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FLECS Database: Functional Simulation of the
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Enviromental Control System (ECS)

Up 1¢ six zones on some aircraft
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* Ambient Conditions

« Aircraft Boundaries AIRBUS

* Flow Resistances
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* Flow and Pressure Sources

* Volumes

* Area models

* Mixing Unit

* Heat Exchangers

* Air Cycle Machine and Air Compressor
* Ram Flow
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Implementation of FLECS in the Industrial Process

of Enviromental Control System Development e emior nivmciy f Appiod Sfance
CeBeNetwork
Group
Responsibility of Aircraft Manufacturer ﬁ
Functional DesktoB Simulation Software for the Test Rig SSimuIatorenz Aircraft
Aircraft Certification w

Requirements

AIRBUS

Somm Simple Model for the Detailed Real Time Model for
Total System Checks on the Test Rig

FLECS o

s
Detailed System
w £
28
[T
8 &
=2
g s
.g b
QO =
= ©
Q =
c O
= 0 System/mponent
Development
v Production — -
Responsibility of Supplier

>

Time, Development Progress




Implementation of FLECS in the Industrial Process
of Enviromental Control System Development
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Implementation of FLECS in the Industrial Process
of Enviromental Control System Development

* Interactive Mode < Design Verification

« Batch Mode < Regression Testing

« Simulation Performance
* Different Integration Step Size
« Stability for Fix Step and Variable Step Solver
» Appropriate Solver and Time Steps

= Software in the Loop Testing
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Modeling Approach and Implementation

in MATLAB/Simulink : Network Topology i Lol A A oo
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* Different System Sizes

» Different Time Evolutions

* Different Types of State Equations

 Crosslinked Setup of Heat Transfer and Air Flow
* Low and High Dynamic Simulation
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Highly Dynamic Simulation
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Validation
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Results of the Validation

Temperature [K]
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Control Aspects
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Dynamic Simulation of Complex Systems :
Aircraft Pack e emior nivmciy f Appiod Sfance

CeBeNetwork

Primary Main Anti- Compressor - Turbine - Group

Heat Exchanger Heat Exchanger Icing Leackage Leackage
\ J £

//

Reheater

)

Water

s AIRBUS

e

! TR 1 ! e )
Compressor FQ ~ Turbine Hotbar
‘ | — B \—, =
I Temperature [ 7" Condenser
Control Valve Controller Rotation Speed
T \

Pack Cabin + Duct
Controller Controller

40+
20]
04
204
402
60
80
100
120
140
160 ]
-180 ]
200
220
240

Real-Time Capability

(TKuhlaggregat_TreI)/Tre{ [% ]

Time

15



Vapor Cycle System
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Vapor Cycle System

ISA Standard Day

Ram Air Flow, 1.3 kg/s
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Summary

 FLECS :
» Database for the Enviromental Control System
* Dynamic Simulation
» Different System Architectures
* Different Detail Level
* Real-Time Capability
» C-Code Generation
» Hardware in the Loop Testing
» Software in the Loop Testing

* The FLECS Components are validated
 Stable Simulation of a High Dynamical Test Cases
* Design of Complex Control Systems

* Dynamic Simulation of Complex Systems : Aircraft Pack

* Future Concepts: Vapor Cycle System

issenschaften Hamburg
bung University of Applied Sciences

CeBeNetwork
Group

)

AIRBUS

18



