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Introduction

The engine is a high efficiency design, consisting of an axial compressor,
two combustion chambers separated by a reheat turbine, and a multi-
stage turbine. Intake gasses are directed into the compressor by way of
a precisely engineered nozzle. The gasses then enter the first of three
compressors, a low pressure compressor followed by intermediate and
high pressure units. Combined, the axial compressors achieve a
pressure ratio of 37. The compressed gas then enters the first of two
combustion chambers. The combustion chamber increases the air’s
thermal energy through adding fuel to the main air stream and igniting
the mixture. The high energy gas flow is then expanded in the high
pressure, single stage reheat turbine. More heat energy is then added
to the gas flow in the second combustion chamber before being
expanded back to atmospheric pressure in the multi-stage turbine.
Finally, an application specific diffuser reduces exit losses.

Project Tasks & Design Procedure

The first design task was to perform a thermodynamic analysis on the entire machine. This
thermodynamic analysis was used to determine the state points at the component inlets and
exits. It was then possible to perform a stage by stage analysis to determine the
dimensionless stage parameters and flow angles using the four nonlinear equations of state.
The next design task was to use a solid modeling software package to generate a virtual
representation of the gas turbine. Each component, from the blades to the shaft and
combustion chambers, had to be modeled and assembled to illustrate one part’s compatibility
with respect to another. The solid modeling also facilitated some preliminary mechanical
analysis of the shaft, rotor, and bearings.

The final design task was to perform Computational Fluid Dynamic (CFD) analysis on the
engine and selected components. The CFD analysis illustrated the flow performance
attributes and drawbacks associated individual component geometries.

Computational Fluid Dynamics & Rotor Dynamics

Fig. 4 on the surface of compr Fig. 5 Pressure distribution on the surface of turbine blades

The CFD analysis verifies the compressor and turbine blade design by solving the equations of fluid
dynamics (Navier Stokes equations, energy equation, continuity equation, etc.). Usually the CFD method
does not give an exact solution for the problem, but the result is an indicator of the design quality. In this
case, the pressure distribution of the compressor blade shows a strong decrease of pressure on the
suction side, which might result in separation.
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The axial compressor of the Engine has 22 stages with blade
heights ranging from 380 mm at the inlet to 38 mm at the exit.
Each blade has an axial twist to accommodate the changing flow
velocity with respect to the radial equilibrium direction.

Fig. 1 Explosion view of the engine.

Fig. 2 Top view on the engine.

Several important graphs for the compressor are shown below.
These are the compressor map, the blade pressure distribution,
the velocity diagram and the compressor blade nomenclature.

Combustion Chamber

The compressor has to be
run between the dangerous
surge and choke limit.

Axial Turbine

The reheat and multi-stage turbines
convert the air flow’s kinetic and
potential energy into rotational energy
of the rotor. A portion of this

Thermodynamics

Thermodynamic analysis is an essential starting point for the
design of a high efficiency gas turbine. Analysis begins with the
given values that will be specified by the client at certain critical
stages.

Each combustion chamber has twenty four flame holders, a
combustion liner, and an outer casing. The gas flow leaving the
compressor is divided into primary flows, entering the flame

Fig. 13 Compressor blade nomenclature
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