Thermodynamic Analysis of Advanced Power Generation Plant

Electrical power generation has undergone a revolution since 1990. §4séegen combined power
plant has come of age and there is the promise of more advarxadigae cycles based on aero-
derivative machines. During the 1990s, a suite of computer codesdexgped at Cambridge to
analyse advanced power cycles at a more detailed level thaln esuauch calculations it is most
important to handle the thermodynamics as rigorously as possible [1998, 2000].

A particularly successful investigation centered on the thermodgearhgas turbine blade cooling,
in particular the prediction of the cooling flowrates and cooling bd$ee future generations of
engines [2002a]. This study made major progress both in establishiogdimeof the cooling losses,
and in providing the means of estimating their magnitude, topidsrestilarkably obscure despite
thirty years of practical aero-engine cooling technology [2006]. Wh&k has shown that, with
improved turbine and compressor efficiency, as well as cooling teatynat may not be beneficial
(in terms of improved cycle efficiency) to increase the turlihet temperature further, as has been
the practice for the last fifty years [2002b, 2005]. This is an imporpractical finding and the
implications are currently being assessed by industry.

Other studies have considered the possibilities of humidified daigeutycles with injected water or
steam. These cycles (humid air turbines, fog-intercooled machitgswi#l probably be used
extensively with future generations of industrial gas turbines. Tuayde novel components such as
the ‘saturating column’ and this has provided the basis for an interesting thermadgtuaiy [2003].
Papers on the relative merits of the STIG and HAT humidified cycles arettyiirepreparation.

Horlock JH, Young JB, Manfrida G. 1998. The rational efficiency of fdasi power plantsASME.
Symposium on Thermodynamics. Int. Mech. Eng. Congress & Expogitiaheim California.
Nov. 1998.

Horlock JH, Young JB, Manfrida G. 2000. Exergy Analysis of modern fassilpower plants.
ASME J. Eng. for Gas Turbines & Powi2: 1-7.

Young JB, Wilcock RC. 2002a. Modelling the air-cooled gas turbine. Part General
thermodynamics. Part Il — Coolant flows and losge&®ME J. Turbomachineni24: 207-213 &
214-222.

Wilcock RC, Young JB, Horlock JH. 2002b. Gas properties as a lingasoturbine performance.
ASME Int. Gas Turbine & Aeroengine Congressisterdam. Paper GT-2002-30517.

Aramayo-Prudencio A, Young JB. 2003. The analysis and design of satdoatpmyver generation
cycles. Part 1 — Thermodynamics. Part 2 — Heat and mass tr&SKE Turbo-Expo’03Atlanta.
Papers GT2003-38945 & GT2003-38946.

Wilcock RC, Young JB, Horlock JH. 2005. The effect of turbine blade coolinifpe cycle efficiency
of gas turbine power plantASME J. Eng. for Gas Turbines & Pow&@7: 109-120.

Young JB, Horlock JH. 2006. Defining the efficiency of a cooled turtA&ME J. Turbomachinery
128: 658-667.



