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Abstract: 

 

         A jet engine is a gas turbine engine that works by compressing air with an inlet and a 

compressor, mixing the compassed air with fuel, burning the mixture in the combustor, and 

passing the hot, high-pressure air through a nozzle and a turbine. The compressor is powered 

by the turbine, which derives energy from the expanding gas crossing through it. The engine 

converts internal energy in the fuel to kinetic energy in the exhaust, producing thrust. All the 

air ingested by the inlet is passed through the compressor, combustor, and turbine. 

The goal of this significant qualifying project was to design and manufacture a small gas 

turbine engine. The manufactured components included: turbine, diffuser, compressor inlet, 

shaft, outer casing, combustion chamber, fuel distributor, exhaust nozzle, and inlet flange. 

We reviewed the literature regarding gas turbine engine components, designed each 

component, and manufactured them accordingly. We then assembled our engine and planned 

for testing. 
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Chapter 1 : Introduction 

 

1.1 Project Definition: 

           The turbojet engine is one type of mechanic engine. Turbo engines are divided into 

two types: axial turbo engine and radial turbo engine. Our project will focus on the radial jet 

engine. There are four courses that are important in our project are Thermodynamic, Fluid, 

Heat transfer, and Turbomachinery. Most types of gas turbines are designed to perform a 

range of tasks, but all operate similarly. Air entries the engine from the compressor, mixed 

with fuel, combusted, and then expanded through a rotating turbine. Our group decided to 

design and manufacture a radial turbo jet engine. We will introduce in our project how to 

design, manufacture, and operate that. If we succeed, we will produce clean energy that can 

be used to generate electricity and produce work through the turbo.  

 

1.2 Project Objective 

1. Design and manufacture the turbo jet engine to be self-sustained.  

2. Produce energy and work that can be used in variety of ways such as generating 

electricity.  

3. Produce an environment friendly energy by using methane gas.  
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1.3 Project Specifications: 

 

Nissan turbo specifications:  

(figure1.3.1) 

Compressor Size: 

* Inducer Diameter: 52.7mm 

* Exducer Diameter: 76.2mm, 

* A/R (area over radius) : 0.5 

Turbine Size: 

* Inducer Diameter: 65.2mm 

* Exducer Diameter: 48.2mm 

* A/R: 0.63 

OilInlet: M12*1.25  

sidehole:M8*38.1 

OilReturn: 18.5/sidehole:M8*1.2/Center-center:50.9 

Water Hole: M18*1.5 

Cooling Type: Water + Oil 

Horse Power: Boost Horse Power up to 430BHP 

Bearing Type: Wet Float 
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(figure1.3.2) 

Combustion chamber: 

Diameter: 23cm  

Length: 50cm  

Combustion chamber nozzle:  

length: 12cm  

Exit diameter: 4 cm  

 

 

Flame tube:  

Diameter: 15cm  

Length: 28cm  

Flame tube nozzle: 

Length: 10cm 

Exit diameter: 10cm 

 

 

 

 



9 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                      
   

 

9 
 

Flame tube holes:  

Flame tube holes are calculated based on the compressor diameter.  

1st zone is 20% of the intake diameter. Therefore, we got the diameter per hole to be: 0.86cm  

2nd zone is 30% of the intake diameter. Therefore, we got the diameter per hole to be: 1.29cm  

3rd zone is 50% of the intake diameter. Therefore, we got the diameter per hole to be: 2.15cm  

 

1.4 Project Applications 
• To be used to generate energy that Can be used in variety of ways, such as, generating 

electricity. 

• To be used to generate work through the shaft. 
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Chapter 2: Literature review 

 

 

2.1 Project Background 

 
This project will be working based on the Brayton cycle. The process is occurring in simple 

gas turbine power cycles. The fundamental thermodynamic processes representative of the 

Brayton cycle also model those found in thrust engines. Because the Brayton cycle represents 

a continuous-combustion device, separate regions of the engine serve single thermodynamic 

functions. 

To give you a brief background on how the system will be working we can start by saying 

that the air goes into a compressor, where a pressure increase occurs. The compressor output 

airstream enters a combustor; fuel injected into the air, and combustion takes place. The 

heated combustion products enter a gas turbine and are expanded, producing work. The work 

is necessary to operate the compressor extracted from the turbine's total work output. The 

remainder is available as the network production of the engine. The Brayton cycle models 

this cycle by the following processes: 1–2, isentropic compression; 2–3, constant-pressure 

heat addition; 3–4, isentropic expansion; and 4–1, constant-pressure heat rejection. 

(figure2.1.1)  

This project can be used effectively to produce thermal energy that can be converted to 

electrical energy. Moreover, this engine will also generate work through the shaft where we 

can use that work in many applications. In addition, this project will be using a methane gas 
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which is a gas that produce less amount of carbon dioxide than other gasses of fuels used 

usually, so it will be an environmentally friendly engine.  

 

2.2 Previous Work  
The first project was aiming to find the idle size for a combustion chamber. They worked on 

different dimensions and sizes to determine the best design for emission control. They used 

LPG as fuel.  

 

(Figure2.2.1) 

As shown in the figure below they tested different dimensions to find out the lowest CO 

emissions. (Figure3) 

(figure2.2.2) 
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2.3 Comparative Study 
We learned a lot while designing this project from other reports and researches. There are couple of 

good reports that we found and we will choose three reports and talk about their projects. 

First project was by Uppsala university, they designed a turbo jet engine but the difference 

between our design and their design is that they build it as an axial engine not radial. The 

material they used was steel which have a high melting point. Additionally, they used annular 

shaped combustion chamber. They design and manufacture all the parts as shown in the 

figure below.  

(figure2.3.1) 

 

The second project was about converting an automobile turbocharger into a micro gas 

turbine. Which is similar to our project. In their project the fuel that was used is the LPG. 

Moreover, the holes in the flame tube were designed to have 20% of the air goes into the 1st 

zone holes and 30% through the 2nd and 50% through the 3rd zone. In the figures below are 

their design and the results shown in the table(1).  

(figure2.3.2)       (figure2.3.3) 
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(Table 2.3.1) 

 

The third project is about turbochargers power estimation based on speed fluctuation 

analysis. This project presents an innovative methodology for instantaneous turbo speed 

estimation. They designed an algorithm based on analysis of accelerometer mounted on the 

compressor which provides signals that can be used. By using this approach, they were able 

to determining the turbo speed mean value and the amplitude of its fluctuation which is 

related to the power that will be delivered to the turbo.  Refer to the figures below. 

 

(figure2.3.4)       (figure2.3.5) 
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Chapter 3: System Design 

 

3.1 Design Constraints And Design Methodology 

 

3.1.1: Geometrical Constraints 

 When we first start designing the project, we took into consideration the velocity of 

the air going into the combustion chamber. Therefore, we tried to deaccelerate the air coming 

to the combustion chamber by increasing the diameter of the chamber so that the air entering 

the chamber can start the combustion properly. If the air velocity was too high the 

combustion will be affected that’s why we tried to find the idle diameter. Additionally, we 

designed a nozzle at the end of the combustion chamber to accelerate the velocity of the air 

after the combustion and before entering the turbo to get more energy to the turbo.  

Another important thing that must be taken into consideration is the material that is going to 

be used. This material must have the ability to resist high temperature and have a high 

melting point. In our project, we choose stainless steel 316 which have a high melting point.  

3.1.2: Sustainability 

 We used stainless steel 316 in this project because this material has a high melting 

point. Therefore, it can last while having a high temperature inside the combustion chamber 

and it can be sustainable through the time. If we used materials with lower melting point, we 

then would face a problem with the time and the system might get affected so it wouldn’t 

have a good sustainability   

 

3.1.3: Environment  

 Environment is an important factor that must be taken into consideration when you 

are working on any project. Therefore, we didn’t neglect it of course and we took it seriously. 
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Moreover, since we are using a gas as a fuel, we choose a gas that will be an environment 

friendly as much as possible. Furthermore, we choose methane gas as our fuel because it 

produces less amount of carbon dioxide compare to the alternative gasses.  

(figure 3.1.3.1) 

 

3.1.4: Social  

Our system can be used by anyone even with a small knowledge. It is easy to use and operate. 

Moreover, it can help to produce power and can be modified to get the most out of it and be 

working with high efficiency  

 

3.1.5: Economical   

 In the economical side, our engine can be effectively used as low-cost power supply. 

However, to minimize the cost a very accurate measurements must be applied to find the 
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lowest amount of the gas needed to operate the system so that it can consume less gas and 

still give a good amount of power.  

 

 

3.1.6: Safety 

 Safety is the most important priority that must be considered. Moreover, while 

designing the system we took safety precautions to ensure the system is safe. Some safety 

precautions are like having a regulator for the gas with a safety valve. In addition, we used 

gaskets between the connected parts to avoid leaks. Moreover, using a material that can 

withstand the high temperature is also considered a safety precaution.  

3.1.7: Ethical 

We found similar projects and we did a lot of researches and we tried to learn from 

their achievements and improve it. Also, when we took any of the information from other 

sources, we must include it in the references, because it will be unethical practice to just copy 

their work without citations.  

 

 

3.2 Engineering Design Standards 
  

Table 3.2.1: engineering standards 

Components  Engineering Standard  Details 

SCREW ANSI METRIC  M20x2.5-ISO4.8 

BEARINGS NSK Deep Groove Ball Bearing 

6300ZZ 10mm I.D, 35mm 

O.D 
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3.3: Theory And Theoretical Calculations 
Notations to be taken into account: 

(Table 3.3.1) 

Area of the compressor A 

Temperature T 

Diameter of compressor  D 

Mass M 

Volumetric flow rate from 

compressor  

V 

Density ρ 

mass flow rate  ṁ 

volumetric flow rate  V̇ 

Velocity v 

Pressure P 
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First, we calculated the area of the compressor inlet  

  

A1=  π/4(D1^2-Da^2) = 1.374*10^-3 meter.  

Then We used the volumetric flow rate from the following graph to find the 

velocity of the air coming from the compressor.  

  

Therefore, at 2 bar we got 0.12 as volumetric flow rate.  

We found the velocity of the air from the compressor using  

v= V̇/A1 = 87.34m/s 
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The density was calculated to be  

ρ = P/R*T = 1.1586 kg/m^3  

 - ṁ1= ρ *A*v = 0.189 kg/s  

ṁ2=6.52 kg/s 

ṁ3=14.434 kg/s 

 

To find the mass flow rate of the fuel in the chamber room we used:  

ṁ,fuel mixer= (M,air/M,fuel)*( ṁ,air)+(M,methane/M,fuel)( ṁ,methane)  

 

We found  

 - ṁ(methane) = 0.60 kg/s  

 - ṁ (air before combustion) = 1.09kg/s  

 - ṁ (fuel mixer) = 0.984kg/s 

 - The pressure in the combustion chamber from this equation  

ṁ (fuel)= (P*v*A)/R*T  

Solved for P we found it equal to = 9.713 kpa 
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For calculating the kinetic energy:   

KE = 3/2 R*T  

KE= 28,348.29 J/mol  

mass flow rate: 

 ṁ1 = ρ_1*𝐴_1*𝑉_1 = 0.018 kg/s 

Density:  

𝜌_1=𝑃_1/(𝑇_1∗𝑅) = 1.1586 kg/m^3 

▪ Heat capacity of mixture: 

𝐶𝑝 𝑚𝑖𝑥 = (
ṁ1

ṁ𝑚𝑖𝑥
)*𝑐𝑝1+(

ṁ2

ṁ𝑚𝑖𝑥
)*𝑐𝑝2=2291.05 kj/kg 

ṁ3

ṁ4
=
D3
D4

 

ṁ1=ṁ2= 
𝜌∗𝑝𝑖∗𝐷2

4
 

▪ Mass flow rate of air fuel mixture: 

ṁ𝑓𝑢𝑒𝑙 =
𝑃

𝑅∗𝑇
*V*A=0.984kg/s 

▪ Avg. kinetic energy: 

𝐾𝐸𝑎𝑣𝑔=
3

2
*R*T=28348.29 j/mol 

 

▪ Volumetric flow rate of air fuel: 

Ṿ𝑓𝑢𝑒𝑙 𝑚𝑖𝑥 = (
ṁ1

ṁ𝑚𝑖𝑥
)*Ṿ1+(

ṁ2

ṁ𝑚𝑖𝑥
)*Ṿ2=4.948*10^-4 

𝐹_𝑡ℎ𝑟𝑢𝑠𝑡 = (ṁ1+ ṁ3)V3- ṁ1 V2=7304.465 N 
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▪ root mean velocity via the turbo: 

𝑉𝑟𝑚𝑠=√
3∗𝑅∗𝑇

𝑀𝑡𝑜𝑡𝑎𝑙 
=505.43 m/s 

 

▪ Chemical reaction of air and fuel: 

𝐶𝐻4+2(𝑂2 + 3.76 𝑁2) → 𝐻𝑎𝑒𝑡 → 𝐶𝑂2+2 𝐻2𝑂+7.52 𝑁2 

For every 16.04 we need 57.94g  

Work of turbine: 

ᾠ(𝑡𝑢𝑟𝑏𝑖𝑛𝑒) = ṁ _𝑚𝑖𝑥 * 𝐶p( 𝑚𝑖𝑥)*(𝑇_4 - 𝑇_3) =16534507.85 j 

Work of compressor: 

ᾠ(𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟) = ṁ_air* 𝐶p(air)*(𝑇_2 - 𝑇_1) = 6.362856j 

Thermal efficiency: 

ὴ𝑡ℎ= (𝑛𝑒𝑡 𝑤𝑜𝑟k )/(ℎ𝑒𝑎𝑡 𝑖𝑛𝑝𝑢𝑡) = 1- (𝑇_4 − 𝑇_1)/(𝑇_3−𝑇_2 ) = 0.405 
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3.4: Product Subsystem And Selection Components 
 The project consists of a turbo and a compressor connected in one shaft. Then we 

have a pipe to deliver the air from the compressor to the combustion chamber. Moreover, the 

combustion chamber has a nozzle at the end connected to the turbo. The combustion chamber 

contains the flame tube where the combustion will occur which also has a nozzle to increase 

the velocity of the air.  

3.5 Manufacturing And Assembly (implementation) 
In the figure below is the drawing for the first prototype which we modified later as it will be 

discussed in this part.  

 (figure 3.5.1) 
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The material that was chosen is stainless steel 316 which can resist high temperature. We 

started by preparing the combustion chamber and the flame tube as shown in figures below. 

   

(figure3.5.2)    (figure3.5.3) 
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Then we cut and welded the pipe that will deliver the air to the combustion chamber. 

 

(figure3.5.4) 
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However, we had a problem with the first design of the combustion chamber, where the air 

intake was very close to the flame tube which resulted in having a problem with the 

combustion so we had to modify it and change the shape of it so we can have smoother air 

flow. 

 (figure3.5.5) 

We changed the design so that the air intake is not from the side, it will be from the top and 

then it will hit the top of the flame tube and it will be separated to the sides. Therefore, it will 

not hit the flame tube directly from the side and also to not affect the combustion of the fuel 

and air.  
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(figure3.5.6)  

We then designed a gasket where the turbo and the compressor will be connected to the 

combustion chamber. And the reason for using the flanges is that to make sure there is no 

losses or any gasses or air coming out from the point of connection.   

For the fuel we used methane gas. Moreover, for the ignition system we used a sparking tool 

that works on a battery so when the button is pressed it start a spark which start the 

combustion of the methane and air. 

(figure3.5.7) 
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(figure3.5.8)  
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Chapter 4: System Testing and Analysis 

 

4.1 Experimental Setup, Sensors and Data Acquisition System 
 

4.1.1: Tachometer 

Tachometer is a device that can measure how much is the angular velocity of a shaft. We 

used the tachometer to get the angular velocity of the shaft which connect the compressor and 

the turbo. 

(figure4.1) 

Features: 

- Laser photo & surface contact measurements 

- Reads in RPM (2.5 to 99,999), m/min (0.05 to 1,999.9) and ft/min (0.2 to 6,560) 

- Wide Measuring Range of 0.5 to 99,999RPM 

- With Auto Ranging and automatic low power indication  

- LSI-circuit and crystal time base mechanism for high accuracy & fast measuring time 

- Last value, maximum value and minimum value 

- Insignificant zero suppression 

- Durable & light weight 

- Tested according to European international guidelines and standards (CE Marking) 
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Specifications: 

  

- Units of Measure: ft/min and m/min 

- Display : 5 digits, 10mm LCD with function annunciation 

- Measurement (Photo Tach): 2.5 ~ 99,999 RPM 

- Measurement (Contact Tach): 0.5 ~ 19,999 RPM 

- Measurement (Surface Speed): 0.05 ~ 1,999.9m/min; 0.2~ 6,560 ft/min 

- Resolution (Photo Tach): 0.1RPM (2.5 ~ 999.9 RPM); 1 RPM(over 1,000 RPM) 

- Resolution (Contact Tach): 0.1 RPM (0.5 ~999.9 RPM); 1 RPM(over 1,000 RPM) 

- Resolution (Surface Speed): 0.01 m/ min.(0.05~99.99 m/min); 0.1m/ min.(over 100 m/min); 

0.1ft/min (0.1 ~ 999.9 ft/min); 1ft/min (over 1000 ft/min) 

- Accuracy : +/- (0.05% +1 digit) 

- Sampling Time : Photo Tach (1 sec,over 60 RPM); ContactTach (1 sec, over 60 RPM) 

- Photo Tach. Detecting Distance: 50~500mm/2~20inch 

- Memory : Last value, Max. value, Min.value 

- Test Range Select : Automation 

- Time Base: Quartz crystal 

- Circuit : Exclusive one chip of microcomputer LSI circuit 

- Battery: 4 x 1.5AA Battery 

- Operation Temperature : 0~50?C(32~122?F) 

- Size : 215 x 65 x 38mm 

- Weight: 300g including battery 
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4.1.2: Temperature gauge 

(figure4.1.2) 

 

This temperature gauge can measure up to 500 degrees Celsius. It was placed to measure the 

temperature inside the flame tube. Although the temperature is going to be above the limit of 

this gauge but that’s the highest that we found in the market here.  
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4.1.3: Exhaust Temperature Gauge Sensor  

 

(figure4.1.3) 

 

This gauge has a sensor connected to it which was placed in front of the exhaust of the turbo 

to measure the temperature of the air coming out from the combustion chamber. It can 

measure up to 400 Celsius.  
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4.1.4: Pressure Gauge 

 

(figure4.1.4) 

 

This gauge is to measure the pressure. We used two pressure gauges one for the combustion 

chamber and the other is for the flame tube. This gauge can measure up to 350 psi. However, 

it can’t work with high temperature and all the gauges in the market are limited to work with 

low temperature.   

 

Table 4.1: the testing parameters 

Testing Parameters  Objective  

Tachometer Measure RPM of the shaft 

Temperature gauge  Measure temperature in flame tube 

Pressure gauge  Measure pressure in flame tube  

Exhaust temperature sensor Measure temperature at exhaust 
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4.2 Results and Discussion 

 
First, the temperature gauge for the flame tube, we got a maximum temperature at 

around 480-500 Celsius. We didn’t let the system run for long time otherwise it will 

definitely exceed 500 Celsius. We looked in all the market to find a gauge higher than 500 

Celsius but we didn’t find any. So, we worked with what we had.  

 For the exhaust temperature sensor, the gauge maximum temperature is 400 Celsius, 

and we got a max temperature at the exhaust to be 400 Celsius so it was probably +400 

Celsius. 

 

 For the tachometer, we got a maximum angular velocity around 10,000 RPM. 

However, if we used a motor or an air blower stronger than the one, we used we would get 

higher RPM.  

 

 For the pressure gauges, unfortunately we couldn’t measure the pressure because the 

gauges were not working because of the high temperature. All the pressure gauges in the 

market are limited by low temperature and can’t be work with high temperature around the 

gauge.  

 

Measuring tool  Maximum result  

Tachometer 10,000 RPM 

Temperature gauge for flame tube  500 degree Celsius  

Exhaust temperature sensor  +400 degree Celsius 

Pressure gauge  Couldn’t be measured  
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Chapter 5: Project Management 

 

5.1 Project Plan 
 

Table 5.1: Project plan  

Task 1 Start Date 

Days to 

complete 

Identifying theProject 

31/08/2020 9 
Determine objectives 

Collect information 

Purchase a turbocharger 

Task 2 
 

 

Discuss ideas about the project details  

09/09/2020 

 
 

1 

Drawing a rough design for the project 

Measure the turbocharger dimensions  

10/09/2020 

 

3 Dividing the tasks between team members 

Preparing a Gantt chart  

Task 3 
 

 

Search in the books for the required equations 

13/09/2020 20 

Calculations for the fluid pressure, velocity, 

Mass flow rate, work, energy. 

Calculations for the compressor and the turbine 

Calculations for the combustions chamber dimensions 

Calculations for the fuel injection system 

Reviewing all the calculations 

Prepare final calculations report (for now) 
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Writing 1st progress report 4/10/2020 3 

Task 4   

Prepare for the midterm 08/10/2020 2 

Solidworks model designing 11/10/2020 
 

4 

Air flow + Temperature illustrations Solidworks 15/10/2020 4 

Manufacturing of the project 20/10/2020 7 

Testing the project 
28/10/2020 7 

Solving problems and Modifying the design if required 

Writing 2nd progress report 

 
 

04/11/2020 3 

 

Task 5 

  

 

Using Lap instruments for tests (pressure,tempreture..) 
 

 

08/11/2020 
5 

Writing 3rd progress report 14/11/2020 3 

Task 6   

Reviewing the 3 progress reports and prepare for 

writing the Final report + presentation 18/11/2020 
3 

Preparing a Presentation 24/11/2020 5 

Finalizing Final report 28/11/2020 7 
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Total: 85days – 12 weeks  
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5.4 Challenges and Decision Making 
During the project phases, we faced some challenges that effect the progress of the project. 

Following challenges are the main challenges we have faced: 

1) Equipment and devices problems 

2) Design problems 

5.4.1: Equipment and Devices Problems 

In our project we used a device that worked with a battery to generate a spark, we faced 

couple of problems with it but we succeeded and made it work.  

Additionally, we had a problem with finding gauges that worked with high temperature, we 

didn’t find the idle equipment for measuring the data of the system. It’s either not available or 

it is going to cost more than +5000 SR which is around the budget of the whole project.   

. 

5.4.2: Design Problems 

We had a problem with the combustion in the first prototype. Moreover, the problem was that 

we rarely had a combustion in the chamber. We made a list of the possible problems which 

was as of the following:  

• More/less gas  

• More/less air  

• Air intake close to the flame tube  

• Spark ignition not working properly 

• Gas tube leak  

 

We started by trying to reduce and increase and balance the air/gas ratio but it 

didn’t solve the problem. Moving on, we checked the spark ignition device and it was 

working fine without any issue. Also, we checked the gas tube and every point that 

may cause a leak but there was no leak at all. Then finally, we tried to change air 

intake location and modify the flame tube design.  

We manufactured a second prototype from iron just to test the air flow and the 

combustion and to make sure that the combustion is working and the air intake is not 

affecting the combustion. After we test it and found out that it’s working, we then 

started modifying the original prototype (which is made of stainless steel 316) based 

on our second testing prototype. By making a list of the possible issues and test them 

we succeeded to overcome the problem and we finally made the engine run self-

sustaining.  
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5.5 Project Bill of Materials and Budget 
Table 5.5 shows the materials that we purchased and their costs in Saudi Riyals (SR). This 

table includes also the manufacturing and failed part costs 

 

Table 5.2: Bill of materials 

Materials Costs (SR) 

Stainless steel 316  700 

Screws, bearings etc…  150 

Turbo 500 

Gaskets 200 

Methane gas+ special regulator  2000  

Measuring tools  850 

Others  (tubes, connections etc...)  200  

TOTAL : 4600 
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Chapter 6: Project Analysis 

6.1 Life-long Learning 
While we were working on this project we learned and improved our skills in various fields. 

We worked as a team and learned how to communicate as a team. In addition to learning how 

to manage our time to finish the task in the required time. In this part, we will discuss the 

skills and experiences which we have learned since we worked in our project. 

6.1.1: Software Skills 

In this project, we used mainly two softwares which are solid-works and Microsoft-word. 

Although we already used them while we were studying in the past years, however, we 

improved our knowledge by working on this project.  

6.1.2: Hardware Skills 

While working on this project we learned how to use and install hardwares such as the 

temperature and pressure gauges, in addition to the tachometer. We have used the gauges 

before but it was our first time to learn about the tachometer and used it.  

6.1.3: Time Management Skills 

Time management was one of the important things that we took into consideration when we 

first start planning for the project. We tried our best to follow the plan and meet the 

deadlines. definitely, our time management skill is improved after this project.   

6.1.4: Project Management 

From the beginning of the project everyone knew his tasks and what he had to finish for the 

week. By dividing the work from the beginning of the project we had a smooth work without 

any problems.   

 

6.2 Impact of Engineering Solutions 
Our project has various impacts in terms of society, economy, and environment. In this 

section, there are all the impacts of our project in terms of what previously mentioned. 

6.2.1: Society 

Our project can help the society and the industrial to generate electricity. It can be improved 

more by adding a control system and increase the efficiency and the safety, and it can be used 

safely to generate electricity or use the work of the shaft to help with many ways.   

6.2.2: Economy 

Our project can help to produce power and energy with a reasonable cost. Which can be used 

either in industry or homes. 

6.2.3: Environmentally 

Our project helps the society to produce clean energy by using the methane gas which 

produce low amount of carbon dioxide compare to other fuels.  
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Chapter 7: Conclusions and Future Recommendations 

 

7.1 Conclusions 
To conclude, we can say that this project was a great experience for us and it was a journey 

full of learning. Moreover, we learn a lot while manufacturing and designing it. We learned 

through all these years the theoretical aspect but in this project, we were able to apply what 

we learned in real life. This project involved a lot of the material that we studied. 

Furthermore, we used what we learned in fluid mechanics, thermodynamics, heat transfer, 

turbo machinery, computer aided design. In addition, we also improved our soft skills such as 

communication and time management. Finally, we succeeded in designing and manufacturing 

the system to be self-sustained and we overcome the obstacles and the issues in the initial 

design and fixed it.  

7.2 Future Recommendations 
For future recommendations there are couple of ideas that can be applied. First is adding a 

control system to the project by using software such as Arduino. By using a control system 

this project will be perfect. Moreover, the RPM of the shaft can be controlled which will help 

in monitoring the RPM and reach a higher RPM. Also, it will help with controlling the flow 

of the gas more accurately by installing sensors that can maintain a certain air/ gas ratio. 

Another important thing is controlling the cooling system. However, we didn’t use a cooling 

system in our project because it won’t be running for a long time, otherwise, a cooling system 

is required. Another idea, is to use an electrical motor for the startup of the compressor. We 

user an air blower, however, it took some time until the compressor reaches a high RPM 

where it can be self-sustained (if the combustion and the air/fuel ration is ideal) so using an 

electrical motor is a great addition. Moreover, to improve this project it can be used to 

generate electricity by converting the thermal energy to electrical energy by using 

thermoelectrical generator (TEG) or by using the work of the shaft to power an electrical 

dynamo to produce electricity.  
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Appendixes 

Appendix A: Progress Reports 

 

 

SDP – MONTHLY MEETING REPORT 

Department of Mechanical Engineering 

Prince Mohammad bin Fahd University 

 

SEMESTER: Fall ACADEMIC YEAR: 2020/2021 

PROJECT TITLE Design and manufacture of a micro radial turbo jet engine  

SUPERVISORS Dr.Panagiotis Sphicas 

 

Month 1: October  

 

ID Number Member Name 

201702134 *Ahmed bayounes 

201402082 Mohammed alhumaid 

201601927 Ahmed almuhainy 

201601816 Abdulelah Almutairi  

  

 

List the tasks conducted this month and the team member assigned to conduct these 

tasks  
 

# Task description 
Team member 
assigned 

Progress 
0%-100% 

Delivery 
proof 

1 Finding a turbo  Mohammed alhumaid  100%  

2 Calculations for compressor  Ahmed almuhaini 100%  

3 Calculations for  

diffuser & combustion chamber & nozzle 

&turbo  

Ahmed bayounes & 

abdulelah Almutairi 

100%  

4 Calculations for fuel injection system   Ahmed bayounes & 

 abdulelah Almutairi 

100%  

4 
Meetings with the supervisor  

All team members 100%  

 

List the tasks planned for the month of November and the team member/s assigned to 

conduct these tasks  
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# 
Task description 

Team member/s 
assigned 

1 Design a solid works model   Mohammed alhumaid 

2 Design temperature and air flow model and graphs  Ahmed almuhaini  

3 Manufacturing the combustion chamber & diffuser & nozzle  Ahmed bayounes & 

abdulelah Almutairi  

4 

Building fuel injection system  

Ahmed bayounes  

& 

Abdulelah Almutairi  

5 
Testing the project & modify it based on the experimental data  

ALL MEMBERS  

 

- To be Filled by Project Supervisor and team leader: 

-  Please have your supervisor fill according to the criteria shown below 
Outcome MEEN4: 
an ability to recognize ethical and professional responsibilities in engineering situations 
and make informed judgments, which must consider the impact of engineering solutions in 
global, economic, environmental, and societal contexts 
Criteria None (1) Low (2) Moderate (3) High (4) 

MEEN4A. 

Demonstrate an 

understanding of 

engineering 

professional and 

ethical standards 

and their impact 

on engineering 

solutions in 

global, economic, 

environmental 

and societal 

context 

Fails to  

demonstrate an 

understanding of 

engineering 

professional and 

ethical standards 

and their impact 

on engineering 

solutions in 

global, economic, 

environmental, 

and societal 

contexts 

Shows limited and 

less than 

adequate 

understanding  of 

engineering 

professional and 

ethical standards 

and their impact 

on engineering 

solutions in 

global, economic, 

environmental, 

and societal 

contexts 

Demonstrates 

satisfactory 

understanding  

of engineering 

professional 

and ethical 

standards and 

their impact on 

engineering 

solutions in 

global, 

economic, 

environmental, 

and societal 

contexts 

Understands appropriately 

and accurately the 

engineering professional and 

ethical standards and their 

impact on engineering 

solutions in global, 

economic, environmental, 

and societal contexts 

Outcome MEEN5: 

an ability to function effectively on a team whose members together provide leadership, 
create a collaborative and inclusive environment, establish goals, plan tasks, and meet 
objectives 

Criteria None (1) Low (2) Moderate (3) High (4) 

MEEN5A: Ability 

to develop team 

work plans and 

allocate 

resources and 

Fails to develop 

team work plans 

and allocate 

resources and 

tasks 

Shows limited and 

less than adequate 

ability to develop 

team work plans 

and allocate 

Demonstrates 

satisfactory 

ability to 

develop team 

work plans and 

allocate 

Properly and efficently 

makes team work plans 

and allocate resources 

and tasks 
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tasks resources and tasks resources and 

tasks 

MEEN5B: Ability 

to participate and 

function 

effectively in team 

work projects to 

meet objectives 

Fails to participate 

and function 

effectively in team 

work projects to 

meet objectives 

Shows limited and 

less than adequate 

ability to participate 

and function 

effectively in team 

work projects to 

meet objectives 

Demonstrates 

satisfactory 

ability to 

participate and 

function 

effectively in 

team work 

projects to meet 

objectives 

Function effectively in 

team work projects to 

meet objectives 

MEEN5C: Ability 

to communicate 

effectively with 

team members 

Fails to 

communicate 

effectively with 

team members 

Shows limited and 

less than adequate 

ability to 

communicate 

effectively with team 

members 

Demonstrates 

satisfactory 

ability to 

communicate 

effectively with 

team members 

Communicates  

properly and  effectively 

with team members 

 

 

 

 

Indicate the extent to which you agree with the above statement, using a scale of 1-4 

(1=None; 2=Low; 3=Moderate; 4=High) 

# Name Criteria 
(MEEN4A) 

Criteria 
(MEEN5A) 

Criteria 
(MEEN5B) 

Criteria 
(MEEN5C) 

1 Ahmed bayounes  4  
4 

4 4 

2 Abdluelah Almutairi  4  
4 

4 4 

3 Ahmed almuhainy 4 4 
 

4 4 

4 Mohammed alhumaid   4  
4 

4 4 
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SDP – MONTHLY MEETING REPORT 

Department of Mechanical Engineering 

Prince Mohammad bin Fahd University 

 

SEMESTER: Fall ACADEMIC YEAR: 2020/2021 

PROJECT TITLE Design and manufacture of a micro radial turbo jet engine  

SUPERVISORS Dr.Panagiotis Sphicas 

 

Month2: November  

 

ID Number Member Name 

201702134 *Ahmed bayounes 

201402082 Mohammed alhumaid 

201601927 Ahmed almuhainy 

201601816 Abdulelah Almutairi  

  

 

List the tasks conducted this month and the team member assigned to conduct these 

tasks  
 

# Task description 
Team member 
assigned 

Progress 
0%-100% 

Delivery proof 

1 

Rubber gasket   

Mohammed alhumaid  100% 

 
2 

Temperature and pressure 

gauges   

Ahmed 

Bayounes&Ahmed 

almuhaini 

100% 
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3 

Getting the methane   

Ahmed bayounes & 

abdulelah 

Almutairi&Ahmed 

almuhaini  

100% 

 
4 

Manufacturing the flame tube  

All members   100% 

 
4 

Manufacturing the combustion 

chamber   

All members 100% 

 
5 

Manufacturing the fuel system  

All members  100% 

 
 

List the tasks planned for the month of December and the team member/s assigned to 

conduct these tasks  
 

# 
Task description 

Team member/s 
assigned 

1 Test the project & modify the design  All members 

2 Milestone 6 report  Ahmed bayounes 

3 Prepare the presentation  Every member will prepare 

his part  



48 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                    
     

 

48 
 

4 Reviewing the final report  All members  

5 
Brochure  

Mohammed alhumaid 

 

- To be Filled by Project Supervisor and team leader: 

-  Please have your supervisor fill according to the criteria shown below 
Outcome MEEN4: 
an ability to recognize ethical and professional responsibilities in engineering situations 
and make informed judgments, which must consider the impact of engineering solutions in 
global, economic, environmental, and societal contexts 
Criteria None (1) Low (2) Moderate (3) High (4) 

MEEN4A. 

Demonstrate an 

understanding of 

engineering 

professional and 

ethical standards 

and their impact 

on engineering 

solutions in 

global, economic, 

environmental 

and societal 

context 

Fails to  

demonstrate an 

understanding of 

engineering 

professional and 

ethical standards 

and their impact 

on engineering 

solutions in 

global, economic, 

environmental, 

and societal 

contexts 

Shows limited and 

less than 

adequate 

understanding  of 

engineering 

professional and 

ethical standards 

and their impact 

on engineering 

solutions in 

global, economic, 

environmental, 

and societal 

contexts 

Demonstrates 

satisfactory 

understanding  

of engineering 

professional 

and ethical 

standards and 

their impact on 

engineering 

solutions in 

global, 

economic, 

environmental, 

and societal 

contexts 

Understands appropriately 

and accurately the 

engineering professional and 

ethical standards and their 

impact on engineering 

solutions in global, 

economic, environmental, 

and societal contexts 

Outcome MEEN5: 

an ability to function effectively on a team whose members together provide leadership, 
create a collaborative and inclusive environment, establish goals, plan tasks, and meet 
objectives 

Criteria None (1) Low (2) Moderate (3) High (4) 

MEEN5A: Ability 

to develop team 

work plans and 

allocate 

resources and 

tasks 

Fails to develop 

team work plans 

and allocate 

resources and 

tasks 

Shows limited and 

less than adequate 

ability to develop 

team work plans 

and allocate 

resources and tasks 

Demonstrates 

satisfactory 

ability to 

develop team 

work plans and 

allocate 

resources and 

tasks 

Properly and efficently 

makes team work plans 

and allocate resources 

and tasks 

MEEN5B: Ability 

to participate and 

function 

effectively in team 

work projects to 

meet objectives 

Fails to participate 

and function 

effectively in team 

work projects to 

meet objectives 

Shows limited and 

less than adequate 

ability to participate 

and function 

effectively in team 

work projects to 

meet objectives 

Demonstrates 

satisfactory 

ability to 

participate and 

function 

effectively in 

team work 

projects to meet 

Function effectively in 

team work projects to 

meet objectives 
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objectives 

MEEN5C: Ability 

to communicate 

effectively with 

team members 

Fails to 

communicate 

effectively with 

team members 

Shows limited and 

less than adequate 

ability to 

communicate 

effectively with team 

members 

Demonstrates 

satisfactory 

ability to 

communicate 

effectively with 

team members 

Communicates  

properly and  effectively 

with team members 

 

 

 

 

Indicate the extent to which you agree with the above statement, using a scale of 1-4 

(1=None; 2=Low; 3=Moderate; 4=High) 

# Name Criteria 
(MEEN4A) 

Criteria 
(MEEN5A) 

Criteria 
(MEEN5B) 

Criteria 
(MEEN5C) 

1 Ahmed bayounes  4  
4 

4 4 

2 Abdluelah Almutairi  4  
4 

4 4 

3 Ahmed almuhainy 4 4 
 

4 4 

4 Mohammed alhumaid   4  
4 

4 4 
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Appendix B: Engineering standards 

 

Components  Engineering Standard  Details 
SCREW ANSI METRIC  M20x2.5-ISO4.8 

BEARINGS NSK Deep Groove Ball Bearing 
6300ZZ 10mm I.D, 35mm O.D 

 

 

 

 

 

Appendix C: Bill of Materials 

 

Materials Costs (SR) 

Stainless steel 316  700 

Screws, bearings etc.…  150 

Turbo 500 

Gaskets 200 

Methane gas+ special regulator  2000  

Measuring tools  850 

Others (tubes, connections etc...)  200  

TOTAL: 4600 
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Appendix C: Gantt Chart 
 

Task 1 Start Date 

Days to 

complete 

Identifying theProject 

31/08/2020 9 
Determine objectives 

Collect information 

Purchase a turbocharger 

Task 2  
 

Discuss ideas about the project details 
 

09/09/2020 

  

1 

Drawing a rough design for the project 

Measure the turbocharger dimensions  

10/09/2020 

 

3 Dividing the tasks between team members 

Preparing a Gantt chart  

Task 3  
 

Search in the books for the required equations 

13/09/2020 20 

Calculations for the fluid pressure, velocity, 

Mass flow rate, work, energy. 

Calculations for the compressor and the turbine 

Calculations for the combustions chamber dimensions 

Calculations for the fuel injection system 

Reviewing all the calculations 

Prepare final calculations report (for now) 

Writing 1st progress report 4/10/2020 3 

Task 4   

Prepare for the midterm 08/10/2020 2 

Solidworks model designing 11/10/2020  4 

Air flow + Temperature illustrations Solidworks 15/10/2020 4 

Manufacturing of the project 20/10/2020 7 

Testing the project 
28/10/2020 7 

Solving problems and Modifying the design if required 

Writing 2nd progress report 

  
04/11/2020 3 

 

Task 5 

  

 

Using Lap instruments for tests (pressure,tempreture..)  

 

08/11/2020 
5 

Writing 3rd progress report 
14/11/2020 3 

Task 6   

Reviewing the 3 progress reports and prepare for 

writing the Final report + presentation 18/11/2020 
3 

Preparing a Presentation 24/11/2020 5 

Finalizing Final report 28/11/2020 7 
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Total: 85days – 12 weeks  
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Appendix D: CAD DRAWINGS  

 

 

 



54 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                    
     

 

54 
 

 

 

 

 



55 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                    
     

 

55 
 

 

 

 

 



56 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                    
     

 

56 
 

 

 



57 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                    
     

 

57 
 

 

 



58 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                    
     

 

58 
 

 

 



59 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                    
     

 

59 
 

 

 



60 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                    
     

 

60 
 

 

 

 



61 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                    
     

 

61 
 

 

 



62 Designing and Manufacturing of a Self-sustained Gas Turbo Jet Engin                                                    
     

 

62 
 

 

 


