ENGINEERING TRIPOS PART IIA 2024
MODULE 3A5 — Thermodynamics and Power Generation

Solutions
Examiners’ Comments:

QL1 Virial equation of state. Part (a) (finding the partial derivative of Helmholtz function with
respect to density) was done well by most, though several students spuriously invoked ideal
gas relations. Most also saw that compressibility tends to unity at low density but failed to
identify this as limiting ideal-gas behaviour. Manipulations to get the second virial
coefficient were done well, but many then made a mess of deriving expressions for entropy
and internal energy. Most marks were lost on the application of the EoS to adiabatic,
unrestrained expansion, with many not seeing this implied constant u (IA material). The
majority tried to explain differences in entropy increase (between the real and ideal gas) from
a molecular perspective. These explanations were usually vague, incomplete or incorrect. (It
is sufficient to note that for an 1G the temperature would remain constant.)

Q2. Hydrogen combustion. Part (a) involved calculating the air-fuel ratio given the
combustor outlet temperature. Only a small fraction of candidates got this completely correct,
with many making a mistake with the chemical formula and / or not correctly writing down
the SFEE (or indeed not writing it down at all). Most students that got to the last part
(estimating the mole fraction of NO) realised they had to use the law of mass action but made
the calculation over-complicated by not taking the hint that the mole fraction (of NO) would
be very small. (See also hand-written note at the end of the solution.)

Q3. Recuperated gas turbine. A popular question but not done well unfortunately, despite
having a good overlap with the coursework. Most candidates were able to derive the
recuperator effectiveness and efficiency. Many struggled to find an expression relating
efficiency to effectiveness. Those that failed to find the correct expression then struggled to
determine when the efficiency was independent of effectiveness. Where students were able to
battle on, they could usually discuss the effects of pressure ratio for recuperated and simple
cycles, although curve sketching was poor. The effect of adding a heat engine to the
recuperator was poorly done.

Q4. Nuclear steam cycle. Students did this question well. The cycle included feedheating
using steam bled from the LPT, but a common mistake was to assume the feedheating was
taken at the exhaust of the HPT. Application of energy balance using the properties given to
find mass flows and work was done well. It was also good to see that students on the whole
could find the rational efficiency of the plant. The final part of the question included the
addition of reheat to the cycle and students found this more challenging.

Dr A.J. White and Prof. A. Wheeler
May 2024
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Specific enthalpy, kJ kg‘1
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