cool the engine, but also to gasify the high-density fuel. For space aircraft, the dual-mode fuel
formula [5] is proposed: when the flight speed is less than 8 Mach number, the endothermic
hydrocarbon fuel is used. When the Mach number reaches 8, liquid hydrogen is used as fuel until the
upper stage rocket reaches the separation speed.

Catalytic dehydrogenation is a kind of endothermic hydrocarbon fuel. The advantages of catalytic
dehydrogenation are high conversion rate at lower temperature, large heat absorption reaction, single
and stable product, and large amount of hydrogen production [6]. For example, assuming that all
methylcyclohexane is converted into toluene and hydrogen by catalytic dehydrogenation [7], its
chemical endothermic capacity is 2.19MJ/kg, and its total endothermic capacity is 4.56MJ/kg, which
meets the heat sink flight required when the Mach number is 10. Catalytic pyrolysis of hydrocarbon
fuels can greatly reduce the pyrolysis temperature, increase the conversion rate and selectivity of low
carbon olefin, and significantly increase the chemical heat sink of fuel [8].

3. Comparison and analysis

3.1. Single-component liquid propellant

The obvious advantage of poly single-component liquid propellant is that it can simplify the propellant
system of rocket engines and improve the reliability. However, its disadvantages of high explosion

risk and low energy (specific impulse is about 170s) limit its application and development [9].

3.2. Dual component liquid propellant
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The use of two-component propellant can significantly increase the possibility of selecting suitable
substances as combustion agents and oxidants, and thus can create the most efficient propellant.
However, common liquid propellants are also highly corrosive, flammable, explosive and toxic, which
bring difficulties to transportation, storage and use and harm to human beings and the environment.

3.3. Endothermic hydrocarbon fuels
The catalyst can significantly improve the chemical heat sink of endothermic hydrocarbon fuels, but
the catalyst is easy to deactivate and difficult to add, so it has some limitations in practical application.

4. Discussion

4.1. Possible solution
From the point of view of saving energy, solar power is a very good choice. Solar energy is an almost
infinite source of energy, five times more mass efficient than chemical fuels. But how much thrust is

generated? According to the equations F = %and a= 5, where P represents power (1400 watts/m2 ),

a represents the surface area of the solar panel (1 m2), ¢ represents the speed of light (30,000km/s),
and M represents the mass of the spacecraft (kg). Take the Long March V carrier rocket for example,
it weighs 860 tons, To reach the third cosmic speed, F = Ma= 860000kg>16.7 km/s=1436200N, and

cF 300000km/sx14362000 ..
— = / = 1538785m? . This is
2P 1400Wx2

obviously unrealistic, and even if you reduce the mass of the rocket, the area of the solar panels will
still add significantly to the budget. Moreover, the solar energy comes from the star, the farther away
from the star, the worse the actual effect, so this scheme has great limitations. Fig.3 shows the mass of
aircraft against area of solar panel required.
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Figure 3. Graph generated by Vernier Graphical Analysis.

Another possible solution is nuclear power. Nuclear propulsion for space is the key to long-term high-
payload missions. Compared with conventional hydrogen and oxygen chemical rockets, and rockets
can provide more thrust, nuclear rockets use lighter molecular mass gas. Nuclear submarines use small
fission reactors, which use the heat from the reactor to heat the gas and eject it for thrust. This can be
used to propel rockets and provide steady thrust for long periods of time. Powered by a small nuclear
fission reactor, a human rocket could save a quarter of its flight time, according to NASA simulations.
Nuclear propulsion for space is the key to long-term high-payload missions. Compared with
conventional hydrogen and oxygen chemical rockets, and rockets can provide more thrust, nuclear
rockets use lighter molecular mass gas.

For space missions, nuclear-powered rockets should not be limited to "small nuclear fission
reactors”. Future space missions will be longer and longer. A "nuclear power system" should be
installed on the rocket, which uses a high-power nuclear fission reactor to provide power for the rocket
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while meeting its propulsion, just like traveling in space with a "nuclear power plant”. Nuclear-
powered rockets with a "nuclear power system™ will have unlimited potential, and humans can install
additional electric thruster on the spacecraft to further improve flight efficiency.

4.2. Future work

Future propellants should be developed towards nuclear power and high energy propellants. High-
energy propellant generally refers to a class of propellants with high specific impulse. Specific
impulse is a comprehensive measure of engine performance, denoted I, in N/(kg/s), and expressed as

1 fomth _F
P My [Par m

It can be seen from the above equation that the greater the specific impulse of the engine, the less
the propulsion dose needs to be consumed to produce the same thrust, that is, the greater the propellant
energy, the greater the specific impulse of the engine [10].

The specific impulse of solid rocket motor can reach 2200~2500N/(kg/s); the specific impulse of
the conventional propellant is 2500~3300 N/(kg/s), while the specific impulse of the high-energy
propellant can reach 4500 N/(kg/s) or more. It can be seen that high-energy propellants mainly refer to
high-energy propellants in liquid propellants, such as propellants containing O, H, Cl, B, F and other
elements.

5. Conclusion

The heat sink of fuel can be improved based on existing science to improve flight safety. Although the
use of modular liquid propellant can effectively simplify the propellant system of rockets, it is not
satisfactory in terms of fuel efficiency and has certain risks. Binary liquid propellant is the most
widely used propellant at present. It has high fuel efficiency, but it is not friendly to the environment,
and brings certain difficulties to storage, transportation and use. In the future work, high energy and
nuclear power engines should be the main object of development. While nuclear power can provide
long-term stable endurance, it can also provide convenience for other aspects of spacecratft.

With the development of rocket science and technology and the improvement of performance, the
technical requirements for rocket propellant are becoming higher and higher. From the above
discussion, it can be concluded that the future propellant should mainly focus on nuclear power, high
energy, so as to provide a long-term stable endurance for the rocket to provide reliable power
guarantee.
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