3AS SOLUTIONS 2022 — Thermodynamics & Power Generation

Examiners’ comments:

QL. Equations of state and Maxwell relations. Nearly all candidates were able to derive the
Maxwell relation and most correctly applied the Gibbs relation in part (a). Most spotted that
the throttle was isenthalpic in part (b) but there were no completely correct attempts at the
rest of this part of the question, with many students incorrectly manipulating the partial
differential relations. Determining the critical temperature from the van der Waal’s EOS was
tackled well by many, though a significant number got lost in the algebra.

Q2. Chemical exergy and ammonia as fuel. Nearly all candidates were able to derive the
maximum work expression, though in some cases the derivations lacked rigour and clarity. In
part (b) most candidates could see which equations to combine to determine the Gibbs free
energy change for oxidation of ammonia, though relatively few carried this through to the
correct numerical result. Most then went off on a tangent in computing the exergy density,
not realising they only needed to multiply by mass density. Very few made much headway
with the minimum work required for air separation.

Q3. Compressed Air Energy Storage (CAES). This was a new topic this year, which (along
with the length of the question’s text) may have deterred many candidates. Part (a) on the
exergy density of isobaric CAES was very similar to an examples paper question. There were
numerous correct attempts at this part, but several candidates did not spot that the storage
was isobaric. 7-s diagrams were drawn well in most cases for part (b), but few candidates
knew how to correctly apply exergy analysis.

Q4. Steam plant and biofuel combustion. This question began with a straightforward analysis
of a superheated Rankine cycle. This part was generally well done, although indifferent
accuracy in the use of the steam chart resulted in a considerable spread of numerical
answers. There were some well-constructed answers to the subsequent analysis of biofuel
composition, but many candidates found this difficult. Relatively few candidates produced a
convincing discussion of the technical issues around Carbon Capture and Storage.

Dr A.J. White and Prof. R.S. Cant
May 2022
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