	DAY 1, May 28-Penn Stater: The theory and the machines

	Topic
	Time
	Subtopics

	The principles and the cycles
	60’
	-The First and Second Laws and how we will use them throughout.

-The TS diagram
-Ideal Gas/Compression/Expansion/Efficiencies

-The cycles:  Brayton for power, turbofans and turbojets

-Brief numerical examples

	Combustion
	30’
	-First Law analysis for average specific heats

-Charts for peak temperature estimates (CH4 and Kerosene Fuel).

-Combustion chambers, fuel introduction, energy release rates.

-Brief examples

	Cogeneration
	30’
	Work potential of exhaust gases

Current recovery strategies:  HRSGs with one, two and three pressure levels.   

Brief description of Rankine cycle and steam cooling.

	Flight (1): Nozzles and diffusers
	60’
	-The TS diagram and stagnation properties

Supersonic and subsonic flows.

Numerical example.

Isentropic expansion/diffusion of ideal gas
Normal and oblique shocks: the possibilities of pressure recovery

Brief numerical examples

	LUNCH

	Flight (2): Turbofans for subsonic and supersonic flight
	60’
	Engine Functional Description:  Diffuser, fan, compressor, combustion chamber, nozzle(s)
Variable geometry nozzles and thrust vectoring.

Detailed numerical example with converging or converging-diverging nozzle

The function of afterburners

	More basics:  Torque, power and flow
	20’
	Flow angular momentum

Euler equation, torque and power.

	The axial machines
	80’
	Principle of axial compressor stage: typical camber angles.

Theoretical and achievable pressure ratios: lumped loss mechanisms and efficiency
Brief numerical estimation of stagnation pressure and temperature gains.
Principle of reaction axial turbines: typical camber angles.

Theoretical and required stage pressure drops: lumped loss mechanisms and efficiency

Blade cooling

Brief numerical estimation of stagnation pressure and temperature drops.

	Performance maps
	30’
	Dimensionless groups

Compressor performance map: operational boundaries 
Turbine performance map: operational boundaries.

	The centrifugal compressor
	50’
	Operational principle: impeller, diffusers
Lumped loss coefficients-efficiencies

Brief numerical example to estimate stagnation pressure ratio

	DAY 2, May 29-Penn Stater: Review and calculations

Students will work together in teams of 2, with laptops provided by IGTI.

	Morning: Programming practice and power cycles.

	Intro to MathCad
	60’
	Simple calculations
Vectors and subscripts

Graphs

Complete two brief problems  guided by the instructor.

	The cycles (I)
	60’
	Estimate performance of an ideal gas standard Brayton cycle
Build a simple combustion chamber model and incorporate efficiencies

Estimate performance of cycle with combustion (CH4) and friction.

Calculate heat rates.

	The cycles (II)
	60’
	Plot thermal efficiency of ideal cycle with peak temperature as parameter.

Plot ideal cycle heat rate   with peak temperature as parameter.

Compare to actual industry values.



	The cycles (III)
	60’
	Plot thermal efficiency of cycle with combustion and friction with peak temperature as parameter.
Plot  of cycle heat rate with combustion and friction with peak temperature as parameter.

Compare to actual industry values.

	LUNCH

	Afternoon: Model of a simple turbojet, similar to SR-30.

	Centrifugal Compressor
	60’
	Build approximate model of small centrifugal compressor.
Calculate performance for given conditions

	Combustion chamber
	60’
	Use the first-order model for JA-1 fuel to estimate peak temperatures for the stream discharged by the centrifugal compressor

	Axial turbine
	60’
	Build approximate model  of axial turbine stage receiving the stream form the combustion chamber 
Calculate power to run the compressor and discharge pressure

	Nozzle
	60’
	Build approximate model of nozzle. Estimate exit velocity and thrust.

	DAY 3.  The SR-30 and a bit of practice

	The SR-30: The turbojet simulated on Day 2.
	60’
	System description-

Lubrication, fuel, ignition, instrumentation

Start up procedures.

	Experiments
	30’
	Pressure and  temperature data.  Thrust and speed data

	Transportation to site
	30’
	

	Testing (in groups of four)
	120’
	

	Return to Penn Stater
	30’
	

	LUNCH

	Presentation of results
	60’
	Instructor makes testing information available to all in the context of the turbojet cycle.

	Discussion, Q and A.
	45’
	All.

	Closure: What next for GTs?
	30’
	All.


