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Ce manuel de cours est surtout utilisé comme la matiere de référence
pour les conférences données a Recherche Design Developpement
Management (RDDM) et aux institutions éducatives au Canada et a
U.S.A. Aucune partie de cette publication ne peut étre reproduite, révélée
ou distribuée sans autorisation écrite de RDDM. Quelques figures et
textes utilisées dans ce volume sont de les références énumérée dans le
module.

This course handbook is mainly used as reference material for lectures
given at Research Design Development Management (RDDM) and at
educational institutions in Canada and U.S.A. No part of this publication
may be reproduced, disclosed or distributed without written authorization
from RDDM. Some figures and text used in this volume are from the
references listed in the module.
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The most dangerous phrase in the language is,
"We've always done it this way."

- Rear Admiral Grace Murray Hopper
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“Simple methods with empirical input are still
needed for the mean-line design, and it is
often emphasized by experienced designers
that if the one-dimensional design is not
correct then no amount of CFD will produce

a good design”

- Denton
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Education

[ Bachelor 1( )

L 2000 k McGill University J

f Masters f . . . )

L 2008 1 Concordia University J

( PhD 1( )
Polytechnique Montreal

L 2019 J Toveemad )

Transonic axial
compressors
Thesis: An Off-Design Mean-Line Methodology to

Predict the Missing Data of Single-Stage Transonic Axial
Compressor Tests

[ Conference papers ]

Off-Design Prediction of Transonic Axial
Compressors: Part 1 - Mean-Line Code
and Tuning Factors

Off-Design Prediction of Transonic Axial
Compressors: Part 2 - Generalized Mean-
Line Loss Modelling Methodology
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PART ONE
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So what do we have to do?
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Turbine
Airfoil
Design

Turbine
Stage
Design

Compressor
Stage
Design

Compressor
Airfoil
Design
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Internal Air
System

Electronic
Control
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After
service

And much
more ... 15
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The driving parameter of Turbofan

THRUST
IN CONTEXT WITH 60 YEARS OF DATA
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Specific Fuel Consumption
(SFC)

Our target to achieve
or do better
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Max Thrust vs Dry Weight @
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RPM

Stress
Material selection
Performance
Cost
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Gas turbine preliminary sizing
limit & trade-off curves
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The basic cross sections

CHOOSING THE ENGINE
CONFIGURATION
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Three ingredients are required
1) a knowledge of different engine configurations
2) a historical background of existing engines

3) lots and lots of simulation models
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Center Line
| Shaft |
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Rotor Rotor
Dtsk Dzsk

| Shaft I
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[ 1stintroduced to the
military WWII

introduced to
civilian market

.

de Havilland Comet || Boeing 707 with
with Ghost turbojets || Pratt & Whitney J57

| 1949 /1952 1957 / 1958 © RDDM 2020




Core Shaft [ Power Turbine ]
Shaft (spool 2
RGEB (spool 1) (sp )
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RGB
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Core Shaft Power Turbine
(spool 1) Shaft (spool 2)
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[ Rolls-Royce Conway
(1958)

0.3 BPR

Pratt & Whitney JT3D 142 BPR

(1959)

Core Shaft
(spool 1)

Fan Turbine
Shaft (spool 2)

J
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Sl Cold Stream

Core Shaft Fan Turbine
(spool 1) Shaft (spool 2)

36

© RDDM 2020



FAN

comp| | comB | |TURB TZa;B

Rotor Rotor Rotor
Gears
Dk

COMPANY ENGINE TIMEFRAME COMMENT

Honeywell TFE731 1972

GE QCSEE 1974 NASA design contract
Honeywell ALF 502/507 1980

IAE SuperFan 1986 Engineering study only
Pratt & Whitney PW1000G 2012
United Engine Corporation PD-30 TBD
Rolls-Royce UltraFan TBD

[ Is the UltraFan a reincarnation of the SuperFan? ... | wonder ... ]
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Core Shaft Fan Turbine
(spool 1) Shaft (spool 2)
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Bypass Duct
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GE Affinity
(Civilian supersonic)

|

1969, 1982, 1984
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SAFRAN Larzac 04
(military)
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COMPANY ENGINE TIMEFRAME

GE GE36 1986
Pratt & Whitney / Allison 578-DX 1986-1989
USSR Progress D-27 1992
Rolls-Royce - -
SAFRAN (SNECMA) - 2019 (approx.)

11
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Successful production “biased” clean sheets Model & simulation Incorporation of new or
engine data and derivatives validation improved technologies
43

© RDDM 2020
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“It is common sense to take a
method and try it. If it fails, admit it
frankly and try another. But above
all, try something.”- Franklin D.
Roosevelt

The (disastrous) design process

MULTI-DISCIPLINARY (inTecraTED) DESIGN
(& orTIMIZATION) SYSTEM
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SFC
@ Weight Codncgptual
Thrust (» esign

Compressor  gycel +
Stage Design * txt

Turbine Excel +
Stage Design * txt
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Cooling Analysis

Analysis *.txt

[ Dynamic Excel +

Combustion

N

- Excel +
Design * txt
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Disk Design * txt
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Disk Design * txt

. N\
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Analysis * txt
1 J
Compressor Excel +
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Airfoil Design *txt
Excel + Internal Air
*.txt System
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"We've always done it this way."
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The design process

WHAT EACH DISCIPLINE DOES
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G Preliminary Sizing & Performance Analysis
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The engineer:

Creates different gas turbine configurations

Suggests stage counts based on past experience or optimization
Develops a simplified design-point performance condition
Executes a simplified performance analysis

Executes complex steady- and transient- performance analysis
Repatriates the detailed design values to the design-point and
off-design performance condition for iterative convergence
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The engineer:

« Executes the 1D design-point and off-design mean-line

« Designs and analyzes:
Fan stage(s)

Axial Turbine stage(s)
* Cooled or Uncooled

o

Radial Location (inches)

Axial and Centrifugal Compressor stage(s)

Turb Spool 1 - Stage 1
1

-
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The engineer designs the airfoils for:
» Fan stage(s)
« Compressor (axial and/or centrifugal) stages
« Axial Turbine stages

The engineer also:

» Executes simplified and complex stress analysis

» Executes preliminary and detailed cooling flow
design and analysis

Airfoils include
 Stator, Rotor, Strut, and Bypass Stator
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[
Disc Radiu in]

The engineer:

» Creates different axisymmetric disk profiles

» Executes simplified and complex stress analysis
« Executes blade fixing analysis
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The engineer:
» Executes 2D through-flow analysis
» Executes 3D CFD
» Steady state and transient analysis
 (or) Time invariant and time variant
* Fine tunes the aerodynamics
» Updates mean-line and through-flow performance
values based on 3D analysis

GE likes to use the
term “3D aero design”
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The engineer:
» Executes off-design analysis to feed Performance
group
« Compressor off-design
* Turbine off-design
* |IAS
« Stress
» May execute 1D, 2D, and/or 3D off-design analysis
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The engineer:
» Executes the preliminary and detailed air-system
allocation between compressor and turbine stages

Bearings

Fixings

Seals

Hydraulic fluid systems (lubrication and cooling)
Fuel systems

Hot gas path ingestion

Sand particle removal
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The engineer:
» Creates different exhaust geometries

e Unforced unmixed
* Unforced mixed

* Nacelle design

« Axisymmetric
* Non-axisymmetric
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The engineer:

« Gathers all 2D and 3D designs from the disciplines
Creates full 2D and 3D representations of the
overall design

Checks for clashes

Weight calculations

Integrated hot-to-cold conversion
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Gas turbine design

IT DOESN’T END THERE
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Complex Integrateq Cost analysis Testing
Performance analysis
. J J
4 N [ N
Centrifugal Lifing Analysis Sales
compressor design L )L )
Digital twin [ A
(production data After Service
L analysis) ) L )
e N\ a
Procurement Production
. J \\ J
e \ w
Manufacturing R&D
\ J \\ J
4 N\
64
Etc ...
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