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FLOXCOM - Low-NOx Combustor for High Efficiency Gas
Turbines

Prof. Yeshayahou Levy,
Faculty of Aerospace Engineering, Technion

The primary objective of the project is to develop innovative low NOXx level
combustors for small gas turbines, (typically less than 20 ppmv). Other objectives
are:

to improve the internal combustor aerodynamics in order to obtain a more uniform
wall temperature for lower thermal stresses, to lower the values of the exhaust gas
pattern factors for more circumferential uniformity of the gas temperature at the
combustor.

The work include global modelling of the combustor, chemistry—turbulence
interaction, integrated wall cooling and combustion aerodynamics, high momentum
and uniform fuel stream injection and more

The method in the FLOXCOM project is based on a technologically innovative
combustion solution, the Flameless Oxidation (Mild combustion) method. This
promising technology allows operation of the combustor at high temperatures with
ultra-low NOXx levels. In addition, this combustion mode has further advantages over
other advanced NOx reduction technology such as safety, reliability and the
possibility for its incorporation in a heat exchanger cycle using high air temperatures
at the combustor inlet.

The investigation is directed toward the completion of the studies required to validate
the engineering feasibility of the Flameless Oxidation technology and to produce
operating pilot combustors that will show its improved performance.

Two testing facilities for sectors of the combustor were built at the Technion for
testing in Portugal and ltaly for operation at different pressures. Simulation results of
the global and detailed simulations as well as preliminary test results will be
presented.

The project is financed by the EC, Directorate J — Energy, under CONTRACT N°:
ENKS5 - CT 2000 — 00114, performed by a consortium of 8 participating institutes and
coordinated by the Technion.
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Gas Turbine Solarization - Development and Testing

Arik (Ariel) Ring,
ORMAT Industries Ltd

Solar energy is the most abundant energy source on earth:
Introduction of solar energy into the gas turbine part of combined cycle power plants
offers a significant potential for achieving high efficiency and cost reduction of solar

power.
Solar - Combined
unit Cycle Plant
er
|
Heliostat !
Field :
|

ORMAT, a long time leader in the renewable energy field, has developed the
“ORMAT Solar Turbine 3” (OST3) - a gas turbine for solar hybrid operation, as
briefly reviewed below:

Technological Background

e Major Concentrating Solar Power (CSP) technologies are: Parabolic Troughs,
Dishes and Solar Towers. The solar tower technology is the most promising CSP
technology, allowing the highest temperatures of any solar technology. A solar
tower system includes several two-axis tracking mirrors called Heliostats, reflecting
the sunlight to one or more receivers located on a tower, thus achieving a high
concentration beam of light. The beam heats a fluid in the receiver, which then
delivers the heat to a heat engine.

e Some barriers which held back developments of this field were: The large
volume and large pressure drop of the solar receivers; the need for high
temperature materials, the wide and sometimes extreme range of air to fuel ratios
and the required initial investment.



e A high efficiency cycle at high temperatures reduces the solar collectors area. The
collectors constitute the major investment of any solar power plant.

The Development Process

e ORMAT is the coordinator of the successful SOLGATE project partly funded by
the EU 5™ framework program. ORMAT supplied a complete Power Converting Unit
(PCU) including the solarized gas turbine, starter, reduction gearbox, shafts,
electrical generator, oil cooling system, electrical boards and the control system.

e The main tasks of the OST3 solarization process (adapting a GT to accept solar
heated air) included the following: design and manufacturing of a super alloy
combustor; the fuel system including an injector, an igniter and a metering valve; a
state-of-the-art digital control system, which substituted the engine hydro
mechanical control and the starting system.

Testing

e The PCU was tested at ORMAT’s headquarters in Yavne with a heat exchanger
to simulate the solar system and was then shipped to the Plataforma Solar de
Almeria in the south of Spain for system integration, commissioning and solar
hybrid testing. Solar hybrid test runs took place at the PSA CESA1 solar tower
from December 2002 till August 2003.

e The German Aerospace Center DLR supplied the pressurised volumetric
receivers capable of up to 1000°C air outlet.

e The SOLGATE project achieved its main objectives: gas turbine solarization;
successful integration of the gas turbine with the solar receivers and heliostat field;
steady operation of the gas turbine in a solar hybrid mode with up to 800°C at the
combustor entrance and up to 960°C at the receiver outlet. Simulation tools for
solarized gas turbine power plants were developed.

e The expected efficiencies of the OST3 and the receivers were verified.

e ORMAT Solar Turbine 3 is the first GT to achieve continuous solar hybrid
operation with 800°C solar heated air producing over 230 kWe.



ORMAT Solar Turbine 3 (OST3)

Conclusions: The solar hybrid gas turbine technology is a viable technology.
Incorporating state of the art high temperature materials, control systems, heliostats
and receivers, this technology could achieve a cost reduction of solar electricity,
providing high efficiency base load or peaking electrical power. The hybrid operation
with fossil fuel allows the turbine to operate at the maximum efficiency most of the
time with no need for expensive storage systems.

ORMAT is planning to continue the tests with a solar receiver capable of heating the
air up to 1100°C with the longer-term target being a demonstration power plant in
the range of 10 MW.
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IGNITION PROCESS AT JET ENGINES

Dr. Valery Sherbaum, Prof. Yeshayahou Levy and Mr. Valery Nadvany,
Faculty of Aerospace Engineering, Technion

This work refers to a vaporizing system for a small jet engine. It

focuses on the design for the fuel injection within the vaporizer housing while
maintaining all external dimensions and operating conditions.

Three types of fuel nozzles with impact atomizer were investigated:

- existing atomizer,

- atomizer with additional air blowing,

- atomizer with inclined and concave impactor.

Droplet size distribution, under various nozzle pressures and air velocities, was

measured with Phase Doppler Particle Anemometry (PDPA) and spray

characteristics were obtained by photography.

Modified atomization systems demonstrated improved performance and better

atomization than the existing one. Basic atomizer parameters (droplets SMD, liquid

flux, spray cone) were investigated using water. At a later stage, the modified impact

atomizers were tested and successful spark ignition was demonstrated.

The influence of igniter location on ignition was studied experimentally.

The analysis of the results, i. e. influence of the combustor air velocity, air velocity

inside the vaporizer, the droplets size and flux distribution, the igniter location were

performed and results of the CFD simulations were used. The obtained results are

compared with the data of other researchers. This study revealed that for successful

ignition local droplets diameter and local air velocity at the ignition point are of the

utmost importance. A possible scheme of ignition by pyrophoric fuel is proposed.
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AN AFFORDABLE AND ACCURATE OPTICAL REMOTE
MEASUREMENT TECHNIQUE FOR JET ENGINES
INSPECTION

Mr. Julian Bughici, Engine Test Facilities Engineer —
IAl-Bedek Aviation Group , Engines Division
Mr. Haim Shitzer, Electro —Optical Engineer Shitzer Engineering

The system provides a straightforward capability to measure, linear dimensions, on a

captured digital image.

The technique is based on a comparative measurement between

a known reference dimension value and the required dimension.

By optical means the system projects an accurate pattern with a known linear
dimension on the inspected surface.

The image is captured and analyzed by a dedicated software program.

The system relates to an optical add-on kit and a method for viewing and measuring
defects in internal, essentially inaccessible locations inside of jet engines.

The measuring system includes a collimated laser beam generator for producing a
predetermined reference pattern.

The projected pattern has at least one dimension essentially invariant within the
range of working distances of 50 mm.

This system is particularly advantageous for use with borescopes, which include an
imaging system.

As the borescope produces an image of the target area, that includes the pattern
having a known dimension, the dimensions of the defect in the target area can be
analyzed and comparatively determined.



The comparison is performed by image processing means using an appropriate
algorithm of a computer software program.

In this way, the distance of the distal end of the borescope from the target area need
not be measured, controlled or known in order to achieve an accurate defects
measurement.

The reference laser pattern in the system is in the form of a circular spot of a known
diameter, which is constant within a range of working distances.

Ferrule Z Collimator Lens /
FC Single Mode Patch Fiber The polish fiber at angle of Ext. Dia. =k

/ /: ?<d @
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TXTURE FOR.
BORESCOPE

COMPRESSOR BLADE

2

COLIMATOR BORESCOPE
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FIG. 1. Collimated Laser (A=660nm) Spot by Single Mode Fibe
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FIG. 3: A dedicated image analyzer software is used to measure , record and
archive the picture with dimensions and relevant inspection information.
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Evaluation of the Effective Engine Compressor Map Using
Data Acquisition During Transient Operation

Dr. Michael Lichtsinder and Prof. Yeshayahou Levy,
Faculty of Aerospace Engineering, Technion

This lecture discusses low cost and fast evaluation of the effective compressor
and/or other engine maps using data acquisition during transient engine operation.
The objective of the present study is to re-evaluate the effective engine performance
maps in higher precision. This is done using data acquisition during aircraft operation
at different altitudes, Mach numbers, angles of attack, side slip angles and during
post-stall. The method is based on conventional dynamic engine model. The
unknown engine map characteristics are excluded from the model while
corresponding number of some measured values are added to the model input. For
example, if an unknown compressor map is described by two equations, then
rotational speed and turbine output temperature (measured for an engine control)
are added to the ordinary input parameters (fuel mass flow, altitude and Mach
number). The unknown map values are calculated using inverse solution of the
equations of the “short” mathematical model. It is fast solution due to the following
reasons: a) the “short” model contains less equations in comparison with the
conventional model, b) initial conditions (t=0) are not used and not calculated
because time derivative of state values are usually measured and/or calculated on-
line (as rotational speed).

The evaluation of the effective compressor and/or other maps during transient
engine operation has the following advantages in comparison with the evaluation
during steady-state operation. One may evaluate a single operating line only during

steady state at constant altitude and Mach number while relatively large region
(fragment) of the compressor map may be evaluated during engine acceleration and
deceleration maneuver. The model input parameters are changed fast in transient
operation so large number of map points may be evaluated during relatively short
time in comparison with steady-state data acquisition. The map accuracy is
increased and cost decreased for maps evaluation during engine transient operation.

Some jet engine maps may be evaluated simultaneously.

The resulting data from the “short” model contains all engine parameters including
stall margin and equivalence ratio so that this model may be also used for engine
control.
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