MTF 171 – Gas turbine technology
Exam - 2004-03-06
Allowed exam aids:
· Any calculator allowed (no lap-top computers)

Unclear matters: 031-7721409, 0704-923339

Problem 1 (8+6+2=16 credits) 

Problem 1a (8 credits)



 SHAPE  \* MERGEFORMAT 


Figure 1 - Alternative gas turbine configuration

In Figure 1 above, an alternative gas turbine configuration is suggested. Estimate a possible efficiency for such a plant. Use realistic assumptions on component technology. In particular, the heat exchanger effectiveness and heat exchanger metallurgical limits will impose considerable restrictions on the possible efficiency of the cycle. Note that the heat exchanger effectiveness stated in the “some useful expressions sheet” applies to a standard heat exchange cycle. 
Problem 1b (6 credits)

Try to estimate what compressor pressure ratio that should be used for attaining optimal efficiency of the plant. Use the same loss assumptions as in Problem 1a, i.e. do not assume an ideal cycle.
Problem 1c (2 credits)

What do you think that the application for this kind of cycle would be?

Problem 2 (10 credits)

A single stage turbine of free vortex design has the following specification:




T01 = Inlet stagnation temperature = 1050 K



P01 = Inlet stagnation pressure = 3.8 bar



Stagnation pressure ratio rt = 2.0



Outlet velocity C3 = 275 m/s


Blade speed at root radius,  Uroot = 300 m/s



Turbine isentropic efficiency = 88%


[image: image1]
Figur 2  – Typical rotor velocity triangles
The turbine is designed for zero reaction at root radius and the velocities at inlet and outlet are both equal and axial. Calculate the nozzle efflux angle α2 and the blade inlet gas angle β2 at the root radius. 

Problem 3 (5+5 credits)


[image: image2]
Figur 3 - double sided impeller

Problem 3a (5 credits)

During the course you have worked on the Whittle engine and in particular you carried out some preliminary calculation on the pressure rise that the radial compressor would deliver. Some of the design data were: 


Double sided impeller


Mass flow = 11.79 kg/s


N = 17750 rpm


Tip diameter = 19 inch 


Eye tip = 10.75 inch


Eye root = 5.5 inch


Number of blades = 29


Power input factor = 1.04


1 inch = 0.0254 meter


Radial compressor efficiency = 75%. 

Calculate inlet eye angles for the impeller. You may approximate the gas density by using stagnation properties.
Problem 3b (5 credits)

Assume that Cr2 = Ca1 and that the efficiency for the impeller is 88% (the entire radial compressor still has an efficiency of 75%). Estimate the required impeller depth. 

Problem 4 (5+5 credits)

Problem 4a (5 credits)
Starting from the expression for thrust: 
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Derive an expression for the propulsive efficiency. Remember that the propulsive efficiency is defined as the ratio of the useful propulsive energy to the sum of that energy and the unused kinetic energy. 

Problem 4b (5 credits)
Illustrate how the propulsion efficiency and SFC varies with the flight Mach number for:


1. A conventional turbofan

2. A geared fan with Ultra High Bypass ratio

3. An unducted fan

Explain the trends in the curves.

Problem 5 (14 credits)
Comment briefly on the following concepts and their basic characteristics: 

· Combined cycles. How high plant efficiencies can currently be achieved. What is the thermodynamic reason for this behaviour? How much power can a large combined cycle plant deliver (existing plant) (3 credits).

· Cogeneration. How is cogeneration different from combined cycles (1 credits).

· Diffusion factor. What does is the concept diffusion factor used for? What is the difference between the diffusion factor and the de Haller number? (2 credits)

· Reheat and reheat with heat exchange. What happens with the efficiency and power output when a simple cycle is modified to allow for reheat, and reheat with heat exchange. Explain the effects obtained. Try to make some simple T-S diagram illustrations of your reasoning (4 credits).

· Transient performance. You have worked extensively with the stationary performance modelling of turbojet. Describe how this scheme should be modified to calculate transient performance? (2 points).
· Noise. What do you know about aircraft engine noise. Compare the noise sources for some different aircraft engine cycles? (2 points).
Good luck – Tomas

----------------------------------------------------------------------------------------------------------------------------

Grading:

Complete set of hand in tasks gives 10 bonus points.

0-23 point 
= 
Failed

24-35 

= 
Grade 3

36-47 

= 
Grade 4

48-60 

= 
Grade 5
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