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How to Design A Liquid Propellant 
Rocket Engine 

Purpose: Explore the properties of  liquid propellants 
used in rocket engines and determine design factors 
for optimal engine performance.  

Objectives: 

�  Analyze and Compare Different Types of  Liquid Propellants 

�  Design the Prototype Rocket Engine with Case Study Data 

�  Compare NASA CEA Analysis to Theoretical Calculations of  
Engine Performance 



Research & Methodology 
 
 

 
 
 
 
 

�  Read Articles, Books, and Databases on Rocket Science, 
Design, and Relevant Thermochemical Processes 

�  Perform Calculations to Establish Design Parameters 

�  Utilize Case Study & Computer Simulations to Validate 
Preliminary Design  



Propellant Options 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

COMBUSTION & HYPERGOLIC REACTIONS 

CH4 + 2O2 è CO2 + 2H2O 
2H2 + O2  è 2H2O 

C12H24 + 18O2 è 12CO2 + 12H2O 
 

2N2H4 + N2O4 è  3N2 + 4H2O 
 

 

RP-1 Methane Ethanol Hydrogen Hydrazine Oxygen Fluorine Nitric Acid Di-nitrogen 
Tetroxide 

Boiling point, K 420 112 351 20 386 90 85 356 294 

Melting point, K 222 92 159 14 200 54 53 232 264 

Density, g/ml .820 .423 .790 .071 .793 1.142 1.500 1.510 1.440 

Molecular Weight, 
g/mol 

175 16 46 2 60 32 38 63 92 

Critical Pressure, 
MPa 

2.17 4.6 6.39 1.35 8.2 5.01 5.58 8.06 7.01 

Combustion 
Enthalpy, KJ/mol 

7768 891 1367 286 1975 0 0 N/A N/A 

Handling 
Properties 

Storable Cryogenic Storable Cryogenic 
 

Storable Cryogenic 
 

Storable Storable Storable 

Toxicity Nontoxic Nontoxic 
 

Nontoxic 
 

Nontoxic 
 

Toxic Nontoxic 
 

Toxic Toxic Toxic 



Boiling and Freezing Points 



Density 



Propellant Tank Approximations D= 4.6in. 
 D=   

 



Ideal Design Factors of  Prototype 
Rocket 

  

�  Efficiency 

 High Specific Impulse (Isp) 

�  Simplicity 

Pressure Fed System 

�  Safety 

Minimal Toxic Reactants/ Emissions 

�  Reusability 

Non-ablative Cooling System  

 



Summary of  Case Study 
 
  Copenhagen Suborbitals 

�  NEXO II 

UCLA 

�  ARES 

NEXO II ARES 

O/F 1.3 Data Not Released 

Pc 1.6 MPa Data Not Released 

Thrust 5,000 N 3,114 N 

Height/ Diameter 22ft/12” 15.2ft/7” 

Apogee 46,000 ft. 14,600 ft. 



 
 
 

Design Calculations of  
Prototype Rocket Engine  

 
  

 

 

 

 

 

 

 

CONTROL PRESSURE RATIO 

 

Desired 
Specifications 

O/F 1.3 

Pc 2.28MPa 

Tc 3000K 

Thrust 2800N 

Height/
Diameter 

≈ 12ft / 6.9” 

Apogee 13,000 ft. 



Prototype Rocket Engine Design 
 

Inventor CAD  

Model 

 

 

 



 Performance Analysis (NASA CEA) 
 

 

 

Input: 

Pc = 2.28 MPa 

Fuel = C2H5OH(L) 

Oxidizer = O2(L) 

Mix Ratio = 1.3 

Ac/At = 3 

Ae/At = 5.3 

 



Comparison of  Theoretical Calculation & CEA 
Simulation 

 The insight provided by the literature and the case study resulted in a 
series of  design calculations that produced a liquid propellant engine 
system that has the following performance characteristics:  

 

 

 

 

 

Trends in Variation of  Design:  

 

Theoretical CEA %Difference 

Isp., s 237.5 253.1 6% 

Tc, K 3000 3189 6% 

C*, m/sec 1557.45 1856.1 16% 

CF 1.49 1.5 0.66% 



Conclusion 
  

Ethanol is a great fuel choice  

•  Storable at room temperature  ✔ 

•  Nontoxic   ✔    

•  Practical Tank Size  ✔ 

Literature and Case Study were effective 

•  Enabled Enlightened Systems Choices    ✔ 

•  Calculations produced an ideal engine design   ✔

•  Design could successfully be modeled in 2D & 3D  ✔ 

Comparison validated Calculations 

•  Theoretical performance matched CEA analysis ✔  
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