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Thermal Analysis and Performance evaluation of micro-gas turbine
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Abstract

This article provides thermal and performance analysis of micro gas turbine with steam injection. The
analysis assumes working fluid is air, behaving as an ideal gas and homogeneous where the pressure
and temperature are monitored. Temperature and pressure of air is measured before entering and after
passing the compressor, before entering and after passing the turbine and at the exhaust port. This rig is
constructed with the waste-heat recovery facility equipments comprising of; i) the heat exchanger to
recover waste heat from the exhausted gas and, ii) the steam pipe line to conduct the steam for use in
this study. Steam is introduced into the section locating prior to the combustion chamber in order to add
heat into the compressed air. Alternatively, tests are carried out to see the effect of water injection into
hot gas at the dilution stage of the combustion chamber. A range of LGP mass flow rate is from
0.00046kg/s to 0.0012kg/s. The combustor pressure reading varies from 1 psi to 5 psi gauge. From the
experiment, at some particular LPG mass flow rate the measured flue gas temperature is greater than the
calculated lean-combustion value (not larger than adiabatic flame temperature). Judging from the
structure of non-premixed turbulent diffusion flame, the flame spreads over the temperature monitoring
section before the turbine inlet port. Consequently, the reliability of the calculated combustion efficiency is
low, since the calculation relies on the measured temperature at the location where the gas is far from
being homogeneous. Additionally, at high fuel mass flow rate, the measured temperature before turbine
inlet port decreased dramatically and the measured temperature at the turbine outlet port rose above the
measured temperature before the turbine inlet port. This indicates that the combustion zone penetrated
over the turbine section. From this scenario the combustion chamber need to be re-designed. Moreover,
in this paper we have introduced an example of CFD simulation of the compressor blade used in this test
rig. The flow simulation result suggested that satisfactory flow field is achieved under the air mass flow
rate of 0.0759 kg/s and 0.1245 kg/s with corresponding rotation speeds of 22,167 and 33,075 rpm
respectively.

Keywords: Gas turbine, Steam, Thermal
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7. gmIsansal

P = Pressure(Pa)

T = Air temperature(k)

V = Avg air cross section velocity(m/s)
M = Mass flow rate(kg/sec)

A = Area cross section(mz)
R, = Universal gas constant(J/kmol-k)
Y = Mass fraction

MW = Molecular weight(kg/kmol)

H = Enthalpy(kJ)
h = Specific enthalpy(kJ/kg)
KE = Kinetic energy(kJ)

Noroauet= EnNthalpy of formation and sensible
enthalpy of product(kJ/kg)

heactant= Enthalpy of formation and sensible
enthalpy of reactant(kJ/kg)

p = Air density (kg/m’)
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