ME 410L – Jet Engine Experiment (JET)      -      Instructor: Reza Baghaei Lakeh 


Experimental Apparatus

A pure turbojet, the SR-30 is representative of all straight jet engines in which combustion results in an expanding gas that is sufficiently capable of producing useful work and propulsive thrust. Consisting of a centrifugal flow compressor, annular combustor and axial flow power turbine, the SR-30 engine is typical of the gas generator core found in turbofan, turboprop and turboshaft gas turbine engines, which are typically used for aircraft and marine propulsion, as well as stationary and industrial power generation.
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P1: Compressor Inlet Pressure 

T1: Compressor Inlet Temperature 

P2: Compressor Exit Pressure 

T2: Compressor Exit Temperature 

P3: Turbine Inlet Pressure 

T3: Turbine Inlet Temperature 

P4: Turbine Exit Pressure 

T4: Turbine Exit Temperature 

P5: Exhaust Gas Pressure 

T5: Exhaust Gas Temperature 
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Laboratory Procedure:

1. The AREA CHECK is a general assessment to VERIFY SUITABILITY FOR OPERATION.

HEARING PROTECTION is REQUIRED and must be AVAILABLE and USED for all individuals within the operating area 

2. A FIRE EXTINGUISHER should be available. 

3. CASTER WHEELS must be in the LOCKED position prior to operation, preventing movement that may pose a safety hazard.

4. Move the POWER LEVER to the MINIMUM POWER, FULL AFT POSITION puts the

system into a known, safe condition from which it can be properly started.

5. A general VISUAL INSPECTION is required to verify the condition of the entire MiniLab system prior to operation.  Items to be CHECKED include:  VIEWING SHIELD-INLET DUCTING- EXIT DUCTING - ENGINE MOUNTING - ENGINE FLUID LINES - ENGINE SENSOR LINES - ENGINE INLET BELL - ENGINE COMPRESSOR - INLET AREA - EXIT AREA

6. CONNECT suitable ELECTRICAL SERVICE to the MINILAB.

7. CONNECT suitable AIR SERVICE to the MINILAB air Fitting at the back of the cabinet.

8. AIR PRESSURE should indicate a minimum of 100 psi on the operator panel gauge.
9. The COMPUTER DAQ SYSTEM USB CABLE should now be CONNECTED to the DigiDAQ

system receptacle on the left side panel of the MiniLab.

10. The COMPUTER DAQ SYSTEM (data acquisition computer) should be turned ON. This allows the computer adequate time to initialize prior to data collection. Make sure the computer is connected via USB cable to the DigiDAQ system receptacle on the left side panel of the MiniLab prior to turning the computer ON or the DAQ Module hardware/software may not properly initialize.

Note:  All OBSERVERS must be BRIEFED and aware of the safety requirements of being in the  proximity of an operating jet engine. This includes awareness of intake and exit hazards as well as the need for proper hearing protection.

11. The KEYED MASTER SWITCH should be turned ON. This switch provides power to the entire

MiniLab unit including the OneTouch System.

12. VERIFY that the TURBINE INLET TEMPERATURE PANEL METER marked TIT powers ON.
13. VERIFY that the EXHAUST GAS TEMPERATURE PANEL METER marked EGT powers ON.
14. VERIFY that the RPM PANEL METER marked RPM powers ON.
15. ENGINE START may now be initiated by pressing the GREEN START BUTTON. Once the GREEN START BUTTON has been pressed, the OneTouch System will initiate the

engine start sequence. High pressure air is directed into the engine to cause rotation. The high

voltage ignition system is also turned on that produces an electric arc in the burner can. When

the proper RPM is reached, fuel is introduced to the engine and sprayed into the combustion

chamber. The arc ignites the fuel and combustion begins. Expanding combustion gasses further

the start process. While the start is progressing, the OneTouch System monitors a variety of

system parameters to ensure a safe and e_cient start. A normal start will take approximately

25 seconds to complete. An abnormal start will result in the immediate shutdown of the start

sequence. Once the engine is running at idle, the LCD DISPLAY will display RUN indicating that the engine is properly running and ready for data collection or demonstration.

16. The ENGINE may be STOPPED at any time by pressing the RED STOP BUTTON. After the

engine has spooled down, RDY will once again be displayed on the LCD DISPLAY indicating

that the engine is ready for another start.

Data Collection

Once the engine started, the data collection can be performed by the Data Acquisition Software. The instructor will operate the engine and have it working in different working ranges. The DAQ software records all the working parameters of the engine during the experiment in an ASCII file. You can open the file using Excel and process your data. You will be provided with the data file containing the time history of the parameters in your experiment. The file will be emailed to your account after the experiment is done. 

Data Analysis and Questions

1 - Determine the fuel you are using to power your system.                   Jet A

2 - What is the energy content per unit volume of fuel? 

18610 Btu/lb = 43.25 J/kg

3 - What is the fuel’s density? 









6.76 lb/gal  =  0.81 Kg/lit

4 - What is the present barometric pressure in your area?

5- Why would barometric pressure be important when planning to operate the Gas Turbine

System?  

Because all the recorded pressures are “gauge pressure” and need to be converted to “absolute pressure” using   [image: image5.png]Prauge



. 

The thermodynamic  tables are based on absolute pressure. (Remember this fact for your exam!)
6- Import the Data file into excel and organize it so that you have a data sheet similar to the shown sample.
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Plot the following, utilizing MS-Excel Spreadsheet Program (Each line on different coordinate systems):

· Compressor Inlet/Outlet Pressure vs. Time

· Compressor Inlet/Outlet Temperature vs. Time

· Turbine Inlet/Outlet Pressure vs. Time

· Turbine Inlet/Outlet Temperature vs. Time

· Exhaust Gas Temperature (EGT) vs. Time

· Fuel Flow vs. Time

· RPM vs. Time

7- Choose and mark Three analysis points on each plot for the same time point. For this exercise, pick the spots where engine RPM is around 50000, 60000 and 80000 rpm . These analysis points will be the basis for the calculations of system performance. Use the data for your chosen points to fill the tables below. Convert the units when necessary. 

	Compressor Intel Pressure
	
	Gauge (psig)
	Absolute(psia)
	SI (MPa)

	
	Point 1
	
	
	

	
	Point 2
	
	
	

	
	Point 3
	
	
	


	Compressor Exit Pressure
	
	Gauge (psig)
	Absolute(psia)
	SI (MPa)

	
	Point 1
	
	
	

	
	Point 2
	
	
	

	
	Point 3
	
	
	


	Turbine Intel Pressure
	
	Gauge (psig)
	Absolute(psia)
	SI (MPa)

	
	Point 1
	
	
	

	
	Point 2
	
	
	

	
	Point 3
	
	
	


	Turbine Exit Pressure
	
	Gauge (psig)
	Absolute(psia)
	SI (MPa)

	
	Point 1
	
	
	

	
	Point 2
	
	
	

	
	Point 3
	
	
	


	Nozzle Exit Pressure
	
	Gauge (psig)
	Absolute(psia)
	SI (MPa)

	
	Point 1
	
	
	

	
	Point 2
	
	
	

	
	Point 3
	
	
	


	
	Fuel Flow(gph)
	RPM
	Compressor Intel Temp. (K)
	Compressor Exit Temp.(K)
	Turbine Intel Temp.(K)
	Turbine Exit Temp.(K)
	Exhaust Gas Temp.(K)

	Point 1
	
	
	
	
	
	
	

	Point 2
	
	
	
	
	
	
	

	Point 3
	
	
	
	
	
	
	


[image: image7.emf]
8- Consider the above numbers for labeling the thermodynamic properties. Using the given schematic of the apparatus, study each mechanical component and explain the corresponding process thermodynamically.  

9- Using air Tables, find the Specific Enthalpy at each Cycle Point and fill the table below. 

	
	h1  (KJ/ Kg)
	h2  (KJ/ Kg)
	h3  (KJ/ Kg)
	h4  (KJ/ Kg)

	Point 1
	
	
	
	

	Point 2
	
	
	
	

	Point 3
	
	
	
	


10- Find the specific work done by the compressor for each experiment point.

11- Find the specific energy added by the fuel in combustion stage for each experiment point.

12- Find the specific work of the turbine and for each experiment point and explain the reason why it is negative.

13- Find the specific work done by the cycle for each experiment point.

14- Find the thermodynamic efficiency of the cycle for each experiment point.
Answer the following questions only for the analysis point which has higher rpm.
15- Calculate the air density at “compressor inlet”

16- Using Bernoulli equation and the results of the previous question, find the air velocity at compressor inlet.  (Hint: Bernoulli would look like the following equation. Derive it. Nice candidate to be an exam question!)
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17- Calculate the Volumetric Flow Rate of air into compressor for each point. The area of the compressor inlet is 0.00311 m2.

18- Calculate the Mass Flow Rate of air into compressor for each point. 

19- If you know the answer of the previous question, you also know the mass flow rate of air in any arbitrary point along the jet engine! Why? 

20- Calculate the Thrust generated at “Compressor Inlet”. Remember [image: image11.png]T,
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21- Calculate the Mach number of the flow at “compressor inlet” for each experiment point.  Is the flow at this point subsonic or supersonic?

(Hint: [image: image13.png]


 where “a” is the speed of sound calculated by [image: image15.png]


  )

22- Calculate the density of air at Nozzle Exit  (Exhaust Gas). Use E.G.T and Nozzle Exit Pressure. 

23- Using the conservation of mass, calculate the Velocity of air at Nozzle Exit. The area of the nozzle exit is 0.0025 m2. 

24- Calculate the Mach number at nozzle exit. Is the flow at this point subsonic or supersonic?

25- Compare the Mach number at Nozzle exit and Compressor inlet.  Which one is more than the other one? Explain the reason. 

26- Calculate the Thrust generated at “Nozzle Exit”. 

27- Find the total thrust force exerted to the apparatus. Remember  [image: image17.png]Tiriae
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28- Draw a free body diagram for the apparatus and show the thrust force on it. 

29- As you have noticed, the experimental apparatus has four wheels, which were locked during the experiment. You should know the reason! But what if the whole apparatus slips on the ground with locked wheels!? Is it probable? You have already calculated the thrust force exerted to the system. The total mass of the apparatus, including all the parts and fuel is 220 kg. Assume that each wheel bears ¼ of the total weight. Calculate the minimum static friction coefficient μs, which prevents the slipping of the apparatus.  

30- The static friction coefficient of rubber/concrete (wheel/ground) is 1.0 according to the data given in Wikipedia. Compare the minimum static friction coefficient , calculated in previous question with this value and explain how safe this experiment is!
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