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Agenda
1. Introduction and Purpose
2. Requirements
3. Engine Design

a. Propellant definition
b. Pressure definition
c. Chamber and nozzle sizing

4. Injector Design
a. Injector sizing and pressure drops
b. Coaxial swirl specific velocities

5. Engine Simulation
a. Thermal Analysis
b. Injector CFD Analysis

6. Manufacturing
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Purpose

This project started as a way to learn 
more about liquid propulsion. 

Now that the design is almost 
finished, I want to share the 
documentation so future 
generations can use this as a 
resource of knowledge.

Current Engine Design

First 
Engine 
Design
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Introduction
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Introduction Cont.
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Introduction Cont.

Ox planeFuel plane
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Requirements
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Engine Design - Propellant Definition
The chosen propellant are Nitrous Oxide and Ethanol 90%

Density @ 9bar
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Engine Design - Pressure Definition

P1 was chosen to be 9 bar. It 
was chosen as a relatively low 
chamber pressure.

P3 was chosen to be 0.9 bar 
(1000 m altitude), for slight 
chance to see mach 
diamonds at hot fire test.
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Engine Design - Chamber Sizing

Chamber diameter was chosen to be 2 in. 

Reasons influencing this choice are budget, test stand integration, 
and safety
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Engine Design - Nozzle Sizing

The chamber to throat area ratio dictates how small your throat is 
in relation to the chamber. As this number approaches infinity, 
assuming an infinitely small throat, there will be no losses.

The team chose a value of 4, meaning that the diameter of the 
throat would be half of the chamber
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Engine Sizing - Diverging Nozzle Section

In order to know the exit diameter of the nozzle, we need to know 
the exit mach velocity.

k = 1.157 = Cp/Cv of mix propellant
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Engine Sizing - Diverging Nozzle Section Cont.

The relationship between the mach number and area is known 
through the following equation.

k = 1.157 = Cp/Cv of mix propellant

Y = @nozzle exit
X = @nozzle throat

Velocity at throat is Mach 1!!
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Engine Sizing Diverging Nozzle Section Cont.

We can approximate ideal thrust by knowing this value!

Mach number = 2.154
Nozzle exit density = 0.1327 kg/m^3
Nozzle exit sonic velocity = 913.31 m/s
Pe = 0.9 atm
P0 = 1 atm
Ae = pi * 0.752^2 in^2
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Engine Sizing - Diverging Nozzle Section Cont.
By following the cone, 15° half angle, the following nozzle can be 
constructed
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Engine Sizing - Converging Nozzle Section
As described in RPE, the converging nozzle section shape does not significantly affect nozzle 
performance. “Its subsonic flow can easily be turned with very low pressure drops and almost 
any given radius, cone angle, wall contour curve, or nozzle inlet shape satisfactory.”
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Questions?
Next: Injector
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Injector Overview

Coaxial Swirl injector
• Inject fluid tangentially into a cylinder.
• Modular design
• Conical flow and atomization
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Injector Overview Cont.
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Injector Design
In order to generate velocity for the propellants to mix, it is necessary to have a pressure 
drop across the injector. Literature suggests a range between 15% and 25%.

Combustion chamber is 9 bar. Therefore, according to this recommendations, we would 
need a pressure drop between 1.58 bar to 3 bar

However, after consulting with different individuals, I have received the consensus to 
aim for the higher end of the pressure drop percent.



22

Injector Design - Estimated Discharge Coeff

From RPE, a coaxial swirl 
injector is estimated to have a 
Cd in between 0.2 and 0.55

For safety reasons and nature 
of a not flying engine, the higher 
Cd is chosen
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Injector Sizing - Pressure drop

We know the mass flowrate, estimate Cd range, and Area of the 
injector
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Injector Sizing - Pressure drop Cont.
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Injector Sizing - Pressure drop Cont.
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Injector - Coaxial Swirl Parameters
All the formulas used in this section were obtained from “Experimental and Theoretical Study on Spray Angles of Bi-Swirl Coaxial 
Injectors” by W. Yoon and K. Ahn. The values in the table below will be used in this chapter.



27

Injector - Coaxial Swirl Parameters Cont.

Whole nozzle diameter Small tangential holes
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Injector - Coaxial Swirl Parameters Cont.
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Questions?
Next: Simulation
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Engine Simulation

Simulate engine parameters via thermal FEA and CFD



31

Why Copper

High heat transfer to other parts 
of the walls

Remove heat from nozzle and 
store it in the walls

Already used by other teams like 
GSP
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Combustion Chamber Thermal FEA

Convection heat coefficient increases around the nozzle



33

Injector CFD

Volume of Fluid 
Simulation on Single 
Element Injector to 
verify fluid behavior

No significant 
conclusions were 
drawn from this 
simulation as data was 
lost quickly after 
simulation conclusion.

http://www.youtube.com/watch?v=vB9MZm1FjMg
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Injector CFD Cont.

Similar case for 5 
element injector

http://www.youtube.com/watch?v=V1lThFZYMIU
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Questions?
Next: Manufacturing and Tolerancing
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Manufacturing

Given that we don’t have the capabilities to machine the injector. It 
will be sent to a third party manufacturing business.
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Injector Tolerancing

The injector was built using o-rings to seal chambers and prevent 
leaking. The Parker O-ring standard was followed
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Injector Tolerancing - Gland Case
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Injector Tolerancing - Hole size case

By applying a tolerancing of +- 0.002in (0.051mm) on the injector 
holes, the pressure drop and angle is expected to change. The 
previous calculations were re-done assuming a change in size of 
these holes. Results below. Assuming 0.55 Cd
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Injector Tolerancing - Hole size case
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Torito Test Stand Integration
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Questions?
Next: RPA Parameters
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Engine RPA Parameters
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Engine RPA Parameters Cont.
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Questions?
THANK YOU


