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Fuel Selection

Design Selection Recap

2

Fuel:  Ethanol C2H5OH

-Potential Biofuel 

-Low mixture ratio with LOX

-Good specific impulse

-Easy to get

Oxidizer:  Liquid Oxygen LOX

-Smaller tank needed (Compared to gaseous O2)

-Can be pressurized

-Lowest oxidizer mixture ratio

-Provides Highest specific impulse



Thrust Chamber

Thrust Chamber Selections

● Injector: Like Impinging Doublet

● Cooling System: Regenerative Cooling

● Thrust Chamber Material: Haynes 230
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Turbo Pump Basics

Turbo Pumps provide pressurization to gaseous fuel 

components to required pressures and mixture ratios.

Turbo Pump uses hot expanding gases to provide mechanical 

power to pressurize fuel components to required values over 

coming the back pressure of the combustion chamber.

Pump Types

● Single stage axial flow

● Single stage radial flow

● Multi stage radial flow
M1 rocket turbine http://history.nasa.gov/conghand/propulsn.htm



Turbo Pump
How They Provide Power

Gas generator cycle

● Combusted fuel and oxidizer to create ho 

expanded gasses.

Pre Combustion cycle

● Very similar to gas generator system, but vents 

all leftover gases to top of combustion chamber.

Expander cycle

● Uses expansion of gasses from liquid to gaseous 

state to provide mechanical energy.



Single Stage Axial Flow
Turbopump

● Screw type single stage 

turbine with axial flow 

pump.  

● Gas generator driven 

Mono propellant system.  

99http://www.conceptsnrec.com/Resources/Photo-Gallery/Pumps.aspx



Single Stage Radial Flow 

● Simplest design for mono or bi propellants

● Allows for high pressure fuel and oxidizer 

delivery

● Uses axial flow design very similar to turbos 

we see in cars.

https://www.youtube.com/watch?v=Yn81Mr1vyUE

http://www.peter2000.co.uk/aviation/edcp/file-054.jpg

https://www.youtube.com/watch?v=Yn81Mr1vyUE


Multi Stage Axial flow

● Generally connected to gear system to 

achieve higher pressures and used more 

often for oxidizer delivery.

● Has both axial flow turbine as well as radial 

turbines to transfer higher efficiencies.  

http://www.siloworld.net/579thSMS/SCHOOL/Booster%20Turbo%20Pump.jpg

http://i.imgur.com/8nvkPqg.jpg

http://www.siloworld.net/579thSMS/SCHOOL/Booster Turbo Pump.jpg


Turbo Pump Selection

● Decision of turbo 

system for us

● High pressure bi 

propellant system

● Turbo pump for each 

fuel and oxidizer



Fuel and Oxidizer Feed Systems
Pressurized Systems

● Primary designs for 

pressurized gas  

■ Direct gas pressurization

■ Flexible bag in tank

■ Pressure from piston

● Three main considerations

■ Stored inert gas

■ Gas from chemical 

reaction

■ Vaporized from 

propellant

1313

(Sutton)
(Arbit)



Gas Considerations

Gas Pressure Feed Systems
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● Gas used:
○ High-Pressure Inert Gas

■ Nitrogen, Helium, Air

○ Heated High-Pressure Inert Gas

■ Heated using a heat exchanger to 

■ lower inert mass

○ Self-pressurized, cryogenic propellant

○ Direct injection of hypergolic propellant

○ Chemical reaction

● Mass requirement factors:

Propellant evaporation

○ Gas solubility

○ Condensation

○ Changes in Gas Temperature

■ Sloshing, turbulence, component heat

6.7

(Sutton)



Fuel and Oxidizer Feed Systems
Pressure Control

● Decision whether to alter 

pressurized gas temperature

● Analyze two fundamental design 

options

■ Remain as given

■ Heated reaction present

1515
(Arbit) (Arbit)



Fuel and Oxidizer Feed Systems
Overall Decision

1616(Sutton)



Basic Concept

Gas Pressure Feed Systems
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• High pressure gas is used to displace the propellant from its tanks, through 

lines and into the combustion chamber

• Characterized as being simpler but lower performance feed system

• Must use an inert gas as to not react with either the fuel or the oxidizer

• Flow can easily be turned on and off by actuating valves

• First feed system used in a fluid propellant rocket



Types of Pressure-Fed Systems

Gas Pressure Feed Systems
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Gas Pressure Regulator

• Separate, high pressure gas tank

• Remotely actuated through a pressure regulator

• Propellants are displaced using the high pressure gas

• Easy control of mixture ratio, feed pressure

• Feed gas can be used to clear lines of excess 

propellants 

Figure 1.3



Types of Pressure-Fed Systems

Gas Pressure Feed Systems
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Blow-down feed system

• Pressurized gas held within the propellant 

tanks

• Gas expands inside tank displacing 

propellant

• May be self pressurizing

• Requires larger, higher pressure propellant 

tanks

• Pressure decreases as tank empties



Comparison

Gas Pressure Feed Systems
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Type Pressure Regulator Blow-down

Advantages Constant feed pressure Simpler system

Mixture ratio control Less inert mass

Disadvantages More complex system Thrust decreases 

throughout burn 

Requires an additional 

high pressure gas tank

Less accurate mixture 

ratio

Pressure can drop if 

not enough gas is 

stored

Must operate at a 

wider range of thrusts 

and mixture ratios

Shorter burn time Lower specific impulse 

at the end of burning



Fuel and Oxidizer Feed Systems
Overall Decision

2121



Our System
Overall Design

Gas Pressure Regulator

• Mixture ratio control 

• Constant Pressure

2222

Helium

• Inert

• Won’t form a liquid liquid mixture with LOX



Our System
Example System

Roberts Rocket Project

● LOX/Kerosene

● 250 lbf Thrust

● Gas Pressure Regulator system

2323
http://www.watzlavick.com/robert/rocket/testStand/index.html



Our System
Example System

Safety Systems

• Burst Disks

• Pressure Regulators 

• Pressure Sensors

• Temperature Sensors

2424

Actuators 

• Solenoid Valves

• Pneumatic Pistons 



Our System
Design

Piping

Tanks

Valves

2525



Copper Tubing

• Easy to work with

• Easy to obtain

• Can be used with O2 and

ethanol

2626

Our System
Piping

The Copper Tube Handbook - Copper Development Association (pg 25) 

Type K

• Highest pressure copper 

tubing



Our System
Tanks

LOX Tank

• Medical Oxygen Tank

• Size ME

• O2 Approved

• Custom Tank

• Needs 2 ports:

Gas in

O2 out

2727http://www.southeastoxygen.com/medical-oxygen/cylinders/medical-oxygen-cylinder-size-m6.html



Our System
Tanks

Ethanol Tank

• Custom Aluminum Tank

• Fire Extinguisher?

• Does not need

to be O2 Approved

• Needs two ports

2828
http://www.watzlavick.com/robert/rocket/rocket1/photos/dsc_9168m.jpg



Our System
Tanks

Helium Tank

• Highest Pressure (10-30 MPa)

• Composite Materials (light weight)

• Does not need

to be O2 Approved

2929
http://www.ctgltd.com/key-technologies



Our System
Valves

Design Considerations

• High Pressure (Ethanol/LOX/Helium)

• Cryogenic (LOX)

• O2 Approved (LOX)

Swagelok 

• High Pressure (Ethanol/Helium)

3030

http://watzlavick.com/robert/rocket/testStand/airValvePic.jpg



Our System
Valves

Design Considerations

• High Pressure (Ethanol/LOW/Helium)

• Cryogenic (LOX)

• O2 Approved (LOX)

Cryogenic Ball Valves

3131https://www.bray.com/ball-valves/specialty-products/cryogenic



Blowdown Gas

Design Selection Recap

32

● Choice: Helium Gas

● - Inert Gas

○ - no liquid liquid mixture with oxygen       

Tsat atm = 4 K  

● - Avoid Pumps and Turbo 

● - Provides source for pneumatic actuators

○ - Readily available

○ - Does not form liquid-liquid mixture with 

LOX

http://history.nasa.gov/conghand/propulsn.htm
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Summary
Future Processes

Finalize Component Selection

● Tank Volumes

● Tank Pressures

● Flow Rates

Begin Part Selection and Manufacturing

● Compile data for overall system

● Choose optimal, cheapest parts
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