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Le tecnologie innovative per i velivoli di nuova
generazione

AERODINAMICA

G. Mingione — (CIRA)
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MARKETING

Requisiti:

v Tratta (
j Numero passeggeri

y

Aerodinamica

Struttura

Disegno preliminare — Meccanicadel volo

Propulsione

Sistemi

~——
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PRELIMINARY DESIGN
Weye = f ( Wyrow, Range, E) Wyrow = Wevpry T Wege

> Weypry = fi(geometry, Wyrow )

» E=f,(geometry) (Efficienza aerodinamica)

CORRELAZIONI SEMIEMPRICHE SONO

GEOMETRY RICHIESTE PER:
> Wing span Peso in funzione delle caratteristiche
> Aspectratio geometriche
> Wing surface Aerodinamicain funzione delle
> caratteristiche geometriche

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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COMPITO DELL’AERODINAMICA DURANTE

LO SVILUPPO DI UN NUOVO PROGETTO:

DIMOSTRARE CHE LE ASSUNZIONI FATTE NELLA FASE DI
DISEGNO PRELIMINARE SIANO REALISTICHE

DEFINIRE LE FORME SUPERFICIALI ESTERNI CAPACI DI
SODDISAFARE | REQUISITI AERODINAMICI

FORNIRE DATI AERODINAMICI ALLE ALTRE DISCIPLINE:
Data-base aerodinamico => Meccanica del volo

Carichi aerodinamici => struttura

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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AERODINAMICA

Four Forces on an Airplane Research

Center

v MASSIMIZZAZIONE
EFFICIENZA (RIDUZIONE _. /
i : Drag
DELLA RESISTENZA)

v PORTANZA AL DECOLLO

Thrust

Weight

Lift: portanza .
Drag: resistenza Lift =.5* Cl * ro * V*V*S
eight: peso - R* * * \/k\/%*
Aerodynamic center: fuoco Drxﬁ .9 Cd - ro % vV \,{_ S
(diverso dal centro di pressione) oment =.5 Cl
Angle of attack: angolo d’attacco V*V*S*C

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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RESISTENZA AERODINAMICA

Total Drag
| Pressure Drag | ] Friction Drag |
I
I I
surface wetted
T|'I_E loading area
Vehicle
- | Profile
shed vortices Form Dra [ g ——
due to lift | | d | Drag
waves duea |
to lift waves dus |
to violume boundary layer,
flow separation
T
- Wave Drag | |
—»  Induced Drag | | Wake Drag |
Total Drag

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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INTRODUZIONE

Total Drag

Ibl'iﬂ'ﬂ'lll'lfll'fll'll'hﬁl

Lift
Dependent
Drag )

Friction
Drag

AERODINAMICA
RESISTENZA

Friction Drag

s + Fairi
Mace|kes

Wing

Fuselage

Resistenza d’onda minima se il
velivolo € ben disegnato

La resistenza d’onda dipende
dalla distribuzione di carico

La resistenza d’attrito dipende
principalmente dalla superficie
bagnata

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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AERODINAMICA
RESISTENZA D’ONDA
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AERODINAMICA
RESISTENZA INDOTTA

Glenn

Downwash Effects on Lift Research
Center

AR = Aspect Ratio
(span2/ area)

Angle of Attack =a

Pressure difference across wing surface Lift Coefficient
causes spillage around wing tips. cl
0

Downwash causes a local induced angle
of attack which reduces lift. 1+ TAR

La portanza é ortogonale alla velocita

Induced

Il down-wash causa un angolo d’attacco rag
effettivo ridotto e la portanza sara
Velocita asmtotlcqfﬂ_-————h

normale alla velocita effettiva con una %\
; ; Velocita effettiva

componente di resistenza

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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AERODINAMICA: RESISTENZA INDOTTA

_Riduzione della resistenza
indotta attraverso la forma
dell'estremita alare

Riduzione dellg resistenza indoﬂ:a
attraverso ojrhmuzzazuor!e_de_l carico
alare nelle diverse condizioni di volo

19.0

18.8

v Deformazione ale&

v Variazione del 5[

carico causato da
consumo d. 153
CombUSlelle 18.0

T

I

p—= No deflections
l——e Optimized configuration, remeshed

l—e Optimized configuration, deformed mesh 1 W| n g b (0] dy (640 nfl g u rat' on

17851057 0.52 0.53 054 0.55 056 057 050 557 2. , with flaps and ailerons
L 7,,/—_—|j _ .~ 5 Negative
Performance at crwse initial and OptImIZ\. : i = —
() ] () ] o N DIrOVenen -
Positive
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La presenza della parete tende a rallentare il flusso e
quindi a creare zone in cui gl effettl VISCOSI Sono
predominatti= —

—_—-
. &
= ¥ S rPTrPTIIIITITITIYY
(0 free stream (@) |amimar flo=~ () kurbulant f-l...n ) f;;... fqn:: :.:‘
] a = S o wnikres e

Shoulder of airfoil - =

! Not
maximum speed outside | i Flow outside houndary

layer isinviscid flow

of the houndary laya‘ |l / :
2 Turbulent houndary layer
po
P
bﬁﬁ‘ﬁ\ e —
Vi ﬁ::‘w 2 ek gw
,- EEREN /,,”
7 : 'Boundary /
) layer Transtmn
—— region (lammar
Poo g ol i : . (shaded) becomes
Stagnation point
Visomges pressure = Total pressure p; turhulent)
—i Separation el e
point
{Stalled flow)
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Il numero di Reynolds: Strato limite

Lo strato limite e
influenzata dalla
distribuzione di
pressione:

1. Un Cp in espansione
regione regione tende a favorire la
laminare  turbalenta presenza di  fulsso

laminare _
Co 2. Un Cp In

compressione tende a
favorire la transizione
laminare-turbolenta
3. Un Cp in
compressione tende a
favorire le separazioni

dp <0 9-2:0
dx X

| regione turbolenta

!
regione laminare

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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AERODINAMICA
RESISTENZA D’ATTRITO

» YW = freestream
W= freestream

Transizione dei flussi da laminari Zreeseam,

a turbolento N —
(riduzione del Reynolds critico) — Layer
Raffreddamento, suzione T

Riduzione degli sforzi di
parete in flusso

turbolento (Riblets, .... ) I
Circa 10 -15 % ¥

Turbulent

Boundarny
Layer

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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Glenn
Inclination Effects on Lift Hegea{ch Stallo
anter

~ Stalled
_)——-."--_ ‘\

_)Nq ~ Stall
Ei;tatrw Lift xgg =T

T —— B —— %

—-?'_‘_..—-—— / | - = —~— \77\%‘ == \ > LIS . .
Attached T  —— R -
Angle of Attack - a = L 5 S

- 3 "*\\\¥

For small angles, lift is related to angle. . — a2

Greater Angle = Greater Lift N gl

For larger angles, the lift relation is complex. ~O

¢
Included in Lift Coefficient ’- ) ~

Il coefficiente di portanza e lineare all’aumentare dell’angolo d’attac
fino allo stallo quando comincia a diminuire in modo piu 0 meno brus

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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Metodologie di analisi aerodinamica

p{%ﬂﬁ-@z} = —EP+%E[%(E-£JJ+E'[“(Wﬂ“?"’”ﬂ

o[+ DT - -2 [t vy p| =
H%E- (kvr) + 4 _;3 M @ »?+Ler+ v’
pl
P=

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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> INTRODUZIONE

Fluidi Newtoniani, co
(Bilanci di massa,

Equazioni di base generali: Equazioni di Navier-Stokes

mpressibili, viscosi, instazionari
guantita di moto ed energia)

Si trascura la viscosita Si tratta la turbol

T~

enza utilizande edie >
L Ed introducendo i modelli di turbol€ DNS

! \

Eulero

RANS Si simula correttamente solo la
turbolenza di larga scala

—

— \

Si suppongono i flussi irrotazionali

(valido solo in presenza di onde d’urto Si restringono gli effetti viscosi LES
deboli) A gradienti normali al corpo
] T~

Equazioni Full-Potenzial

Thin Layer Navier-Stokes

\

Flussi incompressibili Piccoli disturbi

_ __ _Siassumono le assunzioni di Prandtl: o
La viscosita e ristretta in una zona vicino alla parete (strato limite)
La pressione e costante normalmente al corpo

/ N\

N\

Equazione Pannelli

di Laplace subsonici/supersonici

Equazioni di strato limite
(Accoppiate 0 meno)

(pannelli)

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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Metodi numerici: Pannelli

Linea portante Vortex lattice
, dy . |
\Ioo ”| i ' Paneli
“‘%‘“@ - . "/.\"\
e ‘= - H“““H\
. fw%ﬁ MRS
2 - -
%% g&\&@* R‘“ B
{*i e
\\\ - | --...._____-
s

Pannelli superficiali

ﬁ Bin is subject to specific written approval from CIRA
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Metodi numerici: Pannelli
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Metodi numerici: griglie Navier-Stokes
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TRANSIZIONE LAMINARE TURBOLENTO

e Continuity

M2P Dty
“ I (ol 4 BV — w)bte+ vy M2Padu, + 1y M2 Pgbu, + :‘-sz(}; +

e pPary . i
~ M2 [' c ] Sy + 1y M2(all + 8V - w)dp, = 0
drg T dry

¢ Momentum along

1 Fhv, OV Opddt, g OT Obuv, A, BV OV Pu gy | -
{_ L T ¥ (jl( (jJ.( fe i —I.‘%(}i—'—/\){_ i _ (i( + [# [# jJ.( )Mu+n_ﬁ(p+/\)¢m,} +

deadT drs 0T dzy dra dzs

Re 2 T 9r3 ' Ox30T2 dz3

yM2P A M2P AV 1 Au T
-+ " (ol 4+ 8V —w) 4+ —[;m + AN+ 2] > bve + = —- o Sy +180p, =0
T r.iz:g Hedal f}mg

e Momentum along xz3

1 a2 m: o Pt ddve T ( g r'.i).) i g ( als it ) .
A2 - A —f3 A — e | P — | — F— | §t,
I { -G+ ) w(p+ ) W +2) ar a1 ) drg tf’ﬂ' nf}ma + dry +

drs dry

ap, o DA DT 33 ar ar wM2pP a0 | -
Bty — = o all 4+ gV —w £ 3 dwe =0
fdra He dT dzxa HedT dxa [ ( + ) + ( +5)

¢ Momentum along £

au ar éty o 8 ap | +M2P
L ” T
! dr32  AzadT dzay  dxa o1 dxa

1 @2u, O Opdt, G Gp ddu, r)mr'“
=9 - - (}H—U st —
He dxg drg dl dxgs 07 T

By
W 4 BV —w 2 X .32}5(, — A)du,
(a )+ {( it N + b ) " +He(“+ )5 +{ T dza  Redl dza

~M2P aU v Ap T
- . =2 } b, + wedp, =0
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TRANSIZIONE LAMINARE TURBOLENTO

s Energy

K #Pdts 2 ,.u? M2 au | faU
—— U+ BV —w) 4 — ) - ( )
Re dz3 T { — el ) + {n +8) - -1) Re 6T | \ x4

1’_|_ (r}iﬁ)i’ 1 | Pk (rﬂ'):’
dry Re | 0172 \dxq

92T oK 5 ."”2}1 adl’ ddu, i el
— Gfo — (v = 1Mol 4 3V —w)dpe — 2(~v -1 -2~ -11M —13—
92 (r)]')j|} (v = D) M(all + ) -V amans [ (v = DM ponfa—t
ap PM%in AU ~AMEP AT | M2u 8V 8bv, 2 8K 9T 86t
(- lj_Ui'r —(r-1) m}lr n ¥ : i S — 2y — 1) p OV dbv, i : T ¢ —0
ir3 He ir3 T drs He dra dxa He o1 fxa dra
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Subsoniche
CIRA (IWT)

Transoniche
(CIRA-PT1)

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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LAMINAR FLOW

LAMINAR FLOW TECHNOLOGY:

Hybrid Laminar Flow Control (9% reduction in fuel saving)

MLF limit A320 Larminar Fin < HLF limit ? .
e 7)) = 7
; ...:::::-:ZZ?-'-:. il fi/%%
& uf - © %%f/%
E g Faloon S0/96E f%?/f/é
- .
8 £ 3 o
S WE ) . J///%
@ b3 e shaping + suction X////j
g r L [ Z
E 1|]; Ttts:::rirlli:ii'uetineﬁanspitinn %
- shaping Cross Flow Instability L
§ et o 'Il'nllmlen—Echhl-:htmg Inf.tabulqur |

10 20 -1

40 50
Reynolds number * 10-5

&0
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LAMINAR FLOW TECHNOLOGY:

Hybrid Laminar Flow Control (9% reduction in fuel saving)

Micro-perforated
Outer Sheet

*

ss?

,,,

,,,
--

[

v
"""""

Throttle Orificesin
Inner Sheet

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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Automatic 3D Krueger shape-modification/positioning
Automatic 3D flap shape-modification/positioning
& droop spoiler rotation

Modified

Minimized flap separation after some

CFD Analysis of initial configuration (flap separation) steps of optimization

m—  Baseline skin friction lines

Optimum skin friction lines

[

Parametric CFD mesh (4 Mcells)

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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= INTEGRAZIONE DEL SISTEMA DI
PROTEZIONE DAL GHIACCIO CON
IL SISTEMA DI SUZIONE

},?'?9'

Figure 41: Combined Fibre Metal Laminate skin of FOKK (left), skin concept of NLR (right)

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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AFC technologies for local flow separation control applied in
wing/pylon junction to improve performances and load situation
mainly in landing conditions. The technologies are crucial for the
integration of Ultra High Bypass Ratio to balance a loss of 5%
maximum lift

C.
o
1 /T “Irv
— - R
i %
— /
ez T 27T T T T
- 10 1 .
=l / Increased lift due to
// closure of cut-out
- ¥ area
/A . —
/ } ‘
»—”44’ + ]
o ; 0.2
&= | r—
a
o ouT
- WRATE KRutoLs AP
W s NACELLE DOOR
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WHY to control the flow??? —] |

————
=

77777 7 72 /ﬂ// 77 7 7 Z 7z

‘Prevent separation of the flow
HOW?72? ‘Modify the laminar-turbulent transition
Enhance the lift of airfoils
> «Reduce the drag
*Reduce unsteadiness

v «Open loop
Passive *Closed loop
Flow

Control Active Flow Control...Plasma Actuators

Vortex
Generator

Wing

Entrained Flap
Airflow

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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First Concept (DBD)

Surface Discharge actuators as “Dielectric
Barrier Discharge (DBD)” whereby plasma is
generated by the application of a high-voltage
discharge between two electrodes which
creates an ionization field and amongst the
outcomes, a corresponding ionic wind due to
the movement of ions at the surface of the
airfoil very close to the wall.

| Electrodes Plasma ionic wind
Flow
3 4 A& close to the wall

Dielectricypatenal

ion contained herein is subject to specific written approval from CIRA
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ACTIVE FLOW CONTROL

Al ehe  \WITH PLASMA ACTUATOR

Second Concept (PSJ)

Spark plasma actuators known as “Plasma
Synthetic Jet” (PSJ) where a plasma arc positioned
Inside a micro-cavity containing a small orifice
adjacent to the airfoil’s surface, causes an electro-
thermally heating of the gas inside which leads to a
rapid increase in pressure.

A

Stage 1: Stage 2:

Energy Deposition Discharge

M

Stage 3:

Recovery

orifice

Mass

electrode . Ceramic

-~

gl B

Cavity \ é
Anode

erein is subject to specific written approval from CIRA
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S ACTIVE FLOW CONTROL
!AIAN ae

= Plasma actuator for flow control can be used for:
v’ Separation control: high lift improvements
v’ Laminar/turbulent transition control
v Shock separation control/Buffeting control

v Acoustic noise reduction

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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CON L'INTRODUZIONE DI NOTORI HBR PER RIDURRE IL
CONSUMO DI COMBUSTIBILE PAIRFRAME NOISE DIVENTA
PREVALENTE RISPETTO AL RUMORE DEL MOTORE

1th generation engines f:> 2nd generation engines

APPROACH (long range aircraft) | APPROACH (short range aircraft)
I Airframe neoise -":EEFHHB

L Jh- i
s T 07— Aiframe noise
Z] 3 =
&.%zepﬂm ThEss —
.l'j’ =
Z r ==
n_ u-__
I.U:— w |

== & B J = E

Slats Flaps  Landing Airframe  Engine Total Slats Flaps  Landing Aiframz  Engins Total
Gear Gear
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CON L'INTRODUZIONE DI NOTORI HBR PER RIDURRE IL
CONSUMO DI COMBUSTIBILE PAIRFRAME NOISE DIVENTA
PREVALENTE RISPETTO AL RUMORE DEL MOTORE

Fan noise
from by-pass
. duct )
Fuselage noise Jet'flap inter- -
& ' action '
" - _— |
-, ' Fanncise from ! N Wi
T : o - |-ng
L : -;’:Hf Yoo, Doise
P Lo 4 I’
+ ". H-H‘

ol Flap noise

Turbine & core noise
Possible

scattering if
noise emitted

forward z
hh.. 1 A
"‘%-—ﬁ._ L7_ 4
- Undercarriage noise q Tﬂ"l‘-"ﬂﬂf
‘ * noise
:r;:.:t IJ_DIM:flC- I f?,-" Jet mixing noise
sction from g Jet noise (dis tributed noise)
Wing - scatterin
: g
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= FLAP SIDE EDGE NOISE

CIRA performed CFD/CAA
and wind tunnel tests to
reduce flap side edge
noise by using side-

fences

{a) R=10 m, Group 1 {b) R=500 m, Group 1

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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= FLAP SIDE EDGE NOISE

CIRA performed CFD/CAA
and wind tunnel tests to
reduce flap side edge noise
by using side-fences

55 .
X dpt00632 - OPENAIR SOLID FSE - U, =55.10m/s - a=13"
[ mememe=n dpt00639 - OPEMAIR FOAM FSE - U, =55.10m/s - ==13°
50| - =+=+=-=. dpt00646 - OPENAIR MESH FSE - U, =55.30m/s - x=13°

1/3-octave Band Level [dB]
& & 3 &

P2
wn

]
(=]

10
1/3-octave Band Frequency [Hz]
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#MLG4: perforated fairings

#MLG1: leg fairing #MLG2: |eg fairing (2 -4 dB) estimated noise
(0 -2 dB) estimated (0 dB) estimated noise reduction
noise reduction reduction

#MLG5: bay absorber
(1 -2 dB) estimated noise reduction

- v N

#MLG3: bay liners P
(1.8 dB) estimated noise #MLG6: perforated fairings
reduction (1.8 dB) estimated noise reduction

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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#MLG75 meshes _ #MLG10: sliding doors
(2.4dB) estimated noise (1 -2 dB) estimated noise
reduction reduction

#MLG12: spoiler

(2 -4 dB) estimated noise
reduction

#MLGS8: wheel hub

and cap

(0.94 dB)
estimated noise

reduction

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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v 2 Baseline Engine — Turbo Prop 100 : P=180 kW with constant-speed propeller
Unmanned Aerial Vehicles (UAVs) and Unmanned Combat Aerial Veichles (UCAVs)

STUDIO INSTALLAZIONE MOTORE EM-11C ORKCA

Challenges:

Efficienza della presa d’aria;
- Volo in condizioni di formazione ghiaccio;
- Riscaldamento aerodinamico.

Feature
Maximum speed 359 krmi/h (194 kts)
Crulse speed 261 km/h (141 kts)
Stall speed 109 kmyf'h (59 kts)
, Range e Eiens spatioen JAMKIUNENM) o pp i
Rate of climb 5,1 myfs [ 10040 fi,/ min)
Feature
Crew One pilot
Capacity 3 passengers
Length 8.705 m (28.56 ft)
Wingspan 13.5m / 10.5 folded wing tips (44.3 ft / 34.4 Tt folded wing tips)
Helght 5585 m (8.48 ft)
Wing area 16.5 m® (177,61 sq. ft)
Useful lead 550kg (1,212.5 lbs)
Max. takeoff weight 1,820 kg (4,012 |bs)
Powerplant 2xlyeeming 10-320 air-cooled Inline engine, 118 kW [180PS) each

Engine Nacelle ventilation

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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- ENGINE INTEGRATION
f;;ﬂ‘; 1;;,1,;,;;;; ~AIDAA> EM-11C ORKA CASE STUDY

Attacﬂ h: \S A / W\

e | *“!l

J}|In'n‘|”

//;/JM

' LW | Cong (ISR G T
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Total pressure loss highly improved
by reducing flow separation;

Reverse flow cannot be avoided
(internal pressure < external pressure)
but now limited to smaller areas;

Flow separation at separator
upstream wall cannot be avoided
(strong adverse pressure gradient from
compressor suction)

CHNENREECNNNEEEEEED
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(20 microns)

B (W [ [Ta [N e B [ [ [ [Taam

Volume Fraction: 0.10 0.24 0.39 0.54 0.68 0.83 0.98 1.12 1.27 1.41 1.56 1.71 1.85 200 raction: 0.10 0.24 0.39 0.54 0.68 0.83 0.95 1.12 1.27 1.41 1.56 1.71 1.85 2.00 action: 0.10 0.24 0.39 0.54 0.68 0.83 0.98 1.12 1.27 1.41 156 1.71 1.85 2.00

i, e

Water accumulation
due to recirculation
_Full 3D;“ Water volume
trajectories fraction =l

-

Volume Fraction

25
5 23.0769
1 21.1538

19.2308

! 7.3077

| 15.3846
13,46
11%3
9.6

| 7.69231

outlet water MFR 7.1
inlet water MFR %

ter catch efficiency 92,9%
6 Kg/h at compresso inlet
85g1in 33 Km

5.76
3.8
.92, ]
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Mathematical formulation

Finite volume method (FLUENT) : enerqgy equation

d(pE)
ot

+V - [9(E+p)] =V

ke VT = )" hyfj + (& ﬁ)] + 5,
j

Scalar transport equation on the surface on the nacelle

g 10T
V2T + - = ——
k «odt
Radiative heat transfer equation for an absorbing, emitting and
scattering medium as described hereafter

dl (7,3 oT* o. (%"
(.5) + (a + 09)I(#,5) = an* —+ —Sf 1(7,5)® (5,5")d’
ds T 4 ),

The Discrete Ordinates (DO) radiative model has been selected to solve

the radiation intensity : solving the Radiative Transfer Equation for
discrete solid angles.
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Simplification and meshing
approach

- ICEM CFD to obtain the
mesh

- 5x10° elements for the
external simulations after a
first mesh sensitivity
analysis on three less
refined grids

- For the internal case, a 2x106
unstructured mesh has been
used after the same
refinement approach applied
for the external field.

ce mesh on the nacle : boundary layer (left) and
NACA inlet (right)

Details of t
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v" Flow and thermal field coupled

v Both internal and external flow

v" Both convective and radiative heat transfer

v' Assigned wall thickness and
materials

v' Real aircraft engine geometry

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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CIRA performed a conjugated heat trasfer study for
the BE1 pusher nacelle ventilation evaluation

v' Analysis with and without radation effect

temperature temperature
380 380
ars 375
370 370
65 365
360 360
355 355
350 350
345 345
340 340
335 335
330 330
. 325 325
az0 320
315 Bl 315
310 310
a0s 305
200 300
295 295
290 290
285 285
280 280
275 275
270 270

Static Temperature [K] on nacelle surface without radiative heat transfer v

z

Maximum temperagure reached about 375 K

Static Temperature [K] on nacelle surface with radiative heat transfer
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> The “principle of cosine” is used to analyze a 3D swept wing using a two-dimensional tool.
> A 3D boundary layer code coupled to a stability analysis method able to estimate the
transition location in presence of crossflow is used to take into account the sweep effect on
flow laminarity.

» Multiple constraints an design points are taken into account in the optimization.

Mach

B 106
0.98
0.89
0.80
0.71
0.62
0.54
0.45
0.36
0.27
0.18
0.10
0.01

Vi cos a

Vi sena W -
Vi cosacos A A B’

L .
Ve sena
v

|'-”
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Detall of base airfoil design and verification

Mach Cl Reynolds Ncr Cm max Cd min  Transition
Design point 1 0.7 0.63 9e6 8 - 55dc free
Design point 2 0.75 0.55 9e6 8 -0.11 - free
Design point 3 0.75 0.4 9e6 8 -0.11 40dc free
Design point 4 0.78 0.5 9e6 8 -0.13 55dc Fixed 60%

8.
-2.071usES UBAUY 55
2.9 MACH = 0.705 LN
RE = 9.000x108
-1:'5 ALFA = 1.141
CL = 0.6229 6.
Ce CD = 0.003uy
_1.0 CM = -0.1098 A/A,
L/D = 181.11
" NcRiT = 8.00
0.5 4.
0.0
2
0.5
1.0
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Tunnel test session

CIRAPTI:

Closed-circuit, pressurised
transonic wind tunnel

(Mach=0.35-1.1, Re 2
millions)

Polars, Cp, transition free and fixed:
Mach 0.6 - 0.82, Re 1.8e6 - 2.2e6

erein is subject to specific written approval from CIRA



SRS ~AIDAA- CASE STUDY: NLF BUSINESS JET DESIGN

AIAN aerdpolis.it .

25.02. 2004 1 - . 2502 2004

25.02.2004

rom CIRA



E:?‘-. oo -AIDAA- CASE STUDY: NLF BUSINESS JET DESIGN

AJAN aey olis.it

Tunnel test session

Example of transition visualization
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Low speed priority performance requirements A =20°
region (Stall shape and Cl ) LE =

High speed priority
performance
//——— e requirements region
1057 mm I (Drag rise)
Y 7572mm |
| |
| |
Base Root
t/c=0.124 t/c=0.15

Constraints:

root incidence < 3° at Mach 0.75,C, = 0.4 Design speed:

Mach cruise =0.75 (C, = 0.4 - 0.5)
MMO =0.78

single curvature upper panel

straight trailing edge between 30% and 100% of b/2
Box volume > 4.5 m?

thickness of root section > 14% for weight requirements
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OPTIMIZATION

« Euler-2,5D B.L. ,transition Data-Base method
coupling — Hybrid genetic algorithm coupling

« Twist, thickness optimization

* Root, tip optimization

* Navier-Stokes verification in high and low speed
 Linear stability analysis verification

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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CASE STUDY:

NLF BUSINESS JET DESIGN

Sez. Y=2.0 '

M =0.75
CL=0.46

Sez.Y=4.0

-0.8
-1
Sez. Y=7.0

PRESSURE_COEFFICIENT

0.8
0.6
0.4
0.2
0
-0.2
0.4
0.6

oo

<%

Sez.Y=2.0

.

Sez. Y=4.0

.78

.46

-0.8
-1
Sez. Y=7.0

4

PRESSURE_COEFFICIENT

0.8
0.6
0.4
0.2
0
-0.2
0.4
0.6

il

Y=7.0

Y=20

0.02

CL =0.46

0.018 +

0.016 A

0.014 4

0.012 ¢

CD 0.01
0.008 +
0.006 +
0.004 +

0.002 +

L 4

0.6 0.65

0.75
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Transizione M = 0.75

4500
4000 A
3500 A

3000 - o
2500 - e ALA

X [mm] —=— Transizione
2000 A

—— Trans low

1500 A
1000 A
500 +

0 2000 4000 6000 8000 10000
-Y [mm]

| | |

41023 -0301 0578 0335 0133 0060 0343 0535 075 QB
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EUROLIFT (1999 - 2002) ol FUROLIFT

European High Lift Programme *  European Hight Lift Programme

Assessment & Improvement of CFD tools in the prediction of high-lift flow phenomena

» Capabilities to predict performance, stall behavior, flap setting and Re effects

» Capability to predict transition position and behavior as function of Re number

» Development of specific techniques for low-Mach flows (e.g., low-speed preconditioning)
» Development of non-linear RANS turbulence modeling

 Applications to both 2D and 3D high-lift configurations

Use or disclosure of the information contained herein is subject to specific written approval from CIRA



AN a olis.it

EUROLIFT Il (2004 - 2007) :***,; EUROLIFT Il
European High Lift Programme Il X4, %% European High Lift Programme

Further assessment & Improvement of CFD tools in the prediction of high-lift flows

« Introduction of laminar-turbulent transition effects into 3D CFD simulations
« Automatic CFD- based numerical optimization of 2D flap and WT testing
 Improve physical modeling of 3D stability and laminar-turbulent transition process

Use or disclosure of the information contained herein is subject to specific written approval from CIRA



— — _ADAA ALTA PORTANZA

AJTAN ae olis.it

DeSiReH (2009 - 2013)

Design, Simulation and Flight Reynolds Number
testing for advanced High Lift Solutions

Numerical optimization & prediction of unsteady high-lift flow phenomena

« 2D Multi-objective optimization of slat & flap at takeoff and landing conditions
« 3D automatic CFD- based numerical optimization of high-lift system for NLF wing
* Improvement of CFD tools for unsteady 3D calculations at and beyond stall conditions

40

35k
s0f
25F
U 20

15F

1.0

05F

D-D B L L L L I L L L L I L L L L I L L

Use or disclosure of the information contained herein is subject to specific written approval from CIRA



™~ — _apaa ALTA PORTANZA

AJAN aey olis.it

: . . : . ) CFD Analysis and Design
DeSiReH: Bi-objectives optimization of flap/slat settings

and shape at Takeoff & Landing conditions

Automatic geometry handling , . . .
(elements’ positioning and shape modification) Automatic (parametric) grid generation

at extreme elements’ positions

Genetic
Algorithm
. : Optimizer
Automatic CFD analysis
weaker slat wake - _
E ~~~~~~~~~ 1 ’?:; O + ™ : T T +'A T ITIE TAKE-OFF - 2D-normalized section lift polar
v ~~\_ UL S N g UL AR I 43 . v . v ' v .
’ S S T 42 .
Best Baseline b Fo, JIRT *i * * ! . [ ’
. e RIS U : N k 4.4
] Pl aieed $om 1 F s
E ﬁg*"ﬁ’r DTS NS S T B : 4 B —
E & 4 Bt ’*:g
i uk A g
weaker wing wake _ g 1 e L Q 38
: . 4 5 ar
i 2
= ' S sl 36 :
) ! ! ;
, : ——— : 35 / Post processing
2 s 2f : gy i 3 H 1
. s GA optimization i
\ b 1 i H i i i i
stronger flap wake -~~~/ 25 L 1 L L 1 L L L L 3'au.oa 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Evaluated individuals Cd (2D-norm)
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TECNOLOGIE AERODINAMICHE

OGGI LAERODINAMICA E’ UNA TECNOLOGIA RELATIVAMENTE
MATURA

ESISTONO MOLTI SOFTWARE DISPONBILI SIA COMMERCIALMENTE
CHE DI PUBBLICO DOMINIO

NONOSTANTE | GROSSI PROGRESSI NELLE POTENZE
COMPUTAZIONALI ANCORA NON E’ PENSABILE UTILIZZO DI
SOLUZIONI ESATTE (DNS) IN AMBITO PROGETTUALE

| FLUSSI SEPARATI RAPPRESENTANO ANCORA UN’AERA CRITICA

| SISTEMI DI FLOW-CONTROL ANCORA NON SONO MATURI PER UN
UTILIZZO OPERATIVO

LA PROSSIMA FRONTIERA E’ LA MULTIDISCIPLINARITA’
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