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ME 201
Thermodynamics

Gas Turbine Cycles

1. Gas Turbine Power Cycles
All gas turbine power plants are based upon the ideal Brayton cycle shown below.

Compressor TurbineBurner

The three devices are
Isentropic Compressor
Constant Pressure Burner (fluid is heated)
Isentropic Turbine

In actual gas turbine power systems, three additional devices are often included to
improve performance and efficiency of the system: regenerator, intercooler (along
with compressor staging), and reheater (along with turbine staging).  These are
discussed below.

Regenerator:  The purpose of a regenerator is to use the energy that is being exhausted
at the exit of the turbine to pre-heat the gas as it enters the burner.  This significantly
increases the efficiency of the gas turbine power plant.  The performance of a
regenerator is characterized by the effectiveness, which is given by
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Ideally, there is no pressure drop in the regenerator.  The regenerator is position in the
device as shown below.
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Compressor TurbineBurner

Regenerator

Intercooler:  Intercooling and compressor staging is used to decrease the work
consumption of the compression part of the system.  Rather than performing the
compression with just one machine, two or more compressors are used and the gas is
cooled in between each compressor pair.  Ideally, there is no pressure drop in the
regenerator.  For two stage compression it has been shown that the pressure of the
intercooler should be set at
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The arrangement with two stage compression is shown below.

Compressor
#1

BurnerCompressor
#2

Intercooler

Reheater:  Reheating and turbine staging involves the addition of multiple burner and
turbine pairs.  A two stage reheating layout is shown below.

Turbine
#2

Burner
#2

Turbine
#1

Burner
#1
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2. Gas Turbine Propulsion Cycles
The ideal jet propulsion system consists of the five components shown below.

Compressor TurbineBurnerDiffuser Nozzle

It is an ideal Brayton cycle with a diffuser on the front end and a nozzle on the rear
end.  The major difference between the ideal jet propulsion cycle and the Brayton
cycle is that the power output of the turbine is used only to power the compressor.
That is,

 W  W compturb
&& =

This condition is often used to help fix the state at the exit of the turbine.  Actual
nozzles and diffusers may be modeled as ideal, isentropic devices using the following
definitions

Nozzle Efficiency:  
hh

hh
  

s21

a21
N −

−=η

Diffuser Pressure Coefficient:  
PP

PP
  K

1s2

1a2
P −

−=

There are three performance criteria used for jet engine cycles.  They are
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Two additional components are often included in a jet engine cycle model.  An
afterburner is a second burner unit that is located after the turbine.  The afterburner
exit temperature is not limited to the operating temperature of the turbine, as is the
burner exit temperature, so that a much hotter gas may flow through the nozzle.  The
other component is a bypass where following the diffuser, some of the flow is diverted
away form the compressor.  This flow then bypasses the compressor, burner, and
turbine, and is expanded through its own nozzle.


