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http://fen wikipedia.org/wiki/Blended_Wing_Body

Conventional Configuration: "Tube and Wing" or "Tail Aft" (Drachenflugzeug)
Blended Wing Body (BWB)

Hybrid Flying Wing

Flying Wing

The Blended Wing Body aircraft is a blend of
the tail aft and the flying wing configurations:

A wide lift producing centre body housing the payload
blends into conventional outer wings.




Hochschule fiir Angewandte

Wissenschaften Hamburg

Strategic Targets

Hamburg University of Applied Sciences

http://'www_acaredeurope.org

Vision 2020 (January 2001)

S

ACARE (Advisory Council for Aeronautics Research in Europe)

October 2002 : The Strategic Research Agenda (SRA-1) 9 Challenges

Quality and
Affordability

Environment

October 2004 : The SRA-2 6 High level Target Concepts

Very Low Ultra Green cHi'-t:’hIY
ustomer
Cost ATS ATS oriented ATS

To meet Society’s needs To achieve global leadership for Europe
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Vision 2020 (January 2001)

Punctuality: 99% of all flights arriving and departing within 15 minutes
of the published timetable, in all weather conditions.

Time spent in airports: no more than 15 minutes in the airport before departure
and after arrival for short-haul flights, and 30 minutes for long haul.

Aircraft will achieve a five-fold reduction in the average accident rate of global
operators.

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

A 50% cut in CO2 emissions per pax-km (which means a 50% cut in fuel
consumption) and an 80% cut in nitrogen oxide emissions.

An air traffic management system that can handle 16 million flights ...
in European air space.
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BWB target advantages compared to

todays advanced aircraft
(from different internet sources)

reduction in weight :
better L/D :

reduction in fuel consumption :

reduction in emissions :
reduction in noise :
Increase of airport capacity :
reduction in DOC :

/

DOC: Direct Operating Costs

10 to 15% less per pax

20 to 25% better

30% less than today

NOX down 17%

only with engines on top
more than 750 pax per A/C
down 12%
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The BWB configuration is favoured for ultra large aircraft.
Why does physics demand a BWB?

Geometric Scaling: Voo [’ moc > Mygoocl’

S, o<

W
Landing Field Length and Approach Speed is limited: l

mMTO

— 3
= =const Am,, o<’ = SWoc@

w

Square-Cube-Law
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The BWB configuration is favoured for ultra large aircraft.
Why does physics demand a BWB?

S, o< I3

A321 scaled to the same size
as the A380.

A321: ’";“’ =727 kg/m’

W

A380-800F: ’”;T” = 698 kg/m”

W

Aircraft even bigger => BWB
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http://www _aircrash.org/burnelli/ch_rb1_htm

Burnelli RB-1: Lifting Body and Wings

In 1921 pioneering aviator
and aircraft designer
Vincent Justus Burnelli
patented the concept of an
airfoil shaped airframe to
increase the lift and load
capacity of aircraft.

1921 -Long Island, NY
Burnelli RB-1 -- the first lifting-body
reduced to practice.

Burnelli RB-1 interior (half)
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Aerospatiale "Megajet”

Design study,1995:
1000 seats,

range 6450 NM,
span 96 m,

cruise at Mach 0.85.

Awviation Week, Aug. 7, 1995 pp.33
http://aero_stanford eduw/bwbfiles/AerospatialeBWB _html

S. Lee, Diplomarbeit,
Hamburg University of Applied Sciences
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MDC, NASA, Stanford: BWB-17

1997:
McDonnell Douglas (R. Liebeck),

NASA,
Stanford (llan Kroo), et. al.

17 ft span
radio controlled model aircraft

http://aero_stanford .edu/~fr/bwb/BWBProject htmi
http://www_boeing.com/news/releases/mdc/97-158 html
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NASA CR-2003-212670

Boeing BWB-450

Blended Wing Body systems

studies based on BWB-450 as

part of the programme Ultra Efficient
Engine Technology (UEET): Boundary
Layer Ingestion (BLI) inlets with Active
Flow Control (AFC).
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http://fen wikipedia_org/wiki/Boeing_X-48

Boeing X-48
Boeing; NASA; Old Dominion University, Norfolk, Va:

2001 construction started

2002 completion

2003 integration and ground tests

2004  wind tunnel tests

2004  flight test was planned with max. 165 mph at 10000 ft.
no flight test results reported!

35 ft span wind tunnel and flight test model
(called BWB-LSV; low speed vehicle).

Original:
450 seats
span 250 ft =76.2m
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http://fen wikipedia_org/wiki/Boeing_X-48

Boein g X-48B Flight Intemational, 30/05/06
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2006: Boeing, NASA, U.S. Air Force.
21 ft span wind tunnel and flight test
model. Two X-48B are built. Original:
450 seats,
range 7000 NM,
span 75.3 m,
cruise:

high subsonic.
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Boeing X-48B - tanker

Air Force
Research Laboratory
(AFRL)
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Boeing X-48B - tanker

X-48B prototypes were built for
Boeing Phantom Works by
Cranfield Aerospace Ltd.

The X-48B prototypes
have been dynamically scaled
to represent a much larger aircraft.
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F. Bansa, Diplomarbeit,

Boeing BWB-250 ... BWB-550 Hamburg University of

Applied Sciences

250-Sitzer 350-Sitzer 450-Sitzer 550-Sitzer

Boeing: study of BWB aircraft family
Today BWBs are not a topic anymore at Boeing for civil transport!
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TsAGI (Russia) Integrated Wing Body (IWB)

Best configuration from comparison of
four New Large Aircraft configurations
based on VELA specification.

Research sponsored by
AIRBUS INDUSTRIE

AIRCRAFT DESIGN, Vol 4 (2001)
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5th Framework Programme of the European Commision:

..ﬂ% VELA and MOB
%) VELA
\%{%FA’ 1999 - 2002 el TSR

17 partners: D, F, UK, E,
I, NL, CZ, P

Very Efficient Large Aircraft (VELA)

Three datum configurations for a flying wing (VELA 1, VELA 2 and VELA 3).
A first step in a long-term work plan was followed by further research work.
Passenger-carrying aircraft.

Multidisciplinary Optimisation of a BWB (MOB)
Freighter version.
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6th Framework Programme of the European Commision:

“me

SIXTH FRAMEWORK
PROGRAMME

2003 - 2006

National: LuFo lll, K2020
BWB (VELA 2) der Uni Stuttgart |8

WP3:

WP4:

NACRE with PDA

Payload Driven Aircraft
(also: VELA 3 continued)
Flying scale model for
novel aircraft configuration

Payload Driven Aircraft
(PDA)
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http://www wingco.com/atlantica_design_htm
Atlantica
Blended Wing & Body - Five Place Simplebuild™

Seats: 5 /
Span: 8.93m ;
Range: 1800 NM

Max. Cruise Speed: 240 kt (TAS)

MTOW: 1134 kg

Power: 175 kW
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HAW Student Project: T ———

AC 20.30 T
) Wing profile: MH-45
| l ;,___EJ __zosen (Martin Hepperle)
t/c = 9.85%,
low drag, improved max. lift,
R p— low Cpy g

proven even at Reynolds
numbers below 200000.
Body profile: MH-91.

BT, 4 0

1549, B mn
18951 nm
b3
-~
-3
1261 0N ‘1-"‘-\
8 30
o
=
a
1818, 4

\
N

AC 20.30: geometry is based on VELA 2; student project; sponsor: "Férderkreis" gﬁ

|
O A T
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Input Parameters for Preliminary Sizing

Estimation of maximum glide ratio E = L/D in normal cruise

A: aspect ratio A
S,..: Wetted area E =k,

Sy reference area of the wing S wet /S W
e: Oswald factor; passenger transports: e = 0.85

from statistics: k- = 15,8

Syet! Sw: conv. aircraft 6.0...6.2
BWB =24

A: conv. aircraft 7.0...10.0
VELA 2 5.2

E, . =232
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Input Parameters for Preliminary Sizing

Estimation of maximum glide ratio E = L/D in normal cruise

26
S
25 h‘--h" ______ EETTT m
- tea.
24 ™ -",__
o Conventional e I
'E 23 ==+« Hybrid layout .
g m— = = Lifting-body -~ .
—— — \' I|I|II"llu
5 22 Pure FW \\‘\
Z 21 N
t e ——  EE—
20 )\d.i
k
19 a
18 )
0.79 0.8 0.81 0.82 0.83 0.84 0.85 0.86 0.87 0.88
Flight Mach number

0.89

TsAGI for AIRBUS (AIRCRAFT DESIGN, Vol 4 (2001)
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H. Zingel

Input Parameters for Preliminary Sizing

Estimation of maximum lift coefficient take-off and landing

oC, oC, dC,
o+ N, +
oo on,, o1,

:(;ﬁ+

L. max

Wind tunnel measurements of AC 20.30:

CL,O =0 aoC, oC,
= 0.22 = 0.43
o, My 75
=25
o
(04 =12° nFV =18 ° 773 =18 °
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VELA Technical Data | _’f/_-? _’:J

g

Requirements:
3-class seating: 750 pax (22 / 136 / 592)

cargo capacity > 10 t

range: 7500 NM (200 NM to alternate, 30 min. holding, 5% trip fuel allowance)
high desity seating: 1040 pax

cruise Mach number: 0.85

Mo - 0.89

take-off field length < 3350 m (MTOW, SL, ISA +15°C)

approach speed < 145 kt (here: approach speed = 165 kt)

ICA (300 ft/min, max. climb) > 35000 ft
time to ICA (ISA) < 30 min.

max. operating altitude > 45000 ft (=> cabin Ap)
runway loading (ACN, Flex. B) <70

span < 100 m

wheel spacing < 16 m
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VELA 2 Sizing Study at HAW

Assumptions:

OEW/MTOW =0,5 LOFTIN: 0,52 A380: 0,49 VELA2:0.55— 048
SFC =1.4 mg/(Ns) latest technology assumed (GEnx)

approach speed = 165 kt

mass of pax and luggage for long distance flying: 97.5 kg per pax

Given:

Wing Area: 1923 m?
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VELA 2 Sizing Study at HAW

Thrust-to-Weight Ratio

Matching Chart

0,700

0,600

0,500

' apun? Segment

0.400 === Missed Approach
Take-Off

0,300 Cruise

0,200 =i |_anding

0,100

0,000 .

0 50 100 150 200 250 300 350 400 450 500
Wing Loading in kg/m?
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VELA 2 Sizing Study at HAW

Sizing Results:

L/D during 2. segment: 17.0 (higher than conv. due to small lift coefficient and small drag).
L/D during missed approach: 11.0 (normal, because landing gear drag dominates, FAR!)
Viv,., =1.09 (normal: V/V,_, =10..1316) => E=2238

lift coefficient cruise: 0.25

trust to weight ratio: 0.28 (value is slightly high for 4-engined A/C, reason: TOFL and C;)

wing loading: 260 kg/m? (very low for passenger transport, due to low lift coefficient)
Initial Cruise Altitude (ICA): 38400 ft (=11.7 km)

payload: 83000 kg

MTOW: 501000 kg (VELA 2: 691200 kg)

Wing Area: 1923 m? (VELA 2: 1923 m? - forced to fit)

MLW: 366000 kg

OEW: 251000 kg (VELA 2: 380600 kg)

Fuel: 167000 kg (VELA 2: 278200 kg ?)

Thrust: 344 kN (for each of the four engines)
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VELA 3 Sizing Study at HAW

Assumptions:

OEW/MTOW =0,5 LOFTIN: 0,52 (T/W) A380: 0,49 BWRB structural benefits?
SFC =1.6 mg/(Ns) normal technology level assumed

approach speed = 165 kt

Reserves: 200 NM to alternate, 30 min. holding, 5% trip fuel allowance
Given:

range: 7650 NM

MTOW: 700000 kg

Wing Area: 2052 m?

Wing Loading: 341 kg/m? (very low for pass. transp. due to low lift coeff.)
mass of pax and luggage: 95.0 kg per pax

payload: 71250 kg
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VELA 3 Sizing Study at HAW

Matching Chart

0,700
0,600
=
0,500
e —pem?  Segment
% 0 400 ==l==Missed Approach
g Take-Off
55'. 0,300 Cruise
L
@2 =i |_anding
_g 0,200 —
'—.
0,100
0,000
0 100 200 300 400 500 600

Wing Loading in kg/m?*
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VELA 3 Sizing Study at HAW

Sizing Results:

lift coefficient landing: 0.86  (higher than HAW wind tunnel results)

L/D during 2. segment: 15.2 (higher than conv. due to small lift coefficient and small drag)
L/D during missed approach: 11.0 (normal, because landing gear drag dominates, FAR!)
L/D,,.. - 20.9 (lower than BWB estimate)

VIV, =10 = L/D=L/D,, (normal:V/V,,; =1.0..1.316)

lift coefficient cruise: 0.31

trust to weight ratio: 0.28 (value is slightly high for 4-engined A/C, reason: TOFL and C;)
Initial Cruise Altitude (ICA): 37800 ft (=11.7 km)

MLW: 469000 kg
OEW: 350000 kg
Fuel: 279000 kg (VELA 3: 282800 kg)

Thrust: 481 kN (for each of the four engines)
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AC20.30: CFD with FLUENT ﬂsﬁ?ﬁﬁiﬂ?&"ﬂﬂm Sciences

Aufriebspolare lift coefficient
L

-’——'_'_'__#‘_

+ 1
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angle of attack, o Ansteliwinkel —=—Windkanal  —&— Fluent
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AC20.30: CFD with FLUENT

B ¢
885388

PFath Lines Colored by Velosity Magnituda (m/s)

12° Anstellwinkel ‘

Stalls can easily be handled
Usable lift up to AOA of 12°

At 22° AOA:

wings are stalled

body continues to produce lift
but control surfaces do not
deliver control power

path lines

8.00

O =D
EES8=SR8ERE

Path Lines Colored by Velociy Magnitude (m/s)

22° Anstellwinkel
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AC20.30: CFD with FLUENT

-0.68

Paiiiiiiied
EEATIBERFERE

-

‘ Contours of Pressure Cosffichent 12 Grad

|
=—pV
g=P

dynamic pressure

pressure coefficient

CP—

_P—Pp. V

2

=1—| —

q V

Iﬂdrﬂmufnrmmid Pressure (pascal) 12 Grad
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AC20.30: CFD with FLUENT

Gleitzahl lift to drag ratio, L/D

.

120 | | | | | | | | | | | | | |

angle of attack, o Anstellwinkel | —a_\indenaizoms s Fuent20me
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Engine Integration
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Fath Lines Colored by Velociy Magritude (m/s)

Contours of Dynamic Pressure [pascal)
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AC20.30: CFD with FLUENT

Fin Integration:

The fins experience a cross flow
at an angle of 3° ... 5°.
An optimized fin setting could reduce drag.
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AC20.30: CFD with FLUENT cruise, 0. =1.2 °

Auftriebsverteilung und ortliche Auftriebsheiwerte
0,30

0,09

+ 0,25

- 0,20

Catlly)
Ca

- 0,15

# 0,00

0,0 0,1 0,2 03 04 05 0.6 0.7 0.8 0% 1.0
n | —=— Cal(y) +Ca|

lift distribution / distribution of local lift coefficient
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Certification Requirements

CERTIFICATION SPECIFICATIONS, CS-25.173 Static Longitudinal Stability:

(a) A pull must be required to obtain and maintain speeds below the specified
trim speed, and a push must be required to obtain and maintain speeds above the
specified trim speed.

hence for BWB:

A) Design to Requirements:
1.) Center of Gravity (CG) forward of Aerodynamic Center (AC).
2.) Pitching Moment at C, = 0 has to be positive.

or

B) Change Requirements (?77?):

Unstable aircraft stabilized by flight control system.
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p4 Positioning of the
. _ e CG on the Mean

. X¢g FUSELAGE Aerodynamic Chord
LEMAC “'l_h GROUP (MAC) for required

static margin is
achieved in
conventional design
by shifting the wing
with respect to the
fuselage. This
approach is not
possible in BWB
design!

— e T — —— —

* X [ TORENBEEK E -
"Synthesis of Subsonic
Airplane Design"”.
n._ . Delft : Delft University Press,
= — e ( — ) 1988
Xremac =X fe xc‘g + m we xcg
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Static Longitudinal Stability for BWB Configurations

Center Line |

o

Center Wing

/

|

" el L L

Transition
meg

Xﬂuter Wing 1

Bqter Wing 2
Outer Wing 3

-

by/2

1

bo/2 bu/2b,/

"l
i —

2 b,y a2

Outer Wing
4

b 3/2 b 42

F. Bansa, Diplomarbeit,
Hamburg University of
Applied Sciences

A BWB can be
designed for
static longitudinal
stability with an
interactive
EXCEL-based
program. The
program assumes
the BWB to
consist of a
maximum of 6
different wing
trapezoids.
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y-Position [m]
0 0 20 - 0 50 «» | Interactive parameter

10 variation to find a suitable
static margin for BWB
configurations by
calculation of:

1.) center of gravity, CG
), 2.) aerodynamic center, AC.
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Static Longitudinal Stability for VELA Configurations

15%

10%

stable

5%
s s
2 + Static Margin bei MTOW
: O < < - Static Margin bei MZFW
= < < tatic Margm
g o =
z "';,." L

-59, i >
£ unstable /
o
:'E I«
£ -10%
u |
=
8
» -15%

40 45 50 55 60 65

sweep of center wing @iz [°]



— Hochschule fir Angewandte

Flight MECh an ics : Wissenschaften Hamburg

—— Hamburg University of Applied Sciences

Static Longitudinal Stability for Boeing BWB Configurations
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Weight Saving Potential of BWB Configurations

ot 00 D,
lift
W g

calll """,."""""' I il MHM@“M%%M
) A/ 7 AL W”’" mwﬂﬁ

weight
”“ Less bending moments in a flying wing or BWB

O ——m
E

BWRB study with distributed propulsion (virginia Polytechnic)

Helios - example of an extreme span loader with distributed propulsion (nasa 7 Aerovironment, Inc.)
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T. Kumar Turai, Master Thesis,

VELA 2 - Basic Structural Layout  +amburg university of Applied Sciences

1

four quasi-cylindrical segments

A s

Inner Shell made out of

Intermediate double shell
contour at the Leading Edge

min. frame height:
200 mm

Frame height:
BO8:4 mm

Frame height: 1
GO0 mm min. frame height:

200 mm |

. || | LDle SINeE n
contour cut by frame parallel to Leading Edge
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VELA 2 - Cabin
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VELA 2 - Wing Integration

Wing Spars

Main Frames
Rear Part

Inner Skin
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VELA 2 - Floor Integration

Crew Rest Department

Flight Deck =

Cabin

Cargo Compartment

VELA 2
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VELA 2 - Doors

Door cut-outs Side door integration
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VELA 2 - Fin Integration

Frontspar

Rearspar

Reinforced box
between rear-ribs
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Hamburg University of Applied Sciences

Rear Frame
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Weight Chapter F. Bansa

T. Kumar Turai

T. Kumar Turai (FEM)

10 Structure 234669 kg
20 Power Units 37731 kg
30/40 Systems 19795 kg
50 Furnishings 35313 kg

60 Operator Items 35313 kg

OWE 362820 kg

OWE/MTOW 0.525
Loftin 0.521
Marckwardt 0.462
A380-800 0.501
A340-600 0.475

Taken for Preliminary Sizing:

253529
36603
23302
277588
39578

380600

0.551

0.500

kg
kg
kg
kg
kg

kg

210070 kg

337141 kg

0.488

Result: The BWB design does not significantly improve the OWE/MTOW ratio!

Latest News: One-shell layout can lead to OWE/MTWO

= 0.44 ... 0.46 !
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System Integration

VELA 2 - ATA 21 - Temperature Control & Ventilation

L 1 ] ved R al
i i |_ - __._,-: - _.:";__f
P e 0. ] M. Mahnken, Diplomarbeit,
B 3 [ e o } II Hamburg University of
= 1 Applied Sciences

P

]

9 |

[Fares i aresis
|

DE L Flghl Dech

1]

blwet Uit 2 na:-nwr:q“n-:nl?rr -
wnwage \_'_'_Hmmmmm Steps in system

E
Il

integration:

1.) System diagram
2.) Sizing

e _— , 3.) Routing & ducting

ABU Chesh Velved
) i
Fiam A Infet

Lol oo

Trm Al Pressss
Reculatrg Valves

RS Al Ol — ]
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VELA 2 - ATA 21 - Pack Sizing

Steps in system
integration:

1.) System diagram
2.) Sizing

3.) Routing & ducting

Air Generation Unit (pack): A380 and VELA 2
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VELA 2 - System
Installation Areas

Steps in system
integration:

1.) System diagram
2.) Sizing

3.) Routing & ducting
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VELA 2 - ATA 21 -
Positioning of the Mixing
Unit

Steps in system
integration:

1.) System diagram
2.) Sizing

3.) Routing & ducting

Air Generation Unit is positioned in the
transition wing.

Alternative position (above cabin) of
the Mixing Unit eliminates riser ducts.

Ducts for recirculation air.




— Hochschule fir Angewandte

SYStem Integ ration = Wissenschaften Hamburg

—— Hamburg University of Applied Sciences

VELA 2 - ATA 21 - Ducting

Air circulation. Recirculation requires cucis,

Low pressure air connector and duct to
mixing unit.

Duct for emergency air.
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VELA 2 - ATA 21 - Pressure Control

negaiive pressure relief valve

air flow (in case

mm - ——— - N .
i
| :
i ) e
;;;;;;;;;;;;; - 0 mam ] = ~
T T T T e . | -

T o g

fwd overboard outflow valve N E_ aft overboard outflow valve

air cutflow

air outflow

ressunzation awto-
P cantroller 1 rdnuab-contral it

A4 i

ERAGS AR Inpul fnom
Lraw

[ pressunzalion aufc- |
con irniller 2

Steps in system integration:
1.) System diagram

2.) Sizing

3.) Routing & ducting
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distribution maniiold
(incl 2 cartridges)
fiow meterng equipment Steps in system
integration:
sh o 1.) System diagram
rated matened 2.) Sizing
bottle \, botte

3.) Routing & ducting
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Twin tandem (Bogie) nose
landing gear.
Two retraction mechanisms.

Two twin tri-tandem

| _ (6-wheel) main landing gears on
‘ each side.

N Special retraction mechanism.

MLG wheel spacing only 11.4 m
due to rib location

175 5 1530 (requirement:
BEL EEEW wheel spacing < 16 m)

18004
GE_E 11465 Rule of Thumb: 30 t/ MLG wheel
| paros _ l => max. MTOW: 720 t
EE ERERE

—B8200—-

Airbus, FPO, Hamburg
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Air Transport System
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VELA 3 - Cargo Loading

s mfZ?Z?/ W?EJ[/?Z/JM/’ ATy,

. .--.—.—.--.-l— — ..h._._._..-.-. .. .l.. - |. ]__.E._ . :r-—-—]--T--—- — S
i . P i ; 21
: H‘;’:; _r_'b‘f“r?' rs - E-L:'Tf/.r e it p e "z':,-—f):):"':z.)':f.f/?kf..-f.cz.{..’.x.?/?/??‘r!z!:f
0 \ —

= \' %mﬂwrﬂzz)//://zg.’ffﬂ*_@u:z -
LI T T 7T r a7 77777, M///F’?’WJEE’

Airbus, FPO, Hamburg

A cargo loading vehicle drives in between the MLGs.
Cargo loading from below with lifting system.

Note also:
1.) NLG / MLG and wheel well positions.
2.) Far aft position of MLG => problem to rotate the aircraft on take-off.
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S. Lee, Diplomarbeit,

V E LA 1 - B 0o4a rd | N g Hamburg University of Applied Sciences
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< |
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EnE 5
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2 Tﬁ\ﬂ% " % . | =
Bo? 1 | 2l
T w8

Q} % o Boardingpfade der First Class

mmss Boardingpfade der Business Class

’s I n I s DBoardingpfade der Economy Class (Tiir 3L)

s Boardingpfade der Economy Class (Tiir 2L)
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VELA 1 - Turn Around Time

Turn-Round-Time (in minutes)

Bridges
|t T T T T T T T T T T T T T T T T7 77
laning/ Boardi
:IJEP aning’ Boarding !-__- Kritischer
! | Pfad
! Refuelling l
Cargo
(Offloading/ Loading)

Catering Door 2R

|_| Vehicle Positioning (2 min.)

|:| Telaranca Cataring

|:| Tolerence Deplaning! Boaarding

Catering Door 3R

|:| Tolerence Rafuslling

Catering Door 6L

Catering Door 6R

Cabin Cleaning

0 10 20 30 40 50 60 70 80 90
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VELA 1 - Emergency Evacuation
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VELA 1 - Emergency
Evacuation

Evacuation of possible in
less than 90s if passengers
are routed through their
assigned door.
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This
modification of
VELA 1 allows
also evacuation
after ditching
(into the water)
through over
wing doors.

VELA1,2,3
standard
configuration
can not be
certified,
because doors
will be

Slides on forward doors. submerged.
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Wing tip vortices
cause induced
drag, D,.

Wake turbulence
cause a danger to
following aircraft.

The initial strength
of the wake
turbulence

is based on basic
aircraft parameters:

2g* m(m/S)
wAe pV

Boaee = D; V' =

wa

C-Wing-BWB:
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Wake Turbulence - Comparison

Praesws _ Ao Murosws (M S)gys _ 7.53 700 341 100
Pwake,ASE[} Apps Myrro,4380 (m /S )ASS{} 4.83 560 663
with BWB-Data from VELA 3. Result: no major problems expected.
Wake Turbulence - Separation
IFR Minimum Separation Rules on Approach (nm)
Trailing aircraft type®

Leading aircraft type® Small Large Heavy

Small 3.0 3.0 3.0

Large 4.0 3.0 3.0

Heav 6.0 5.0 4.0

Source: FAA [1978]
* Small: aircraft weighting no more than 12500 1b. (5,625 kg)

Large: aircraft weighting more than 12,500 1b. (5,625 kg) and less than 300,000 1b. (135,000 kg) A380 interim value:

Heavy: aircraft weighting in excess of 300,000 Ib. (135,000 kg) 10 NM

Federal Aviation Administration: Parameters of future ATC Systems Relating to Airport Capacity and Delay.
Washington, DC, USA, 1978. - Rep. FAA-EM-78-8A
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ICAO and FAA Requirements
on Aircraft Parameters
for Airport Compatability

VELA3:65m

International Civil Aviation Organization: Airport Services Manual, Part 1: Rescue and Fire Fighting. Montreal, QC, Canada, 1983
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ICAO aerodrome reference codes [ICAQO, 1999 |
Aerodrome Reference field Aerodrome Wingspan (m) Outer main
code number length (m) code letter gearwheel span
1 <800 A <15
2 800—<1200 B 15—<24
3 1200—<1800 C 24-<36 6—<9
4 >1800 D 36—<52 9-<14
E 52—<65 9—<14
F [l | T

FAA airport reference codes [FAA, 1989] VELA 3- 11,4 m

Alircraft approach Aeroplane design
category speed (kn) group
A <91 I
B 91—<121 11
C 121—<141] IT1
D 141 v
E =166 V
VI

VELA 3: 99,6 m

International Civil Aviation Organization: Annex 14 — Aerodromes. Montreal, QC, Canada, 1999
Federal Aviation Administration: Airport Design. Washington, DC, USA, 1989. - Advisory Circular No. 150/5300-13
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Design Group VI Separation

unway Obstacle Fres Zene
200 Ft from Kumway Centerling 358l Fu@

]
]
|
| -
[ (400 Ft total width) 500 Fu Elevation

Group VI Taxiway

2l

Faa Dasigﬂ Group VI Runway
;" 200' > :
| & 500 _—4.
Rurrwaylr Centerdine Taxiway Centerdine

Intercepts OFZ: Planc:

Design Group V Separation \ |

Runway Obstacle Free Fone
200 Fi from Runway Cencerline
{400 Ft total width)

3591 Ft sa}_““"'—"'@%.
500 Fi Elevation

Faa DESigI‘I Group V Runway

FAA Design (?mup WV Taxiway

> 200 ! VELA 3: 64 ft
b 400" —
Runway Cenerine Taxiway Centerline

Clearance between runway and parallel taxiway (FAA 1998) =>
Maximum aircraft height (80 ft).

Federal Aviation Administration, Office of Aviation Research: Impact of New Large Aircraft on Airport Design.
Washington, DC, USA, 1998. - OT/FAA/AR-9T/26
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path

/[ Main gear's

Nose gear's
~.  path

28.705 m (875 H)

{TLRMING WIDTHG

Turning radius and taxiway fillets for aircraft turning.

Wheel span:

A380:
VELA:

12.5 m
11.4m

=> similar turn characteristic.
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_VELA 1 - Cabin Layout Diplomarbeit: S Lee

/ Vertical acceleration for pax on outer seats.
"'"'_F't“'-"'ﬂ-—"——_,-ﬂ_ Ll i Ul i . i : i |
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Double Deck BWB W. Granzeier
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W. Granzeier

Underfloor Usage - Artificial Windows
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W. Granzeier

BWB Center Wing Shapes from Inside
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AC20.30

http://www_haw-hamburg.de/f/personal/projekte/Blended-Wing-Body _htm
http://www_ac2030_de
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Test Flights
AC20.30 Parameters
Scale 1:30
Span 3.24m
Length 2.12m
MTOW 12.5 kg
Engines 2 electric driven fans
Thrust 2x30N

Power input 2x1400 W
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Test Flights

Recorded Parameters

barometric height, two temperatures

voltage, current

air speed, engine RPM

GPS-Coordinates (=> position and ground speed)
angle of attack, side slip angle

3 accelerations, 3 rotational speeds

position of 4 control surfaces

turn coordinator, ping, aerborne camera picture




AC20.30

Hochschule fir Angewandte

Wissenschaften Hamburg

Hamburg University of Applied Sciences
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Euler Angles form Test Flights with "Gyrocube”
U=V, cosfBcosc
V=V,sinf
W =V, cosfsinx

a. =U+QW —RV + gsin® 4————————— solved for pitch angle, ®
a, =V +RU —PW — gcos©Osin® e———— solved for roll angle, ®
a, = W+ PV —QU — gcosO coSP g check results

Experience with Measurement Technique:

Simple and inexpensive method.

Drift problems are simply not present.

Good results only for manoeuvres with moderate dynamic.
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H. Zingel
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7 CFD surface stream lines (left)
06 Fluorescend paint in wind tunnel (right).
05
y ——0=0"°
Ca 0.3 e
'll::"’y"‘.’_“"’. o=g°
n'* w=12°
n ﬂ
P m i Lift coefficient dependend on flap angle

(wing) and angle of attack.
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Summary

W. Granzeier
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BWB actual advantages compared to

todays advanced aircraft
(summary of results from this investigation)

reduction in weight : single shell required. In this case: 8% better
better L/D : 10 to 15% better (not apparent from AC20.30)
reduction in fuel consumption : yes, due to L/D
reduction in emissions : yes, lower CO, emmisions due to less fuel burn
reduction in noise : only with engines on top
increase of airport capacity : yes, more than 750 pax per A/C

(probably no problems with wake turbulence)
reduction in DOC : down ?7% (mostly due to scale effect)
But:
open certification problems : unstable configuration (?), ditching

open design problems : rotation on take-off, landing gear integration, ...
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AC20.30 Flight Test

Wissenschaften Hamburg

Hamburg University of Applied Sciences

Flight Test Video:

39C 31. SV ccm
23C S5.0A m: 183m
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The End
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