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Overview

m Brief introduction to delta wing aerodynamics

m Issues and challenges
m Vortex breakdown
m Shear layer instabilities
m Vortex breakdown interaction
® Non-slender vortices
B Manoeuvring wing vortices
® Fluid / structure interaction
= Multiple vortices

m Alternative planforms

m Requirements from experiments and CEFD




Properties of delta wing leading edge
vortices

Flow separates at low
angle of attack

Stable vortices produce
increased lift and induced

drag

Secondary vortices form
beneath primaries

Core velocities reach up
to 3.5 U,, (jet like
velocity profile)




Vortex breakdown

F-18 HARV smoke and tuft flow visualization. Angle of Attack = 20 deg. NASA photo.

@, Dryden Flight Research Center EC89-0096-206 Photographed 1989 D



Character of vortex breakdown

m Assoclated with flow stagnation along vortex axis

Core kinks and forms spiral of opposite sense to core
rotation (spiral breakdown) or forms a recirculation
region behind stagnation point (bubble breakdown)

Downstream of breakdown flow turns into full scale
turbulence

Dominant frequencies present in breakdown region
(associated with spiral breakdown)

Loss in lift and sharp change in pitching moment

Reynolds number independent

Sensitive to external influences




Vortex breakdown (1)

Time averaged PIV results Steady state computation
Magnitude of velocity Velocity contours
showing structure of breakdown showing structure of vortex breakdown




Vortex Breakdown (2)
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Recirculation region

Spiral vortex breakdown Bubble vortex breakdown
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Breakdown location scatter
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Large scatter in breakdown locations —

possibly due to geometry or test facilities

O’Nail et al.

Erickson

Wantz & Kahlman
Eamshaw & Lawford
Eamshaw & Lawfaord
Eamshaw




Test facility interference (1)

Allan et al. (2002)




Test facility interference (2)

Allan et al. (2003)

Flow direction | Flow direction |
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FAB 12% Xgp = 81 %c, FAB 6% Xgp = 73.8 %C,



Shear layer instabilities (1)

(b) Longitudinal

Gad-El-Hak and Blackwelder (1985) Payne et. al. (1988)




Shear layer instabilities (2)
A. Mitchell et al. (2001)

INARE ARENE RAREE ARARY LARRN RRREN RRNAY RRREY RRRAY RRREE ARRRY RRRN)
ULRAN LERAN LARRS ARARY REREN ERRRN AR RRRRE RRRRN RRRRE RRRRE RRRR:

L

T L I
-200 -150
Y(mm)

a
o

' XIC = .84

51 .0

&

790

RN EAREN RRREY RRRRN ANRR) ARARE ARRRE ERRNE ERREY LRREY RRREN ARRR
LA RAANE LERRE ERRNE ARERE RRRNE ARRRE RRRRE RNRRE RARRE RRREY RRRRN |

I ——— —
-200 -150
Y(mm)




Shear layer instabilities (3)
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A. Mitchell et al. (2001)



Shear layer instabilities (4)

M. Visbal (2002)

Re =100,000, o =25°

Complex flow field evolution in transitional regime

Instantaneous flow fields showing transition process Time averaged flow
with increasing Reynolds number structure




Vortex breakdown interactions
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Non-slender vortices

Dual vortex system

A =500 Taylor et al. (2003)




Manoeuvring delta wings (1)

B Dynamic response of vortices
and breakdown important

m UAVs expected to have high

manoeuvte rates (up to 30g

Aerodynamic
maneuvers
Vortex shedding

breakdown location
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Helical mode instability
Kelvin—Helmholtz instability

m Frequencies of motion may
couple with vortex instabilities

0.001  0.01 0.1 1 10 100
Dimensionless frequency fc/U,

Menke et al. (1999)




Manoeuvring delta wings (2)

m Hysteresis effects present (especially with vortex
breakdown) for pitch, roll, and yaw motion

m Hysteresis in loads and moments as well as breakdown locations
m Not well understood

m CED suggests PG delays along vortex axis important

m Hysteresis present for non-manoeuvering wings
m Static hysteresis
m Hysteresis due to flap / rudder deflections

® [ndicates motion induced rates are not solely producing

hysteresis etfects




Manoeuvring delta wings (3)
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Manoeuvring delta wings (4)
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Fluid / structure interaction

Unsteady vortex / structure
interactions

F-18 HARV

Smoke Test

late 1980's

Dryden
Flight Research Center

Gordnier (2002)



Multiple vortices

FC2 B0 U10 A20

Unsteady vortex interactions
Complex flow patterns
Coiling up and merging
Breakdown



Alternative planforms

Diamond wings / Lambda wings for example

Experiment

.

Lynn et al. (1998) Qiang (2003)




Summary - Requirements from
experiments

m After 4 decades of research many experimentally
observed phenomena poorly understood

® Vortex breakdown, shear layer instabilities, hysteresis
effects, multiple vortices, high rate manoeuvres

B [ . imitations

® Measurement techniques available and data which can
be acquired in a given time

m Test facility restrictions
m Cost




Summary - Requirements from CFD

(1)

B Static test data

= Complete data sets

m Generally only one or two of flow vis / surface pressure /

flowfield data / load data
m Better description of test conditions

m Tunnel geometries, support geometries, measurement
equipment

B More detailed flowfield data

m Higher fidelity modelling 1s requiring more and more
detailed flowfield data for validation

m Validation of tunnel interference effects

m Improved correction techniques




Summary - Requirements from CFD
(2)
® Dynamic testing

= Complete data sets

m Force data / Breakdown location data / Surface pressure
data / Flow vis / Flowfield data

® Better understanding of support friction effects

® Details of test facility interference sources

m Improved correction techniques

= Multiple DOF tests

The end.
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