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News 

•  Quiz #1 today! 
–  Second half of class; 20 minutes 
–  Open book and notes (electronic or hardcopy) 

•  Jet Engine Test (10/30/15 TBD) 
–  Get into groups of 5-6 



Propeller versus Jet Propulsion 

•  Piston Engine Propeller Aircrafts:  
–  Airflow over the blades yields aerodynamics forces and the 

thrust propels the aircraft 
–  Air is pushed backwards (equal and opposite reaction of 

thrust) 

•  Recall: 
–  Thrust equation 

•  Propeller driven aircrafts moves large amount of air 
(dm/dt) but speed is velocity  

•  Jet engines move small amount of air but have very 
high exhaust velocities  

T = dp
dt
=
d mυ( )
dt

=
meυe −m0υ0

Δt



Jet Engine Cross Section 



Piston Cycle Compared to Turbo Jet Cycle 



Civil Turbofan: Rolls-Royce Trent 





Military Jet Engine w/Afterburner: Rolls-Royce EJ200 





Thrust Reversing 



Thrust Reversing 



Thrust Reversing 



Different Jet Engine Types 



Turboprop Engines 



Piston Engine vs. Turboprop 



Brayton Cycle for Turbojet Engine 
Constant Pressure Combustion 

Isentropic Processes  
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Brayton Cycle for Turbojet Engine 
Constant Pressure Combustion 

compressor 

combustor 

turbine 

nozzle 

From         pV = nRT
Then     nR / p =V /T = constant

e.g.,    V3

V2

=
T3

T2



Brayton Cycle for Turbojet Engine 



Thrust Equation 

Thrust = pressure× area[ ]thrust−direction

T = psdS( )x−direction
internal
surface

∫ +   p∞dS( )x−direction
external
surface

∫

Thrust due to “mechanical” 
pressures on inside & 
outside of engine duct 



Thrust Equation 

Since p∞ is constant, then 

p∞dS( )x−direction
external
surface

∫ = p∞ dS( )x
external
surface

∫ = p∞ Ainlet − Aexit( )

T = psdS( )x−direction
internal
surface

∫ +   p∞dS( )x−direction
external
surface

∫



Thrust Equation 

F = p∞Ai + psdS( )x−direction
internal
surface

∫ − peAe

Control Volume 

Thrust direction of 
force inside the 
control volume 

F = dp
dt
=
d mυ( )
dt

= mair + mfuel( )υe − mairυ∞

The (same) force is 
also found based on 
the momentum 
(Newton’s 2nd law) 



Thrust Equation 

F = mair + mfuel( )υe − mairυ∞ = p∞Ai + psdS( )x−direction
internal
surface

∫ − peAeThus, 

therefore psdS( )x
internal
surface

∫ = mair + mfuel( )υe − mairυ∞ + peAe − p∞Ai

T = psdS( )x
internal
surface

∫ +   p∞dS( )x
external
surface

∫

T = mair + mfuel( )υe − mairυ∞ + pe − p∞( )Ae

Finally, we have 

Fundamental Thrust Equation for Jet Propulsion 



T = meυe − m0υ0 + pe − po( )Ae
where     me = m0 + mfuel

      pe = po   (ideal)

Turbojet Thrust Equation 

Note: for small  mfuel / m0

T = mair υe −υ∞( )+ pe − p∞( )Ae



Turbojet Thrust Equation 



         TSFC = f
FS
=
mfuel

F

where
   F = T ≡ net thrust  

   Fs =
F
mair

≡ specific thrust

   f =
mfuel

mair

≡ fuel to air ratio 

Thrust Specific Fuel Consumption (TSFC) 

Fuel 

TSFC  units are in lbm / hr
lbs
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Thrust Specific Fuel Consumption (TSFC) 



Thrust Specific Fuel Consumption (TSFC) 

 bpr =
mfan_ flow

mcore_ flow

≡ bypass ratio 



Turbofan Engine 

 bpr =
mfan_ flow

mcore_ flow

≡ bypass ratio 

m0 = mfan_ flow + mcore_ flow = mf + mc T = Tcore +Tfan_ flow

T = meυe − m0υ0 + bpr( ) mcoreυ fan + pe − p0( )Ae



T/W for Various Propulsion Systems 
Ref. AeroDynamic Computer Program , Chap. 5 
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Figure 5.2 Aircraft Propulsion System   Figure 5.3 Aircraft Propulsion System 
Thrust-to-Weight Ratios    Thrust-Specific Fuel Consumption  



Jet Engine 
Parameters 



Gas Turbine Jet Engine Test 
  

Date of Experiment: 10/30/15 
 

Meet in class first:  
8 AM for Section 1 

12  PM for Section 2 



Introduction 

SR-30 Jet Engine 
(brayton cycle) 



Previous Years 



Groups 

•  Class will be divided into groups of 5-6  
•  Roles 

–  Team Lead –make sure all roles are filled and team members 
understand their responsibilities 

–  Safety – fire safety, emergency routes, foreign object debris, 
make sure everyone has protective gear 

–  Data Acquisition (at least 2 people) – sets up and controls 
data acquisition, logs initial and final engine conditions, 
documents procedure 

–  Operator – operates engine throttle 
–  Control – steps operator through start, operation, throttle 

levels, and stop sequence 



Before Doing Anything 

•  Please read the following files: 
–  https://melab.wikischolars.columbia.edu/file/view/Jet+Engine

+Manual.pdf 
–  http://www.turbinetechnologies.com/Portals/0/pdfs/

gas_turbine_tech_sheets/MiniLabSampleLab-NI-NoData-2111.pdf 

•  Please view the following videos: 
–  https://www.youtube.com/watch?v=kw6nIo5LKqE 

•  Other useful videos: 
–  https://www.youtube.com/watch?v=Gbi7yenX_lA 
–  https://www.youtube.com/watch?v=83KaH-Asdy4 



Experimental Setup 

•  The laboratory setup is a self-contained, turnkey and portable 
propulsion laboratory manufactured by Turbine Technologies 
Ltd. called TTL Mini-Lab.  

•  The Mini-Lab consists of a real jet engine.  

•  Safety concerns of running a jet engine are present.  
–  Care must be taken to follow all the safety procedures precisely as 

outlined in the laboratory and stated in this presentation. 
–  The following description of the setup is provided by the manufacturer are 

on the next 2 slides. 



Experimental Setup 

•  The following description of the setup is provided by the 
manufacturer. 
–  A Turbine Technologies Model SR-30 turbojet engine is the systems primary 

component.  
–  Operational sound and smell are hard to distinguish from any idling, small 

business jet.  
–  The engine’s axial turbine wheel and vane guide ring are vacuum investment 

castings.  
–  They are produced from modern, high cobalt and nickel content super alloys 

(MAR-M-247 and Inconnel 718).  
–  The combustion chamber consists of an annular, counter flow system, 

including internal film cooling strips.  



Experimental Setup 

•  The following description of the setup is provided by the 
manufacturer. 
–  Fuel and oil tanks, filters, oil cooler, all necessary plumbing and wiring is 

located in the lower part of the Mini-Lab structure.  
–  A throttle lever is located on the right side of the operator and above the slanted 

instrument panel.  
–  The throttle enables the7 operator to perform smooth power changes between 

idle and maximum N1.  
–  Digital engine RPM and E.G.T. gauges, mechanical E.P.R., Oil, Fuel, Air start 

pressure gauges are also part of the standard panel.  
–  Annunciator lights indicate low oil pressure, ignitor on, and air-start status.  
–  A key operated master switch controls the main electric power bus.  
–  Other panel-mounted switches control igniter, air start, and activate fuel flow.  
–  The SR-30 engine’s fuel system is very similar to large-scale engines—fuel 

atomization via 6 return flow high-pressure nozzles that allow operation with a 
wide variety of kerosene based liquid fuels (e.g. diesel, Jet A, JP-4 through 8). 



Instrumentation 

•  Sensors are routed to a central access panel and interfaced with 
data acquisition hardware and software from National 
Instruments.  

•  The manufacturer provides the following description: 
–  The integrated sensor system (Mini-Lab) option includes the following 

probes:  
•  Compressor inlet static pressure (P1 ) 
•  Compressor stage exit stagnation pressure (P02 ) 
•  Combustion chamber pressure (P3 ) 
•  Turbine exit stagnation pressure (P04 ) 
•  Thrust nozzle exit stagnation pressure (P05 ) 
•  Compressor inlet static temperature (T1 ) 
•  Compressor stage exit stagnation temperature (T02 ) 
•  Turbine stage inlet stagnation temperature (T03 )  
•  Turbine stage exit stagnation temperature (T04 )  
•  Tthrust nozzle exit stagnation temperature (T05 ) 
•  Additionally, the system includes a fuel flow sensor and a digital thrust readout 

measuring real time thrust force based upon a strain gage thrust yoke system. 



Instrumentation 



Instrumentation 

Sensor Probe Type Mini-Lab Symbol 

Compressor Inlet Pressure  Pitot/Static  P1≈P01  

Compressor Outlet Pressure  Stagnation  P02  

Burner Outlet Pressure  Static  P3≈P03  

Turbine Outlet Pressure  Stagnation  P04  

Nozzle Outlet Pressure  Stagnation  P05  

Compressor Inlet Temperature  Static  T1≈T01  

Compressor Outlet Temperature  Stagnation  T02  

Turbine Inlet Temperature  Stagnation  T03  

Turbine Outlet Temperature  Stagnation  T04  

Nozzle Outlet Temperature  Stagnation  T05  

Engine Shaft Speed  Tach. Generator  RPM  

Thrust Force  Strain gauge  Tf  

Fuel Flow  FFS  



Control Panel 



Safety (1/2) 

•  Make sure you are wearing ear protection. Never stay in the 
laboratory without ear protection while the engine is in 
operation.  

•  The SR-30 engine operates at high rotational speeds. Although 
there is a protective pane that separates the engine from the 
operator, make certain that you do not lean too close to this 
pane.  

•  Make sure the low-oil-pressure light goes off immediately after 
an engine start. If it stays on or comes on at any time during the 
engine operation cut off the fuel flow immediately by setting the 
fuel flow switch to “off.”  

•  If at any time you suspect something is wrong shut off the fuel 
immediately by setting the fuel flow switch to “off” and notify 
the lab instructor 



Safety (1/2) 

•  MAKE SURE NEITHER YOU NOR ANY OF YOUR 
BELONGINGS ARE PLACED IN FRONT OF THE 
INTAKE TO OR EXHAUST FROM THE ENGINE WHEN 
THE ENGINE IS RUNNING.  

•  The exhaust gas duct can be very hot. Stay clear of the duct and 
NEVER touch the duct during operation.  



Procedures (1/3) 

•  Safety: Review safety instructions with team 
•  Data Acq.: Make sure the data acquisition program is loaded.  

–  The screen should display readings from all sensors.  
–  Review the readouts to make sure they are working properly.  

•  Make sure that the air pressure in the compressed-air-start line is 
at least l00 psia (not exceeding 120 psia).  
–  Ask your lab technician to check the oil level.  

•  The lab technician or instructor will turn on the system 
•  Control person will turn on the engine  

–  Make sure the throttle is at its lowest point  
–  Allow the engine to achieve the idle speed before making any 

measurements.   



Procedures (2/3) 

•  When the engine has reached idle speed, Data Acquisition begin 
taking data.  

•  Control will assign engine speeds.  
•  Operator will slowly open the throttle to that speed. 

–  Don’t spend a lot of time adjusting the throttle (once the speed is close to 
your assigned value, then leave the throttle set, even if it drifts a bit). 

–  Make sure that you allow the engine time to reach steady state by 
monitoring the sensor readouts shown on the computer screen.  

–  In particular, monitor the compressor outlet temperature, since this is the 
temperature that tends to reach steady state the slowest.  

–  The data acquisition system will be logging data continuously.  



Procedures (3/3) 

•  After steady state has been reached at your assigned speed, let it 
stay there for at least couple of seconds 

•  Slowly throttle to new speed  
–  Max RPM is ~75,000 

•  Repeat…. 

•  When done, bring the engine back to idle speed 
•  Turn off engine and stop the data collecting 
•  The data will be stored in a tab-delimited ASCII text file that can 

be accessed by Excel.  



Data Acquisitions 

•  Although a DAQ system will provide an excel sheet 
with the data, I would like you to manually record 
them during the test. 



Data Acquisitions Raw$Data$Table

ARO$103L$SR230$Gas$Turbine$Jet$Engine$Experiment
Aerospace)Engineering)Department
California)State)Polytechnic)University,)Pomona

Team$No. ____________________ Section$No. ____________________ Date: ____________________

Manually)recorded)engine)instrumentation)measurement
RPM T1 T2 T3 T4 T5 P1 P2 P3 P4 P5 FFS$ Thrust TSFC Isp

(fuel$flow) (measured) (computed) (computed)
°C °C °C °C °C psig psig psig psig psig gal/hr lb lbm/lbf2hr sec

Symbol Function Range Output/Sensor Symbol Function Range Output/Sensor
P01 Compressor inlet stagnation pressure  (gage press.)     0-1 psig            0-14.4 mv T01 Compressor inlet static temperature                           Deg. C   K-type thermocouple  
P02 Compressor exit stagnation pressure (pitot tube)      0-60 psig           0-60 mv T02 Compressor stage exit stagnation temperature          Deg. C   K-type thermocouple  
P03 Combustion chamber static pressure 0-60 psig 0-60 mv T03 Turbine stage inlet stagnation temperature Deg. C K-type thermocouple
P04 Turbine exit stagnation pressure (pitot tube) 0-5 psig 0-50 mv T04 Turbine stage exit stagnation temperature Deg. C K-type thermocouple
P05 Rear cone exit stagnation pressure (pitot tube) 0-5 psig 0-50 mv T05 Exhaust gas stagnation temperature Deg. C K-type thermocouple
RPM revolutions per minute of turbine shaft                  0-90,000 Thrust lbs Load Cell
FFS Fuel Flow sensor l-150 gph  K-type thermocouple TSFC calculated

Specific Impulse calculated
Inlet Nozzle Throat Diameter @ station 1 = 2.78”
Exhaust Nozzle Diameter @ station 5 = 2.1875”

tare)data



Analysis and Report 

•  Details of the report and what is expected are on the 
next slide. 

•  We will review the report requirements again in 2 
weeks (11/6). 

•  Report is due on 11/13. 



Report: Details 
The following is required for the report 

•  Report Cover (with team member names) 
•  Executive Summary 
•  List of Symbols 
•  1.0 Introduction (motivation, test objective, scope) 
•  2.0 Experiment Equipment (description/images of the jet engine and DAQ) 
•  3.0 Theory (theory and equations for thrust, TSFC, etc.) 
•  4.0 Procedure (operations of engine and collection of data) 
•  5.0 Results and Discussion (includes tables and figures and discuss them) 

–  Figure 1. Pressure vs. Engine Station at each RPMs 
–  Figure 2. Temperature vs. Engine Station at each RPMs 
–  Figure 3. Pressure vs. RPM at each engine station 
–  Figure 4. Temperature vs. RPM at each engine station 
–  Figure 5. Specific Thrust vs. RPM 
–  Figure 6. TSFC vs. RPM 
–  Figure 7. Thermal Efficiency vs. RPM 
–  Figure 8. Fuel Flow vs. RPM 

•  6.0 Conclusion and Recommendations (conclusions, lessons learned, improvements) 
•  References 
•  Appendices 

–  A. Sample Calculation  
–  B. Manually Recorded data sheet 



Background: Gas Turbine Jet Engines 

•  Comprised of 3 main components 
–  compressor, combustor, turbine 

•  Brayton cycle 
–  Air is compressed in the turbine compressor 
–  Air is mixed with fuel and burned (under constant pressure 

conditions) in the combustor 
–  Resulting hot gas expands through a turbine to perform work 



Background: Brayton Cycle 
1 à 2:  Isentropic Compression 
2 à 3:  Constant Pressure Heat  
3 à 4:  Isentropic Expansion 
4 à 1:  Constant Pressure Heat  


