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This Presentation

Introduce HALE-UAV

A Vision of Future — Sensor Craft Importance
Joined-Wing Configs.

2-D Laminar Aerofoils

Aspects of 3-D Design, different Swept Tips

LE Suction Control, Elliptic loadings, Neutral Stab.
CFD Checks

Inverse 3-D Design Capabilities

Intake Design — Preliminary Work

Avenues for Further Work



Typical HALE Global Hawk

span: 116 ft, length 44 ft
light composites, aluminium fuselage, COST $10M

Range 12000 nm, AUW 25,600 Ib , range up to 2000nm at 65000ft
flies to an area 1200 miles and remains on station 24 hrs

cloud penetrating synthetic aperture radar /
ground moving target indicator, electro-optical and infra-red sensors

Image an area 40,000 square miles (State of lllinois) in 24 hours

CONV HAE UAV
GLOBAL HAWK

| LO HAE UAY
(DarkStan




WOLKOVITCH




\
6O00- \
Z so0-
|
a
j 4004
8
'—
22 300~
wd
T 0
03
Z% 200 -
M b
y 4
]
A
y
W
@
—100
o

N
N

UNJOINED REAR

N

JOINT LOCATION

JOINED REAR

144

SPAN STATION

Bending Moments acting on an Inboard-Jointed Joined

Wing.

o |
=40

(INS.



WEIGHT OF LFTING S8URFACES x 1,000 Wbs.

E \ Weight of Lifting Surfaces

‘ of Turboprop Transports Versus Aspect Ral

’ - ( REL. WT.)

10

extrapolate
0.08 MIN. GAUGE LIMIT

yr—t1T



RELATIVE WEIGHT

120%

100%

AR A
A RN S S S —

Effect of Sweep on Relative Weight
of Lifting Surfaces of Turboprop Transpol

Guess |




15 FT. >

=l ¢~ Vy-s
11. ACA Industries “LAURA* Long Endurance Remotel 0.6 8
Vehicle. AT
CONSTANT
GAP Good

p—

04

efficiency !

02}

[ -y

0 02 04 06 08 1.0 B

_ REAR WING SPAN
SPAN RATIO, B FposT WING SPAN

Fig. 12. Effect of Span Ratio on Span-Efficiency Factor.






Joined-Wing Transport Concept Features A Refueling Boom On Each Wingtip
And More Control Surfaces Than Conventional Aircraft




Q Surveillance & Recce:
e Greater use of Space
e Greater use of UAVs
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Cc2: Shooters:
e Shared Common Operating picture ¢ Improved Stand-off-PGMs

o Reduced Footprint Command Centers e New UCAV Platforms
Right Info to the Right Warfighter at the Right Time for the Right Decision ]




Sensor Craft UAV as Element of Global
Awareness/Global Engagement Vision

Space Assets
| Space interoperability :

Airbome ISR .
Support “Sensor Craft” &
Jamming " W&m

@ Mini/Micro X
| UAVE — Covert




Other joined-wing possibilities




Mission profile and requirements

L oiter

40-80 hr 65k ft

3000 nm 3000 nm

Mission Segments
1. Engine Start & Warm-up
2. Taxi Cruise Radius; 3000 nm
3. Takeoff o )
4. Climb & Accelerate to Cruise Loiter: 65 Kft for 40 - 80 hr (at 3000 nm range)
5. Cruise out 3000 Payload: 4000 Ib Field Length: 5350 ft over 50 ft Obstacle (SLS)
6. Loiter _ : .
2 Return Cruise Control: 20 kt cross-wind on takeoff and landing
8. Descend
9. Loiter at SeaLevel

10. Landing, Taxi, Shutdown
WI/S range

T/W range of interest: .30-.50



Altitude - ft ht

Mach 0.6,
70000 Mach 0.6, CRUISE CL=1.59
CL=0.88 Re=0.4 mil/ft
60000 -
Re=0.35mil/ft
50000 -
40000 -
30000 -
Mach 0.2
20000 | Mach 0.15 CL=0.95
CL=0.7
L AND TAKE-OFF Re=1.4mil/ft
10000 1 Re=1.1mil/ft
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Reference Configuration - Antenna Integration

X - Band Antenna

Ct_ Design
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SUMMARISING THE AEROFOIL PERFORMANCE,
LAMINAR FLOW CAPABILITY Uncambered & Cambered




AR wet = 5.5
Span = 200 ft
Sweep = 35 deg

[\

Reference Configuration /

X - Band Antenna
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Assume Zero Static Margin (Neutral Stability)
Respective Wing Settings Follow, Use Panel Method
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Co-x (30}

(a) {a. CL) =(3.25", 0.588)

(b} (a,C.)=(4.25°,0.768)
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Cp Design AoA + 3 deg - Design AoA + 4 deg
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Mach no

Euler, M=0.6, Design AocA + 0 deg, CL = 0.51, Upper Surface




Mach no.

Euler, M=0.6, Design AocA + 4 deg, CL = 1.08, Upper Surface




o FIG. 15 STARTING SITUATION, CHORDWSE

F -1.0 LOADINGS, UNSWEPT WING (TARGET) & FRONT
WING (TO BE DESIGNED), COMPLETE

L 0.0 CONFIGURATION MODELLED
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FIG. 16 PROGRESSION OF CHORDWSE
LOADINGS ON FRONT WING THROUGH 6
CYCLES




~ 1.0

FIG. 18 COMPARING AEROFOIL SECTIONS ON
FRONT WING AT START & AFTER 6 CYCLES
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COMPARING UNCAMBERED & DESIGNED CONFIGS AT
SAME CL VALUES



COMPARING UNCAMBERED & DESIGNED CONFIGS AT
SAME CL VALUES
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COMPARING UNCAMBERED & DESIGNED CONFIGS AT
SAME CL VALUES
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COMPARING UNCAMBERED & DESIGNED CONFIGS AT
SAME CL VALUES




COMPARING UNCAMBERED & DESIGNED CONFIGS AT
SAME CL VALUES



Possibly Exceeding
Laminar limits at
Wing Junction

CL=1.6

COMPARING UNCAMBERED & DESIGNED CONFIGS AT
SAME CL VALUES
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Intakes, Propulsion

Shown a Preliminary set of Results
Sizing isthe first Concern

Altitude of Operation !

Off-Design

Suitable Power-plants !

Possibly Two needed

Work Continues ......
Experimental Work needed



Configuration & Structure

Configuration / Layout

What Light Materials

One or two Fuselage

Are such high AR craft feasible, structure
Aero-elastic tailoring

Manufacturing Constraints



Aerodynamics/ Flow Control /

Control

Viscous Effects: Laminar Flow Extent
Spanwise press. gradients

Effect of Sweep, lower sweep Config. !
Feld performance

Off-design, side-dlip

Controls location, pitch, directional & lateral
Off-design

FHow control, what & where!



Experimental work

Difficulty in modelling large AR Configs
Reynolds Number Considerations

Laminar flow in WT !

Half models

Control effects not representative of full-scale
A Radio Control Free-Flight Model !
Propulsion Integration Considerations



Concluding Remarks

Introduced HALE - UAV

A Vision of Future — Sensor Craft Importance
Joined-Wing Configs.

2-D Laminar Aerofoils

Different Type of Swept-Tipsin 3-D

Aspects of 3-D Design

LE Suction Control, Elliptic loadings, Neutral Stab.
CFD Checks — Forward-Swept Root area
Inverse Design Capabilities

Intake Design — Preliminary Work

Avenues for Further Work



*** Thank You for Listening ***

So | hope, enough has been shown to
interest and inform you in the fast
moving field of Sensor-Cr aft

PLENTY of Further Work!
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Shall we try Comments and Questions?
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