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PROGRAM

08:30 - 09:30 nnw=7 (Registration)
09:30 - 10:00 TUIPDT IPIT , 73N MRY DD IOND MaT
L9 PR et
Opening:
=  Professor Omri Rand, Dean, Faculty of Aerospace
Engineering, Technion
=  Ltc. Baruch Bar Netz, Chief Propulsion Branch, IAF
= Lte. Roni Gordana, Head, Propulsion Systems
Branch, Aeronautical Division, MOD

10:00 - 13:10 ymwra 2w (First Session)
Session Chairman: Dr. Moshe Shapira, V.P R&D, Bet
Shemesh Engines, Israel.

1. New Developments for Military Gas Turbines,
Lars Seumenicht, Head of Defense Sales, Rolls-Royce,
Germany.

2. Intelligent Incorporation of Advanced Technology into
Legacy Fighter Jet Engines to Increase Time on Wing and
Reduce Maintenance Cost,

Konstantino Kouris, F100 Engineering Manager, Pratt &
Whitney, USA.

11:30-11:40 5p 712%91 7709:77 (Break and refreshments)

3. Aviation Technology Strategy for the 21st Century,
Rolf Hetico, Manager, F136 Engine Systems Design and
Integration, GE Aviation, Evendale, Ohio, USA.

4. Infrared Signatures Modeling of Aircraft Exhaust Plume,
Prof. Arvind G. Rao and Prof. J.P.van Buijtenen,

Faculty of Aerospace Engineering, Technical University of
Delft, The Netherlands.

5. Unsteady Forces and Flutter in the Compressor of the
Aircraft Engine, Numerical and Experimental Results.

Prof. Romuald, Rzadkowski, Department of Aeroelasticity,
Institute of Fluid Flow Machinery, Polish Academy of Sciences,
Poland.

13:00 - 15:00 537awa2 ) 29272 nMIR (Lunch)

15:10 - 17:20 1 232 (Second Session)
Session Chairman: Adam Weintraub, Manager, Engines
Research, IAI
N''RDM L IPOWINININ NPDME WRD L2910 AR "7 ;7N AT

6. Incorporation of Gas Turbine with Combined Cycle (GTCC)
in the Generation Expansion Plan of the Israeli Power System,
Dr. David Elmakis, V.P. Planning Development & Technology,
Israel Electric Company.

7. RotorDynamics and Active Detection of Faults in Rotating
Bodies - Theoretical and Experimental Results,

Prof. Izhak Bucher, Mechanical Engineering, Dynamics and
Mechatronics Laboratory, Technion, Israel.

8. Atomization vs. Vaporization of Fuel in Micro Gas Turbines,
Daniel Kutikov, Faculty of Aerospace Engineering, Technion,
Haifa, Israel.

16:10 - 16:20 %2 713°91 7709;7 (Break and refreshments)

9. Swirling Flow in Annular Diffusers Between Two Counter-
Rotating Turbines,
Dr. Vladimir Ehrenburg, Becker Turbo System Engineering,
Givatayim, Israel.

10. Numerical Investigation of Burning Processes in a Small
Gas Turbine Combustor,

Alex Dolnik, Turbo-Jet Engine Dept., RAFAEL Advanced
Defense Systems Ltd., Israel.

11. Identification of Control Parameters of an Engine the
Algorithm of Which is Partially Known,

Dr. Michael Lichtsinder, Bet Shemesh Engines, Bet Shemesh,
Israel.

17:20  219°0 3927 1197 (Closure)
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7" Israeli Symposium on Jet Engines and Gas Turbines
Thursday, November 6, 2008 (9:00-17:00), Seminar Hall (Room 235)

Faculty of Aerospace Engineering,
Technion, Haifa, ISRAEL

The last few years has seen a considerable expansion of activities in Israel in jet propulsion, in
addition to the serial production of small engines, various spare parts and maintenance. In Israel
many bodies are active in this area including: MAFAT, IAF, Israel Navy, EL-AL, IAI, Bet Shemesh
Engines, RAFAEL, TAAS, ORMAT, Israel Electric Corporation, RSL, Becker Engineering, the
Technion and more.

Improved engineering & technological innovations and new projects in Israel calls for continued
professional meetings for exchange of information and cross-pollination creating a fertile seedbed for
cooperation. During the previous six symposia, about a hundred scientists and propulsion engineers
met and presented work from various industries, the MoD and Academia. These symposia were a
success, wetting the appetite for more such meetings.

The symposium will include invited introductory lectures on chosen subjects (from large
manufacturers abroad; GE, P&W & Rolls Royce). In addition there will also be presentations of
activities in Israeli firms, institutes and universities as well as an open discussion and tour of faculty
laboratories. This will also be a good opportunity for professional meetings, exchange of ideas and
presentation of models and products from various companies.

During the symposium there will be an opportunity to discuss all areas relevant to jet engines and gas
turbines, including aerodynamics of turbo-machines, combustion, structures and dynamics,
simulations, control, production processes and maintenance, combined cycles and more. Preference
will be given to subjects of interest in Israel.

The price is 220 NIS, students (undergraduate and graduate) may register free of charge

Professor. Yeshayahou Levy
Chairman of the symposium

Tel: +972 (0) 4-8293807,  Mobile: +972 (0) 547-355890  Fax: +972 (0) 4-8121604
Head, Turbo and Jet Engine Laboratory

Faculty of Aerospace Engineering, Technion, Haifa 32000, Israel

e-mail: levyy@aerodyne.technion.ac.il
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LECTURE #1

New Developments for Military Gas Turbines,

Lars Seumenicht,
Rolls-Royce Deutschland, Germany

ABSTRACT

Rolls-Royce is one of the leading suppliers of propulsion systems and related service solutions in
four global markets: Civil and Military Aviation, Marine and Energy. The installed product base
comprises more than 54,000 gas turbines which are in daily operation with over 600 airlines, 4.000
corporate aircraft and helicopters, 160 armed forces, more than 2,000 naval operators, 70 navies and

customer in the energy business in almost 120 countries.

The competitive product portfolio yields Rolls-Royce a strong position in all relevant sectors of the
military aviation market: participation in the largest European and US fighter aircraft programmes,
global market leader in transport engines, unique provider of short- and vertical take-off power
solutions, reliable engines for fast jet training aircraft, wide range of military helicopter applications

and long-term provider of engines for unmanned air vehicles.

The past decade has seen dramatic changes in the political and global security landscape and in many
countries in their demographic distribution of its society. This affects the way we do business — in
particular in the defence sector.

The paradox is that the past years have seen more hot conflicts, more deployment of stabilisation and
peace-enforcing troops than during the “cold war”, whilst society is less prepared to fund “security”.
The formats of these conflicts are changing and hence the requirements for future weapon systems

are being redefined.

This yields a series of challenges to future military jet engines:
1. necessity to fulfil different and new types of missions

provide much more electrical power

remain affordable over the life-cycle

become easier to maintain, repair and upgrade

A I T

become more fuel efficient.



Two prominent examples for today’s successful modern military jet engines are the EJ200 and F136.
Both are setting markers in their respective class with outstanding features. Both are developed in a
partnership: the EJ200 combines the leading European manufacturers — Avio, Industria de Turbo
Propulsores, MTU Aeroengines and Rolls-Royce; whilst the F136 is being developed jointly between
General Electric and Rolls-Royce.

Future military planning anticipates an increasing requirement for un-manned weapon systems. The
first generation of information gathering and surveillance platforms are in service — here existing,
often civilian, engines are being used. The next generation will seek more electrical power and much
higher altitudes with much longer endurance. In parallel combat requirements are being shaped — for
this engines will face challenges to sustain much higher g-loads, whilst the usage might actually be
only sporadic but then very intense.
Both, the future UAV and the UCAV engine will no longer be able to use purely off-the-shelf
products and technologies:

» the integration of the propulsion system into the air vehicle becomes more sophisticated

» the integration between the gas turbine and its accessory systems needs to be further enhanced

» solutions needs to become quicker available and be and remain affordable

» certain particular capabilities will remain “special-to-application” and require a dedicated

product development.

In order address the changing market demands, Rolls-Royce benefits from its long and constant
involvement in respective leading-edge programmes and the significant investment in people,
infrastructure and capabilities.
Examples of such capabilities include:

» complex development and integration tasks like the LiftSystem™

» development of so-called Integrated Power Systems

» solutions to reduce the overall signature of the propulsion system and air vehicle.

Another prominent differentiator is Rolls-Royce’s comprehensive service offering.

Rolls-Royce always provided comprehensive tailored support services to its defence customers.
However, in the recent years the company has launched a series of initiatives to offer military
customers ‘“Availability” solutions similar to what airline customers already take for granted. The
MissionCare™ commitment capitalises upon the experience and infrastructure developed in the past

years for airline and corporate jet clients. Rolls-Royce today not only repair engines and provide



spare parts, but instead the company establishes a close partnership with the military users in order to
manage their fleet and provide additional logistic and technical services. Almost all Rolls-Royce
engines operated by the US DoD and the British MoD are now covered under variations of
MissionCare™ contracts and the customers experience both an improvement of their engine

readiness and a reduction in support cost.



LECTURE #2

Intelligent Incorporation of Advanced Technology into Legacy Fighter Jet Engines to
Increase Time on Wing and Reduce Maintenance Cost.

Konstantino Kouris, F100 Engineering Manager, Pratt & Whitney, USA.

ABSTRACT
Key technologies developed for advanced weapons systems with long life cycles, if appropriately
bundled and incorporated can be used on fighter jet engines to reduce the rate of unexpected engine
removal, reduce the engine total cost of ownership, increase time on wing and dramatically improve
safety for the engine. With intelligent insertion of key technologies, traditional engine life scenarios
can be altered. These technologies extend the desirable and low failure rate of a mature system.
Sometimes called the "bathtub curve", the system failure rate is a function of time, and it is
characterized by an initial high "infant mortality", a period of low failure rate, and later by the

increasing failures associated with worn material or "tired iron".

This paper reviews the technology insertion process used for the F100-PW-229 engine to
demonstrate the principle asserted by the author. The F100-PW-229 has been the most reliable
fighter engine in the United States of America Air Force fleet since its introduction in 1991. The
new, F100-PW-229 Engine Enhancement Package (EEP) demonstrates the principle of incorporating
high technology but low risk upgrades such as advanced turbine technologies, automated
maintenance systems, and advanced prognostics derived from the F119/F135. These technologies are
used to increase the Mean Time Between Engine Removals thereby reducing the requirement for

both scheduled and unscheduled maintenance.

Incorporating new technologies requires commitment to research and development. The F100-PW-
229 Engine Enhancement Package (EEP) is the culmination of 10 years of technology development,
rethinking of engine requirements and specifications, and access to fifth generation engine
technologies like those developed for advanced propulsion systems like the F-119 (USAF F22) and
F-135 (F-35 Joint Strike Fighter).

Phone (860) 557-2311, Cell ~ (860) 930-8472
Email Konstantin.kouris@pw.utc.com



LECTURE #3

Aviation Technology Strategy for the 21st Century

Rolf Hetico, Manager, F136 Engine Systems Design and Integration, GE Aviation, Evendale, Ohio,
USA.

ABSTRACT

Our customers are defining the requirements for the next generation of commercial and military
propulsion systems. As we look ahead, it is clear that our industry will compete with machines that

must be cleaner, quieter, faster and more affordable than ever before.

Much of the environment on both the military and commercial side revolves around costs. As fuel
prices continue through a volatile period, improvements in efficiency and the associated
environmental impact are becoming increasingly important. In the commercial world, these factors
will be the ticket just to enter the competition. Greatly reduced emissions, noise, and cost of
ownership will be essential. In addition, alternative fuels are being addressed in the context of an

assured, sustainable supply, reduced net greenhouse gases, and price stabilization.

For the Military, variable cycle engines will need to optimize their performance throughout the flight
envelope. The propulsion system will be physically and virtually integrated with the airframe to
achieve capabilities well beyond today’s vehicles. These new requirements are just a few of the
challenges we face in this second century of flight, and the driving force behind our need to

continuously improve our New Product Introduction process, or NPI.
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LECTURE #4
Infrared Signatures Modelling of Aircraft Exhaust Plume
Arvind G. Rao and J.P.van Buijtenen

Faculty of Aerospace Engineering, Technical University of Delft
2629HS Delft, The Netherlands
a.gangolirao@tudelft.nl; J.P.vanBuijtenen@tudelft.nl

ABSTRACT

In recent years, the survivability of an aircraft has been put to task more than ever before. One of the main
reasons being the increase in the usage of Infrared (IR) guided Anti-Aircraft Missiles, especially due to the
availability of Man Portable Air Defence System (MANPADS) with some terrorist groups. Thus, aircraft IR
signatures are gaining more importance as compared to their radar, visual, acoustic, or any other signatures.

The focus of the present work is on modelling of IR radiation from exhaust jet of a typical military
aircraft and to evaluate the lock-on range for the aircraft due to its plume for a simple case and against a
typical SAM. The exhaust plume ejected from the aircraft is one of the important sources of IR signature in
military aircraft with low bypass turbofan engines. Commercial CFD software has been used to predict the
plume thermo-physical properties and subsequently an in-house developed code was used for evaluating the
IR radiation emitted by the aircraft plume. The LOWTRAN code has been used to model the atmospheric IR
characteristics. The results obtained from these models are in reasonable agreement with some available
experimental data. The analysis carried out suggest that atmospheric IR transmissivity plays an important role

in dictating the aircraft IR signature as perceived by an IR guided Surface to Air Missile (SAM).

11



LECTURE #5

Unsteady Forces and Flutter in the Compressor of the Aircraft Engine, Numerical and
Experimental Results.

Prof. Romuald, Rzadkowski,

Department of Aeroelasticity, Institute of Fluid Flow Machinery, Polish Academy of Sciences, J.
Fiszera st.,14, Gdansk, 80 952 Poland
E-mail: zZ3@imp.gda.pl

ABSTRACT

Turbomachinery aeroelasticity methods have seen a very rapid rate of progress in the last years. It is
therefore crucial to predict blade vibrations arising from self-excitation or inlet flow distortion. This
is not only important with regard to aircraft compressor and fan blade rows, but also with regard to
the last stages of steam and gas turbines that may work in highly loaded off-design conditions. In
order to predict the unsteady pressure loads and aeroelastic behaviour of blades (including the
computation of shock waves, shock/boundary layer interaction and boundary layer separation),
complete Reynolds-averaged Navier-Stokes (RANS) equations are to be used in modelling complex
and off-design cases of turbomachinery flows.

In this work the 3D RANS solver, coupled with the modified Baldwin and Lomax algebraic eddy
viscous turbulence model is presented to calculate unsteady viscous flow through the turbine stage,
while taking into account the blade oscillations but without the separating of outer excitation and
unsteady effects caused by blade motion.

Here the numerical method used the second order by time and coordinates explicit finite-volume
Godunov’s type difference scheme and a moving H-O structured grid. The structure analysis used the
modal approach and a 3D finite element blade model.

To validate the numerical viscous code a comparison of the numerical calculations results with the
measured data for the 11th International Standard Configuration was performed.

Presented below are the numerical analysis results of the first stage compressor rotor blade in an SO-3
aircraft engine in a nominal regime. The experimental results of the tip-timing method of the first

compressor rotor blade are compared with the numerical results.

12



LECTURE #6

Incorporation of Gas Turbine with Combined Cycle (GTCC) in the Generation
Expansion Plan of the Israeli Power System,

Dr. David Elmakis,
V.P. Planning Development & Technology, Israel Electric Company.

SAWnT XY 1Y YW mINTHa N°19102 291" 1N 1A NI W
ORPNPR 7T "T

NN SW MO N°I0N AN NAXA LT3 M2 2¥ 29001247 XY SYXNARA D210 TN W WY 9w nNan
TN L2RWAT XY NP NWD SW VDN CNYW WANTY DT NITVA DOWYI MINDT D150 . YRwna nNana Meon
DOUOIR MIND N210IN .2RWRT NN 2w 2WHNa NPT DY NI MW7) 0°°9372-1100 2°170R7P2 MAWINT
13X Naxna HA1 F 39391100 1202 130 MP2M0 0°02 9 20200 2O930m) 14T MPAM02 207 wnwh TN IR

.OnWT N2 NPT NP NP0 NI

13



LECTURE #7

RotorDynamics and Active Detection of Faults in Rotating
Bodies - Theoretical and Experimental Results

Izhak Bucher

Dynamics Laboratory, Mechanical Engineering, Technion, Israel Institute of Technology
ABSTRACT

Rotating machines appear in almost every aspect of our modern life: cars, aeroplanes, vacuum-cleaners
and steam-turbines all have many rotating structures whose dynamics need to be modelled, analysed and
improved. The reliability, stability and the response levels of these machines, predicted by analytical
models, are generally not satisfactory until validated by experimentally obtained data. For this purpose
special measurement, testing and signal processing techniques have to be employed.

Rotating machine’s dynamics depends on the speed of rotation which adds gyroscopic effects, centrifugal
stiffening and parametric modulation of the response. These phenomena create a rich dynamics that is
often overlapped in the frequency domain. During run-up, recorded vibrations can be measured by several
sensors and using special techniques, the individual effects can be decomposed and understood.

This paper introduces a decomposition approach that separates disk vibration waves, faulty rotors and
bearing properties. When a special probing forces is added, minor faults in the rotating part, can be
detected. Unlike most fault detection methods, the present approach combines a physical model,
sophisticated excitation and signal processing, and advanced rotordynamics concepts to enhance the
detectability of minute imperfections in the structure.

The paper will cover the basics of rotating machine dynamics, speed dependent detection schemes and

will provide some simulated and laboratory test cases to demonstrate the proposed approach.
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LECTURE #8

Atomization vs. Vaporization of Fuel in Micro Gas Turbines,

Daniel Kutikov,
Faculty of Aerospace Engineering, Technion, Haifa, Israel.

ABSTRACT

The atomization of liquid fuel, its droplet size distribution, mixing and evaporation all affect
the ignition and and combustion processes, its stability and efficiency. In small-scale jet engines, fuel
atomization gain even higher importance due to the constraints which characterize small-scale
engines: low ignition energy, small combustor volume and the need for simplicity of the atomizers.

The aim of current study is to perform a comparison between two methods of liquid fuel
delivery into combustors of small-scale jet engines —using atomizers and using vaporizers. Typically,
the properties of the atomizers and the vaporizers are provided for a single atomizer or vaporizer
working outside the combustor in laboratory environment. The present study compares the
performance of a small jet engine combustor while operating once with fuel atomizers and once with
fuel vaporizers. The comparison refers to the operational range and efficiency of the combustor.
Current study is based on experimental approach, the operational range and efficiencies were
evaluated through experimental measurements.

It can be concluded that atomizers are preferable for higher fuel flow rates (and temperatures)
and have stable operation over wider fuel supply ranges. The vaporizers are preferable for low fuel
supply rates (and temperatures). As for combustion efficiencies, the efficiency values for the
atomizers in the current study were significantly lower compared to those for the vaporizers. These
low efficiencies can be explained by the shorter residence time, which was insufficient to complete
the evaporation of fuel droplets, their mixing and combustion within the limited combustion volume.
In order to solve the problem of the short residence time and the low efficiency, modification in the

atomizer design and its incorporation within the combustor should be implemented.
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LECTURE #9
Swirling Flow in Annular Diffusers Between Two Counter-Rotating Turbines

Dr. Vladimir Ehrenburg,
Becker Turbo System Engineering, Givatayim, Israel.

ABSTRACT

Swirling flow in annular diffusers between two counter-rotating turbines has been numerically
investigated to evaluate the pressure losses. The performance characteristics of these diffusers depend
on their geometry and the inlet conditions. The inlet conditions are defined by HP turbine. The area
function of diffusers and incline angles of directing vanes are determined on the base of study of flow
in corresponding annular axisymmetric diffusers. The 2D- and 3D- total simulations were carried out
using commercial code FLUENT. On the base of this modelling the diffuser satisfying required area
dependence with optimal location and directions of directing vanes was chosen. The effect of
turbulence models on pressure losses was studied. It is ascertained that total pressure losses for the

inlet conditions Ma=0.6 and flow angle to axial direction a=48.5° are in limits 7...7.6%.

16



LECTURE #10

Numerical Investigation of Burning Processes in a Small Gas Turbine Combustor,

Alex Dolnik,
Turbo-Jet Engine Dept., RAFAEL Advanced Defense Systems Ltd., Israel.

ABSTRACT:

Development of a new gas turbine combustor was performed along with numerous tests to
achieve a desired temperature profile at combustor exit. It required many months because of the need
to overcome different design problems, such as thermal damage to vaporizers. Available and reliable
CFD model would allow minimizing these tests and shortening significantly the time required to

bring the combustor to the final working configuration.

The present research focuses on the modeling and simulation of a small gas turbine
combustor. This study provides insight into physical and chemical processes of combustion and
evaluates variations of combustor performance for different configurations of combustion chamber.
The primary objectives of this study are: 1) to establish an efficient and accurate numerical
framework for the support of development stage of a new combustor; 2) to investigate the parameters

and mechanisms influencing and responsible for the temperature profile at the combustor exit.

Numerical simulation results showed good agreement with experimental data derived from
the tests and were able to obtain and point out the exact place of "hot spots" causing thermal damage
to the vaporizers. Numerical study was expanded to include changes made to the vaporizer and
showed their impact on the combustion exit temperature profile. The last part of this study presents
an optimization process in which the target was to obtain the optimal temperature profile at
combustor exit. The objective was achieved in a relatively small number of iterations due to

parametric approach and advanced visualization tools of the software postprocessor.
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LECTURE #12

Identification of Control Parameters of an Engine the Algorithm of Which is Partially
Known,

Dr. Michael Lichtsinder,
Bet Shemesh Engines, Bet Shemesh, Israel.
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