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Abstract 

The goal of this project was to attempt to build a small functioning jet engine using what I 

learned from my previous attempt last summer. I made most of the parts out of 22- and 24-gauge 

steel sheet and 3D printed the compressor. This engine had numerous improvements over my 

previous one, including a smaller gap between the turbine and the casing and a more compact 

design that allowed for better air flow through the engine. While I encountered issues during 

testing involving excessively high temperatures in certain regions of the engine, this engine 

appeared to function better than my last one.  



II: Introduction and History 

The goal of my project is to build a self-sustaining jet engine. The first, but hardest step 

in making a functioning jet engine is getting it to self-sustain. Once it does that, it starts to 

produce thrust. I have had the idea to try to do this for a very long time, and last summer I made 

my first attempt at it. While my first engine did not self-sustain, I learned a lot, and this project is 

my second attempt at a self-sustaining engine.  

When I first came up with this idea, I did a lot of research into homemade jet engines. I 

found many videos of people testing their own, but I was having trouble figuring out how to 

make several parts, most notably the compressor. The compressor is one of the two most 

important parts of the engine, and I realized that there was no way I could make one myself due 

to the level of precision required. I got very lucky when I found CAD drawings of someone 

else’s compressor online that fit the specs of the engine I was planning (Laphicet). By 3D 

printing this premade compressor, I can eliminate one of the major sources of error in the project. 

I also found a very useful guide to all the parts of a jet engine along with the compressor, and I 

relied heavily on this guide during the construction of my first engine. Now that I had the 

experience that comes with building my previous engine, I was ready to improve my designs. 

The first jet engine was invented by Frank Whittle, a British pilot in 1930. However, it 

did not see its first flight until 1941. At the same time, there was a German named Hans Joachim 

Pabst von Ohain who invented his own jet engine independently. Von Ohain was able to get his 

flying as soon as 1939, making his engine the first used in flight. (Boyne) 

When talking about jet engines, it is important to know the distinctive types. The simplest 

type, the engine invented in the 1940s, is called a turbojet engine (Figure One). It has three 

simple parts: A compressor, a combustion chamber, and a turbine. The compressor sucks in air, 

the air burns the fuel, and the hot gasses produce thrust and spin the turbine, which spins the 

compressor. The turbojet is at the heart of almost all other jet engines. My engine will be this 

type.  

 

Figure 1: Turbojet Engine and Main Components [1] 

 

[1] Accessed March 19, 2020. https://upload.wikimedia.org/wikipedia/commons/e/e3/Turbojet_operation-_axial_flow.png 



The next type of jet engine is slightly more complicated, but pretty much the same as a 

turbojet. The Turboprops/Turboshafts have a turbojet engine that is hooked up to a propeller or 

rotor (Figure 2). Instead of creating thrust by shooting hot gas out the back, Turboprops/shafts 

spin propellers or other devices, simply by adding a propeller to the spinning axle. 

Figure 2: Turboprop Engine with Main Components [2] 

 

[2] Accessed March 19, 2020. https://www.boldmethod.com/images/learn-to-fly/systems/4-types-of-turbine-engines/diagram-
turboprop.jpg 

The type of jet engine that we see in modern commercial aircraft is called a turbofan. 

(Figure Three) It has a turbojet engine at the center, but similarly to the turboprop/shaft engine, 

this turbojet spins fan blades. The giant fan blades we see when boarding an aircraft are what 

produce the thrust for that engine, and those fan blades are spun by a small turbojet engine in the 

center. 

Figure 3: Turbofan Engine and Main Components [3] 

 

[3] Accessed March 19, 2020. https://www.boldmethod.com/images/learn-to-fly/systems/4-types-of-turbine-engines/diagram-
turbofan.jpg 

The final type of jet engine is the Ramjet engine, and this engine is very special because 

it has no spinning parts (Figure Four). It relies solely on the speed of the aircraft to compress the 

air before combustion. Therefore, ramjets do not work at slow speeds because the air does not 



compress enough. Ramjets have the ability to change the engine geometry to become more 

efficient at different speeds or situations. This is done by changing the shape of the Inlet. 

Figure 4: Ramjet Engine and Main Components [4] 

 

[4] Accessed March 19, 2020. https://upload.wikimedia.org/wikipedia/commons/thumb/6/6c/Ramjet_operation.svg/1200px-
Ramjet_operation.svg.png 

Jet engines power almost all modern aircraft and have a huge importance to the world 

today. While my project will not be very efficient or produce a lot of thrust, I think that it is 

valuable to be able to understand such a central piece of machinery to modern life.  

 

  



III: Theory 

 From the perspective of how thrust is produced, jet engines and rockets are very similar. 

After all, the source of thrust in each is from hot gas being shot at very high speeds out the rear. 

According to Newton’s Third Law, every action has an equal and opposite reaction, so this gas 

being shot backwards forces the engine (and whatever it is attached to) forwards. 

However, that is where the similarities between rockets and jet engines end. A turbojet 

engine, the most basic of jet engines, works in three continuous steps. When the engine is sitting 

by itself and not running, it is necessary to spool it up before ignition so that the compressor 

starts to function.   

The spinning compressor sucks in air and squishes it. It does this by simply collecting a 

lot of air and then forcing the air into a smaller Volume. According to PV=nRT, if the 

temperature stays constant, a given amount of air will become pressurized when forced into a 

smaller space than it would be at atmospheric pressure. As seen in Figure 5, as volume goes 

down, pressure goes up. Essentially, the compressor moves air from the right side of the graph to 

the left. 

Figure 5:  Pressure vs Volume Curve 

 

Then, it drops this compressed air into the inner part of the combustion chamber. Here, 

the air is directed through holes leading to the outer combustion chamber where it is mixed with 

fuel and burned. The pattern of holes in the chamber allow for the air and fuel to be mixed better, 

increasing the efficiency. The resulting hot gas is directed to the rear of the engine by the shape 

of the combustion cone. The gas wants to expand, and the chamber opens up more near the rear 

of the engine, so it directs the hot gasses to the rear.  

At the back of the engine, the hot gas meets the turbine. The gas, moving quickly, forces 

itself through the fan blades of the turbine and in doing so, forces it to spin. When turbine spins, 

it also spins the compressor, and the cycle is repeated (Shaw). 



In regular jet engines that are mounted on airplanes, the compressors have an easier time 

functioning because the airspeed of the plane itself causes compression of air as see in the 

following graph. This effect can be seen in Figure 6, where as air speed increases so does the 

dynamic pressure. This is due to the air hitting the airplane and being forced to bunch up due to 

the speed.  

Figure 6: Example of Air Speed vs. Pressure Graph  

 

https://www.google.com/search?q=air+pressure+vs+speed&source=lnms&tbm=isch&sa=X&ved=2ahUKEwj7j729gofpAhVKuZ4KHVj1
CRMQ_AUoAXoECA0QAw&biw=1396&bih=612#imgrc=bPmuIHaGpQAQXM 

Unfortunately, in my engine I will not have this added effect because my engine will not 

be flying. Therefore the compressor must be able to suck in a sufficient amount of stationary air 

all by itself. When spooling it up, I will assist the engine by blowing a leaf blower into it so that 

it starts spinning, but the true test of whether or not it works depends on how it functions when 

the airflow around the engine is stationary. If the engine can idle with no air being blown into it, 

the project will be successful. 

Overall, jet engines are much simpler than people would expect. However, the reason 

they are so difficult to build is because the parts need to be fabricated in a very precise way.  

  



IV: Design 

While the overall concept of a jet engine may seem simple, there are many things to 

account for in the design. For example, the compressor needs to be able to push against the force 

of combustion. If the compressor is made wrong, the exploding gasses in the combustion 

chamber will force themselves back out through the front of the engine, causing a flameout. 

Many things could go wrong with an imperfect compressor, but the two most common problems 

is that it either does not compress enough to push back against the “explosion” or pressurized air 

escapes between the spinning part and the outer wall. A proper compressor is key, and that is 

why I have been very fortunate to find the designs for a compressor that I can use (Figures 9 and 

10). Without this, the project would not be possible, because I do not have the physics and 

engineering knowledge required to create my own compressor. 

Figure 7: Design of Jet Engine Mk2

 

As I mentioned before, it is critical to direct the resulting hot gas out the rear of the 

engine and prevent it from coming out the front. This is accomplished not only by having a well-

functioning compressor, but by also creating a combustion cone. The combustion cone is simply 

a cone with holes cut in it that separates the hot and cold sections of the engine. By creating an 

obstruction that the compressor “pushes” the air against, the combustion cone helps maintain a 

constant pressure in the cold part of the engine. Then, this pressure forces air through the holes in 

the combustion cone, delivering fresh oxygen to the combustion area. Naturally, this is when the 

burning of fuel occurs. Because of the shape of the cone, the resulting gasses are forced out the 

back of the engine, because it is a lot easier for the gas to follow the expanding path between the 

casing and combustion cone than to squeeze back through the small holes. This is how the hot 



gas is directed out of the back of the engine instead of exploding out both ends. Of course, I am 

sure that some hot gas makes it back into the “cold” part of the engine due to imperfections in 

my design, but there was no noticeable heating of the compressor in my last engine, meaning that 

for the most part, my combustion cone was effective. 

Figure 8: Combustion Cone and Stationary Parts of Turbine during Construction 

 

After combustion, the hot gas reaches the turbine, the final barrier before it reaches the 

outside. This turbine has fan blades bent in a certain direction that, as the hot gasses shoot 

through them, force the turbine to spin. This turbine is the second most important and critical 

part of the engine, aside from the compressor. If the clearance between the outside casing of the 

engine and the turbine is too big, the hot gas will simply escape around the turbine instead of 

going through it and spinning it. However, if the clearance is too small, the spinning turbine 

continuously whacks the side of the engine, slowing it down and preventing the engine from 

spooling up. Therefore this region is so difficult to make, and this is why my previous engine 

failed. Fortunately, I spent a lot of time thinking about how to solve this problem of the turbine, 

and I think I have come up with a solution.  

At the end of the day, this turbine problem is all about how precise I can make parts. I 

can make circles very precisely using the drill press and the sheet metal circle cutter, so I will use 

that to my advantage. Here is how I will make the turbine. First, I will cut three disks of the same 

size. Two of these disks will be stationary, and one of these will be the actual turbine blade. I 



will cut holes in the two stationary disks (to allow airflow) and separate them using spacers 

(Figure 11). Then, I will wrap thin sheet metal around these two disks. Because the disks are the 

same size, I will be able to create a pipe that has an inner diameter equal to the outside diameter 

of the turbine. However, this “pipe” will end before it reaches the turbine. Then, I will wrap 

another piece of thin sheet metal around the “pipe”, but this piece will be longer. In doing so, I 

create a new pipe that has an inside diameter that is slightly bigger than the diameter of the 

turbine. In fact, the difference in diameter between the pipe and the turbine is equal to the 

thickness of the first piece of sheet metal. This set up will allow for me to solve the problem of 

the turbine hitting the casing. 

Figure 9: CAD Design of the Spinning Parts of the Compressor 

 

Figure 10: CAD Design of the Stationary Parts of the Compressor 

 



Figure 11: CAD Design of the Stationary Parts of the Turbine: 

 

Figure 12: Completed Jet Engine Mk2 
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V: Results 

Figure 13: Jet Engine Mk2 Operating 

 

Unfortunately, the engine was not successful, but not for the reason I predicted. I thought 

that if the engine should not work, it would be because it was unable to self-sustain. In reality, 

my engine got too hot too fast and I had to end the test prematurely.  

The test began normally. I spooled the engine up with the leaf blower, turned on the fuel, 

and lit the engine. The flames shot inside and I pushed the leaf blower up to full throttle. I could 

detect the engine gaining rotational speed from the whining noise created by the compressor. The 

noise was becoming higher pitched. 

But unfortunately, about 20 seconds into the test, around the time that I turned off the leaf 

blower, I noticed a really bad smell. The compressor was smoking (Figure 14), and the metal 

near it was red hot. Quickly I turned off the propane and blew cold air all over the engine. I could 

see that much of the plastic from the compressor was melted, meaning that testing with the 

engine was over until I could find a new compressor and figure out what went wrong. 

Figure 14: Jet Engine Mk2 Failing 

 

For the few seconds that the engine was running on its own, it appeared to self-sustain, 

but it is impossible to say for sure without any further testing.  

Smoke 



Theoretically, if the engine did work and I could take measurements, I would have done 

quite a few. To start, I would taken the exit temperature of the exhaust and plotted it against the 

flow of propane. I would take the exit temperature by using a hand held laser pointer 

thermometer that my family owns. 

Figure 15: Theoretical Result Graph of Exhaust Temperature vs. Fuel Flow 

 

 Next, I would have measured the rpm of the motor vs both Flow of Fuel and time. This 

would allow me to determine both how fuel affects how the engine spins and plot an entire test of 

the engine from start to finish. I could have measured the RPM by marking a fan blade a certain 

color and using an optical RMP gauge I could order online. 

Figures 16 and 17: Theoretical Graph of Engine RPMs vs Fuel Flow and Time 

  

Ex
au

st
 T

em
p

u
ra

tu
re

 (
D

eg
re

es
 C

el
ci

u
s)

Flow of Fuel (m^3/s)

Exaust Temperature vs. Flow of Fuel

En
gi

n
e 

R
P

M
S

Flow of Fuel (m^3/s)

Engine RPMs vs Flow of 
Fuel

En
gi

n
e 

R
P

M
S

Time (s)

Engine RMPS vs. Time 



Finally, if the engine were working, I would measure the thrust. This would be slightly 

more complicated. Theoretically, I could do this by putting the engine on wheels and having it 

push against a scale. Of course, I would need to leave the entrance unobstructed so that the 

engine could suck in air. I would plot this data as well. 

Figure 18: Theoretical Graph of Engine Thrust vs Flow of Fuel 

 

 The final thing I would want to measure would be the efficiency of the engine. I could do 

this by finding the energy provided by propane over a time interval and then measuring the work 

done by the engine over the same time interval. To determine the energy of propane I could look 

up how much energy is released for every mol of propane that reacts with oxygen, and then I 

could calculate the amount of propane that I used over the given time interval.  

 Next, I would use the engine to accelerate something, possibly a cart, over a time interval 

and use that to determine the work that the engine did. By dividing the energy inputted through 

the propane to the energy outputted through the thrust, I could determine the efficiency of the 

engine.  
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VI: Conclusions 

 While the engine failed, I noticed some significant improvements over my last one. To 

start, most of the combustion took place inside this engine. When I made my first engine there 

was a huge flame coming out of the back, indicated fuel rich combustion and showing that the 

compressor was unable to push enough air into the combustion chamber. Fortunately, that was 

not the case this time because there were very minimal flames in the exhaust of the engine. 

After taking the engine apart and examining it after the test, I discovered what had gone 

wrong. When designing the engine, I mounted the combustion cone to the engine casing and 

formed a seal by wrapping the end of the cone around the outside of the casing. This prevented 

air from escaping, and forced all the hot gas out the back of the engine. Then, I chose to mount 

the compressor onto that piece of metal from the combustion cone. 

 When I fired the engine up, the heat from combustion made the combustion cone red hot. 

It is the hottest piece in the engine because the exploding gasses run along it until they reach the 

turbine. This heat was transmitted throughout the entire piece of metal, including the part that 

was wrapped around the casing and touching the compressor. Essentially, I mounted my plastic 

compressor on the hottest part of the engine. 

Unfortunately, I did not think through this when I designed it. During the test, the 

combustion cone heated up and started to melt the compressor. Fortunately the damage was not 

too bad and it only damaged one piece of the compressor. With a 3D printer, I could print a new 

part, but I cannot fire the engine up until I do a dramatic redesign. 

Figure 19: Actual Design of Combustion Cone/Casing Interface 
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 What I should have done is mount the combustion cone on the inside of the engine. I did 

this on my previous engine and I did not have this problem. The increased distance between the 

combustion cone and the compressor wall helps reduce heating. In addition, the entire casing has 

to get hot before it reaches the compressor wall. Essentially, while I would still have to be 

careful with this design, I would have more time during each test before the engine got too hot. 

This would allow me to take measurements and see if the engine could self sustain. 

 

Figure 20: Improved Design of Combustion Cone/Casing Interface 
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Next Steps 

The next steps on this project would require more advanced tools than I currently have. 

First, I would need to 3D print a new piece of the compressor because the one I currently have is 

melted.  

Next, I would need to fix the problem that is causing the compressor to melt. To do this, I 

would need to make a new adapter from the combustion cone to the engine casing. Instead of 

wrapping around the casing and touching the compressor, the new one would have to mount to 

the inside of the casing to prevent direct contact with the compressor.  

Unfortunately, this would require me to extend the length of the casing. Essentially, to fix 

this problem it would a significant overhaul of the engine.  
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Appendix A: Parts list 

Part Description Cost Where I will get it 

Compressor 3D Printed 

Compressor 

- I will make it in the 

lab, using the 3D 

printers 

Casing 4 inch wide metal 

tube 

7.20 Home depot 

Casing Cap Cap for the 4 inch 

wide casing 

5.38 Home depot 

Combustion cone 5 inch long cone 

with holes cut in it 

- Sheet metal from 

lab 

Fuel Dispersion 

Ring 

Copper tubing with 

holes drilled in it 

10.00 Home depot 

Turbine guard See above 

description (its 

complicated) 

- Sheet metal from 

lab 

2x 19mm ceramic 

bearings 

Heat resistant 

bearings – worked 

well in last engine 

11.39 Amazon 

7/8” copper pipe, 5 

inches long with a 

cap 

Central hub of 

engine. Holds 

bearings. 

10 Home Depot 

Axle Will reuse from old 

engine because it fits 

well 

- Previous engine 

Assorted Screws, 

nuts and bolts 

For various 

purposes 

- Lab 

 

 

  



Appendix B: Calculations for Part of the Combustion Cone 

 

  



Appendix C: Cut Sheet for the Stationary Parts of the Turbine 
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