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1  Design specifications

1.1  Aircraft configuration

The Z-configuration morphology is constructed by placing the starboard wing low at the for-
ward fuselage, and, the port wing high at the aft fuselage. This morphology can be observed
in Figure 1 and 2.

Figure 1 Z-configuration sketch (Isikveren 2008)



Aero_ TN_ GAV_09-03-17

Z-configuration artistic view

Figure 2

1.2 Design Requirements

All the requirements for the design are obtained from the SImSAC report by Dr. Isikveren
(Isikveren 2008) and summarized in Table 1. In addition to the design requirements, the mo-
tivations and innovations of the project are described in this document.

Table 1 Design Specifications
Parameter Requirement
Passengers Min. 5 (including pilot)
Cabin Volume [m®] At least 5.7
Passenger Weight [kg] 105

Cabin requirements

Design range, IFR, 1000nm altitude at 0.6
Mach [nm]

Normal cruise Mach number
Maximum cruise Mach number
Take-off field length for ISA, sea level [ft]
Take-off field length for ISA+20°C, 5000ft

Lavatory, galley/stowage. 7000ft equivalent
cabin altitude at service ceiling.
1500

0.6

0.7
Less than 3000
Less than 5500
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[ft]
Approach speed [KCAS]
ICA [ft]
TOC for ISA, MTOW, take-off (min)
Service Ceiling [ft]
Service Life [cycles]
Fatigue Life [cycles]
Systems
Operational requirements

Noise
Operating Economics

Certification Standards

Less than 1000
At least 37000
Less than 25 min
41000
20000
50000
FCS
Accommodate 1+1 flight crew.
Certified for single pilot operation.
Stage 4 requirements — 20 EPB dB
Cash operating cost at least neutral with best
comparable turboprop.
FAR-23/CS-23 FAR135/JAR-OPS

1.3  Mission Definition

The IFR mission profile is defined in figure 3.

CRZ SPD
2 steps limit
RVSM Odd Fl s

Descend at
DES SPD

En route Climb

Accelerate to En route CLB SPD

10000 ft

Decelerate to 250 KCAS
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Climb to 10000 ft
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Takeoff to 35 ft (1 min)
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Min. Fuel
FL

Min. Fuel CLE SPD
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Descend to 1500 ft
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Flight Time & Fuel

100 nm alternate

A

Block Time & Fuel

>

Reserves

Figure 3 IFR Flight Profile
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2 Selection of basic parameters

2.1  Methodology

Raymer methodology (Raymer 1999) will be used as main guideline for the selection of basic
parameters. However, due to the special characteristics of the design, sometimes it will be
more suitable to take data from similar mission aircrafts. For this purpose, Isikveren method-
ology (Isikveren 2005) will be used. Other parameters will be estimated according to Roskam
approach (Roskam 1985). In addition, the preliminary sizing will be carried out using Loftin
method (Loftin 1980) and the preliminary sizing tool from HAW (Scholz 1999).

All the abovementioned methods are based on statistical values or semi-empirical approaches,
therefore, the results for unconventional configurations will not be accurate and a continuous
evaluation of the results must be carried out. Assumption will be required when there is a lack
of information.

2.2  Selection of aircraft parameters

2.2.1 Wing Characteristics

The first assumption in this design is that the aerodynamic behavior of the Z-configuration
wing will be similar to a conventional wing, as shown in Figure 4. This means that the lift
distribution along the spanwise will be similar to the conventional wings, so the current sizing
methods can be used without urgent modifications. Later on, a two low aspect ratio wings
approach could be used for results comparison.

In addition, Enebog (Enebog 2008) indicates that the sweep angles should be opposite in or-
der to allocate the aerodynamic center close to the gravity center. Also, the port wing should

have a low position and the starboard wing a high position for stability purposes.

Raymer's method provides the following possible values for the design:

Table 2 Recommended Wing Parameters
Parameter Value Source
Aspect Ratio 7.5t0 10 Raymer table 4.1
Taper Ratio 0.25t0 0.4 Raymer text p.61
Average Thickness [t/c] 0.14 Raymer fig. 4.14
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Port wing dihedral angle [°] 3to7 Raymer table 4.2
Starboard wing dihedral an- -5t0 2 Raymer table 4.2
gle [°]
Twist angle [°] 3 Raymer text p.63
Y4 Port wing Chord Sweep [°] Oto-15 Raymer fig. 4.24
Y4 Starboard Chord Sweep [°] 0to 15 Raymer fig. 4.24
Wing Profile 0014 -
” h
0
VNS = T
I
Figure 4 Assumption of the aerodynamic behavior of a Z-configuration wing for the prelimi-

nary sizing method.

2.2.2 Thrust over Weight ratio (T/W)

In Raymer’s table 5.1, it is suggested a value between 0.25 and 0.4, recommending the high-
est value for one engine aircraft. Isikveren’s data show that the similar missions aircraft have
values between 0.335-0.427. The final Thrust over Weight ratio will be decided with the

Loftin approach.
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2.2.3 Wing Loading (W/S)

Raymer does not provide this information about very light jets and Isikveren’s statistical data
suggest that the wing loading should be between 195 and 268.95 kg/m?.

2.2.4 Initial Sizing

The sizing has been carried out using the HAW preliminary sizing tool, which is based on
Loftin methodology. Some modifications have been introduced in order to fulfill the one sin-
gle engine certification requirements (FAR 23, JAR 23)

The required inputs for the sizing tool are shown on Table 3 while the matching chart T/W
against W/S is shown in Figure 5.

Table 3 Input to the HAW preliminary sizing tool
Input Parameter Value Source
Approach Speed [KCAS] 100 Design Specification
Take-off field length for ISA, 920 Design Specification
sea level [m]
Take-off field length for 1680 Design Specification
ISA+20°C, 5000ft [m]
Landing field length, ISA, 914 Design Specification
sea level [m]
Landing field length, 1680 Design Specification
ISA+20°C, 5000 ft [m]
Aspect Ratio 8.8 Wing Characteristic
Landing — takeoff mass ratio 0.9 Roskam
Taper Ratio 0.28 Raymer
Average Thickness [t/c] 0.14 Raymer
Port wing dihedral angle [°] 4 Raymer
Starboard wing dihedral an- -3 Raymer
gle []
Twist angle [°] 3 Raymer
Y4 Port wing Chord Sweep [°] -9 Raymer
Y4 Starboard Chord Sweep [°] 9 Raymer
Wing Profile NACA 2412 -




Aero_ TN_ GAV_09-03-17

Matching Chart
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Figure 5 Matching Chart

The matching chart results are located within the recommend values by Raymer and Isik-
veren. These values are shown in Table 4.

Table 4 Aircraft Sizing Parameters
Parameter Value
Thrust-to-weight ratio 0.38
Wing loading 261 kg/m?

It is highly remarkable the high influence of the payload on the maximum takeoff weight in
the Loftin method for typical very light jet weights. Therefore, the difference between BOW
and OEW it is especially important. The reason for this is that for bigger aircrafts, the contri-
bution of the cockpit crew to the OEW is small, but in the case of very jet lights it is a big
contributions. Therefore, it is possible to include the cockpit crew in the payload as an as-
sumption for this method in order to get reasonable results.

The detailed sizing calculations, taking into account the IFR mission profile, are included in
the appendix A.

The main results are shown in Table 5 along with a comparison between the obtained data for
the GAV and the available data from aircraft with similar missions. Particularly, the ratio be-
tween the payload and the maximum takeoff weight is fairly smaller than for the other air-
crafts due to the very conservative assumptions.

10



Aero_ TN_ GAV_09-03-17

Table 5 Comparison between GAV and similar aircrafts
Parameter Unit GAV Citation A-700 |Eclipse 500
Mustang
Crew - 2 lor2 2 lor2
Capacity - 5+lav 4t05 5+ lav 4t05
hmax m 3.4 4.06 2.93 3.4
Imax m 10.5 12.37 12.42 10.1
bmax m 14.9 13.16 13.41 114
MTOW kg 3889 3930 4250 2699
MLW kg 3498 - 4091
MZFW kg 3425 - -
OEW kg 2431 - 2718 1610
MPL kg 785 - - 1089
OEW/MTOW - 0.62509643 - 0.639529 | 0.596517
PL/MTOW - 0.20185138 - - 0.403483
T/IMTOW N/kg 0.38 0.337 - 0.3025
Vs knots 70.5 69 - 67
R km 2778 2161 - 2084
Service ceiling ft 44657 35000 - 41000
Takeoff distance m 920 948 - 657
Landing distance m 914 729 - 622

2.3 Aircraft Component Geometry

The following chapter describes the required assumptions that have been used in order to ob-
tain the geometry of the aircraft.

2.3.1 Wing

From the sizing results and previous assumptions, the wing geometry is fully defined.

11
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Table 6 Wing Geometry
Parameter Value
Aspect Ratio 8.8
Taper Ratio 0.28
Average Thickness [t/c] 0.14
Port wing dihedral angle [°] 4
Starboard wing dihedral angle [°] -3
Twist angle [°] 3
Port wing position Low
Starboard wing position High
Y4 Port wing Chord Sweep [°] -9
Y, Starboard Chord Sweep [°] 9
Wing Surface [m?] 14.9
Semispan [m] 5.72
Root Chord [m] 2.03
Tip Chord [m] 0.57
MAC [m] 1.44
Wing Profile NACA 2412

2.3.2 Fuselage and cabin

Due to the uncertainness of the results due to the unconventional configuration, it does not
make sense to size an accurate fuselage with the available data. For this purpose, a cabin and a
fuselage similar to the A-700 are proposed because it has the same requirement as the GAV.

A7o0 Side Cutaweay Wew

Figure 6 A700 Fuselage (Adams 2009)

12
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Table 7 Fuselage and cabin geometry
Parameter Value
Cabin Volume 245 cu ft
Cabin Height 130.81m
Cabin Width 137.16 m
Cabin floor With 1.14m
Cabin Length 5.16 m
Front Baggage Bay Volume (Unpressurized) 27 cu ft
Internal Baggage Bay Volume (Pressurized) 6 cu ft
2.3.3 Engine

The GAV requires a thrust of approximately 3300 Ibf. There are several engines in the market
with such capabilities for VLJs. In particular, the Williams international FJ44 is a possible
option.

Table 8 Engine Characteristics
Parameter Value
Thrust Class 3600 Ibf
Length 52.81in
Diameter 25.3in
Weight (dry) 650 Ib

Fictures not fo scale, do nat use for instalation design.
Delailed instaflafion drawings are availabie from Wiliams infernational

Figure 7 FJ44 Engine (Williams 2009)

13
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2.3.4 Additional surfaces and control surfaces.

Preliminary calculation at Tornado with the above data and experimental results carried out
by Enebog (Enebog 2008) indicate than a third surface is required for stability and control
purposes. This effect can be seen in Figure 8 and 9. The lateral and longitudinal stability is
highly coupled. It is noticeable that even for zero sideslip angle, as alpha increases, a lateral
force and a rolling and yawing moment appear. In addition it is remarkable that this configu-
ration is longitudinally stable.

The goal of this document is not the study in detail of the aerodynamic behavior of the Z con-
figuration, so this calculation in Tornado are focused on providing a first scope of the stability
characteristics of the aircraft in order to produce a better baseline aircraft.

Since the stability and control will be studied on CEASIOM environment, it is not necessary
to design in detail the control surfaces. The classical guidelines indicated by Raymer and
Scholz will be used for the baseline configuration.

30 panels, collocation points and normzls.

Body z-coordinate

Body y-coordinate

Body x-coordinate

Figure 8 Basic aerodynamic model

14
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Coefficient dependency on alpha < 10°%
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Figure 9 Basic aerodynamic model results at f =0

2.4  Aircraft Synthesis Geometry

The two wings and the third surface need to be allocated along the fuselage. In order to this, a
statistical tail volume coefficient approach has to be used. The reason for that is that this is the
only available method at this stage with the available information.

For the horizontal stability, the distance from the two wings to the gravity center and the con-
tribution of the third surface will produce the tail volume. This third surface will be treated as
a one-single surface V-tail. The design philosophy consisting of the smallest number of lifting
surfaces and the longitudinal-lateral stability coupling lead to this decision. In addition, the V-
tail is beneficial to the engine integration. The V angle is set to 30 degrees in order to have
influence on both longitudinal and lateral stability and allow the engine integration on the top
of the fuselage. This angle shall be object of study later on and has to be considered as a pa-
rameter in the stability and control studies analysis in CEASIOM.

From simplicity, it is assumed that the two wings are located at the same distance from the
gravity center in order to maintain the CG position, so their level arms have equal value:

15
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loy =1y - In addition, the CG will be located at 40% of the fuselage as a first approxima-
tion. These relationships are shown in Equation 1 and 2.

SW “Cymac S "Cyac S "Cymac S "Cyac (1)

)

Raymer indicates recommended values for horizontal and vertical tail volume coefficients.
Despite this, there are two equations and three unknown parameters, so an additional assump-
tion is required. As it is suggested at Raymer, the 40% of the fuselage length will be used as
the vertical arm. The results are shown in Table 9.

Table 9 Aircraft synthesis geometry
Parameter Value

Horizontal Tail Volume Coefficient 0.8
Vertical Tail Volume Coefficient 0.07
Vertical Tail Level Arm [m] 5.25
V-Surface [m?] 1.28

V-angle (°) 30
Horizontal Tail Level Arm [m] 0.93
CG location (%) 40
Starboard Wing Apex location (%) 31%
Port Wing Apex location (%) 49%
V-Tail Apex location (%) 80%
Engine location (%) 70%

16
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3 Results

With all the obtained results, there is enough information to create a model of the baseline
aircraft under CEASIOM environment. An xml file containing all the information of the air-
craft has been created. This file is shown in Appendix B and the final aircraft configuration
can be seen on figure 10.

Figure 10 Baseline Aircraft Configuration

Now, further studies in detail about the stability properties and the possible control system of
the aircraft can be carried out with this baseline configuration.

17
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Appendix A — Preliminary Sizing Tool Results

Table A.1 Preliminary Sizing Tool Results

Wing loading

Thrust-to-weight ratio

Thrust ratio
Conversion factor

Cruise altitude
Cruise altitude

Temperature, troposphere

Temperature, hcr

Speed of sound, hcr

Cruise speed

Conversion factor
Design range
Design range

Distance to alternate
Distance to alternate
Chose: FAR Partl21-Reserves?

Extra-fuel for long range

Extra flight distance

Spec.fuel consumption, cruise

Breguet-Factor, cruise
Fuel-Fraction, cruise

Mmro / Sw
Tro / (MuTo*Q)
(Ter/Tr0)CR

m -> ft

her

her
TTroposph'are
T(hcr)

a

Vcr

NM ->m
R
R
Sto_allternate

Sto_alternate
domestic
international

Sres

SFCcr

Bs
Mt cr

261
0.380

0.138
0.305m/ft

13607m
44643ft
199.70K
216.65
295m/s
177ml/s

1852m/NM
1500NM
2778000m

100NM
185200m

no
yes

185200m
1.60E-05kg/N/s

21486496m
0.879

TStratosphére

Reserve flight distance:

216.65K

FAR Part 121

Sres

domestic

international

185200m

324100m

typical value
Extra time:

1.60E-05kg/N/s

FAR Part 121

tIoiter

domestic

2700s
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Fuel-Fraction, extra flint distance M res

Loiter time

Spec.fuel consumption, loiter
Breguet-Factor, flight time
Fuel-Fraction, loiter

Fuel-Fraction, engine start
Fuel-Fraction, taxi
Fuel-Fraction, take-off
Fuel-Fraction, climb
Fuel-Fraction, descent
Fuel-Fraction, landing

Fuel-Fraction, standard flight
Fuel-Fraction, all reserves
Fuel-Fraction, total

Mission fuel fraction

Realtive operating empty mass
Realtive operating empty mass
Realtive operating empty mass

Choose: type of a/c

Mass: Passengers, including
baggage

tloiter

SI:Cloiter
Bt
Mt loiter

IVlff,engine
Mff,taxi
Mt to
Mt cLe

Mt pEs
M L

Mtt,std
IVlff,res

M
Me/Myto

Moe/MmTo
Moe/MmTo
Moe/MmTo

short / medium range
long range

Mpax

0.991 M 1800s

1800s
1.60E-05kg/N/s
121345s
0.985

0.990<<<< Copy
0.995<<<< values
0.995<<<< from
0.998<<<< table
0.990<<<< on the
0.992<<<< right !

0.857
0.965
0.827
0.173

0.625
XXX
0.625

yes
no

105.0kg

20

Phase Ms per flight phases [Roskam]
transport jet business jet
engine start 0.990 0.990
taxi 0.990 0.995
take-off 0.995 0.995
climb 0.998 0.998
descent 0.990 0.990
landing 0.992 0.992

acc. to Loftin

from statistics (if given)
<<<< Choose according to task

<<<< Choose according to task

in kg

Short- and Me-
dium Range
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Number of passengers Npax 7 Mpax 93.0
Cargo mass Mcargo 50kg
Payload MpL 785kg 17271b
0
Max. Take-off mass MuTto 3889kg 8555.960868Ib
Max. landing mass ML 3500kg 7700.364781lb
Operating empty mass Moe 2431kg 5349.186734lb
Mission fuel fraction, standard
flight me 673kg 1479.774133Ib
Wing area Sw 14.9m?2
Take-off thrust Tro 14498N all engines together
Take-off thrust Tro 3259Ib all engines together
Fuel mass, needed ME erf 721kg
Fuel density PF 800kg/m3
Fuel volume, needed VE erf 0.901ms3 (check with tank geometry later on)
Max. Payload ML 785kg
Max. zero-fuel mass Mize 3216kg
Fuel mass, all reserves ME res 136kg
Check of assumptions check: ML > Myze + ME res
3500kg > 3352kg
yes
Aircraft sizing
finished!

21
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Appendix B - XML CEASIOM FILE

<?xml version="1.0"7?>
<I-—- Written on 30-Jan-2009 15:00:51 using the XML Toolbox for Matlab -->
<root xml_tb version="3.2.1" idx="1" type="struct" size="1 1'>
<Fuselage idx="1" type="'struct" size="1 1">
<Forefuse X sect vertical_diameter 1dx="1" type="double" size="1 1'">1.52</Forefuse X sect vertical _diameter>
<Forefuse_Xs_distortion_coefficient idx="1" type="double" size="1 1">0.5</Forefuse_Xs_distortion_coefficient>
<Forefuse X sect horizontal _diameter idx="1" type="double" size="1 1">1.52</Forefuse X sect horizontal diameter>
<omega_nose idx="1" type="'double" size="1 1'">25</omega_nose>
<phi_nose idx="1" type="'double™ size="1 1">10</phi_nose>
<epsilon_nose idx="1" type="'double" size=""1 1'>1.84</epsilon_nose>
<shift_fore idx="1" type="'double" size="1 1">0</shift_fore>
<fraction_fore idx="1" type="'double™” size="1 1">0</fraction_fore>
<Total Tfuselage length idx="1" type="'double™ size="1 1'">10.5</Total_ fuselage length>
<Aftfuse X sect_vertical_diameter idx="1" type="double™ size="1 1'>1.52</Aftfuse_X sect vertical_diameter>
<Aftfuse Xs distortion_coefficient 1dx="1" type="double" size="1 1'">0.5</Aftfuse_Xs_distortion_coefficient>
<Aftfuse X sect horizontal _diameter idx="1" type="'double" size="1 1">1.52</Aftfuse X sect horizontal diameter>
<omega_tail idx="1" type="'double" size="1 1'">10</omega_tail>
<phi_tail idx="1" type="double"™ size="1 1'">4._.5</phi_tail>
<epsilon_tail idx="1" type="'double" size="1 1'">2_8</epsilon_tail>
</Fuselage>
<Sponson idx="1" type="'struct" size=""1 1'>
<X_locale idx="1" type="'double™ size="1 1">0</X_locale>
<Z locale idx="1" type="'double"™ size="1 1">0</Z locale>
<length idx="1" type="double’ size="1 1">1</length>
<XZ_slenderness idx="1" type="double' size="1 1">0</XZ_slenderness>
<width idx="1" type="'double" size="1 1">0</width>
</Sponson>
<Wingl idx="1" type="'struct" size="1 1">
<configuration idx="1" type="'double™ size="1 1">2</configuration>
<placement idx=""1" type="double" size="1 1'">0.05</placement>
<aerofoil_technology idx="1" type="double" size="1 1'">0</aerofoil_technology>
<apex_locale i1dx="1" type="double" size="1 1'">0.31</apex_locale>
<area 1dx="1" type="'double" size="1 1''>8.99</area>
<AR 1dx="1" type="double" size="1 1'>8.8</AR>

22
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<Span 1dx="1" type="‘double" size=""1 1'>10.2</Span>
<airfoil 1dx="1" type="‘char" size="1 9">X31Wl.dat</airfoil>
<Root_ Airfoil 1dx="1" type=''char" size="1 9'">n2414._.dat</Root_ Airfoil>
<Kink1l_Airfoil idx="1" type="char" size="1 9'>n2414 _dat</Kinkl_Airfoil>
<Kink2_Airfoil idx="1" type="char" size="1 9'">n2414 _dat</Kink2_Airfoil>
<Tip_Airfoil idx="1" type="'char" size="1 9'">n2414._dat</Tip_Airfoil>
<spanwise_kinkl idx="1" type="double" size="1 1'">0.151</spanwise_kinkl>
<spanwise_kink2 idx="1" type="double" size="1 1'">1</spanwise_kink2>
<taper_kinkl idx="1" type="double™ size="1 1'>1</taper_kinkl>
<taper_kink2 idx="1" type="double' size="1 1'">0.28</taper_kink2>
<taper_tip idx="1" type="double" size="1 1'>0.28</taper_tip>
<root_incidence idx="1" type="double" size="1 1">0</root_incidence>
<kinkl_incidence idx="1" type="double" size="1 1'">0</Kinkl_incidence>
<kink2_incidence idx="1" type="double" size="1 1'">0</kink2_incidence>
<tip_incidence idx="1" type="'double™ size="1 1">0</tip_incidence>
<quarter_chord_sweep_inboard idx="1" type="double" size="1 1''>9</quarter_chord_sweep_inboard>
<quarter_chord_sweep_midboard idx="1" type="double’ size="1 1'">9</quarter_chord_sweep midboard>
<quarter_chord_sweep_outboard idx="1" type="double’ size="1 1'">9</quarter_chord_sweep_ outboard>
<LE_sweep_inboard idx="1" type="double™ size="1 1'>0</LE_sweep_inboard>
<LE sweep_midboard idx="1" type="'double" size="1 1'">0</LE_sweep_midboard>
<LE sweep_outboard idx="1" type='"'double" size="1 1'">0</LE_sweep_ outboard>
<dihedral_inboard idx="1" type="double" size="1 1'>4</dihedral_inboard>
<dihedral_midboard idx="1" type="double" size="1 1'">4</dihedral_midboard>
<dihedral_outboard idx="1" type="double"™ size="1 1'">4</dihedral_outboard>
<thickness_root idx="1" type="double" size="1 1'>0.14</thickness_root>
<thickness _kinkl idx="1" type="'double" size="1 1'">0.14</thickness_kinkl>
<thickness kink2 idx="1" type="'double" size="1 1'">0.14</thickness_kink2>
<thickness_tip idx="1" type="'double" size="1 1">0.1</thickness_tip>
<Fractional_change_vortex_induced_drag_factor idx="1" type="double" size="1
1'">0</Fractional_change_vortex_ induced_drag_factor>

<winglet idx="1" type="'struct" size=""1 1'>

<Span 1dx="1" type="'double" size="1 1'>0</Span>

<taper_ratio idx="1" type="double™ size="1 1'>0</taper_ratio>

<LE_sweep idx="1" type="'double™ size="1 1">0</LE_sweep>

<Cant_angle idx="1" type="'double" size="1 1">0</Cant_angle>

<root_incidence idx="1" type="double" size="1 1'">0</root_incidence>

<tip_incidence idx="1" type="'double™ size="1 1">0</tip_incidence>
</winglet>
<flap 1dx="1" type="struct" size="1 1'">

<root_chord idx="1" type="double" size="1 1'">0.2</root_chord>
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<kinkl chord idx="1" type="double"™ size="1 1'">0.2</kinkl_chord>
<kink2_chord idx="1" type="double"™ size="1 1'">0.2</kink2_chord>
</flap>
<aileron idx="1" type="'struct” size=""1 1'>
<chord idx="1" type="'double" size="1 1">0.25</chord>
<Span i1dx="1" type="'double" size="1 1'>1</Span>
<position idx="1" type="'double"™ size="1 1">1</position>
<limit_deflection_up idx="1" type="double" size="1 1">20</limit_deflection_up>
<limit_deflection_down idx="1" type="double™ size="1 1">-20</limit_deflection_down>
</aileron>
<slat 1dx="1" type='"'struct" size=""1 1'>
<chord idx="1" type="'double" size="1 1">0.0</chord>
<root_position idx="1" type="double" size="1 1">0.0</root_position>
<tip_position idx="1" type="'double™ size="1 1'">0.0</tip_position>
</slat>
</Wingl>
<Fairingl idx="1" type="'struct" size="1 1">
<Forward_chord_fraction idx="1" type="double" size="1 1'">25</Forward_chord fraction>
<Aft_chord_fraction idx="1" type="double" size="1 1">25</Aft_chord_fraction>
<flushness i1dx=""1" type="double" size="1 1'">0</flushness>
</Fairingl>
<Reference_wing idx="1" type="struct" size="1 1'>
<convention idx="1" type="'double" size="1 1'">1</convention>
</Reference_wing>
<Wing2 idx=""1" type="struct" size="1 1'>
<configuration idx="1" type="'double" size="1 1">-2</configuration>
<placement i1dx=""1" type="double" size="1 1'">0.8</placement>
<aerofoil_technology idx="1" type="double" size="1 1">0</aerofoil_technology>
<apex_locale idx="1" type="double'™ size="1 1'">0.49</apex_locale>
<area 1dx="1" type="'‘double" size=""1 1''>8.99</area>
<AR idx="1" type="'double" size="1 1'">8.8</AR>
<Span 1dx="1" type="'double" size="1 1'>10.2</Span>
<airfoil 1dx="1" type="‘char™ size="1 9">X31Wl.dat</airfoil>
<Root_Airfoil idx="1" type="'char™ size="1 9">n2414_dat</Root_Airfoil>
<Kink1l_Airfoil idx="1" type="char" size="1 9'">n2414_dat</Kinkl_Airfoil>
<Kink2_Airfoil idx="1" type="'char" size="1 9'">n2414._dat</Kink2_Airfoil>
<Tip_Airfoil idx="1" type="char" size="1 9'">n2414.dat</Tip_Airfoil>
<spanwise_kinkl idx="1" type="double" size="1 1">0.151</spanwise_kink1l>
<spanwise_kink2 idx="1" type="double’™ size="1 1">1</spanwise_kink2>
<taper_kinkl idx="1" type="double" size="1 1'>1</taper_kinkl>
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<taper_kink2 idx="1" type="double' size="1 1'>0.28</taper_kink2>
<taper_tip idx="1" type="double" size="1 1'">0.28</taper_tip>
<root_incidence idx="1" type="double" size="1 1">0</root_incidence>
<kinkl_incidence idx="1" type="'double’ size="1 1'">0</kinkl_incidence>
<kink2_incidence idx="1" type="‘double" size="1 1">0</kink2_incidence>
<tip_incidence idx="1" type="'double™ size="1 1">5</tip_incidence>
<quarter_chord_sweep_inboard idx="1" type="double" size="1 1'>-9</quarter_chord_sweep_inboard>
<quarter_chord_sweep_midboard idx="1" type="'double" size="1 1'">-9</quarter_chord_sweep_midboard>
<quarter_chord_sweep_outboard idx="1" type="double™ size="1 1'>-9</quarter_chord_sweep_outboard>
<LE sweep_inboard idx="1" type="double" size="1 1'">0</LE_sweep_inboard>
<LE sweep_midboard idx="1" type="'double" size="1 1'">0</LE_sweep_midboard>
<LE sweep_outboard idx="1" type="'double" size="1 1'">0</LE_sweep_ outboard>
<dihedral_inboard idx="1" type="double"™ size="1 1'">-3</dihedral_inboard>
<dihedral_midboard idx="1" type="double" size="1 1'">-3</dihedral_midboard>
<dihedral_outboard idx=""1" type="double' size="1 1">-3</dihedral_outboard>
<thickness_root idx="1" type="double" size="1 1''>0.14</thickness_root>
<thickness _Kkinkl idx="1" type="'double" size="1 1'">0.14</thickness_kinkl>
<thickness _Kkink2 idx="1" type="'double" size="1 1'">0.14</thickness_kink2>
<thickness_tip idx="1" type="'double™ size="1 1">0.1</thickness_tip>
<Fractional_change_vortex_induced_drag_ factor idx="1" type="‘double" size="1
1'">0</Fractional_change_vortex induced_drag_factor>

<winglet 1dx="1" type="'struct" size=""1 1'>

<Span 1dx="1" type="'double" size="1 1'>0</Span>

<taper_ratio idx="1" type="double™ size="1 1'>0</taper_ratio>

<LE_sweep idx="1" type="‘double™ size="1 1'">0</LE_sweep>

<Cant_angle idx="1" type="'double" size="1 1">0</Cant_angle>

<root_incidence idx="1" type="double" size="1 1">0</root_incidence>

<tip_incidence idx="1" type="'double"™ size="1 1">0</tip_incidence>
</winglet>
<flap 1dx="1" type=''struct" size="1 1'>

<root_chord idx="1" type="'double" size="1 1'">0.2</root_chord>

<kinkl chord idx="1" type="double"™ size="1 1'">0.2</kinkl_chord>

<kink2_chord idx="1" type="double™ size="1 1'>0.2</kink2_chord>
</flap>
<aileron idx="1" type="'struct" size=""1 1'>

<chord idx="1" type="'double" size="1 1">0.2</chord>

<Span 1dx="1" type="'double" size="1 1''>1</Span>

<position idx="1" type="double™ size="1 1'">1</position>

<limit_deflection_up idx="1" type="double" size="1 1">20</limit_deflection_up>

<limit_deflection_down idx="1" type="double™ size="1 1">-20</l1imit_deflection_down>
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</aileron>
<slat 1dx="1" type="struct" size=""1 1'">
<chord idx="1" type="'double" size="1 1">0.0</chord>
<root_position idx="1" type="'double™ size="1 1">0.0</root_position>
<tip_position idx="1" type="'double" size="1 1'">0.0</tip_position>
</slat>
</Wing2>
<Fairing2 idx="1" type="'struct" size="1 1">
<Forward_chord_fraction idx="1" type="double' size="1 1">0</Forward_chord_fraction>
<Aft_chord_fraction idx="1" type="double" size="1 1">0</Aft_chord_fraction>
<fFlushness i1dx=""1" type="double" size="1 1'">0</flushness>
</Fairing2>
<Vertical_tail idx="1" type="'struct" size="1 1">
<area idx="1" type="'double™ size="1 1'">1.28</area>
<AR idx="1" type="double" size="1 1">2_1</AR>
<Span 1dx="1" type="'double" size="1 1'>0</Span>
<spanwise_kink idx="1" type="'double™ size="1 1">1</spanwise_kink>
<taper_kink idx="1" type="'double" size="1 1'">0.5</taper_kink>
<taper_tip idx="1" type="double™ size="1 1">0.5</taper_tip>
<quarter_chord_sweep_inboard idx="1" type="double' size="1 1'>19</quarter_chord_sweep_inboard>
<quarter_chord_sweep_outboard idx="1" type="'double" size="1 1'>19</quarter_chord_sweep_ outboard>
<LE sweep_inboard idx="1" type="double" size="1 1'">0</LE_sweep_inboard>
<LE sweep_outboard idx="1" type="'double" size="1 1'">0</LE_sweep_ outboard>
<vertical_locale idx="1" type="double" size="1 1">0.4</vertical_locale>
<apex_locale idx="1" type="double™ size="1 1'">0.8</apex_locale>
<thickness _root idx="1" type="double" size="1 1'">0.l1</thickness_root>
<thickness _Kkink idx="1" type="double" size="1 1'">0.1</thickness_kink>
<thickness_tip idx="1" type="'double" size="1 1">0.1</thickness_tip>
<Rudder idx="1" type="struct" size="1 1>
<chord idx="1" type="'double"™ size="1 1">0.3</chord>
<Span idx="1" type="double" size="1 1'>0.8</Span>
<limit_deflection idx="1" type="double"™ size="1 1">20</limit_deflection>
</Rudder>
<Dorsal_location idx="1" type="double' size="1 1'">0</Dorsal_location>
<Dorsal_sweep 1dx="1" type="'double" size="1 1'>0</Dorsal_sweep>
<dihedral_inboard idx="1" type="double" size="1 1'">-30</dihedral_inboard>
<dihedral _outboard idx="1" type="double" size="1 1'">-30</dihedral_outboard>
<root_incidence idx="1" type="double'™ size="1 1">0</root_incidence>
<kink_incidence idx="1" type="double’™ size="1 1">0</kink_incidence>
<tip_incidence idx="1" type="'double™ size="1 1">0</tip_incidence>
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<Bullet_more_vertical _tip_chord idx="1" type="double" size="1 1'">1</Bullet_more_vertical_ tip_chord>
<Bullet_fairing_slenderness idx="1" type="'double" size="1 1">3</Bullet_fairing slenderness>
<airfoil 1dx="1" type="'char" size="1 12'">NACA0012.dat</airfoil>
</Vertical _tail>
<Ventral_fin idx="1" type="struct" size="1 1'>
<X_locale idx="1" type="'double™" size="1 1">0</X_locale>
<Z locale idx="1" type="'double"™ size="1 1">0</Z locale>
<chord_fraction_at _midfuse i1dx="1" type="double" size="1 1'">0</chord_fraction_at midfuse>
<Span idx="1" type="‘double™ size="1 1'>0</Span>
<spanwise_kink idx="1" type="'double™ size="1 1">0</spanwise_kink>
<taper_kink idx="1" type="'double" size="1 1">0</taper_kink>
<taper_tip idx="1" type="double" size="1 1'">0</taper_tip>
<LE sweep_inboard idx="1" type="double" size="1 1'">0</LE_sweep_inboard>
<LE_sweep_outboard idx="1" type="double"™ size="1 1">0</LE_sweep_outboard>
<cant_inbord idx="1" type="double" size="1 1">0</cant_inbord>
<cant_outboard idx="1" type="'double" size="1 1">0</cant_outboard>
</Ventral_ fin>
<Horizontal tail idx="1" type="'struct" size="1 1">
<empennage_layout idx="1" type="double™ size="1 1'>0</empennage_layout>
<area 1dx="1" type="'double" size="1 1'">0.00l1l</area>
<AR idx="1" type="'double'" size=""1 1'">0</AR>
<Span 1dx="1" type="'double" size=""1 1'">0.001</Span>
<spanwise_kink idx="1" type="'double" size="1 1">0.0l1l</spanwise_kink>
<taper_kink idx="1" type="double™ size="1 1'>0.99</taper_kink>
<taper_tip idx="1" type="double" size="1 1'">0.25</taper_tip>
<root_incidence idx="1" type="double" size="1 1'">0</root_incidence>
<kink_incidence idx="1" type="double" size="1 1">0</Kink_incidence>
<tip_incidence idx="1" type="'double™ size="1 1">0</tip_incidence>
<quarter_chord_sweep_inboard idx="1" type="double’ size="1 1">0</quarter_chord_sweep_inboard>
<quarter_chord_sweep_outboard idx="1" type="double" size="1 1'">0</quarter_chord_sweep_ outboard>
<LE sweep_inboard idx="1" type="double" size="1 1'">-30</LE_sweep_inboard>
<LE sweep_outboard idx="1" type="double" size="1 1'">-30</LE_sweep_ outboard>
<dihedral_inboard idx="1" type="double™ size="1 1'>0</dihedral_inboard>
<dihedral_outboard idx="1" type="double"™ size="1 1'">0</dihedral_outboard>
<vertical_locale idx="1" type="double" size="1 1">0.0</vertical_locale>
<apex_locale idx="1" type="double" size="1 1'">0.5</apex_locale>
<Elevator idx="1" type="'struct" size="1 1">
<chord idx=""1" type="double™ size="1 1'>0.99</chord>
<Span i1dx=""1" type="'double™ size="1 1'>0.99</Span>
<limit_deflection_up idx="1" type="double" size="1 1">0</limit_deflection_up>
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<limit_deflection_down idx="1" type="'double" size="1 1">0</limit_deflection_down>
</Elevator>
<thickness_root idx="1" type="double" size="1 1'">0.1</thickness_root>
<thickness_kink idx="1" type="double'™ size="1 1">0.1</thickness_kink>
<thickness_tip idx="1" type="double™ size="1 1">0.1</thickness_tip>
<tailplane_deflection idx="1" type="'double" size="1 1'">0</tailplane_deflection>
<limit_tailplane_deflection up idx="1" type="double"™ size="1 1">0</limit_tailplane_deflection_up>
<limit_tailplane_deflection_down idx="1" type="'double" size="1 1">0</limit_tailplane_deflection_down>
<airfoil 1dx="1" type="'char' size="1 4">0012</airfoil>
</Horizontal_tail>
<Enginesl idx="1" type="'struct" size="1 1">
<Number_of _engines i1dx="1" type="'double" size="1 1'">1</Number_of engines>
<Layout_and_config 1dx="1" type="'double" size="1 1'">3</Layout and_config>
<Propulsion_type idx="1" type="double’ size="1 1">0</Propulsion_type>
<Y_locale idx="1" type="'double™ size="1 1'">0.00</Y_locale>
<X_locale idx="1" type="double" size="1 1'">0.7</X_locale>
<Z locale idx="1" type="'double™ size="1 1'">0.68</Z locale>
<toe_in idx="1" type="double" size="1 1'">0</toe_in>
<pitch idx="1" type="double' size="1 1">0</pitch>
<Nacelle_body type idx="1" type="double" size="1 1'">0</Nacelle_body_ type>
<Fan_cowl_length_ratio idx="1" type="'double" size="1 1">0</Fan_cowl_ length_ratio>
<fineness_ratio idx="1" type="double" size="1 1">2</fineness_ratio>
<d_max idx="1" type="'double" size="1 1">0.64</d_max>
<Propeller_diameter idx="1" type="double™ size="1 1'>0.54</Propeller_diameter>
<Max_thrust idx="1" type="double" size="1 1'>14_5</Max_thrust>
<Bypass_ratio_to _emulate idx="1" type="'double" size="1l 1''>4.8</Bypass_ratio_to _emulate>
<Thrust_reverser_effectivness idx="1" type="double" size="1 1'">0</Thrust_reverser_effectivness>
<Thrust_to weight _ratio idx="1" type="double" size="1 1'">0.38</Thrust_to_weight ratio>
</Enginesl>
<Engines2 idx="1" type="'struct” size="1 1'>
<Number_of _engines idx="1" type='"'double" size="1 1'">0</Number_of _engines>
<Layout_and_config 1dx="1" type="double" size="1 1'">0</Layout and_config>
<Propulsion_type idx="1" type="double’ size="1 1">0</Propulsion_type>
<Y_locale idx="1" type="'double™ size="1 1">0</Y_locale>
<X_locale idx="1" type="'double™” size="1 1'">0</X_locale>
<Z locale idx="1" type="'double™ size="1 1">0</Z locale>
<toe_in idx="1" type="double" size="1 1'">0</toe_in>
<pitch idx="1" type="double’ size="1 1">2</pitch>
<Nacelle_body type i1dx="1" type="double"™ size="1 1'">0</Nacelle_body_ type>
<fineness_ratio idx="1" type="double" size="1 1">0</fineness_ratio>
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<Fan_cowl_length_ratio idx="1" type="'double" size="1 1">0</Fan_cowl_ length_ratio>
<d_max idx="1" type="'double" size="1 1'">0</d_max>
<Propeller_diameter idx="1" type="'double" size="1 1">0</Propeller_diameter>
<Max_thrust idx="1" type="‘double" size="1 1">0</Max_thrust>
<Bypass_ratio_to emulate idx="1" type="double'" size="1 1">0</Bypass_ratio_to _emulate>
<Thrust_reverser_effectivness idx="1" type="double" size="1 1'">0</Thrust_reverser_effectivness>
</Engines2>
<fuel 1dx="1" type="struct" size=""1 1'">
<Fore_wing_spar_loc_root idx="1" type="double' size="1 1'">0.088</Fore_wing_spar_loc_root>
<Fore_wing_spar_loc_kikl idx="1" type="'double'" size="1 1'">0.088</Fore_wing_spar_loc_kikl>
<Fore_wing_spar_loc_kin2 idx="1" type="'double" size="1 1'">0.088</Fore_wing_spar_loc_kin2>
<Fore_wing_spar_loc_tip idx="1" type="double" size="1 1'">0.088</Fore_wing_spar_loc_tip>
<Aux_wing_spar_loc_root idx="1" type="double" size="1 1">0</Aux_wing_spar_loc_root>
<Aft_wing_spar_loc_root idx="1" type="double" size="1 1">0.723</Aft_wing_spar_loc_root>
<Aft_wing_spar_loc_kinl idx="1" type="double" size="1 1">0.723</Aft_wing_spar_loc_kinl>
<Aft_wing_spar_loc_kin2 idx="1" type="double" size="1 1'">0.723</Aft_wing_spar_loc_kin2>
<Aft_wing_spar_loc_tip idx="1" type="'double”™ size="1 1'">0.723</Aft _wing_spar_loc_tip>
<Wing_fuel tank_cutout opt 1dx="1" type="double" size="1 1'">0</Wing_fuel tank cutout opt>
<Outboard_fuel_ tank span idx="1" type="‘double" size="1 1">0.7</Outboard_fuel_tank_ span>
<Unusable_fuel option idx="1" type="'double" size=""1 1'>44.308967974408</Unusable_fuel option>
<Assumed_fuel _density idx="1" type="'double" size="1 1'">0.809</Assumed_fuel density>
<Incr_weight_for_wing_tanks idx="1" type="'double" size="1 1">0</Incr_weight for_wing_tanks>
<Centre_tank_portion_used idx="1" type="double" size="1 1''>85.25</Centre_tank_portion_used>
<Increment_for_centre_tank 1dx="1" type="double"™ size="1 1">0</Increment_for_centre_tank>
<Fore_fairing_tank length idx="1" type="double" size="1 1'">0</Fore_fairing_tank length>
<Aft_fairing_tank_length idx="1" type="'double" size="1 1">0</Aft_fairing_tank_length>
<Aft_fuse bladder_length idx="1" type="'double" size="1 1">0</Aft_fuse bladder_length>
<Increment_for_aux_tanks idx="1" type="'double" size="1 1">0</Increment_for_aux_tanks>
</fuel>
<Baggage idx="1"" type="'struct" size=""1 1'>
<installation_type idx="1" type='"double" size="1 1'">0</installation_type>
<gross_volume 1dx="1" type="'double" size="1 1'>1</gross_volume>
<Baggage_combined_length idx="1" type="‘double' size="1 1">1</Baggage_combined_length>
<Baggage_apex_per_fuselgt idx="1" type="'double™ size="1 1'>0.2</Baggage_apex_per_fuselgt>
</Baggage>
<cabin idx="1" type="'struct" size="1 1">
<Cabin_length _to aft cab idx="1" type="'double" size="1 1'">5.16</Cabin_length_to aft cab>
<Cabin_max_internal_height 1dx="1" type="double™ size="1 1'">1.31</Cabin_max_internal_height>
<Cabin_max_internal_width idx="1" type="double™ size="1 1">1.37</Cabin_max_internal_width>
<Cabin_floor_width idx="1" type="double™ size="1 1">1.14</Cabin_floor_width>
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<Cabin_volume i1dx="1" type="double" size="1 1'">0</Cabin_volume>
<Cabin_attendant number idx="1" type="double" size="1 1'">0</Cabin_attendant_number>
<Flight_crew_number idx="1" type="'double" size="1 1">2</Flight_crew_number>
<Passenger_accomodation idx="1" type="double" size="1 1">5</Passenger_accomodation>
<Seats_abreast_in_fuselage idx="1" type="double" size="1 1'">2</Seats_abreast_in_fuselage>
<Seat_pitch idx="1" type="'double" size="1 1'">1.29</Seat pitch>
<Maximum_cabin_altitude idx="1" type="double" size="1 1'">7000</Maximum_cabin_altitude>
<Max_pressure_differential 1dx="1" type="'double" size=""1 1''>7.4586284760521</Max_pressure_differential>

</cabin>

<miscellaneous idx="1" type="struct" size="1 1'>
<Design_classification idx="1" type="'double" size="1 1">2</Design_classification>
<Spoiler_effectivity idx="1" type="double" size="1 1'">100</Spoiler_effectivity>
<Undercarriage_layout idx="1" type="double" size="1 1'">0</Undercarriage_layout>
<Target_operating_ceiling idx="1" type="double™ size="1 1'>440</Target_operating_ceiling>

</miscellaneous>

<weight_balance idx="1" type="struct" size="1 1'>
<Ramp_increment idx="1" type="double" size="1 1">0</Ramp_increment>
<Weight_cont_allow_perc_of MEW idx="1" type="double" size="1 1'">0</Weight _cont_allow _perc of MEW>
<Manufacturer_weights_tolerance idx="1" type="double™ size="1 1">872</Manufacturer_weights_tolerance>

</weight_balance>

<flight_envelope prediction idx="1" type="'struct" size="1 1">
<VD_Flight_envelope _dive idx="1" type="'double" size="1 1'">365</VD_Flight_envelope dive>
<VMO_Flight_envelope idx="1" type="double" size="1 1'">285</VMO_Flight envelope>

</flight_envelope_prediction>

<Wetted_areas idx="1" type="'struct" size="1 1'>
<increment_fuselage fairing idx="1" type="'double" size="1 1">0</increment_fuselage fairing>
<increment_wings idx="1" type="double'" size="1 1'">0</increment_wings>
<increment_winglet 1dx="1" type="double" size="1 1'">0</increment_winglet>
<increment_Vertical_tail idx="1" type="double" size="1 1">0</increment_Vertical_tail>
<increment_pylons idx="1" type="double™" size="1 1'">0</increment_pylons>
<increment_powerplant idx="1" type="'double" size="1 1'">0</increment_powerplant>
<increment_Horizontal tail 1dx="1" type="double" size="1 1'">0</increment Horizontal tail>
<anciliary_final idx="1" type="double" size="1 1">0</anciliary_final>

</Wetted_areas>

</root>
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