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Why laminar flow? Environmental issues!

A Vision for European Aeronautics in 2020:

”"A 50% cut in CQ emissions per passenger
kilometre (which means a 50% cut in fuel
consumption in the new aircraft of 2020) and an
80% cut in nitrogen oxide emissions.”

"A reduction in perceived noise to one half of
current average levels.”

Advisory Council for Aeronautics Research in Europe

REPORT OF THE GROUP OF PERSONALITIES

JANUARY 2001
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Why laminar flow? Economy!

Amsterdam-Rotterdam-Antwerp (ARA) Jet Fuel Spot Pri ce
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189.15 cent/gallon

US cent per US gallon

Source: US Energy Information Administration, June 22, 20009.




DOC shares for 4000nm mission with A330-300

tiFol

JS-gallon

B Fuel

I Maintenance

B Flight crew costs

Landing fees

360 US-ct/ US-gallon

B Navigation charges
B Capital cost

0 Insurance

|
G. Schrauf, AIAA 2008




Drag breakdown

G. Schrauf, AIAA 2008



Friction drag reduction

Possible area for Laminar Flow Control:
Laminar wings, tail, fin and nacelles ->
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Transition control

Transition is caused by

breakdown of growing acoustic <
disturbances inside the @
bOUﬂ dary Iayer roughness elements
. / ’\/\/\/\// instability waves
@ o S

external disturbances

Prevent/delay transition by
suppressing the growth
of small perturbations.



Control parameters

Growth of perturbations can be controlled through e.g.

wall suctl.on/blovvllng } Active control
wall heating/cooling
Roughness elements

. assive control
Pressure gradient (geometry) } P



TRANSITION CONTROL BY
SUCTION



HLFC system for A320 Fin

Tests performed 1998
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HLFC system for A320 Fin

(LaTeC, 3E, HYLDA)
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A320 with HLFC fin

Flight experiments
(ALTTA programme)
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Non-linear PSE computations by S. Hein, DLR

12



Problem formulation for suction optimzation

Suction distribution: &

Mean flow: U

Disturbance energy: EU!wgmu# $# $v\#!dxdy
'E_'E,'U

Gradient to find: » 'U( »
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Gradients

Gradients can be obtained by :

. . one set of calculations for each control parameter

(expensive when number of control parameters is large),

. . gradient for all control parameters can be found by

only one set of calculations including the adjoint equa

large number of control parameters).

' E

—H#

l'E, U

'y |
Adjoint | | Adjoint
stability | | BL

tions (efficient for

14



Forward problem for suction distribution Jg"E U
—1 BL PSE
. T . J Adjoint |_ Adjoint
Optimization [¢ BL PSE

- J

15




The parabolic stability equations (PSE)
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Derivation of the gradient expression
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Variation w.r.t.

IM compressible curvelinear PSE

(Jan Pralits, 2001)
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Optimization problem for suction distribution
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The adjoint PSE
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Application to a wing section

EU-project ALTTA:
Analysis on upper side of main wing

Ma 0.8, Re 3.8 10 ,T, 23K
Leading edge sweep 30.2

Envelope of N RN! N

distributions

Pralits, Hanifi & Henningson
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NATURAL LAMINAR FLOW



NLF flight experiment

Tests performed 1992

Fokker 100 with natural laminar flow glove in fligh t
(ELFIN programme)
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NLF design

(ELFIN programme)

Pressure peak removed to stabilize CF,
Favorable pressure gradient to stabilize TS

G. Schrauf, RAJ, 2005
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NLF design: Gradient based methods

Define the NLF design as a an optimization problem:
Geometry parameters : Y/

Mean flow: U
Disturbance energy:

Optimality condition:
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NLF design: Gradient based methods

Gradients obtained by :

. . gradient for all control parameters can be found by
only one set of calculations including the adjoint equat lons.
E. E, U P

Yi U Pe Yi

L1

Adjoint | | Adjoint | | Adjoint
stability | | BL Euler




Solution procedure

Solve Euler, BL and stability equations for a given g eometry,
Solve the adjoint equations,

Evaluate the gradients,

Use an optimization scheme to update geometry

Repeat the loop until convergence

Lo <:: Adj. Adj. Adj.
Optimization Euler <}:: BL <:: PSE

ShapeOpt

____________________________________________________________
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Accuracy of gradient

Geometry: RAE2822
Mach: 0.734
Re: 6.5 millions

@/'Q

Fixed nose radius

J % o6 ot Ly

Comparison between gradient obtained from solution of
adjoint equations and finite differences, surface nodes
control parameters.
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Low Mach No., 2D airfoil (wing root)

Subsonic 2D airfoil:
NASA TP 1786
M, =0.374
Re, =12.1 Mil

Constraints:
Thickness "# ,
CL "1$% |,

CM "1$&

Amoignon, Hanifi, Pralits & Chevalier (CESAR)
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Low Mach No., 2D airfoll

Optimisation history
Amoignon, Hanifi, Pralits & Chevalier (CESAR)
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Low sweep NLF wing from 2D airfoil design

N-factors baseline N-factors FOI AC1 wing
Amoignon, Hanifi, Pralits & Chevalier (CESAR)
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Transonic 2,5D airfoll

Transonic 2,5D airfoil:
M, =0.8
Re, =30 Mil
Sweep angle=30 °

Constraints:
Thickness "! #$%
CL"& |
CM "&( o

Controlled mode:
f=6 kHz,! =2500 m!

Amoignon, Hanifi, Pralits & Chevalier (SUPERTRAC)
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Conclusions

Gradient for all control parameters can be found by on ly one set of
calculations including the adjoint equations

Important to include normalization condition in the derivation of the
adjoint of the PSE equation

Suction lowers N-factor significantly for wing section, lo ng suction box
near optimal shape

Significant N-factor reduction can be made by shape optim ization
keeping quantities such as lift, trailing edge and wing volume constant

Tools developed in a number of EU-projects, now used in JTI Clean Sky
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