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Aviation ... but also space and defense
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Safran Tech : Research and Technology
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Launched in January 2015, the Group’s Research & Technology
Center Safran Tech has been pooling expertise and fostering the
development of new technology. This research center, dedicated

exclusively to Safran, ensures the future competitiveness of the
Group, which operates in a number of high-tech fields.
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Safran Tech
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Aeronautics and CO,

‘Decarbonizing aeronautics

507

I : o IN GREENHOUSE GAS EMISSIONS BY 2025, -50%
ndutry o, I 19% BY 2030 vs 2018

Land use*

Energy sector

Road vehicles

\ 5% - Despite the impact of Covid-19, ; , . .
S—— “P= | mesma i eetsous 2050 - aircraft's decarbonization
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aviation [ 2.1% 40,000 2000 In air transportation in 2050 vs 2005
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Aeronautics and CO,
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Aeronautics and CO,

AN AMBITIOUS COMMITMENT TO REACH
NET-ZERO CARBON EMISSIONS BY 2050

No action Optimization of current
CO, emissions from global civil aviation .
technologies
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Aeronautics and CO,
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Aeronautics and CO,

Towards "low-carbon” Supporting the introduction ~ Developing electric
aircraft of sustainable fuels propulsion and hybrid aircraft
A N
S SAFRAN

Safran is strongly involved in decarbonization
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Hydrogen modelling

» In june 2023, Safran Tech started a Proof of Concept to test GT-SUITE
» Hydrogen mobility chosen for the study

o Hydrogen as a combustion fuel

o Hydrogen as a fuel for fuel cell

Hydrogen modelling
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POC GT-SUITE

Example Model Elel Cell Oy l Solutions for ECS - Heat Exchangers Requirements
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POC GT-SUITE
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A multiphysic system approach
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System modeling

.

M N> Values
constants
Example :
efficiencies
UE —

Start of an innovation project —"architecture studies : 0D, Python
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System simulation
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LE!

Replace constant
value by a
measured map

Start of an innovation project — previous studies, supplier data, tests
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Use of detailed physical models

.

Replace by a
Physical model
(1D)

N1

el Loy o )

N3 —

Issue : increased in the CPU time

Use of detailed physical models
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Use of detailed physical models
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Probleme : augmentation des temps calcul

v

« Full
Model »

physique

Use of detailed physical models
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Use of detailed physical models
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DOE

Prediction for Experiment Set Defautt, Case - 1, Mstamodel
T_fuel_cell_Kriging_1
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Solution : use of a reduced model : multi-parameters maps

Use of detailed physical models 2> reduced models
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Use of detailed physical models
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N1

LE!

Replace by
multiparametric
maps

Use of detailed physical models 2> reduced models
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Use of detailed physical models

.

Remplace par by
multiparametric
maps
Or
metamodels
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Use of detailed physical models 2> reduced models
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Use of detailed physical models

Use of detailed physical models - reduced models
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Use of detailed physical models

Use of detailed physical models - reduced models

Department / Company / Date (menu "Insert / Header and footer" — “Insertion / En-téte et pied de page”
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Use of detailed physical models 0, 7%

Use of detailed physical models - reduced models

pany / Date (menu "Insert / Header and footer" — “Insertion / En-téte et pied de page
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sical models - fuel cell

Electrochemistry

Cooling & Thermal "
management e X kg of mass

Fluids ~
Mechanics ‘ y kw
Control

Exhaust

COMPressor

Heat transfer

/ x global efficiency .
~y kW Cooling

@

Use example : fuel cell

28
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Detailed physical models using

(simulation in the top-down phase of the "V") the lower the risk of
non-functioning later (validation phase)

The more physical the models, the more problems can be analysed

The earlier predictive models are used, the

The earlier the physical models are used, the better the
will be

Use of detailed physical models - less time and cost

29 | Alain LEFEBVRE — Safran Tech — June, 13 2024 — Saclay, France o~
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Detailed physical models - objectives

GOOD BAD
CHOICE = CHOICE

HH Too large error - bad choice
2N Objective : <10% max (and if possible 5%)

Predict efficiencies +/-2 points

Predict masses +/- 1kg 59% G
Predict global energy balance of the systeme by +/-5%
Check functioning

= Steady conditions
= Transient conditions

Interest of a 1D/3D GT-SUITE approach
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Components modelling
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Heat exchangers

Tube-fin typ

e

@ | Flat Tube

| Attribute Unit Object Value
Tube Flow Orientation Horizontal v
Heat Exchanger Height (H) mm v [
Heat Exchanger Width (W) mm v [
Total Heat Exchanger Depth (D) mm v |;|
Inlet Connection Diameter (Dm1) mm v Q
Outlet Connection Diameter (Dm2) mm v I;‘
Dry Mass of Tube and Fin Material kg v |;|
Tube and Fin Material Properties Object I;‘
O t Model Conduction Through Wall
Attribute Unit Object Value

Q| Circuiar Tube

Flat Channel Major Dimension (Chmai) mm =

Flat Channel Minor Dimension (Chmin) mm =
| circular Channel Dismeter (Chdia) mm

Custom Channel Cross-Sectional Flow Area  |mm*2:

Custom Channel Wetted Perimeter mm
Tube Wall Thickness (t) mm =
Mumber of Channels in One Tube (Nch) 1[.]
Reference Length for Reynolds Number mm def (=Automatic) [L.]
Fin Shape Hone v

Attribute Unit. Object Value

Fin Shape Triangular ~
m | Louver Geometry
Reference Length for Reynolds Number mm def (=Automatic) [L..]
® | Fin Pitch (Fp) mm [
O | Fin Density (1/Fp) 1fmm
Fin Thickness (Ft) mm L
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Parametric studyDOE (Design Of Experiment)

1 Use a latin-cubic DOE to reduce the number of cases cas (350 cases) — tube/fins

Take-Off

Ram air velocity imposée Tube length (mm) [800 - 1400]
Altitude ~0 m Stack height (mm) [518 — 1540]
Patm = 1.013 bar

Tatm = 25°C Heat exchanger depth (mm) [53 — 830]
Glycol 40-60 water Tubes number [-] [40 — 80]

Wall thickness = 0.6 mm
Fin thickness = 0.1 mm

Channels number = 2 Channel width (mm) [10 - 50]
Louver pitch = 1.5 mm

Rows number [2 - 8]

Channel heigth (mm) [4-7]
Louver length = 2 mm
Louver angle =35° Fin density (1/mm) [0.5-1.2]
Fin pitch (mm) [2 — 8]
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Results Prediction for Experiment Set Default, Case - 1, Metamodel Prediction for Experiment Set Default, Case - 1, Metamodel
T_fuel_cell_Kriging_1 T_fuel_cell_Kriging_1
[
>~ G
= £
8 =t
. 5
[ c
£ [
o 4
00 1000 1100 1200 1300 00 1000 1100 1200 1300
S u rfa ces Tube_length Tube_length
Prediction for Experiment Set Default, Case - 1, Metamodel Prediction for Experiment Set Default, Case - 1, Metamodel
T_fuel_cell_Krging_1 T_fuel_cell_Kriging_1
T, fuel cell
[ 6 =
g g LT T
s § 7/
g 1
wi wi
= DY
g 4 5
|
00 1000 1100 1200 1300 00 1000 1100 1200 1300
Tube_length Tube_length

DOE Results
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[

P oA
=p| Tube_length 1099.50
800,412 1398.79
i ™
=p| Fin_density 0.843100
0.500040 119816 |
i ™y
=}| Fin_pitch 5.00074
2.01585 7.98562 )
P ™y
-H Rows_number 4,59975
2.00713 7.99239 )
i ™
=p| Tubes_number 70.0118
40,0531 93.9706 )
i ™y
=} Channel_heigth 5,50086

v .

Results based on the
response surfaces
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Prediction for Experiment Set Default, Case - 1, Metamodel masse_Kriging

¥

Fin_dersit

00 1000 1100 1200 1300
Tube_length

Prediction for Experiment Set Default, Case - 1, Metamodel masse_Kriging

Rows_number

00 1000 1100 1200 1300
Tube_length

Prediction for Experiment Set Default, Case - 1, Metamodel masse_Kriging

Fin_pitch
x
-\J
o

00 1000 1100 1200 1300
Tube_length

Prediction for Experiment Set Default, Case - 1, Metamodel masse_Kriging
58.4

70.0
816
93.2
104.8
116.5
1281
139.7
151.3
162.9
1746
186.2
197.8
200.4
221.0
2326

Tubes_rumber

G0

o0 1000 1100 1200 1300
Tube_length

HX mass directly calculated by GT-SUITE (based on material density (alu) and tube and fin dimensions)
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Results

.

O Building meta-models (kriging)

Radiateur_surfacique_sans_fan_avec_Fuel_cell_DOE_403kw_latin-hypercube_Take-Off _thrust_80ms.gtdoe
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@ @ Create metamodels after selecting Experiment Sets, Responses, and Fit Types. Modify properties of created metamodels by using the Apply button.

Hide Tree Hide Help

O =

. MNext Page

Metamodel Help

FitType : |kRIGING

Case: |1-Case-1

Mame ;
Status
Timestamp :

Training Time :

Experiment Sets All Responses CJan Fit Types
surface_echanges 2 Kriging
masse [ Linear
efficadite [ Quadratic
h_moy_eau [ Cubic
h_may_air CIme
peiff . |Omw
d}l Create Metamodels
Metamodel Properties
(" Basic ™ Cross-Validation (" Parameter m
Experiment et ! |pefault Enable
Mumber of Validations : 1015
Fesponse :
Validation Percentage : 2005

Apply Discard

Meta-models

Kriging

-1 -0.5

Kriging interpolation is a

Gaussian process regression
method that relies on creation

of a variogram, which is a
mathematical description of the
soatial continuitv of the data. ¥
< >
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Results

O Optimization with constraints (Target T, s,e1 ceir MiNiMizing the masse and the drag...)

- imizati ~
Optimization Runs | A7 W @‘E + Optimization Setup
+ '
Attribute Object Value
All Optimizations
B@ Default Attribute i 2 5] 4
E‘ Optimization_1 (®) | Optimize Each Case Independently Factor Tube_length Fin_density Fin_pitch Rows_numbe
% Arrays (O | Case-Sweep and Cross-Case Studies Case Handling, or Fixed |Independent  w ~ ~
|__mole-Objective Method (For Twoor More Obgectives) | | v vaoe def (e ] & = [
®) | Pareto Integer Only O O O
O | Weighted-5um Discrete Values Cnly O O O O
Population Size def (=calculated) |;| 8 2
Mumber of Generations def (=20) |;|
Show Advanced Settings O Attribute q 2
.
Metamode! T_fuel_cell_Kriging_1 Q'! masse_KrigingE M a SS . I I I I n I I I l Ize
Objective Target ~ | Minimize ~
Target Value 70 |;| ign |;|
T, . 70°C
out fuel cell -
£ > v
| Save and Start Optimization |

Optimization
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Optimization

O Optimization with constraints

[\ 20 Pareto for Case 1

M

©¢ (080 KR &aa HAXN (0|

() 20 Pareto for Case 1

300
280
_m
g
fu 150 o .
] Q
BeSt E 1o o & 00 O
> a0
trade-off ?
50 8 DG%Q CP o] %0 o
0 | | | | |
0 200 400 GO0 200 1000 1200 1400 1600

Errar Function for T_fuel_cell_Kriging_1 [C]
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(] Designs C
Status Design ID Case T_fuel_cel_... | masse_Kriging [Tube_length... Fin_density [...|Fin_pitch [mm] |Rows_number [Tubes_number(Chai

5] 1484 Case 1 78.558346  |1.1148713  [920.2058  |0.6937858  |3.4224465  [3.0 57.0 5.62

5] 1485 Case 1 76.61095  [4.2751284  [917.4862  [0.65113946 |3.125976  [3.0 52.0 5.63

5} 1486 Case 1 7414216 [7.387916  [917.38934  [0.67192054 |3.4016666  |3.0 50.0 6.07

O 1437 Case 1 78.993355 .81647235 I917.Fl'825 0.69193333 |3.762029 3.0 |5_2.0 5.49

5] 1488 Case 1 73.02745 13141642 [017.51324  [0.69164187 [2.300315%  [3.0 5.0 6.21

1430 1 72.733795  |11.698468  [918.7546  |0.68933 2.5267353  [3.0 52.0 6.04

| 5] 1481 KCase 1 |73.90052  [7.825141  |000.35486  [0.6746952  |3.0881228  [3.0 51.0 6.06

LE 2D Pareto for Case 1 E‘i Parallel Coordinates

& T_fuel_cell_Kriging_1

b Convergence Progress
B* masse_Kriging

Optimization - results
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eésults : analysis of the most influents parameters

.

Tout fuel cell
[T 1=[57.8 — 119°C]

min ' Tmax

Main Effects Magnitudes plot for Experiment 5et Default, Casze - 1

Tube_length Tubes_number Channel_width Channel_heigth Fowes_number Fin_density Fin_pitch
Factors

T_fuel_scell

Effect of the most influents parameters

Responses = f(factors)
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Sub-system modelling
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Fuel cell system

D
— e
Advanced
physical model Jrrizlee

of the stack

Lompressor

Fuel cell system is fully modelled, with the different components

Fuel cell system
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Transient simulations

® Liquid side (glycol 60-40)

iction,
@ Expansion Con;ocﬁorﬁg@apon\s"on C?ocﬁon
=} ]
—E\a%» SE R TR e —
|
] i =
| i ¢ ' _ [hermal masses | % ;4 '
“"‘:'1!""«“'" X N § ; % uH-.q.tr:_‘o-n.:-l Armosphere Core \ i
g - | e o
® |
| Fuaziet © Fuazoumet
& &
S ~ .
Air side

Cooling system transient behaviour is already modelled with mass/ thermal inertia

Transient simulations - cooling system
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Simulation “worst case” - T =65°C-T_,,=45°C

stack init™
o

Puissance fuel cell

/ Recherche de la puissance souhaitée

Tambiant 1 45°C

Puissance nette (kW)

Puissance nette
Puissance nette
Jd Puissance nette
il Puissance nette

10s

0 5 10 15 20 25 30 35 40 45 50
Temps (s)

GT-SUITE as a virtual test bench
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Simulation "worst case” - T, init=65'C-T,,,,,=45°C

.

Température stack

75
Puissance nette
74 ) ) Puissance nette
. Puissance cible P et puissance nette
Puissance nette
72

L mentation de la température stack

70

69

Température stack (°C

=] =)
-~ [52]

=)
[=)]

=)
[

Temps (s)

GT-SUITE as a virtual test bench
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Simulation “worst case” - T =65°C-T_,,=45°C

stack init™

[
Courant et tension Courant et tension
< Imax < U max

< =
- c
=2 c
S 2

Puissance nette Puissance nette

1 OS Puissance nette Puissance nette

- —— Puissance nette Puissance nette

/ g Puissance nette Puissance nette

| 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Temps (s) Temps (s)

GT-SUITE as a virtual test bench
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« Full system » modelling
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Fixed Wing Aircraft with fuel cell } M. 1
propulsion system = SAFRAN ‘ “ro PuU |

loNn system

- (N

-~ £ |
| Propulsion system nr. 2 Propulsion system nr. 1 1 z fue l -Ce ‘ S+ e-Motors

l - -' u.

' - A ’ 3

| e |
| : |

i

7_. , - - - »!-——d:}; R - _F_F_"-_H;bi—!‘
i ircraft ¢
. C cl r ‘FJF
Wing : o
Aerodynamical j
coefficients F =
i
Nt controlle
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Transient simulations
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Transient simulations

Simulations with more severe conditions : Tyt stack and cooling system = 22 C * Text ground = 45°C (Dubai conditions)

Coolant temperature

Initial temperature = 55°C

: . Cooling system effect
Ambiant conditions = 45°C
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Coolant and FC initial temperature = 55°C
0
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Time(s)

Tax stack = 65°C is respected even with these hot conditions

Transient simulations - stack temperature

S SAFRAN



Transient simulations

SHORT TAKE OFF AND LANDING (“STOL”) PERFORMANCE

STOL : « Short Take Off and Landing »
50 ft. obstacle related to the stall velocity at 50 ft (15.2 m)

~410 m ',_-!j

50 ft. Above the 366 m target

obstacle

Can be achieved (~370m) by using more agressive
PID coefficients, but giving instabilities later

Check of flight performances at take-off
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Use of detailed physical models

.

GT-SUITE

Every tools necessary
for the study of a
new concept
included in GT-SUITE

Interest of a 1D/3D GT-SUITE approach
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Use of detailed physical models

IVerytime E GT AGCUAC)

/ r

I
Exhaustivity Human Ressources /

Agility E GT reduced costs

Virtual test bench E GT Test bench ‘
4 |

O

Interest of a 1D/3D GT-SUITE approach
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Use of detailed physical models

.

sonception

sonception

calibration

Interest of a 1D/3D GT-SUITE approach - reduced delivery time and costs
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Use of detailed physical models

S 5 .
Existing system tools . - p

Other system softwares \
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Components

Response
surfaces Metamodels

Sub-System

Interest of a 1D/3D GT-SUITE approach - reduced delivery time and costs
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Use of GT-SUITE

» Using GT-SUITE allows multiphysics advanced modellings already included pour la to
take into account issues linked to hydrogen for steady and transients :
- Fluids — 1D Navier Stokes
- Cooling/thermal management
- Two-phase flows
- Mechanics
- Advanced models of the fuel cell

» Coupling capabilites GT-SUITE (FMI-FMU, GT-automation) make easy to insert in the
existing system worflows

» 1D-3D simulations allow productivity and predictivity gains for the innovative programs

Conclusion & perspectives
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Perspectives

S SAFRAN

Thank you for your attention !

Safran is hiring advanced system simulation engineers !

alain.lefebvre@safrangroup.com

Job opportunities
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