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Symbols

A aspect ratio

C. lift coefficient

Sy Wetted surface area

Erex Maximum Glide Ratio

CLm lift coefficient at maximum glide ratio

C., lift curve slope

k free parameter

i incidence angle

M Mach number

MAC Mean Aerodynamic Chord

CG Centre of Gravity

Vm Velocity at maximum L/D ratio i.e minimum drag
V/V n Ratio of aircraft speed with minimum drag speed
Cy  Tail volume coefficient
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1 Background

For an aircraft project to be successful it is n&aod; to have a family of aircraft based on
one basic version. In industry it is standard pcacto add/remove fuselage sections to/from
the basic fuselage, thus stretching/shrinking theratt. It is desired to use the same wing for
all of the family members so that development armdipction costs can be kept minimal. The
same should apply to box wing aircraft. Below idedailed description of the steps taken to
propose the versions with their General Familigrmadiagrams for bottfangle and Twin
aisle Box Wing concepts respectively.

Furthermore it is important that ground handlinguieements are taken into account from the
very beginning in aircraft design activities. Theeeft needs to be designed such to allow for
sufficient space around the aircraft for all growsetvice equipment. The updated terminal
servicing for the new proposed Family conceptsieen discussed. Throughout the project
findings, Airbus A320 family was used as referemztuding the Airplane Characteristics for
Airport Planning document for A32@irbus 2011]. In addition findings were also presented
to Airbus Engineers for feedback and refinementaAsipplement to this memo, provided are
the necessary data files for future reference.

2 Method

2.1 Initial Problems

When analyzing a feasibility of Box Wing familyig important to note the various changes
that occur to the base design. The wing layoututticlg sections where the various wing
surfaces connect the fuselage must be kept consiatel untouched to that of the base
version. This is because sections may not be attdackas where wing box/landing gear box
lie. Only constant area cylindrical sections (plirgsnes) may be added to parts of the base
design.

To keep the wing layout the same and compensatehforge in aircraft weight, landing field
length is varied, as well as the ratio of speedsnatimum cruise drag (V/¥) to obtain
appropriate performance matching charts. Spreatshes used first principlgSchicktanz
2011andScholz 2008 have been updated with these steps for neweogezpfamily.

One important dimension that changes due to thetchiishrink of the fuselage is the
longitudinal distance between the MAC of the foravaing and the aft wing. This is denoted
by I'. This parameter was also varied to meet & sgferating CG envelope. Further studies
were conducted to understand the CG shifts. Lar@e sBifts entails large variations in
stability and maneuvering margins which resultain plane editions. With a change in the
CG location due to the new fuselage dimensiondbisnward force from the tail plane has to
be increased/decreased (especially during shrinkirsglage) and hence resulting in a
different tail plane dimensiorj$orenbeek 1982] This is a major restriction due to the use of
a V-tail which acts as both the vertical and hamiab stabilizer. The use of a V-tail however
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provides some advantages when compared to a coowehtail assembly. Fewer fuselage
tail junctures means less drag as well as a logratency for rudder lock. It is also suggested
that large-chord control surfaces may be requioekkep the control forces equal to or greater
than those of the conventional tail assenjBlyrser]. The V-tail on both stretches (V100 and
V200) encounters lower \C Typical values for commercial jet transport lie ®a09- 1.00
[Raymer 1992]however the obtained values are around 0.081 etc.

Another minor problem is the length I which if tdarge may add to Flutter phenomenon as
well as issues related to resulting divergerBisglinghoff 199. A detailed aerodynamic
and aeroelastic study has to be completed once twimtkl testing begins and the designs are
advanced.

2.2  PreSTo and Detailed Methodology

Using the steps involved in the preliminary sizimgpin and fuselage layout proposed by
Shicktanz and Scholz and the useAlofcraft Preliminary Szing Tool (PreSTo)[PreSTo
2011] four new family members were introduced. They la@sed on the industry standards
for seating capacity and referring to the Airbu® 328mily (especially for the single aisle
aircraft). The following details form the basistbé new family:

* Twin Aisle
I. V100 — 178 Seating Capacity
li. V200 — 218 Seating Capacity
* S9ngleAisle
I.  S100 — 126 Seating Capacity
ii. S200 - 178 Seating Capacity

The preliminary sizing sheets were varied for Pagsee capacity, and PreSTo generates the
updated fuselagscholz 2008] Dimensions of tail and nose sections are kepsémee when
using this tool. Cabin layout is varied to matchttbf the base version. Once the new cabin is
created, I' is varied to stay at safe operating &Gwell as keeping wing boxes at original
position to that of base. The sizing sheet has bpdated so that upon changing I, the V-tail
stays at the same location as that of the basewsrs.e. only the forward wing moves. This
should make it easy for future updates to familyaapts if need be. CG locations are
estimated using the diagrams generated as welhfagmation received from the various
sizing sheets. Placement of landing gear box agaterare all dependent on the CG position
and hence are always kept consistent with thdiebase version.

In order to keep the wing area unchanged, landild fength is varied, depending on the
change of weight which naturally if increased, ager take of run will be required. The ratio
of speeds at minimum cruise drag (W)Ms also adjusted for performance matching chart t
reach design point.
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Eq.1 forms the basis for this optimization to realdsign point and helps one find the
coefficient of lift at maximum glide ratio or minumm drag. This in turn changes the two basic
optimization variables (thrust to weight ratio amithg loading, given by equations 3 and 4 on
the next page) Further details on performance nragcban be found imA short course to
Aircraft design [Scholz 2010]
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[Scholz 2010]

To keep the error for the mass estimation low ¢a&culated mass vs. PreSTo, relative
operating masaoe/myo) is altered in the sizing sheet within the aircratiss and centre of
Gravity spreadsheet. More details for this carséen on the sizing sheet for each family
concept. The above steps should successfully ddothe same original sSof base versions.

2.2.1 Twin Aisle

At first it is not possible to shrink the fuseldggse version. Based on the reduction of seating
capacity for a shrinked version, the fuselage lengbuld be too small to have all the
necessary components of the box wing. This waskeueéor a seating capacity of 120.
Hence, the twin aisle provides options for stretcloé base version only. As the seating
capacity increases, emergency exits must alsodsereto comply with certification rules.
PreSTo also recommends the number of exits, howbeearplacement is done manually. The
distance between exits may not be lower than 6ReeSTo 2011]
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Figure 1 Twin Aisle Base version generated by PreSTo CEholz,Schiktanz 2011]
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Figure 2 Twin Aisle —V100178 seating capacity version generated by Pre&binC
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Figure 3

Twin Aisle — V200218 seating capacity by PreSTo Cabin

Figure 2 shows the final cabin layout for V100. é&wr has been added to first class with

seating capacity here at 18 and keeping numbeaségngers in the economy class to 162.
Two Plugs were added, one in front of the forwardgrand the other to incorporate the exit

(type C, floor level). The former consists of 2rfras and the latter with 5 frames respectively.
Similarly, for the V200 (Figure 3 cabin layout), dwlugs in between the forward and aft

wings are added. General Familiarization diagraamshe found in Section 2.3.
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2.2.2 Single Aisle

For the S200 (178 capacity), three plugs were adiolédde base version with two in between
the forward and aft wing, and one ahead of the &dwving. 8 frames being added: first class
row with 12 seats and a 166 economy seating cgpacit

@j HEEEHHEEEERE BRHEHEHEH | B
| BEERHRHRERR HerRERH | F

Figure 4 Single Aisle S200- 126 seating capacity geeeraty PreSTo Cabin
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Figure 5 Single Aisle Base version generated by PreSTong&hiktanz 2011]
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Figure 6 Single Aisle S100 - 178 seating capacity gendratePreSTo Cabin

An update in V-tail sizing had been completed du¢éhe very low G values. This has been
incorporated to all the family of slender aircrafigures 4, 5 and 6 above show the cabin
layout generated with the help of PreSTo.

A frame system diagram has also been attachedote simplified, with detailed sections for
the S200 aircraft. The same frame systems as fhaecAirbus A320 have been used with
some changes with respect to the box family. FE¥&ID drawings that are more accurate will
be required once flight dynamic testing, wind tuntesting commences. The diagram
however forms the basis to future developers.
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2.3  General Familiarization Diagrams

A319/A320/A321 ‘E"}\ —
General Familiarization = __ S B

N . B

Single Aisle Family Highlights

Two-class seating i.' i:‘ A321
it (Jrcoorts B 0 == -s9m27n

ey
185 [+ D ) . e (# 13 lramas)
& 4, 26m \ + 2.67Tm
[+ B Irames) |+ 5 frameg)
ﬂ A320
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124 .

Airbus General Familiarization diagram showing atigiigs/frames- standard

Figure 7
drawing when discussing family concefiirbus GF]
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2.4  Ground Handling

A trade study on the effect on ground handling lom pproposed family has been conducted.
Using the Airbus ground operating procedures asreete and their respective ramp layout
diagrams, four new layouts are suggested.

CICOREETT L d o T T T LI ++ON A/C A320-100 A320-200

AC Air Conditioning Unit SCALE METERS

F]
SCALE FEET

0 6 12 8
e 1

AS Air Starting Unit
BULK Bulk Train
CAT Catering Truck

CAT

FUEL

CB Conveyor Belt
CLEAN  Cleaning Truck

FUEL Fuel Hydrant
Dispenseror Tanker

GPU GroundPower Unit

LD CL Lower Deck Cargo Ly
Loader r
Lv Lavatory Vehicle
T
PBB Passenger Boarding % ),

Bridge @

PS Passenger Stairs
BULE
TOW Tow Tractor }_I]J %D
LY

ULD ULD Train

Aircraft at the Gate

WV PotableWater Vehicle

Roleences: AIRBUS: A320 - ANRPLANE CHARACTERFSTICS FOR AIRPORT PLANSNG, R May 2011

Figure 11 ~ Summary of Ground handling equipment on an Aifg28 and the ramp layout

With the box wing aircraft, a continuous cargo camment is suggested. However due to the
positioning of the wings, the engines and the lowerg height (especially for the forward
wings) some changes were required. Figure 11 shiogvseference aircraft with its ground
servicing arrangement.

12
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Ground Support Equipment

i

AC Air Conditioning Unit —— SCALE METERS X SCALE FEET
0 2 4 ? 5 TOW! 6 1I2 1|8
AS Air Starting Unit G B 3
rotarting ! A | <\>—BULK
BULK  BulkTrain o

CAT Catering Truck

CB Conveyor Belt \I\
CLEAN  Cleaning Truck

FUEL Fuel Hydrant
Dispenseror Tanker /

GPU GroundPower Unit /

NN

LD CL Lower Deck Cargo e
Loader
Lv Lavatory Vehicle
) A
PBB Passenger Boarding }L
Bridge ~ | car .
PS Passenger Stairs

TOW Tow Tractor
ULD ULD Train
WV Potable Water Vehicle ‘E“Jjw

Figure 12  Summary of Ground handling equipment on V100 &edamp layout

Industry procedures today follow loading and unlogdf cargo using a critical path with the
use of one Lower deck cargo loader (LDCL). In rélgao the continuous cargo compartment,
two LDCL could decrease the turnaround however;sitnot possible to have them
simultaneously due to the layout of the aircrafie Bingle aisle S200 is an exception though,
and takes advantage of two LDCL (Figure 14). Cgovéelt (CB) which is used to load the
bulk compartment as well as luggage too big fordalein, has been proposed to be near the
nose wheel. Position of Ground Power Unit is chdnige twin aisle due to the location of
CB, simply laid out at the port side. In regardshe slender family, CB is incorporated with
the cargo loader door and hence the same vehitldbaviused for both. The two separate
LDCL doors should make up for the time lost durngk loading.

13
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Ground Support Equipment

AC Air Conditioning Unit

AS Air Starting Unit

BULK Bulk Train

CAT Catering Truck

CB Conveyor Belt

CLEAN  Cleaning Truck

FUEL Fuel Hydrant
Dispenseror Tanker

GPU GroundPower Unit

LD CL Lower Deck Cargo
Loader

Lv Lavatory Vehicle

PBB Passenger Boarding
Bridge

PS Passenger Stairs

TOW Tow Tractor

ULD ULD Train

Wy Potable Water Vehicle

Figure 13

SCALE ME‘TERS‘
2 4 6

0
L

SCALE FEET
6 12 18
I |

FUEL

— 1
/
/

L

14

Summary of Ground handling equipment on V200 &edramp layout
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Ground Support Equipment !SCAL‘E METERS} Tiw ‘ ! SC/LLE F!EET
0 4 6 o=} 0 6 12 18
AC Air Conditioning Unit ] = ' 1
) Xei:l]
AS Air Starting Unit ﬁ/
BULK Bulk Train = 1
—L - QNN
CAT Catering Truck /7“
ULD
CB Conveyor Belt // IR B
CLEAN  Cleani / ' N
eaning Truck / / W \ \\
e |
FUEL Fuel Hydrant / \ N~
Dispenseror Tanker ,/ | N\ \(w
7 N N/
GPU GroundPower Unit // LS
LD CL Lower Deck Cargo 4 NS
Loader 1 @ _I _
Lv Lavatory Vehicle ‘ =
PBB Passenger Boarding
Bridge
PS Passenger Stairs

TOW Tow Tractor
ULD ULD Train
WV Potable Water Vehicle

Figure 14  Summary of Ground handling equipment on S200 haddamp layout
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Ground Support Equipment

AC

AS
BULK
CAT
CB
CLEAN
FUEL

GPU
LD CL

Lv
PBB

PS
TOW
ULD
WV

Air Conditioning Unit
Air Starting Unit
Bulk Train

Catering Truck
Conveyor Belt
Cleaning Truck

Fuel Hydrant
Dispenseror Tanker

Ground Power Unit

Lower Deck Cargo
Loader

Lavatory Vehicle

Passenger Boarding
Bridge

Passenger Stairs
Tow Tractor
ULD Train

Potable Water Vehicle

(- SCAL‘E ME‘TERS‘ SC)‘ALE F!EET -
0 2 4 6 6 12 18
-\ \\
— [
\\
// N
/ \\
AN FUEL
\ -

s
I

—

Figure 15 Summary of Ground handling equipment on S200 and the ramp layout
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