Solution to written exam 2006-03-04
Problem 1
The core is assumed to operate at the same non-dimensional mass flow in both engines. Since we assume that the pressure ratio is the same it is a reasonable approximation to assume that the core mass flow is the same (small differences in efficiency will have a negligible impact on the corrected mass flow). 
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which gives the core mass flow: 
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The specific power output is determined from:
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where T03 is at HP-compressor exit, T04 is at HP turbine entry and T06 is at LP turbine exit.

Assume polytropic compressor efficiencies of 91%. 
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Assume a three percent combustion pressure loss. A turbine entry temperature of 1600 K is assumed producing a T06 according to: 
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where a turbine efficiency of 90% was assumed. The power output is: 
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The required fuel air ratio is determined from the combustion temperature rise, T04-T03, and the combustor entry temperature T03. Fig 2.17 yields: 
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which produces the efficiency: 
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Problem 2
We know from Lecture 10, as well as from the course book, that typical ranges on axial speeds are:

150.0 m/s ≤ Ca ≤ 200.0 m/s

We assume the lower limit to find a solution that will minimize losses. High axial speeds will incur high losses in the long compression system from the front frame to the IPC. The blade speed is determined from: 

Dmid = 1620 mm
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V1 is obtained from: 
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Assume that the compressor rotor operates at the limiting de Haller number of 0.72 (values less than 0.80 and greater than 0.68 are reasonable. Today 0.72 can be attained at high efficiency). This yields V2:
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Further assuming that Ca is constant produces β2 according to: 
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Likewise, β1 is obtained from: 
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From the velocity triangles we obtain α2 according to: 
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We can compute Cw2 according to: 
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The absolute velocity C2 is then found by:
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To be able to use a repeating stage analysis, assume that α3 is zero. This yields a stator de Haller number of 
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which should be possible to achieve with low losses. The degree of reaction in the rotor is: 

[image: image18.wmf](

)

0.796

tan

tan

2

2

1

=

+

=

L

b

b

U

C

a


As seen in Fig. 2 of the thesis, the studied design is a very low hub to tip ratio design. Thus, we expect acceptable values on the degree of reaction in the compressor root, considering the relatively high value in the blade mid. 
The temperature increase can now be determined: 
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The relatively modern design would probably allow a polytropic efficiency of 91% (anything assumption in the range 88-93% is ok). A repeating stage yields a pressure ratio for the two stages according to: 
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Problem 4
We have that
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and that 
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The specific work output is: 
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Thus: 
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and therefore
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Introduce: 
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for compactness. We thus have: 
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Differentiate with respect to α to obtain: 
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thus one must select the pressure ratio as: 
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Problem 6

The tip Mach number at the impeller eye will give an indication of the compressibility effects of the impeller (see section 4.4).
The annulus area of the impeller eye is determined using: 
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The area is A1= 0.0432 m2. Thus the density is required to determine Ca. You may follow the suggested approach in the book (page 158) to iterate in Ca1 or use:
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which yields the X-function = 0.506. This corresponds to a Mach number of M = 0.493. The static temperature at the impeller entry is: 
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Ca1 is thus obtained from:
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The blade eye tip speed is: 
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The tip Mach number is then: 
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This would certainly imply that there are local sonic regions and associated shock losses in the impeller. As discussed in chapter 4.4 in the book, this Mach number will be even higher operating at certain altitude conditions.
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