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_ Exaelia Project Overview

EXAELIA (EXperimental Aircraft for European
Leadership In Aviation) is a Horizon Europe
research project focused on developing the
foundations for next-generation sustainable

long-range aircraft.

SMR SMILE configuration developed under NACOR - this project received funding from the Clean Sky 2 Joint Undertaking
vnder the European Union's Horizon 2020 research ond innovation program {Grant Agreement N°CS2-AIR-GAM-2020-2021-01)
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_ Exaelia Project Overview - Objectives
4 N

7] EXAEUIA

01

Concepts of promising commercial aircraft
configurations identified and designed being suitable
for long-range missions (beyond 9000 km), currently
significant contributors to aviation's environmental
footprint.

“ At least 3 LR aircraft configurations with radically

new technologies designed conceptually and
analysed, w.r.t. climate neutrality; possibly noise
reduction; technical, business, and operational
feasibility (against reference).

02

Critical aspects of these aircraft configurations
identified, including their radically new
technologies, with focus on the critical aspects that
need to be de-risked by flight testing

“ Critical aspects identified.

' Appropriate means for de-risking identified
(virtual, ground test, wind tunnel test, and/or flight
test).

" Flight test needs specified.

¥

03

Mandatory innovative experimental aircraft
identified for de-risking the critical aspects that need
flight testingO3 - Mandatory innovative
experimental aircraft identified for de-risking the
critical aspects that need flight testing.

* Possibilities for de-risking assessed w.r.t to current
FTBs, such as FTBs owned by the consortium, Clean
Aviation demonstrators, and FTBs owned by
European industry.

“ Atleast 3 FTB families conceptually defined for
flight testing (a combination of) critical aspect(s)
that cannot be tested using existing testbeds.

Al

04

Novel flying testbed families and flight tests
predesigned with technology development plans until
first flight

* Possibilities for de-risking assessed w.r.t fo current
FTBs, such as FTBs owned by the consortium, Clean
Aviation demonstrators, and FTBs owned by
Evropean industry.

“ Atleast 3 FTB families conceptually defined for

flight testing (a combination of) critical aspect(s)
that cannot be tested using existing testbeds.

05

European exploitation strategy disseminated for the
promising aircraft configuration concepts, including
their radically new technologies, and the novel flying
testbeds.

@ Conceptual and preliminary design reviews held (at

least 3 FTB families), with representative hardware
testing activities carried out for de-risking
preliminary design.

“ Plan for further technology development up to first

flight delivered.
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_« tukasiewicz Research Network - Institute of Aviation (ILOT)
Research institute, Poland

D5.4 Design of modular LR H2 TAW demonstrator ILOT
D5.5 LR H2 TAW lesson learned towards FTB ILOT

What ILOT brings to the EXAELIA
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_ LoadCast - Conceptual Description

Local angle of attack

-5.57 deg.

Input parameters for LoadCast:
-Angle of attack (global)
-Initial pressure distribution

Solution Parameters:
-Pressure mapping scale
-Deformation scale

FEA solver outputs:

-pressure values for each iteration
-rotations/deflections values for each iteration
-deformed geometry for each iteration (.stl file)
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_ LoadCast

Loadcast loop LoadCast: Fluent pressure
pressure VS distribution
- ~ distribution (pressures generated by
Rotation distribution of Mechanical Ne.w pressure (Last iteration) deformed geometry)
deformed geometry along distribution —
the span (FEA solver) (NOT deformed mesh) - ¥
S J [ Mechanical Mechanical
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local angle of attack (rotation value + pressures on
global angte of attack] depending on structural mesh LoadCast: Deformation based
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1 [ Anglo of attack = .. ]__ Deformation VS| onFluent pressure
-Foreach meshnode, "LoadCast” take \ (last iteration) d. t .b t.
local angle of attack and looking for Istribution
pressure value from calculated previosly [ Angle of attack = -4 ]--
aerodynamicresults
Angle of attack =0 -
*if local angle of attack value not match [ ]-
perfectly to calculated aoa value (99% of [ Angle of attack = 4 ]__
time) == ,scritp” interpolatepressure
value linearly beetween nearesttwo aoa — [ Anale of atiack - 8 ]_
ngle of attack = -
*if local angle of attack value exceed
maximum aoavalue => ,scritp” [ Angle of attack = ... ]—-
interpolate linearly based on the two \ /
highest/lowest aoca / y ¥
I
//CFD calcuations\ \ © T
of NOT deformed o o Not deformed Pressure
geometry (polars) 2 oh E 5 E Structural mesh conversionto
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_4 Research Model

Research model - developed together with EXAELIA Consortium Partners:

* Virtual fuselage half width = 0.30m (scaled with 10% from a full scale half width fuselage)
 Semi-span=3.60m (0.30 for the virtual fuselage and 3.30m for the actual wing)
 Leading edge sweep = 35degrees

 Tipchord=0.15m (manufacturing constraints)

* Low speed NACA 653218 airfoil
|

35° A

0.78m__

0.30m 3.3m
|

0.15m

Model planform overview (named EXA-16), and right CPACS file
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_ Tool Verification

CFD
Laminar flow ~1-10%
Turbulent flow 10-30%+

* Verification focus: pressure reconstruction accuracy -
solver accuracy excluded

+

e |LoadCast aero-structural solution

LoadCast
* Deformed wing geometry CFD analysis in ANSYS Fluent Mapping Upto5% + Pressurecalculation 1-10%
* Pressure mapping to structural mesh +
e Structural deformation comparison FEA
Linear 1-5%
* Identical meshes & boundary conditions Nonlinear 5-20%+

* Force and moment comparison = Load reconstruction
consistency

TOTAL ERROR
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_ Results - Structural deformation comparison

Not deformed  AOA =4 deg. AOA =8 deg. AOA=12deg.  AOA=14deg AOA =16 deg.
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_ Results - Force and moment comparison
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_ Results - Force and moment comparison
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_4 Conclusions

* ALoadCast-based high-fidelity aero-structural methodology was developed and

validated.

 The approach achieves significant computational cost reduction compared to
fully coupled Fluent-Mechanical FSI.

* Physically consistent aeroelastic responses are obtained, with good agreement
in deformation, forces, and moments.

* LoadCast captures flexible-wing behaviour over a wide range of angles of attack,

though pressure scaling requires refinement at some cases
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_« Thank you! Contact points for any question:

% Andriy Payenskyy (Lukasiewicz - ILOT)
Follow us on
% Email: andriy.payenskyy@ilot.lukasiewicz.gov.pl

m % Phone: +48519466292
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exaelia.eu
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http://exaelia.eu/
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