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1. Introduction 
 

Space propulsion technology has 
continuously evolved since the early days of 
space exploration, with each advancement 
bringing new possibilities and challenges. The 
development of gel propellants represents a 
significant milestone in this evolution, offering a 
unique combination of the best properties of 
both liquid and solid propellants. This hybrid 
nature has garnered increasing attention from 
researchers and space agencies worldwide, 
particularly in the context of growing demands 
for safer and more controllable propulsion 
systems. 
 
1.1. Current State of Technology 

 
The current landscape of gel propellant 

technology reflects a mature understanding of 
fundamental principles while continuing to push 
boundaries in terms of performance and 
application. Recent research has focused on 
developing environmentally friendly 
formulations that maintain or exceed the 

performance characteristics of traditional 
propellants. The use of novel gelling agents, 
particularly HPMC, has opened new avenues for 
research and development in this field. 

 
1.2. Research Objectives 
 

This review aims to synthesize and analyze 
recent developments in gel propellant 
technology, with particular emphasis on: 

• Evaluating the performance 
characteristics of HPMC-based gel 
propellants 

• Examining the relationship between 
composition and performance 

• Assessing the practical implications for 
space applications 

• Identifying challenges and potential 
solutions in gel propellant development 

 
2. Materials and Methods 
2.1 Gel Propellant Composition 
 

The development of effective gel 
propellants relies heavily on the careful selection 
and combination of components. HPMC has 
emerged as a particularly promising gelling agent 
due to its unique molecular structure and 
environmental compatibility. When combined 
with ethanol as the base fuel, it creates a stable 
gel matrix with desirable properties for space 
propulsion applications. The preparation 
process involves precise control of component 
ratios and environmental conditions to ensure 
consistent gel formation. 

 
2.2 Characterization Techniques 
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The comprehensive characterization of 
gel propellants involves multiple analytical 
techniques: 

 
2.2.1 Rheological Analysis 
 

Rheological studies provide crucial 
information about the flow behavior of gel 
propellants under various conditions. Using 
advanced rheometers, researchers have 
documented the non-Newtonian behavior of 
these gels, including their shear-thinning 
characteristics and yield stress properties. These 
measurements are essential for predicting 
performance in actual propulsion systems. 

 
2.2.2 Thermal Analysis 
 

Thermal characterization through 
Differential Scanning Calorimetry (DSC) and 
Thermogravimetric Analysis (TGA) reveals critical 
information about the gel's behavior under 
different temperature conditions. The glass 
transition temperature range of 70-100°C has 
been identified as a key parameter affecting 
performance and stability. 

 
3. Results and Discussion 
3.1 Physical Properties 
 

The physical properties of HPMC-based 
gel propellants demonstrate a complex interplay 
between composition and performance 
characteristics. The gel exhibits non-Newtonian 
behavior, with viscosity showing strong 
dependence on shear rate and temperature. This 
behavior is particularly important for propulsion 
applications, as it affects both storage stability 
and flow characteristics during operation. 

 
3.2 Performance Characteristics 
 

Performance testing reveals several key 
metrics: 

• Calorific value: 32.5 MJ/kg 
• Energy density: 30.88 MJ/L 
• Glass transition temperature: 70-100°C 

These values, while lower than 
traditional liquid propellants, are offset 
by advantages in safety and 
controllability. 

 

3.3 Practical Applications 
3.3.1 Space Propulsion Systems 
 

Gel propellants show particular promise 
in specific space applications, especially those 
requiring precise thrust control and multiple 
restart capabilities. Small satellite propulsion 
systems and attitude control thrusters represent 
prime applications for this technology. 
 
3.3.2 Research and Development 
 

The ongoing development of gel 
propellants has spawned numerous research 
initiatives focused on improving performance 
characteristics and expanding application 
possibilities. These efforts include investigation 
of alternative gelling agents, optimization of 
preparation methods, and development of 
specialized injection systems. 
 
4. Future Directions 
4.1 Technical Challenges 
 

Several challenges remain in the 
development of gel propellants: 

• Improving energy density while 
maintaining safety advantages 

• Enhancing temperature stability across 
broader operating ranges 

• Developing more efficient injection and 
atomization systems 

• Scaling up production while maintaining 
consistent properties 

4.2 Research Opportunities 
 

Future research directions include: 
• Investigation of novel gelling agents and 

additives 
• Development of advanced 

characterization techniques 
• Integration with regenerative cooling 

systems 
• Exploration of metallized variants for 

enhanced performance 
5. Conclusions 
 

The development of HPMC-based gel 
propellants represents a significant 
advancement in space propulsion technology. 
While certain performance metrics may not 
match traditional liquid propellants, the 
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advantages in safety, controllability, and 
environmental impact make this technology 
particularly promising for specific space 
applications. Future research focusing on 
enhancing energy density and addressing 
temperature sensitivity issues, while maintaining 
the inherent advantages of the gel system, will 
likely yield further improvements in this 
technology. 
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