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Trends Driving Civil Aviation

B RNR RIES

Increased Regulations/%: ™ #% FIyE#E

Minimize environmental footprint/ Jg />3 1875 4
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Air Traffic & CO, Emissions/ & 1528 5 CO,HE

Relative Change

Air traffic
5% annual growth

CO, emissions
3% annual growth

CO, emissions IATA goal
+ Carbon neutral growth from 2020
*» 50% absolute reduction in CO,-emissions by 2050
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Trends Driving Civil Aviation

B RNR RIES

Growing Competition/ 35+& 13m0

Differentiate & capture market share/ 7 Z1i3%
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Single-Aisle Deliveries 2015-2034 /.38 & 25 L AL N

B 737Max
m737NG

®m A320ceo Family
®m A320neo Family
mC919

m Cseries
= MC-21
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Trends Driving Civil Aviation SIEMENS
SR RHES

Better Customer Experience/

I AR

Demand for Comfort and Convenience/ 4%:i& E 5{&
F)VE ) R

Customer Experience
Is the New
Battleground for
Winning Customer
Loyalty /% /{456 7 i
s P IR TR
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Trends Driving Civil Aviation

B RNR RIES

Profitability Pressures/ BHE /1

Reduced Operational and Maintenance Costs/
e s 545 % H

Restricted © Siemens AG 2017
Page 7 02.03.2017

SIEMENS

Siemens PLM Software



Trends Driving Civil Aviation SIEMENS
SR RHES

Alternative Business Opportunities/

Fo AR

Leverage Emerging Capabilities/ & f 8T & KA
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Trends Driving Civil Aviation SIEMENS
SR RHES

Increased Regulations/ Btk K2 # [omon1t

Minimize environmental footprint/ /> ¥ 15 5 4y

Growing Competition/ 34+ #in

Differentiate & capture market share/ 7> £ 113

Better Customer Experience/
BRI P

Demand for Comfort and Convenience/ 47i& E 5{&
FIPE B 7 R

Profitability Pressures/ ZF|E 1

Reduced Operational and Maintenance Costs /f#
5155415 7% H

Alternative Business Opportunities/ Driving Product Innovation Through Simulation /

ﬁ%ﬁm » » M| —
Leverage Emerging Capabilities/ &R &7 & KIHA ﬁﬁﬁwgﬁdﬁf F'l:l':lﬁ'J%T
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Simcenter™ Portfolio for Predictive Engineering Analytics: STAR-CCM+ SIEMENS
Simcenter™ & T TRE& o HrEkf: STAR-CCM+

STAR-CCM+
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Simcenter™ Portfolio for Predictive Engineering Analytics SIEMENS
STAR-CCM+/ Simcenter ™EF TR T K4 STAR-CCM+

Fluid Dynamics

Solid Mechanics

Fluid-structure
Interaction

Heat Transfer
Particle Flows
Reacting Flows

Multiphase
Electrochemistry

Electromagnetics

Acoustics

Rheology
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Redefining Simulation Strategy for Innovation SIEMENS
BT JRHT AR SRS

Value

Validate

Automate
> Proactive > Explore Digitally, Confirm Physical

Simulation Strategy
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Validate & Troubleshoot: Thrust Reverser

Kk 5k RIEN RS
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Value

Validate Troubleshoot

Explore Digitally, Confirm Physicall

>

| | Simulation Strategy
Restricted © Siemens AG 2017
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UTAS: Thrust Reverser Performance Estimation/ UTAS SIEMENS
RIS RS 14E RE TR

2o |3

* Most modern turbofan engines - Gross reverser effectiveness
 Play important role in safety - Area match through deployment
+ Important in certification * No re-ingestion of the plume
- No adverse performance at
cruise conditions

Normal Airflow Reversed Airflow Blocker Door
-__/\ £ Vane Grid
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UTAS: Thrust Reverser Performance Estimation/ UTAS SIEMENS
RIS RGP T

State-of-the-Art Validate / Troubleshoot Strategy ({fFBETHARKIRAE/ KRS HEIK)

3D CFD Simulation of Full 360° Cascade
- Able to capture all relevant geometric details
- Fast, reliable, pipelined process

i ,ﬁ%?

S J"‘

16 cascade boxes
1400 vane passages

[ S v e |

Axial Location

Pressure Coefficient

Simulation results in
« Time and cost savings via less physical testing

~1.1200) =1.040L = -0,88000. -0.80000!

 Reduced risk
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Predict: Electric Aircraft

TR : BEIE AT AR
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Redefining Simulation Strategy for Innovation SIEMENS
B e L ANHT AT SR B

Value

Validate

N > Proactive > Explore Digitally, Confirm Physicall

| | Simulation Strategy
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Joby Aviation: Electric Aircraft Design

SIEMENS
B H AT R A E] B AT R BT

Background Multiple Motors/Propellers

Introduces Design Questions

gL s i & . 2

|7 4 | S
- = il SR — Log' 3§

u-ﬁ’ o T s R+ 4

Opens the design space. : l

Wealth of aircraft design Redundancy for VTOL safety
knowledge: over 100 years Increased efficiency

Much of this knowledge is Reduced noise
irrelevant for electric propulsion

Electric propulsion scales What to do at cruise?

Fold into streamlined nacelles?
Use as lifting surfaces?
Remain in active propulsion?

Simulation is critical for good electric aircraft design/ X FEBEER HEZE TR BGHERDRBNVEE
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Joby Aviation: Electric Aircraft Design SIEMENS
B RATER AT B AT WO

Distributed Propulsion at Cruise/FEi&RifiE FH 24 A HE 3 2

Increased dynamic pressure across wingspan

- Increases maximum lift; allows better wing sizing for cruise efficiency
Introduces many new design questions

* Propeller/propeller interactions

* How to distribute thrust?
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Joby Aviation: Electric Aircraft Design SIEMENS
B RATE AR B TSRO

Wingtip Cruise Propellers/ A BRI IR IEL Extend Effective Wingspan/f] B ERE &1+

Propeller interacts positively with wingtip vortex  Propeller creates additional winspan at cruise

Increase in propulsive efficiency Increase aerodynamic performance
Reduction in cruise power Introduces design compromise at VTOL
Reduction in induced drag of the wing Propeller/wing interactions are not well-known

Reliable predictions enable simulation-based design decisions/aT£& K Bl g8 B IE S ¥ it
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SIEMENS

Automate & Explore: ECS Components

Hah4k 'ﬁ?lﬁﬂfﬂ%‘ ECS (7$%) F344
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Redefining Simulation Strategy for Innovation SIEMENS
BT JRHT AR SRS

Value

Validate

Automate
> Proactive > Explore Digitally, Confirm Physical

Simulation Strategy
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What is Design Exploration Through Simulation? SIEMENS
BT R R

18 T T T
16} ® Feasible Designs ]
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What is Design Exploration Through Simulation? SIEMENS
BT R R

51% reduction in mass
25% cooling improvement

Baseline Design Improved Design
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Airbus: Static Air Mixer in ECS Design SIEMENS
TE: TRIBEBRITRE

Aircraft Bleed-Air System Design

Goal: Redesign a mixing device to improve - /.
erformance of air conditioning and wing ice K €665 p
i ' ° ° S ‘BUSA36260({9°°909
protection systems - @6
T B | e
—— - = = L - \ =2 \\
Mixed air to air o \ - - Ji
cond|t|0n|ngv<stem = . : / .
Mixing device R /'pll\{l)it)((e?:(tji g:]r ;%f:m S ‘W‘%ji&’%[
i - ‘-\' — - ' s
Cold ajr JH= - 4
in
Hot air in R e ©
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Airbus: Static Air Mixer in ECS Design SIEMENS
TR TRIBERRHTERER

Purpose of Bleed-Air System/ X &% H I

Supply air at a given temperature and pressure

(actively controlled) to the Air Conditioning and To Air Conditioning
c . ystem
Wing Ice Protection systems. Static mixer To Wing Ice

Protection System

R
Cooling air <Y <— Temperature sensor
exhaust W

Static Mixer Design Goal/ ZESREA R BT Eir [y

Total pressure loss < 5kPa
Temperature difference at sensor < 12K

Hot bleed air from the
engine‘s compressor
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Airbus: Static Air Mixer in ECS Design SIEMENS
TR . FREBERRITERER

Chosen to give maximum design space flexibility High variance in inlet temperature
Direct optimization does not require simplification Limited mixing with baseline design:
of design space AP = 1kPa , AT = 153K

baseline

BN sTaR-ccm+

Temperature (K)
608.

. 588'
568.

548.

528.
508.
487.

467.
447.
427.
407.
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Airbus: Static Air Mixer in ECS Design

FE ERREHFRITRER

SIEMENS
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Airbus: Static Air Mixer in ECS Design SIEMENS
TR . FRBEESREIT

AT =13.7K AP = 4.9kPa

Temperature variation reduced
41 by over 90%

Pressure drop constraint met

® Feasible Designs ¢ Infeasible Designs

/

Design Id
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Conclusion: Better Designs, Faster

SIEMENS

2 BRI Tt
m : : : ) :
> Aerospace companies are now using simulation-based exploration to
S discover innovative design solutions/ fiz= /A 7 IEZE M &+ 2 RR R BT RE kit
Validate Troubleshoot Automate Explore
SIMULATION PURPOSE
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Airbus: Static Air Mixer in ECS Design SIEMENS
TR . FRBEESREIT

4 “Old” 2013 Optimization Process

With STAR-CCM+, Airbus reduced
exploration time from over 6 months to

less than 2 weeks.
{HHASTAR-CCM+, ZRZS;E & H/iRITATEM6D B
B2

CFD via Model
ANSYS results using

Pareto Front

workbench Surrogate LELEBUE

Fluent Models

Commercial tools: CATIA V5, ANSYS Workbench, MATLAB
Internal Tools: MACROS, MOPS: In-house tools

Complexity

STAR-CCM+ Process

This allows simulation-based design
space exploration in a production

: % &
environment & S
TE7 S BT ARPR B D VI AT EAT Btk s IRl & &

Project Timeline
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Conclusion: Better Designs, Faster

g BRRIE TR
“oulo > Test > belore >

STAR-CCM+
Multiphysics Platform

\

STAR-CCM+
DARS STAR-CD /es-ice Battery Design Studio SPEED
Chemical Reactions In-Cylinder Batteries Electric Machines

Quickly Predict Real-World Performance and Find Better Designs

Efficient
Parallel

Intelligent
Design
Exploration

) Flexible &
Parametric Robust

Models

Workflow

Multiphysics Automation

Meshing Computation
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Innovative Products and Technologies

AIFT R DRE S BAR

Quickly Predict Real-World Performance and Find
Better Designs

Flexible License Models/ R & K32 AU# AR

Making Design Exploration Possible

Individualized Customer Support/ stz P 2%

Ensuring Success Through Knowledge Transfer
and Expertise

Siemens PLM Software



Contact Information SIEMENS
ﬁ%%,@, Iugzo\ui{y-{or(,«{e

Deryl Snyder
CD-adapco VP, Global Business Development
Siemens PLM Software / Simulation and Test Solutions

2101 Park Center Drive, Ste 290
Orlando, FL 32835 USA

Phone: +1 407 517 5921
Mobile: +1 407 921 8514

E-mail:
deryl.snyder@siemens.com

siemens.com
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