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Powered lift concepts
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Alncrease lift production by exploiting engine exhaust jet
AExternally Blown Flaps (EBF)

Alnternally Blown Flaps (IBF)
AUpper Surface Blowing (USB)

ACoanda Effect

ADeviation of a
that penetrates another fluid in the
vicinity of a

Feb. 15, 1938. H. COANDA

Avrocar circa 1958
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Experimental confirmation
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Speed Agile Concept Demonstrator
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Single element, 3-element slotted slat Boeing V/STOL (Philadelphia, July 2007)
simple hinge flap and flap

12t Symposiumon Overset Composite Gridsand Solution Technology,
Copyright © 2013 Boeing. All rights reserved. October6-9,2014 |14



Current study

AProblem

T Prematurejet peeling-offdegrades lifting capability
ARatio of Jet thickness to surface radius of curvature:
T Thin jet
T Large radius of curvature
AEdge effects
I Spanwise extent of nozzle
i Edge vortex formation
AObjective
I Develop technologies for enhanced USB systems

AApproach
1 Geometrical modifications
1 Active Flow Control
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Analysis approach

ACFD based evaluation of the new technologies

Avalidation
AApplication to USB enhanced concepts

ANumerical tool

AUnsteadyRANS(OVERFLOW with Boeingés modi f
AOverset grid system

AUpwind scheme

AOne-equation (S-A) turbulence model

ATime-varying boundary conditions



Numerical validation
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lllinois Institute of technology 2007 test:

CFD grid model
ACFD Model:
A10.5 million points Capped nacelle
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Numerical validation - sample
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USB baseline configuration

Computational test bed is based on the llIT model

AWing of constant chord between 2 vertical walls

AFull span flap |
ANozzle aspectratio of 6 -

AAFC slots embedded in flap upper surface 4 B
AHeight of slot is 0.2% chord

L
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USB flow features
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Flow Features
ALiftincrement of 16%
AFlow reattachment behind engine
ARoll-up of engine plume at edge of nozzle
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Techniques for enhanced USB

Enhanced Coanda effect:
b Reshape flap upper surface
b Elongated nozzle

Mitigate nozzle edge effects:
b Nozzle edge effects
b Flow control methods:
AConstant blowing
APulse actuation
ASprinkler actuation
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High curvature flap

A4. 7% increasein wing chord
ALiftincrease of 12%

Augmented Coanda effect over only 28% of wing
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High aspect ratio nozzle

ADouble nozzle width -L

AFi X nozzle exit area

- Reducingthickness of jet plume

- Larger USB affected area
- Flow is effectively more 2D [ e - h

ASmoother spanload distribution AR=20
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Flap fences
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Flap fences effects

Engineering, Operations & Technology | Boeing Research & Technology

Awider plume
AWeaker edge vortices
AFully attached flow over flap

AHigh LE pressure suctionduetoincreased circulation E'gqgéted nozzle
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PowerOn

-

N RN

A/u”y;ttach ed

flow

-

Cross sectional
vorticity contours

0.45 S _
Flow separation
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Flap fences performance

AHigher load distribution is achieved across the entire span
ow bec o mbkebetweendence® d 0
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Active Flow Control

ALift enhancement through delayed flow separation at
high angles of attack

I Zero mass flow devices
I Fluidic device
0 Source of air
1 Engine bleed
I Dedicated compressor
o Actuation type
T Constant blowing from a fixed orifice
1 Variable blowing
APulse actuation ~ ---periodic variation of jet velocity
ASprinkler actuation ---continuous swiveling of blowing jet
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Active Flow Control setup
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Engine cowl
9 Nozzle

exitplane Engine
exhaust

Extraction \’\ '
Distri butio
valve

S tube

x S
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Bleed off engine exhaust for wing flap

actuation at pl umeobfls edges

Cut through the engine
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Constant blowing
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Actuationresultsinincreased USB effectiveness
Top view

Exhaust plume \ertical cut through ports

Flap/ trailing edge

Engine cowl!
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Engine Plume (M=0.7)

Copyright © 2013 Boeing. All rights reserved.

Higher exhaust turning results
in Increased circulation
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Constant blowing (cont.)
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Alternativeactuation patterns:
Amultiple flight conditions
Auncertaintiesin plume location
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Pulsed actuation

MAReducebleed air requirement
1 Reduceenginesize/iweight

Aniderange of actuations modes
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Pulsed actuation flow field

Pulsed actuation cleans up flow separation

Separated flow

Engine exhaust

Baseline Intermittent (instantaneous)
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Pulsed actuation effectiveness

Alternate between left and rightblowing
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Advantages of pulsed actuation
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Pulsed actuation animation

Elongated nozzle
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Sprinkler Actuation

Engineering, Operations & Technology | Boeing Research & Technology

Aultiple flight conditions requires flexibility:

AEdge of jet plume might vary
AA-priori placement of ports may not be practical
ANeed a fAwide area coverageo devi Ce

) Sprinkler actuator :
AContinuous/swiveling blowing

ASwiveIing nozzle
ALouver/vanes system
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