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THE 15" ISRAELI SYMPOSIUM ON JET ENGINES AND GAS TURBINES

Venue: Auditorium (room 235), Faculty of Aerospace EngineeringTechnion

Thursday, November17 2016, Technion, Haifa
This yea, as in the previous years, wathered tdold the15" Israeli Symposium on Jet Engines and

Gas Turbines. Duringhe last few years theig an ongoingexpansion of activities itsraelin turbo jet
propulsionand power generatiamsing gas turbined his is in addition to the serial production of small
engines, production of various enginesinponentand maintenance work. In Israel, many bodies are
active in jet engines and gas turbine area, includdgFAT (MoD), IAF, Israel Navy, EEAL, IAl,

Beit Shemesh Engines, RAFAEL, TAAS, ORMAT, Israel Electric CorporatioldetR& Becker
Engineering, the Technion and more.

Improved engineering & technological innovatioasd new projects in Israel requis®ntinued
professional maags for the exchange of information, for crgssllination and for creating a fertile
seedbed for cooperation. During the previous twelve symposia, in every one, more than hundred
scientists and propulsion engineers met and presém@dvork from the various industries, the MoD

and Academia. These symposia were a success, wetting the appetite for more such meetings.

Thelsraeli Symposium on Jet Engines and Gas Turlsgegposiums already mature and established
symposium. It incldes six invited introductory lectures on selected subjects (from large engine
manufacturers and Academia). In addition thare also presentations that concern activities in
different Israeli industrial firms, institutes and universities as well as an digeussion and, upon
request, a tour to the faculty's renovated Turbo and jet Engine laboratoryisTdlso a good
opportunity for professional meetings, exchange of ideas and presentation of jet engine models and
products from various companies.

The symposiumpresentsopportunites to discuss all topics relevant to jet engines and gas turbines,
including aerodynamics of turbmachines, combustion, heat transfer, structures and dynamics,
simulations, control, production processes and maintenance, cantjycles and more. Preference
will be given to subjects of interest in Israel. The first half of the symposia (till lunch time) will be held
in English.

All presentations will be published in full, or as a "censored” version, after the conferenceJen the
Engine Laboratoryvebsite(see below)

Looking forwardfor a fruitful and enjoyable symposium!

ProfessorYeshayahou Levy

Chairmanof the symposium

Technion, Faculty of Aerospace Engineering,
e-mail: lewy@technion.ac.il
http://jet-enginelab.technion.a.il




Al
Is the Future Electric: Hope, Hype, or Reality?
Alan Epstein
Vice Presidentz Technology and Environment
Pratt & Whitney

Much has been seen recently in the press and technical literature about advanced aircraft
concepts that are electrically poweed z some battery powered, some hybrid, and some
turboelectric. One major motivation for most of these concepts is to combat climate change by
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twin aisle airliners (Figure 1), so technical approaches to electrifying aircraft must be relevant at
that size.This implies prodigious amounts of energy and power are required (Figure 2).
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Fig 1: Annual global jet fuel consumption Fig 2: Vehicle maximum energy angower

This talk explores the performance needed for electrically powered commercial aircrafit
considers the impacts of efficiency, weight, and codt.contrasts the current stateof-the-art with

the implied requirements of an electric future.lt compares the net C®@from a notional grid-

pi xAOAA AEOAOAEO O1 I1T1TA OOGEIC CAO OOOAET AOn
projected over the next 25 years.It discusses the sensitivity of such analyses to policy
assumptions. The implications of eledric propulsion and improved aircraft jet engines and gas
turbines are then discussed.Although mainly focused on commerical aviation, general and

military aviation applications are breifly explored.

This document has been publicly released
© 2016 United Technologies Corporation



A2
Digital Solutions for the 21 st Century
Ryan M. Chapi®
Chief Project and Portfolio Manager, Digital Services and Solutions

GE Aviation
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become a digital industrial company, leveraging its Predix operating system for the Industrial

Internet.

Digital twin models (Figure 1) are built to represent everything from a critical piece part to a
complex system like an engine or aircraftBy combining big data, data science and physical
domain expertise, GE has transformed from reactive econdition maintenance to predictive
analytics-based mantenance for an individual asset based on how and where the asset has flown.
As a result, GE has greatly reduced unscheduled engine removals, increased asset availability and
time on wing, and saved customers millions in annual fuel costBigital twin models have also
successfully demonstrated the capability to predict the onset of asset disruptions, giving
customers time to plan for appropriate maintenance.
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Fig 1: Digital twin model overview

This presentation will provide a summary of how GE utilizebig data, data science and domain
expertise to drive improved life cycle cost for our customers.

© 2016 General Electric Company All rights reserved



A3

Conjugate Heat Transfer Analysis for Gas Turbine Film -Cooled Blade

Mr. Bruno Aguilar
Honeywell Aerospace

The presentation will cover the heat transfer analysis of a filacooled blade used in the Honeywell
F124-GA200 turbofan engine that powers the M346 advanced jet trainer built by Alenia
Aermacchi and currently being used by the Israeli Air Fae's (IAF).

A conjugate heat transfer (CHT) model was built, Figure 1, to calculate steady state blade metal
temperatures. ANSYS CFX14.0 code was selected as the computational fluid dynamic (CFD) tool to
perform the CHT simulation. The tweequation SST tubulence model with automatic wall
treatment was employed. The main flow inlet and exit boundary conditions were calculated from

a multi-blade-row CFD code, Fine Turbo by NUMECA. A Honeywell FiGA200 core engine test
operating at maximum power conditionto simulate field operation was ran. Thermocouples were
used to validate the blade metal temperature calculations.

The blade temperature comparison between test data and CHT predictions was in good
agreement except at the suction side near the leading eglgegion. Inorder to evaluate the
influence of the turbulence model, the thermal results of four additional turbulence models (SA,
RNG, K, and SST with transition control) were compared to the test data. The SST model is
suggested to be the appropriate turbulence wdel for the film-cooled blade temperature
calculation in this study.
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Figure 1: CFD CHT configuration



A4

Engine Families
Mr. Joachim Kurzke
GASTURB

What is an engine family? Usually this is defined by a series of units all based on a common oore
gas generator. The siblings of an engine family are called derivatives and they come about by
designing alternative IP and LP systems around the common core, which is retained as far as
possible. The derivative engines will generate higher or lower lev® of thrust than the baseline
but the baseline must be configured with precisely that objective in mind. This usually means
compromising the baseline somewhat to allow for either growth or reduction, accepting reduced
sales of the original in hopes of théenefits of greater sales of the derivatives.

In an ideal world the gas generator of an engine family would consist of identical parts. In reality
the cores of the engines are similar, but not identical. While the maximum permissible spool
speed is verymuch limited by a common value of tolerable disk stress, the aerodynamics and the
tolerable burner exit temperature differ. The flow capacity of compressors and turbines can vary
within the same annulus due to restaggered or redesigned blades and vane®ew materials and
more sophisticated cooling schemes can increase the temperature capability of the turbine. Thus
in an engine family the cores are very similar, but not necessarily identical.

Adapting an existing engine to a new application creates a nemember or derivative of the
engine family. This is a very common design task, actually much more frequent than the design of
a completely new engine, which may happen only once in a decade or so. The many constraints
and boundary conditions imposed by thegiven gas generator make the cycle selection for a
derivative engine a challenge.

Traditionally the advanced projects engineer explores the design space of a new engine with
extensive parametric studies. He presents the results asyxplots which might include contour
lines for important quantities. Showing the boundaries of the design space in a single figure is
easy if there are only two design parameters. However, if there are more than two design
parameters, then more than one figure is required forully describing the design space. Searching
for the best engine cycle becomes time consuming and difficult if the number of design variables
exceeds three or four.

Instead of screening a wide range for the design variables with systematic parameter vaiais it

is also possible to do an automatic search for the optimum engine design with the help of
numerical optimization routines. This is the approach described in this presentation: the task is to
optimize the 25% thrust growth derivative of a turbofan engine.
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A5
Getting the Outmost Benefits from Turbine Cooling
Dr. Boris Glezer,
Optimized Turbine Solutions USA

Cooling gas turbine hot section components by compressed air remains the main tool in achieving
superior performance of GT engines usuall outweighing the increased complexity and related
cost, certain durability concerns due to application of small cooling passages, and negative effects
from cooling air discharge along the gas path.

It is shown that the benefits from cooling enable muchigher operating temperatures providing
significant increase in engine specific output power or thrust. Selection of higher compressor
pressure ratios that match the increased turbine inlet temperatures lead to an improved thermal
efficiency/SFC and reducd specific weight of an engine.

Presentation is focused on crosslisciplinary hot section cooling design features that assist in
maximizing benefits from turbine cooling application.

Various cooling techniques for main gas path components and caaij air delivery systems are
discussed and compared. Application of film cooling for combustor liner, turbine vanes and blades
that operate at high gas temperatures remains the key element of cooling techniques. Importance
of cooling of the combustofto nozzle transition is emphasized illustrating the effect of properly
designed cooling flows on the nozzle metal temperatures as well as the stage losses. Improvement
of cooling effectiveness with shaping of the holes in the airfoils is illustrated..

Critical role of the interior secondary cooling circuits is discussed with a special emphasis on
the air delivery system for turbine rotating components. Established design practice for
introduction of cooling flows into the mainstream and sealing of turbinenterior from the hot gas
ingress are discussed in detail providing recommendations for reduced aeitbhermodynamic
penalties resulting from the air injection.

A dramatic effect of blade tip clearances on turbine stage efficiency is discussed with preal
design recommendations for minimizing the tip losses. A methodology of modulating cooling air
flow for active blade tip clearance control during transient and steady state operation is also
presented.

11



A6

Challenges of Detonation Engines for Future Jet Propulsion
Bayindir H. Saracoglu,

Aeronautics and Aerospace Department, von Karman Institute for Fluid Dynamics, Rhe8aint
Genese, Belgium

Most of the modern aero engines are powered by constant pressure combustion process based on
deflagration. Thermal efficiencies attainable in such engines saturate to the attainable limits as
the combustion temperatures approach to the adiabatic flame temperature. Hence a fundamental
change in the engine architecture is required to realize a step change tawds highly efficient
propulsion systems. In this regard, detonation engines based on pressure gain combustion opens
a new paradigm for the future propulsion systems.

Pressure gain combustion is defined as an unsteady process whereby gas expansion by heat
release is constrained, causing a rise in stagnation pressure and allowing work extraction by
expansion to the initial pressure. Such a process allows reaching higher outlet pressures for the
same exit temperatures thanks to neaconstant volume combustionwhich would allow an
elevation in theoretical cycle efficiency compared to the JoulBrayton cycle. Consequently, an
ideal detonation engine could offer 30% superior efficiency (Fig.-fight).

Figure 1. FO AEACOAI IveB NeuhhnAdoiing @NDE and Humphrey cycles compared
to JouleBrayton cycle (left), comparison of Jouk OAUOT T AT A :.$ AUAI AOS
(right).

Detonation cycle finds its realization in two main type of architectures: pulsed detonation engine
(PDE) and rotation cetonation engines (RDE). The former is usually composed of a long tube
periodically filled with the fuel and oxidizer which ignited by spark assistance. The deflagrating
flame accelerates throughout the tube, converts to a detonation wave and eventuallypaxds to
generate thrust at the outlet. In spite of the simple construction, PDE requires cyclic ignition and
provides detonation pulses at relatively low frequencies which, therefore, limits the thrust
generation. RDE, on the other hand, offers continuoumirning of fuel owing to circumferentially
moving detonation wave(s) consuming the reactants. Thus, the 4ignition requirement is nearly
eliminated while much higher frequencies are attained in the rotating detonation engines.

12



