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INTRODUCTION

Efficient pressurization of rocket fuel tanks is crucial for maintaining
consistent fuel flow and ensuring optimal engine performance. Traditional
methods typically involve the use of inert gases such as nitrogen or helium.
However, these methods have limitations, including storage challenges
and lower energy density. Hydrogen peroxide (H=0:), a highly reactive ox-
idizer, presents a promising alternative. Historically used in various pro-
pulsion systems, H20O- has unique properties that can enhance pressuriza-
tion efficiency and overall rocket performance.

OBJECTIVE AND TASKS

This paper explores the potential of using hydrogen peroxide (H20-)
as a pressurizing agent for rocket fuel tanks. The study focuses on the ther-
modynamic and chemical properties of H20:, its advantages over tradi-
tional pressurizing methods, and the technical and operational challenges
associated with its use.

CHEMICAL AND THERMODYNAMIC PROPERTIES OF HYDROGEN PEROXIDE

Efficient pressurization of rocket fuel tanks is crucial for maintaining
consistent fuel flow and ensuring optimal engine performance. Traditional
methods typically involve the use of inert gases such as nitrogen or helium.
However, these methods have limitations, including storage challenges
and lower energy den51ty Hydrogen perox1de (H202), a hi ghly reactive ox-
idizer, presents a promising alternative. Historically used in various pro-
pulsion systems, H20- has unique properties that can enhance pressuriza-
tion efficiency and overall rocket performance.

Chemical and Thermodynamic Properties of Hydrogen Peroxide

Hydrogen peroxide decomposes exothermically into water and
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oxygen, releasing a significant amount of energy. The decomposition re-
action is given by:
2H202—2H20+02+energy
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Figure 1 - Diagram of H>O: Decomposition Process

The energy released during this process can be harnessed for pressur-
ization purposes. High concentration and purity of H20: are crucial for
maximizing efficiency. The thermodynamic properties, such as boiling and
freezing points, and specific heat capacity, play a vital role in the design
and operation of pressurization systems.

TECHNOLOGICAL ASPECTS OF USING H,0, FOR PRESSURIZATION

Implementing H.O:-based pressurization systems involves several
technological considerations:

o Storage Solutions: H-O. must be stored in compatible materials
such as certain plastics or coated metals to prevent decomposition and
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corrosion.

e Catalysts: Catalysts like platinum or silver are used to facilitate
the controlled decomposition of H20:, ensuring a steady release of gas for
pressurization.

e System Design: The pressurization system must include compo-
nents like pressure regulators, valves, and safety mechanisms to handle the
reactive nature of H.O: and ensure safe operation.

-
b4 electro-pneumatic valve

actuating line

-
b4

flowmeter

w N

cavitating venturi

p N differential pressure transducer
pressurizing line
v

b4

cleaning line

@

electro-pneumatic spherical valve

@

pressure transducer

-~

check valve

N2 check valve
filter

Valve

.f\/ +

Thruster

Figure 2 — Schematic of H:O: Pressurization System
ADVANTAGES OF USING HYDROGEN PEROXIDE

Hydrogen peroxide offers several advantages over traditional pressur-
izing agents:

o Higher Energy Density: H.O: provides a higher energy output
per unit mass, enhancing the overall efficiency of the pressurization
process.

e Cost Efficiency: H:0: is relatively inexpensive compared to
helium, reducing operational costs.

e Environmental Benefits: Decomposition products of H.O: are

water and oxygen, which are environmentally benign compared to other
chemicals.

TECHNICAL AND OPERATIONAL CHALLENGES

Despite its advantages, using H>O: for pressurization poses certain
challenges:
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o Safety Issues: H:O: is highly reactive and requires stringent
handling and storage protocols to prevent accidental decomposition.

¢ Corrosion: Prolonged contact with metals can lead to corrosion,
necessitating the use of corrosion-resistant materials or coatings.

e Heat Management: The exothermic decomposition of H-O:
generates heat, which must be effectively managed to prevent damage to
the pressurization system.

CASE STUDIES AND RESEARCH

Several case studies highlight the successful application of H.O: in
modern rocket systems:

o Historical Usage: Analysis of past missions where H.O- was used
in propulsion and pressurization, detailing performance outcomes and
lessons learned.

¢ Modern Implementations: Recent experiments and field trials
demonstrating the effectiveness of H20- in various rocket configurations.
Data from these studies provide insights into the practical challenges and
solutions.

FuTUuRE PERSPECTIVES AND DEVELOPMENT

Future research and development efforts can focus on:

o Improving Catalyst Efficiency: Developing more efficient and
stable catalysts to enhance the decomposition process.

e Advanced Materials: Researching new materials for storage and
system components to minimize corrosion and improve safety.

e System Integration: Exploring the integration of H:0:
pressurization systems with hybrid and liquid rocket engines for enhanced
performance.

RESULTS

Hydrogen peroxide (H20:) presents a transformative alternative for
rocket fuel tank pressurization, offering several compelling advantages
over traditional methods. The thermodynamic and chemical properties of
H:0., particularly its high energy density, make it an exceptionally effi-
cient pressurizing agent. This efficiency translates into improved perfor-
mance for rocket propulsion systems, ensuring consistent fuel flow and
enhancing overall engine operation.

One of the standout benefits of H>O: is its cost efficiency. Compared
to helium, H20: is significantly more economical, reducing the operational
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costs associated with rocket launches. This economic advantage is crucial
for both commercial space enterprises and military applications, where
budget constraints are always a consideration.

Environmentally, H20:. is a superior choice. Its decomposition
products—water and oxygen—are harmless to the environment, aligning
with the growing emphasis on sustainable and green technologies in space
exploration. This characteristic positions H.O: as an environmentally
friendly option, reducing the ecological footprint of rocket launches.

However, the use of H20: is not without challenges. Safety concerns
due to its reactive nature necessitate stringent handling and storage
protocols. The development of compatible storage materials and the use of
effective catalysts, such as platinum and silver, are essential to mitigate
these risks. Additionally, the issue of corrosion requires ongoing research
to develop and implement corrosion-resistant materials and coatings.

Heat management is another critical aspect, given the exothermic
nature of H:0: decomposition. The integration of advanced cooling
systems and heat-resistant materials within pressurization systems is vital
to manage the generated heat and ensure the durability and safety of the
components.

Case studies and recent experimental trials have underscored the
practical viability of H-O- in modern rocket systems. These studies provide
valuable insights into the performance and operational dynamics of HzO-,
demonstrating its effectiveness in various configurations and real-world
applications.

Looking forward, research and development will continue to focus on
enhancing catalyst efficiency, advancing storage technologies, and
exploring the integration of H.O. with hybrid and liquid rocket engines.
These efforts aim to further optimize the performance, safety, and cost-
effectiveness of H.O: pressurization systems.

In conclusion, hydrogen peroxide offers a promising and innovative
solution for rocket fuel tank pressurization. Its significant advantages in
terms of energy density, cost efficiency, and environmental impact,
coupled with ongoing advancements in technology and safety measures,
position H20: as a key player in the future of rocket propulsion. Continued
research and development in this field will likely lead to more efficient,
safer, and sustainable space exploration technologies, potentially
revolutionizing the landscape of modern rocketry.

CONCLUSIONS

Hydrogen peroxide presents a viable alternative for rocket fuel tank
pressurization, offering significant advantages in terms of energy density,

57



Challenges and Issues of Modern Science, 2 (2024)

cost, and environmental impact. However, addressing the associated tech-
nical and operational challenges is crucial for its successful implementa-
tion. Continued research and development in this area can lead to more
efficient and safer pressurization systems, potentially revolutionizing
rocket propulsion technology.
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