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CFD Applications for Vapor Turbines Improvements

Joseph Sinai & Maya Emanuel,

ORMAT Systems, Ltd
P.0.B 68, Yavne 81100, Israel

ORMAT is using CFD techniques for improvements of its Organic Energy
Conversion power plants, which use geothermal fluid or waste heat to warm
Rankin cycle power units .
This paper presents some improvements obtained or confirmed by CFD for
vapor turbines — in the flow within the turbine airfoils, in the high pressure
casing and in the turbine exit.
The turbines are low temperature, moderate pressure, organic vapor turbines.
The design and improvements of the flow path in the turbines should take into
consideration the following constraints and terms:
e mechanical and structural constraints like ease of assembly, strength
and rotor dynamics, axial forces etc.
e ease of manufacturing — forging, welding and machining.
e cost and economic constraints — cost of manufacturing, delivery time,
commonality between several models within the same range.
e leakage of vapors — positioning of seals, sizing of clearances, pressure
differences, thermal expansion.
o off-design operation — variations in vapor flow, vapor temperature and
pressure .
e ORMAT’s long experience and achievements with these turbines -good
efficiencies, measured vapor parameters, healthy mechanical structure
— should be the baseline of any improvement.
Equation of state or table of thermodynamic parameters of the non-perfect
organic vapor was introduced into the data base of the CFD code. A special
care should be taken as the turbine inlet parameters are very close to the
saturation line [ as a result of the unique shape of the saturation curve].
Substantiation runs were performed on well acquainted and measured
turbines.
Potential improvements were located by observing velocities and pressures
maps and gradients, mainly in such zones as entrance to the first stage
nozzle wheel, leading edge of the rotors, cross section of the high pressure
casing.



The improvements include modifications of axial distance between airfoil
rows, stagger angle, airfoil profile width, dome shaped high pressure casing
[which also ease manufacturing].

The lecture will be accompanied by presentation of sketches of the proposed
improvements, graphical and tabular results of the related flow fields.

WECA Turbine - 2 stages
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High Velocity Air Filtration System for Marine LM2500
Gas Turbine

,NIXDTO "y
V'Y "D NP7NN ,NM' NOTIA 1Y - 0D 7N

omrip@alum.mit.edu

Particulate impurities in the air intake are an important factor affecting
operational performance of marine gas turbines. Every marine propulsion
system, both commercial and military that includes a gas turbine, must have
an air filtration system in order to ensure delivery of requisite quality air to the
turbine.

This presentation describes first the gas turbine damage associated with
improper air filtration in general terms, and the specific technical problems
caused by unsatisfactory gas turbine air filters onboard the Israeli Navy
SA’AR 5 corvette.

This presentation will briefly outlines the Israeli Navy design criteria for the
retrofit of the gas turbine intake system and how these requirements were met
with a high velocity air filtration system. The potential benefits afforded by
such a high velocity system will also be discussed.

In addition, the presentation describes the CFD (Computational Fluid
Dynamics) analysis carried out to ensure that the changes preformed on the
intake did not change airflow patterns entering the gas turbine.

Finally, the presentation describes the retrofit of the new filtration system
onboard the SA’AR 5 corvettes and the results obtained in the sea trails and
in the evaluation period following the installation.
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Altitude Test Facility for Turbojet and Internal
Combustion Engines

RAFAEL - MANOR and MAFAT - propulsion branch
,A122"2 Ny’
"'1n-9"x91
31021 no'n ,2250 .7.n

A test facility was designed and constructed, to simulate altitude and flight
velocity conditions, Pressure / Temperature / Mach, for engine performance
testing.

General facility specifications are:

Altitude envelope - 0 to 40,000 feet

Flight mach simulation - 0-0.95

Therefore, pressure / Temperature conditions are:

Altitude pressure simulation - 190 to 1030 mbar.

Total pressure simulation - 190 to 1600 mbar.

Total air temperature provided to the engine - minus 500C to plus 800C.

The facility was designed to test: Turbojet engines producing thrust up to
1000 Ib and Internal combustion engines up to 200 Bhp. Tests configurations
are: "connected pipe" (including thrust measurement) and "free jet". A pilot
facility was design and constructed, "free jet" configuration, for turbojet
engines up to 50 Ib thrust.

Facility capabilities are:

- engine performance testing at constant M/h/rpm conditions
- engine/ECU response to accelerate/decelerate rpm

- engine performance in a trajectory simulation

- performing engine start conditions at flight envelope

- testing engine accessories at flight envelope

Enlarging facility capabilities is in process:

- Simulation of rain/hail in flight envelope

- Internal combustion engine testing

14
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Inverse Jet Engine Model for Performance Prediction
and Fault Diagnosis

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

This lecture discusses a novel aero-thermal inverse jet engine model for real-
time simulations and for low cost and fast evaluation of engine component
maps such as nozzles, turbines and compressors using data acquired during
transient operations at different altitudes, Mach numbers, angles-of-attack,
side-slip angles and during post-stall. An additional use of the inverse jet
engine model is for transducer and engine component fault diagnosis and
engine control. The inverse model is based on a conventional dynamic engine
model. All engine maps are in the input of a Full Inverse Engine Model while
the engine component map, which need to be evaluated, are excluded from
the Shortened Inverse Engine Model by incorporating data from an equal
number of additional sensors in the input.

Solution of the Shortened Inverse Engine Model is fast because this model
contains fewer equations in comparison with the conventional engine model
and calculation time is not spent approximating of the excluded engine
component maps. Evaluation of engine component maps, during transient
engine operation has a number of advantages in comparison with evaluation
during steady-state operation. One may evaluate only a single operating line
of compressor or turbine maps during steady-state at constant altitude and
Mach number while a relatively large region (fragment) of the maps may be
evaluated during engine acceleration and deceleration maneuver under
similar conditions. During transient operation the engine values change fast
hence a large number of map points may be evaluated during a relatively
short time in comparison with steady-state data acquisition. Consequently, the
map evaluation accuracy is increased and total cost is decreased due to the
engine transient operation. The lecture discusses generalized formulation,
classification and design condition of the complete inverse jet engine models,
as well as examples of practical usage.
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An Original Means to Troubleshoot High Exhaust Gas
Temperature on All Types of Jet Engines

Israel Djian,

Israel Aircraft Industries
70100 ,x"am
9353131-03 :oj79 ,9353111-03 :70

www.iai.co.il

The EGT of a jet engine can be seen as a measure of the engine's efficiency
in producing its design level of thrust. Engine EGT is a well established and
worldwide accepted parameter throughout the industry which is used to
estimate the health of an engine.

At engine certification, the engine is allotted an EGT Max. Limitation or Red
Line which is established in order to ensure the structural and operational
integrity of the parts that are working under the toughest conditions within the
engine, namely the First Stage Turbine Blades.

During engine normal operation, as usual wear and tear affects the engine
gas path parts, the EGT progressively increases.

When the EGT certified limit is reached, the engine has to be removed from
the wing and induced into a shop in order to undergo appropriate
maintenance action. The goal of the shop visit is to restore its EGT to
acceptable levels. The high maintenance costs associated to an engine shop
visit as well as the more and more demanding expectations from the
operators to get the engine return to service in a timely manner, confers to the
Powerplant Engineer/Analyst, one of the most heavy tasks in an MRO
organization : namely to define the most appropriate workscope that should
be implemented to the engine, in order to achieve the sought EGT restoration,
within an acceptable and competitive time frame.

In fact, from a pure thermodynamic standpoint, as wear and tear affects the
engine gas path, the prime engine parameter which is directly affected is
merely the Fuel Consumption : Wf. As a consequence, only, the engine EGT
increases, accordingly. However, the OEMs, all Civilian Airworthiness
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Authorities (JAA, FAA...etc...) and industry standards have elected an EGT
limitation, not a Fuel Flow limitation.

Also, due to the physical difference that exists between both of those
parameters, EGT and Fuel Flow, there is an inherent difference in the means
and ability of accurately measuring engine EGT versus engine Fuel Flow. If
the Fuel Flow is a relatively easy and accurate datum to measure, it is much
more difficult to accurately measure the engine EGT. As such, one may
encounter some paradoxical situations in which engines which are still
actually efficient (i.e. that will have a low Fuel Consumption) will exhibit high
EGT. On the opposite, one may also encounter engines featuring a
deteriorated gas path (i.e. that will have a high Fuel Consumption) with a low
EGT.

The purpose of this paper is to provide a way to establish a simple
thermodynamic relationship between the expected EGT and the Fuel Flow in
order to discriminate whether the high EGT evidenced is really representative
of a deteriorated engine or whether it is a pure 'illusive' high EGT engine. The
answer to this question will allow the Powerplant engineer analyst to
effectively assess which types of components (rotating modules [i.e.
compressors and turbines] or core engine static parts [i.e. burner, diffuser
case, fuel nozzles...]) of the engine are primarily responsible for the high
EGT.
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NPT Improved Gas Turbine Engine System
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Brief Introduction

Newton Propulsion Technologies Ltd (NPT) incorporated in Israel Feb. 2003,
is a start up company engaged with the promotion of new propulsion
technology regarded as Roto-Rom.

NPT has developed an engine system correspond with most of civil and
military applications for aviation, marine and land vehicle propulsion, as well
as power plants and stationery applications of all scales.

The Roto-Rom system is a, multiple-fuel built- in, volumetric-flow engine,
mainly suitable for the use of heavy fuels and it is a hybrid between the
advantageous characteristics of the “gas-turbine” to these of the “volumetric,
positive-displacement” engine.

The most important advantageous characteristics of the NPT Roto-Rom
system are:
1. Wide variation in speed and load (high flexibility at wide RPM range).

2. Improved efficiency over gas turbine and I.C. engines.

3. High power density and power to weight ratio.

4. Multiple fuel built-in system.

5. Density compensated (low sensitivity to altitude).

6. Simpler design and materials demands.

7. Low initial and maintenance cost.

8. Applicable to all gas turbine and I.C. engines embodiments.
Background

The two factors, which most effect high turbine efficiency, are pressure ratio
and temperature. The increase in pressure ratio increase the gas - turbine
thermal efficiency when accompanied with the increase in turbine firing
temperature.
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The effect of firing temperature is very predominated; for every 56°C increase
in temperature, the output work Increases by 8-13% and 2-4% improvement
in efficiency in simple cycle is achieved.

The highest metal temperature that can be supported by modern turbine
blades is about 740°C (860°C in some experimental cases) and due to
limited cooling possibility of the blades, the operational firing temperature at
the turbine inlet is at around 1300-1400°C at the most. Bridging over the gap
of about 1000°C, towards, close to stoichiometric, combustion temperature, of
around 2350°C, as exists with internal combustion volumetric engines, is not
in sight for the gas turbine and progress is relatively slow.

A gap of 1000°C, presents 150% of increased net output work and as high as
18% of improvement in efficiency, already after deduction of metal parts
cooling losses. This is not a goal that can be achieved by the present
generation of gas turbines.

The NPT system, however, is designed with the above-mentioned drawbacks
as an object for improvement in addition to some more.

The first object was to bridge the gap of temperature and then to convert the
combustion and expansion process, into a volumetric, continues-combustion
cycle, that operate under static pressure and, yet, to retain the inherent
positive properties of the prior art gas turbine, such as: power density, power
to weight ratio, multi-fuel adaptation smooth operation and compactness.

The volumetric unit is capable of intensive and full, cooling system as it is with
most of volumetric, internal combustion engines.

As a consequence, a stoichiometric, or close to stoichiometric, combustion
can be achieved and temperature of around 2300°C become obtainable. As
a result, some byproducts are achieved as well, such as the elimination of the
complex construction and operation of the gas turbine type combustor, which
is simply, no longer needed. Since air and fuel are mixed in an appropriate
ratio and the volumetric-combustion-expansion device, serves also as a
diffuser, which is slowing down the fluid velocity and combustion can and
have to continue inside the expansion volume, a longer combustion duration
time is achievable and as, already mentioned, a gas turbine type combustor
with its functions of pre-burning and then mixing of the burnt gas with un burnt
air, is not needed with the NPT system.

Also with gas turbine, all of the combustion process must end before entering
the turbine (expansion unit), a fact that is increasing the demands on design
as well as, actually, shortening the time available for the combustion process.
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Fig. 1 is divided into two charts: the one at the right generally shows the
relation between pressure ratio to temperature and the derivative efficiency
graphs.

The second chart is a performance comparison between the general
performance characteristics of gas turbine to these of the NPT system. Itis a
self-explanatory chart, which shows in details that the NPT system s,
potentially, starting its minimum, a distance over the point of where the
present generation gas turbine has reached its maximum.

Fig. 2 is an explanatory, schematic view, of one of the preferred embodiments
of the NPT system.

Fig. 3 is a performance characteristics comparison between different
suggested embodiments of the

NPT system in relation to turbo-compressors to volumetric device ratio.
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Stator-less turbine design

Assoc. Prof. David Lior & Refael Priampolski,
Becker Engineering L.t.d

10 Plaut st. Scientific park Tamar, Rehovot

Stator-less [ S.L ] turbines are already in use in advanced gas turbines
like G.E and R.R. Their application is dependant on existence of a
rotating vortex upstream of the turbine which in conventional turbines is
generated by an expansion stator. Therefore, the application of S.L
turbines is limited to a second power turbine located behind the H.P
turbine and rotating in an inverse direction to it. The S.L turbine
efficiency is higher than that of conventional turbine and its pressure
ratio capability is enhanced.

A similar design may be applied to the H.P turbine if the rotating vortex
is created in the combustor without using a stator . The concept in
which the rotating vortex is carried from the compressor rotor outlet
through the combustor into the turbine rotor blades inlet without diffusion
was first introduced by NACA Research memorandum-1956 .RM E55K16
and further by the OCN engine concept --AIAA 97-3292 by D.lior
,Y.Levy.

The thermodynamic and aerodynamic design of the S.L turbine
developed by Becker Engineering results in a convergent divergent
shape between blades having lower loss coefficients than conventional
turbine blades. The loss results are validated by test results performed
in similar blade profiles. The dependence of the S.L turbine efficiency
on pressure ratio and the inlet vortex value is shown and compared
with conventional turbines.

The results are that the efficiency of the S.L turbine is higher than
that of the conventional turbine by 4-5% which increase the cycle
thermal efficiency and net power by 20-25%.

This efficiency gain increases with higher turbine pressure ratios and
inlet swirl velocities. High efficiency of over 90% is achieved even for a
turbine pressure ratio of 5:1. This permits to use fewer turbine stages
in the engine -thus saving cost and weight.
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S.L turbine efficiencies increase with increase of mass flow. For large
gas turbines [ over 20 kg/sec ] the efficiency approaches 95% for a
pressure raio of 2:1.
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