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Why A Virtual Lab

= New instruction methods are needed to augment the traditional teaching
paradigms.

*Rich online learning media: supply current information, promote student’s
technology proficiencies.

*Traditional educational tools (textbooks, lectures, and laboratories) : Static,
not easily customized, cannot provide newest scientific information.

= |nformation technologies can provide with up-to-date information
(Internet).

s Computational media: powerful to train students, the next generation of learning
materials.

& For teachers: multimedia education can help explain difficult concepts more
clearly.

= True computational media should incorporate: dynamic animations,
interactivity, visual design to stimulate, challenge, and test students.
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=»Computer Representation Versus Actual Gas Turbine
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Computer Representation Versus Actual Gas Turbine

& A Gas Turbine: engineering system comprising components performing different
kinds of tasks.

= Building-up knowledge on the operation of a Gas Turbine engine may be a
tedious experience.

*How to examine an engine’s behavior?
#to have a "test engine*

#to observe an engine operating in the field.
“to run a "toy engine“ (an engine made for educational purposes).

= With actual engines: expensive, long time to gather information, instruments in

difficult positions.

= The computer model: gives very easily a lot of information which would be
difficult, expensive and some times even impossible to obtain on an actual engine.

GT2006-90357 A VIRTUAL LABORATORY FOR EDUCATION ON GAS TURBINE PRINCIPLES AND OPERATION



LABORATORY OF THERMAL TURBOMACHINES DEPARTMENT OF AERONAUTICAL SCIENCES DEPARTMENT OF NAVAL SCIENCES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS HELLENIC AIR FORCE ACADEMY HELLENIC NAVAL ACADEMY

A VIRTUAL LABORATORY FOR EDUCATION ON GAS
TURBINE PRINCIPLES AND OPERATION

=The Virtual Lab Software

» Gas Turbine Principles and Components
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The Virtual Lab Software

Gas Turbines for Air and Naval Propulsion

Operation Principles, Design Study

s T | ——
Principles a Facilities And
Components | Exercises
Design Study Study Of Operation

The main screen of virtual lab software.
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Gas Turbine Principles and Components (l)

3 Gas Turbine Principles and Components.

0lo|s] x| P aIPTIRE Y roverice | Cotina || adirece| | GsToLTT RS
T T ~ y Gas Turbines Virtual Lab
W ‘hﬁﬂf Home Page Contents References Go To LTT NTUA b L) = !
e ST 3 3 [ Cimiptom: | Hurnar  Exhiai

1

m I Gas Turbines Virtual Lab

Burnar structure and Main Parts

| \—1 Compressor

Structure and Main Parts
General | Axial Radial | Unsteady Flow Phenomena Performants "

Description

Description

Axial are the compressors in which the air flows parallel to the axis of rotation. An axial compressor
is composed from one or more stages. Each stage is constituted by a row of rotor blades that is
followed by a row of stator blades. The rotor blades are connected to the central shaft and rotate at
high speed, while the stator blades are fixed and don't rotate.

Stage Compression Process
Stage Performance
Parameters Equations

Stage Performance

Parameters
Factors Affecting Pressure 4 Gars Turbine Principles and Companents
Ratio OlO| 5| x|

Non Dimensional Stage _ PPN, | (1ovic race | Comonts] melerenaa| DaTOUITNIVA VB
Performance Parameters . )
Geometry and Non
Dimensional Stage

Parameters

Non Dimensional Stage
Characteristic Curves
Stage Characteristic Curves

Multistage Compressors Curves

Characterictic Curves

Tubojet

Rotor Cascade Of An Axial Compressor Stage Stator Cascade of An Axial Compressor Stage

& L5

120

Example screens of compressor, burner and
performance operation sections

% Design mgV3 18

Typieal eharactsrisiic eurves ol @ multistage axial camprossar
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Gas Turbine Principles and Components (Il)

§ i

Example screen shots from videos: a) turbojet
engine test b) description of a turbojet compressor
c) explanation of rotating stall.
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Gas Turbine Principles and Components (lll)

¥ Gas Turbines Flow Simulator-Compressor &= Nozzle Calculations
Absolute System  Relative System Stop  Exit WG Mach
0 258
Rotor Stator 165
Critical Pressure Ratios: Pti/Po
1
FR1 10203 o
\ 0.49
—il231 In_u
PR2 30002 o
i " Contourl ¢ Contour2 ¢ Contour3 (™ Linear
K PR3 [26.7643
\ Nozzle Exit:
Atmosphere:
P9 2
Po (bar) J[rozsrr (o0 Jron
Nozzle Input: BHO 323
Tt7(C) f—[1383.39 MY [ozs
\ Pt7 (bar) 2339977 V8 (m/s) [305.89
Specific Thrust (NtKg/'s) [302.7

Flow simulation program in a compressor cascade Nozzle calculations program
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=The Virtual Lab Software

» Design Point Analysis
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Design Point Analysis (l)

Design Study

Turboprop: +- + ‘ TurboShaft ‘

‘ Further Studies ‘ Main Menu

The main screen of ‘Design Study’ Section.
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Design Point Analysis (ll)

DEx

w TurboJet Design Analysis
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The main screen of Turbojet Design Analysis program
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=The Virtual Lab Software

» Off Design Operation
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Off Design Operation (1)

Study Of Operation

The main screen of ‘Study of Operation’ Section.
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Off Design Operation (Il)

QO |

- B

DEPARTMENT OF NAVAL SCIENCES
HELLENIC NAVAL ACADEMY

SNECMA M53-P2
|

Basic Characteristics:
Manufacturer:

Compressor:

Turbine:
Burner:

Maximum Thrust at Sea Level:

Specific Fuel Consumption for Maxinmmm Thrust:

Air Flow and Compressor Pressure Ratio for maximum
Speed:

ByPass Ratio
Turbine Inlet Temperature

Nozzle area

Description Compressor b Burner Turbine Module b AfterBurner b MNozzle Accessories b

A single spool turbofan with low bypass ratio, with

afterburner and convergent variable geometry nozzle.

SNECMA

A Low Pressure 3 stage axial and a High Pressure 5
stage axial

2 stage axial
Annular with fuel pre-mixer
(14163-25111 Lb) (6300-11170 daNt)

0.92-2.12 Lb/Lbfh (0.94-2.16 Kg/daNt'h)
207 Lb/s (94K g/s) with pressure ratio 9.8 at 10600
rpm
0.36
1560K

3040-5700 cm?

Example screen with an engine technical information
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Off Design Operation (lll)

CEX
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The main screen of an engine performance simulator
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=The Virtual Lab Software

>Virtual Test Facilities and Exercises
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Virtual Test Facilities and Exercises (l)
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Help
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Jet Velocity (m/s) $‘

Calibration of a 3-hole pressure probe
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Virtual Test Facilities and Exercises (ll)

= Métpnon Xapaktnpiotikng BaBpidag Afovikou Zupmeotn

Pc2-Pat @Pc3-Pat
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Record |

Exit

Measurement of characteristic curve of a single stage axial compressor
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Virtual Test Facilities and Exercises (lll)

3 J79 Engine Test Cell
Help

Qil Pressure Fuel Flow THRUST

Barg Kgls - Nt

. Vibrations
Qil Inlet Temperature: ,W c ) Pat(mbar) 1013.25 Iiﬁl No um
Qil Outlet Temperature ’W C - Tat(C) ,T _J— 1 66 |53 %
Nozzle Pump Pressure: ’W Barg & B 2 74 |54 %
Qil Tank Pressure: ,W Barg ] 3| 76 Iﬁﬁ %
Fuel Pressure: ,W Barg W
Record ‘ Exit ‘

Sump Pressure: 1826 mbar Thrott]e

Reproduction of a real jet engine test cell
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Further Educational Aspects-Conclusions

=Features of the software:
=|nteractivity
=on-line help possibility
=batch processing
=exporting capability, interaction with other widespread tools

=it can be used from different levels of personnel.

»This software has actually been used in a classroom specifically designed for
this purpose as a teaching tool.

»The software can also be used for further education
=it offers an inclusive reference in the field of gas turbines principles
=it can reproduce all basic trends and behavior of a gas turbine engine, and

= it can be a useful tool for assisting the diagnosis of specific faults.
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