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Abstract

As part of our final year as aerospace engineering students, we have chosen to
work on one of the proposed topics about a plane which could revolutionize the world of aerial
transport: the Bee-Plane.

The Bee-Plane project is a Research & Development collaborative project for short-haul and
medium-haul flights with a detachable fuselage. This program, which implicates several high
engineering schools in France, was created and launched by Mr. Dutertre. A web site has been
created to follow the progress of this project: http://www.bee-plane.fr/.

The aeronautic field, which is always looking for new challenges, has found another point of
interest today with Xavier Dutertre’s Bee-Plane project. The idea of a detachable plane concept
dates from 1950. With the help of new technologies, the Bee-Plane concept has been studied
since October 2011.

The fuselage enables to receive the passengers (basket), and can be detached from the technical
part (bee) including the avionics, engines and landing gears.

The business idea of this concept is to make an analogy with bee carrying pollen. Its goal is to
save time on ground compared to the A321 (same type of aircraft category) with a capacity of
200 to 220 passengers, while leading to a reduction of operating costs.

Résumé

Dans le cadre de notre projet de derniere année de cycle ingénieur, nous avons
choisi de travailler sur I’un des sujets proposés concernant un avion qui pourrait révolutionner
le monde du transport aérien : le Bee-Plane.

Le projet Bee-Plane est un projet collaboratif de Recherche & Développement pour des vols
court-courrier et moyen-courrier avec un fuselage détachable. Ce projet, dans lequel sont
impliqués plusieurs écoles d’ingénieur en France, a été créé par Monsieur Dutertre. Un site
internet a été congu pour visualiser la progression de ce projet : http://www.bee-plane.fr/.

Le secteur de 1’aéronautique est toujours en quéte de défis, c’est pour cela que Monsieur Xavier
Dutertre relance un concept datant de 1950. Avec I’aide des nouvelles technologies, le concept
du Bee-Plane a été étudié depuis Octobre 2011.

Le fuselage central peut ainsi accueillir des passagers (dans le basket) et peut se détacher de la
structure technique (le bee) dans laquelle on retrouve les équipements de vols, I’avionique, les
moteurs et les trains d’atterrissages.

L’idée commerciale de ce concept de faire référence a une abeille transportant du pollen. Le
but est de gagner du temps au sol comparé a un avion commercial classique du type A321 dont
la capacité d’embarquement est de 200 a 220 passagers.


http://www.bee-plane.fr/
http://www.bee-plane.fr/

Introduction

Airports and airline companies are constantly trying to improve their performance.
Reducing fuel consumption, relieving the plane traffic jams and decreasing operating costs are
big issues for aeronautic industry.

The Bee-Plane project could be a solution. With its structure, several new applications can be
imagined: a transportable hospital, a water bomber, ...

The purpose of this future aircraft is to decrease the operating costs and airlines purchasing by
30%. Moreover, the bee can fly without the basket and the plane could be a drone-operated
plane. As a result, it can change baskets quickly and will substantially reduce the time between
two flights.

Figure 1: Flying Bee-Plane, credit Supméca, 2014

The concept is inspired by the military airplane Fairchild XC-120 Packplane (figure X) under
which its removable fuselage is attached. Nevertheless, the project was abandoned and only a
prototype was made because of economic issues. Nowadays, the economic issues are more
relevant: the objective is to reduce the waiting time between two flights.

W
Sy \
PACKPLAE

Figure 2: Fairchild XC-120 Packplane



Context

The Bee-Plane is based on Technology Readiness Level (TRL) commonly used within
aeronautical industry. TRL are a type of measurement system used to assess the maturity level
of a particular technology. Each technology project are evaluated against the parameters for
each technology level and it is assigned a TRL rating based on the projects progress.
Currently, the project entered in TLR2 (Technology Readiness Level 2), phase between the
basic technology research and the feasibility study. Several engineering schools participate and
work to make this project real.

TRLY
System Test, Launch & Operations
TRLS
TRL7 System/Subsystem Development
TRL6 1

i Technology Demonstration

Technology Development

Research to Prove Feasibility

Basic Technology Research

Figure 3: Technical Readiness Level

Figure 4: Bee-plane TRL2



Approach

Our team is specialized in “Integration of Propulsive Systems and on-board Power”, so
our study focuses on the following points:

% Confirm the advantages for a mixed propulsion configuration (two TP400-D6 engines
and a central turbofan CFM56-3C1)

++ Study about a possible hybridization of the CFM56-3C1
¢+ Creation of an interface for a flight plan (Paris-Nice)

The requested workload was significant: it then seemed unlikely to manage all of these
deliverables on time maintaining a certain level of quality. So, after our first call meeting with
our tutor, we realized that the importance was not to provide a detailed report with exact results,
but rather to improve the studies that had already been done and therefore improve the maturity
of the Bee-Plane project.

Having learned about the subject and being aware of the disposable tools, such as the
Technoplane server, we split the tasks and have kept this distribution for the entire project.

Figure 5: Connect-Plane v12-3 twin-engine - separated basket



Initial situation

e Engine Integration on a detachable fuselage plane (ESTACA 2015)

This study allows us to know why is the configuration with three engines (2 TP400 + 1 CFM56-
3C1) for Bee-Plane.

This configuration is the best choice to lower fuel consumption. But, it should be noted that
maintenance of military engines is more expensive than civil engines, and we have one more
engine with this configuration. At last, although TP-400 is certified for civil flight, it has never
been used in this configuration.

The thrust delivered by the three engines is more important than the necessary power on each
segment. According to this study, we agree on the results found for the choice of engines.
Then, with the use of different calculation methods, we obtained similar results comparing with
old projects. We have also noticed that the CFM56-3C1 engine is an over-sized turbofan
regarding the necessary thrusts respecting the take-off slopes.

Figure 6: X Bee-Plane, credit ESTACA, 2015

Cx 0,40494926

C. 2,66168592
Finesse 6,2598928
Finesse Max. 14

Trust per engine 153 850 N
Minimal need Trust 326930 N
TP400-D6 conso SFC_cruise 0.3852 (Kg/(daN.h))

Table 1 : Bee-plane characteristics
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e XML Description — Engine description to enhance the Bee-Plane motorization

(ESTACA 2016)

This is a modelling project involving the creation of a XML engine database and the creation

of a numerical optimization algorithm.

An XML document gathering the data about any kind of aircraft has been written. This file is
not yet completed and some information are missing. However, the file format is fixed and
describes logically the working of an engine. The DTD file describes the XML file. This XML
language will be used in the future projects as a reference.

This interface allows the user to calculate the Specific Fuel Consumption of an existing engine.
This code can still be improved by modifying the assumptions considered in this project.
However, the present code gives an idea of the consumptions and can be used in a pre-study.

1
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Development of the PW150A version

|. Bee-plane’s state of progress

The Bee-plane’s parameters are listed below. They are as they were when we took charge of

the project.

PARAMETERS VALUES COMMENTARIES
MTOW (KG) 100 000 Maximum take-off weight
MEW (KG) 68 600 Manufacturer Empty Weight
MEW_BEE (KG) 46 103 Bee only
MEW_BASKET (KG) 22 497 Basket only
S (M 150 Wings area
Z (M) 7620 Service ceiling (25 000 ft)
V (M/S) 155 Cruise speed
MACH 0.5 V / sound velocity
JET-Al (KG) 30600 Total fuel weight
JET-Al BEE (KG) 11000 Fuel weight (bee)
JET-A1 BASKET (KG) 19600 Fuel weight (basket)
CL/CD 14 Cz/Cx (finesse)

Il. Performance calculation, cruise case.

Table 1: Initial Bee plane parameters

The main aim of this part is to calculate all the flight performances of the plane based on the
work of the previous student teams. We will do this study with four different engines: The
PW150A manufactured by Pratt & Whitney installed on the Bombardier Dash-8 Q400, the
TP400 used on the military cargo plane A400M and the AE 2100 A and AE 2100 D3

manufactured by Rolls-Royce for the Saab 2000 and the C-130.

Turbopropulseurs
P (kW) | Thrust (N) | Fuel (kg/h) Avion | Speed (m/s)| Mach
PW150A | 3781 32546 934 Q400 1478 0,477
TP400 8200 70583 1967 A400M 216,9 0,718
AE2100A | 3095 26641 792 Saab 2000 184,7 0,612
AE2100D3| 3424 29473 871 C-130 178,6 0,586

We will test a four-engine version of the bee-plane using the Pratt & Whitney and Rolls-Royce

turboprops, the TP400 will be used for a twin-engine version.




We can notice that the cruise speed is really different from one engine to the other, it varies
between Mach 0,47 and Mach 0,72 whereas the Bee-plane has a cruise speed of Mach 0,5. The
main goal of the Bee-plane is to save fuel, we don’t need high speed so Mach 0,5 seems a good
compromise between efficiency and speed.

, , _ _ 1
We start our calculations with the lift equation: R, = 5P S.C,.V?
2

P

\ 4

The lift is supposed to compensate the weight of the plane so we have: P = R;.cos(y)

In the case of the cruise flight cos(y) = 1 because during level flight the climb rate is 0.

The air density is determined by the International Standard Atmosphere table with a cruise
altitude of 25 000 ft. (7 620 m).

We chose the following NACA aerofoil for the wings of the Bee: NACA 4412 and NACA
4415. They are identical except for the relative thickness of respectively 12 and 15 %
(corresponding to the last two digits). The NACA 4412 is used on the ATR72 that is why we
thought it would be a good choice for the Bee-plane. The NACA 4415 has been used by
previous Bee-plane teams, its greater thickness allows the wings to have a greater space
capacity for the landing gears and will be beneficial for resisting the bending moment generated
by the lift.

Here is an overview of what those aerofoils look like:

Profil NACA 4412 (ATR 72)

0,2

0,1
o L

0,1 0 0,2 0,4 0,6 0,8 1 1,2

Profil NACA 4415

0,2

01 \
i

0,1 0 0,2 0,4 0,6 0,8 1 1,2

Figure 8 : profils 4412 and 4415
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The maximum CL/CD ratios (lift and drag coefficients Cz & Cx) of those aeroils are obtained
for an algle of attack of 4° (4412) and 4,75° (4415).

CL/CD 4412 CL/CD 4415
2 2
1,5 1,5

1 1 :

Maximum CL/CD Maximum CL/CD
0,5 0,5
0 0

0 0,2 0 0,2

-0,5 -0,5
1 1
-1,5 -1,5

Figure 9: CL/CD of our NACA profils

It is time consuming to determine which value of angle of attack will provide the lift needed
for a certain flight point for each aerofoil because we have to calculate the lift coefficient with

. 2.m,
this formula: C, = =9
p.S

VZ

, find the two values that bracket the one we need in the NACA

table, find the corresponding values of angle of attack and do a linear interpolation to find the
exact angle needed. It takes a lot of time to do all this so we wrote a script to do it automatically,
it was really interesting to do and even if it took us some time it was really worth it.

Here is how it works:

A
CZsup {--------mmmmmmme e :
: Cz—Czpr) (a —a;
N ) )
1 ! CZsup - CZinf
1 |
1 |
1 |
1 |
CZinf {------ | |

»
»

Qlinf a?  Osup
The inferiors and superiors values are find thanks to a VLOOKUP function in EXCEL.

It can also be used to know all the NACA coefficients based on the angle of attack, for example,
for the CL/CD ratio f the formula becomes:

_ (“ - ainf)' (fsup - finf)

Asup — Ainf

f + finf

14



Wings area calculations

To maximise the range, we need to make sure the cruise flight happen at the best CL/CD ratio.
With the lifts coefficients for which the CL/CD ratio are best we calculate the wings areas
needed for the level flight for the MTOW and MNFW (Maximum No fuel Weight).

Calculation of the wings areas needed to fly at best CL/CD in cruise flight.

eight gs area Datas
NACA™. 100000 68600 R, 68,6 ; 100 t (x9.81)
4412 161 111 -
4415 147 101 p 0,5508 kg/m
Table 2:Wings area of each NACA profil C, 0,921 10113
S = 2.Ry |4 155 m/s
p.Cy. V?

The choice of a 150 m2 wings area seams a bit high since with the NACA 4415 the plane is
never heavy enough to fly at best CL/CD ratio, even at MTOW.

The thing to keep in mind is that we don’t fly at the best CL/CD ratio all the time. Indeed, the
fuel is consumed throughout the flight which means the weight is always different and the lift
coefficient needed to compensate it is never the same. The important value is the average
CL/CD ratio during the entire cruise, not just the maximum.

We also have to be sure that the wings area is sufficient for take-off. But as we have a turbofan
used only for take-off we should not have any problem regarding take-off, we will have to make
sure of that in the subsequent stage of the study.

IVV. Wings area optimisation

We will now calculate the perfect wings area allowing us to fly at the best CL/CD ratio. It is
not a value that can be obtained with a single calculation since the average CL/CD ratio depend
on the wing area, we have to try a lot of values until we converge to the final result.

Each wing area in each cell of the table is calculated as follows:

C, = 2. m.g ((l = a’mf)-(fsup = fmf)
Z S. V2 f= + fmf
p.o. Asup — Ainy
masse (t) S (m?) Cz alpha finesse
94,77 | 128,80 1,0923 6,0313 13,7756

e

(CZ = szf)- (asup e am{)
Czgyp — Cziny

a = (IHIf

Figure 10 : Method of calculation of wing area
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weight Mean

S (m?) 68,60 73,83 79,07 84,30 89,53 94,77 100,00 CL/CD
128,6868 | 13,0859 | 13,3848 | 13,7561 | 14,0006 | 13,9491 | 13,7687 | 13,3612 | 13,6152
128,7158 | 13,0851 | 13,3837 | 13,7546 | 13,9997 | 13,9496 | 13,7704 | 13,3634 | 13,6152
128,7447 | 13,0844 | 13,3827 | 13,7532 | 13,9988 | 13,9501 | 13,7721 | 13,3657 | 13,6153
128,7737 | 13,0836 | 13,3816 | 13,7517 | 13,9979 | 13,9507 | 13,7739 | 13,3679 | 13,6153
128,8026 | 13,0828 | 13,3805 | 13,7503 | 13,9971 | 13,9512 | 13,7756 | 13,3701 | 13,6154
128,8316 | 13,0821 | 13,3795 | 13,7488 | 13,9962 | 13,9517 | 13,7773 | 13,3723 | 13,6154
128,8605 | 13,0813 | 13,3784 | 13,7474 | 13,9953 | 13,9523 | 13,7790 | 13,3745 | 13,6154
128,8895 | 13,0805 | 13,3773 | 13,7459 | 13,9944 | 13,9528 | 13,7807 | 13,3767 | 13,6155
128,9184 | 13,0798 | 13,3763 | 13,7445 | 13,9935 | 13,9533 | 13,7824 | 13,3789 | 13,6155
128,9474 | 13,0790 | 13,3752 | 13,7430 | 13,9926 | 13,9539 | 13,7842 | 13,3811 | 13,6156
128,9763 | 13,0782 | 13,3742 | 13,7416 | 13,9917 | 13,9544 | 13,7859 | 13,3833 | 13,6156
129,0053 | 13,0775 | 13,3731 | 13,7402 | 13,9908 | 13,9549 | 13,7876 | 13,3855 | 13,6157
129,0342 | 13,0767 | 13,3720 | 13,7387 | 13,9900 | 13,9555 | 13,7893 | 13,3877 | 13,6157
129,0632 | 13,0759 | 13,3710 | 13,7373 | 13,9891 | 13,9560 | 13,7900 | 13,3899 | 13,6156
129,0921 | 13,0752 | 13,3699 | 13,7358 | 13,9882 | 13,9565 | 13,7905 | 13,3921 | 13,6155
129,1211 | 13,0744 | 13,3689 | 13,7344 | 13,9873 | 13,9571 | 13,7911 | 13,3943 | 13,6153
129,1500 | 13,0737 | 13,3678 | 13,7329 | 13,9864 | 13,9576 | 13,7917 | 13,3965 | 13,6152

Table 3: Wing area calculation

We calculate the mean CL/CD ratio during the cruise for each value of wings area. The different
weights are used to represent the different cruise steps and calculate the average value during
the entire cruise time.

We start by calculating the lift coefficient needed to compensate the weight, then we find in the
NACA tables the angle of attack allowing this lift coefficient. We use our linear interpolation
script in order to calculate the right value even though it doesn’t appear in the table. From the
angle of attack we are able to find the CL/CD again with the use of the linear interpolation
script. All that remains is to calculate the average CL/CD coefficient to find the greater one.
We have converged on the ideal value for the wings area : 129 m2.

It is possible to determine the perfect wing area for any mission, we just have to replace the
weight at the beginning and end of the cruise flight (100 and 68.6 tons here). We did the
calculation for the most dimensionning case: flight at max range with the max fuel capacity.

V. .Engine power calculations

We will now determine which engine configuration best respond to our needs. For that we
calculate the engines powers needed to compensate the drag of the plane:

16



masse (t) | 68,60 73,83 79,07 84,30 89,53 94,77 100,00

Cz 0,79 0,85 0,91 0,97 1,03 1,09 1,15

a () 2,78 3,34 3,90 4,47 5,05 5,63 6,23

finesse 12,19 12,77 13,12 13,39 13,59 13,66 13,54

Engine PW150A | 0,55 0,56 0,59 0,61 0,64 0,67 0,72
. |_TPa0o 0,50 0,52 0,54 0,56 0,59 0,62 0,66

' (%) AE2100A | 0,67 0,69 0,72 0,75 0,78 0,82 0,88
AE2100D3| 0,60 0,62 0,65 0,68 0,71 0,74 0,79

a(?) 2,80 3,18 3,54 4,17 5,06 6,00 6,91

finesse 13,08 13,37 13,74 13,99 13,95 13,79 13,39

Englne PW150A | 0,51 0,54 0,56 0,59 0,62 0,67 0,73
. |_TPa0o 0,47 0,49 0,52 0,54 0,58 0,62 0,67

' (%) AE2100A | 0,62 0,66 0,68 0,72 0,76 0,82 0,89
AE2100D3| 0,56 0,59 0,62 0,65 0,69 0,74 0,80

Table 4: Engine power according to NACA profiles

9,81.weight

Engine power =

Thrust =

Power

a. Aerofoil choice: NACA 4412 or 44157

aircraft velocity

n

Thrust.number of engines.CL/CD

After calculating the average engine power we find that the NACA 4415 aerofoil requires less
engine power. Although the 4412 aerofoil has a better CL/CD ratio the 4415 gives the plane a
better CL/CD ratio by having a greater lift coefficient thanks to the biggest thickness. The
thickness also has the advantages of offering more space for the landing gears and is beneficial
for the wings structure: the lever arm will counteract the bending torque generated by the lift

more effictively, therefore saving weight.

=>We finally choose the NACA 4415 which only offer advantages.

b. Range calculation:

NACA 4412

Range
(km)

PW150A 7365

TP400 7585

AE2100A 7111

AE2100D3 | 7157

NACA 4415

Range
(km)

PW150A 7593

TP400 7819
AE2100A 7331
AE2100D3 | 7379
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NACA 4412 NACA 4415

PWI50A | 7365 PWI150A | 7593

Range TP400 7585 Range TP400 7819
(km) | AE2100A | 7111 (km) | AE2100A | 7331
AE2100D3 | 7157 AE2100D3 | 7379

Tableau 5: Range depending on NACA profiles

3600. fuel quantity (kg).V(m/s)
consumption (kg/h). mean engine power (%)

Range (km) =

c. Critical evaluation of those ranges compared to the A321:

We have a better range than the A321 because we have 50% more fuel capacity, we fly at a
lower velocity and altitude and we use more efficient engines (turboprops against turbofans).
We have also to take into account that our aerodynamic is inferior (maximum CL/CD of 14
against 17), and we are heavier. The choice of the NACA 4415 is once again confirmed by the
range.

V1. Take-off performances

In order to attach and detach the Basket from the Bee, the plane landing gears are capable of
extending and retracting in order to lower the plane at the right height to be able to raise the
Basket off the ground. This fonctionnality is also used to increase the angle of attack during
take-off. IMFA (Institut Francais de Mécanique Avancé) students have developed landing gears
that can extend up to 1.5 meters, Mr. Dutertre thinks it is far too much and asks us to do our
calculations with an elongation of 1 meter maximum.

The distance between the main landing gears and the tail landing gear is 15 meters.
Calculation of the angle of attack gained with the elongation of the landing gears:

1
=t -1 (—) = 7,60
a an 15

Added to the pitch angle of the wings (4,75°) we obtain an take-off angle of attack of 12,35°,
The Bee-plane is equipped with double slotted fowlers flaps that increase the wings area by
30% and the lift coefficient by 85%.

1
R, = 5P 1,3.5.1,85.C,.V?

With C, = 1,461 ata = 12,35 p=1225kg.m3
Velocity needed for take-off: V' = 2Rz 60,38 m.s 2

\/ p.1,3.5.1,85.C;
Drag produced: Ry = %p. 1,3.5.1,85.Cx.V? = 109454 N

Nbengines P10 +Fan
Thrust margin (%) = 100. ( engines.PTODthrust thrust 1)

Rz
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1
Nbengines PToPthrust+Fantnrust—5-p-1,3.5.1,85.Cx.V?
9,81.MTOW

Slope (°) : ¥ = sin‘1<

Take-off Thrust Margins & Slopes

Nominal Case Turbofan failure Turboprop failure

Engine |Margin (%)| Slope (*) [Margin (%)| Slope (°) |Margin (%)| Slope (°)
PW150A | 89,14 5,71 18,94 1,21 59,41 3,80
TP400 99,18 6,35 28,97 1,85 34,69 2,22
AE2100A 67,56 4,32 -2,64 -0,17 43,22 2,76
AE2100D3| 77,91 4,99 7,71 0,49 50,98 3,26

Table 6: Take-off margins and slopes

We used the least powerful turbofan used by the hybridization part, its thrust is 76 840 N. The
most hazardous case is the turbofan failure because it is the engine that produces the most thrust.
We note that the Rolls-Royce engines are not powerful enough. It is a surprise because the
C130 hasa MTOW of 74 tons and is capable of taking-off with only 3 turboprops, at first glance
we thought that 4 of those engines should be sufficients for a MTOW of 100 tons but the slope
in the case of the turbofan failure is clearly not enough for certification. We finally chose the
PW150A which seems the best engine on the market for the Bee-plane.

VII. Twin-engine and four-engine planes pros and cons

To help us decide between a twin-engine and four-engine configuration we have compared the
profits of each solution. Presented below are the advantages and disadvantages of twin-engine
planes. The advantages of the four-engine are disadvantages of the twin-engine and vice versa.

Twin-engine planes

Advantages
@® Maintenance costs @ Engine failure consequences
® Installed power ® Oversized engines

@ Best bypass ratio
® Lower weight

® ETOPS Certifications

Table 7: Advantages and disadvantages of a twin engine plane

Commentaries:
@ Maintenance costs are greatly reduced since there is only two turbofans to be maintained

against four. Maintenance times are also reduced and that allows us to save a lot of money
because a plane on maintenance doesn’t generate any returns. The maintenance on a twin-
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engine turbofan takes more time and workforce as a result of their great size but the difference
is still favorable compared to the maintenance of four engines.

@ Having an engine failure on a four-engine plane doesn’t cause as many problem as in the
case of a twin-engine.

® To be certified a plane must be capable of taking-off with an engine failure. A twin-engine
plane should be able to take-off with only one engine and a four-engine with three. In the twin-
engine case we have a turbofan generating no thrust but a lot of drag while the other generate
thrust on a single side of the plane. These two phenomena combined create a huge torque which
would have to be compensated by the rudder, creating even more drag. As a consequence a
twin-engine have more than twice the power needed for take-off installed whereas a four-engine
has only 33% more power than needed. We may note that what is a disadvantage for the
engineers may be an advantage for an airline company. Indeed, we have far too much power
installed than needed but an airline company could be happy to have a better climb rate, a
smaller take-off distance and so on.

@ We have only two engines which must provide as much thrust (if not more so, cf. point 3)
as the four turbofans of the four-engine plane, those turbofans are therefore more powerful and
large. The bypass ratio (BPR) allows a better efficiency. The BPR is limited by the turbofans’
diameter that is why the twin-engine have a better bypass ratio than the four-engine, allowing
us a better efficiency. We will not benefit from this advantage since we are using turboprops.

® The weight of two engines is obviously lower than four engines even though those are
smaller and lighter. A lower weight will use less fuel and increase the efficiency and range.

® Before the ETOPS certifications became effective the A340 was the only plane authorized
to operate certain routes. ETOPS certification removed the advantage of the four-engines by
allowing some twin-engine to take the same routes as the A340. Since then the four-engine
airplanes have fallen into disuse because of the less expensive and more efficient twin-engines
being capable to fulfill the same missions.

From those aspects alone it is clear that the twin-engine planes present far more benefits. Yet
there is no turboprop with the right power for our need, the TP400 is far too powerful and there
is no smaller engine powerful enough. The TP400 also present the disadvantage of being a
military product: it will be really expensive to purchase and maintain.

We therefore choose the four-engine configuration.
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Hybridization

In this part, we will develop a new thing for the Bee-plane: the hybridization of the
turbofan already used in the mini-Bee. This idea is to use Auxiliary Power Unit electrical power
to boost take-off performances of the turbofan and then minimize the fuel consumption during
it, which is maximum into this period of the flight.

I. But how to realize this?

First, we must be aware that the original turbofan is a CFM56-3C1. Our goal is to change this
CFM by another turbofan which will be hybridized by APU and an electrical engine and
batteries. We have chosen an engine developed by Safran Aircraft Engines, the SaM146,
intended for 100 PAX planes, which have performances close to the latter but with lower mass
and consumption and most of all lower costs.

You can find below a comparison between the CFM56-C1 and the SaM146:

Turbofan CFM56-3C1 SaM146

Thrust (Ib) 20000 17800
Thrust (kN) 105 77
Length (m) 2,36 2,07
Fan diameter (m) 1,52 1,224
Weight (kg) 1939 1519
Specific Consumption 0,59 0,629

Table 8: CFM56-3C1 and Sam146 comparison

We have three aims concerning the electrical engine:

1) A small engine because it has to be close to the turbofan
2) Not too heavy
3) Good performances

So, we did a list in which we can find several information about those engines (mass, power,
efficiency). Three of them have been selected:

1) Simotic GP 1LA with 2 poles: better efficiency
2) Simotic GP 1LE1 with 2 poles: lower mass but power too ppor
3) Simotic SD 1LE1503 with 4 poles: very powerful but heavy too

That is why we have decided to take the first one: the most complete one, without drawbacks.
This table below sums up its main characteristics (in red: the one we took)
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Engine Simotic GP 1LA

Poles 2 4 6
Max mass (in kg) 211 196 214
Power (in kW) 37 30 22
Efficiency (in %) 92,5 92,3 90,9

Table 9: Simotic GP 1LA characteristics

It was a difficult task because there was nothing from which we could be inspired. In the actual
aeronautical sector, there are not electrical engines dedicated for aircraft. Only one engine is
made for this, developed by Siemens, creating a power of 260 kW, for a plane between 50 and
100 passengers.

In the following part, we also use the APS3200 as APU with those characteristics:

APU APS3200
Weight (kg) 140
Length (cm) 125
Width (cm) 85
Height (cm) 76
Power (KVA) 90
Power (kW) 72

Table 10: APU characteristics

That will help for our calculations. This part will be divided into two parts: first, the
hybridization feasibility, and then the calculations of different configurations to see the benefits
of hybridization for each of them.

Il1. Can we really put the electrical engine into the plane ?

First possibility: put this engine directly in the SaM146, into the compressor, on the second
stage or behind. Simotic GP1LA dimensions are as follows:

Simotic GP L H AD AB
environ (en mm) 400 110 195 220

L

W/

(@)
00033

XX

G_Do81

|
[=]]] |

]
|
S—

Figure 11: Simotic GP 1LA size
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Knowing that SaM146’s dimensions are 2.2 meters long and 1.22 meters wide, it has been
possible to make a picture of it with a scale of 1/10.

Please refer to Appendix 2: First thought of integration of the electrical motor

Plus:
- Possibility to use the SaM146 to start the electrical engine.
- No need to create a space for the engine into Bee-Plane fuselage
Minus:
- Evenifitis still turbofan’s « cold » section, it is probably too hot for electrical systems
- Not 100% sure that it will not reduce turbofan performances

Second possibility: put the GP1LA before, link to the frqnt part.

Figure 12: Second hybridization possibility (scale : 1:10)

Plus:
- The turbofan is still use to drive the electrical engine.
- Still no placement problems because it is a little engine, will not change the fuselage
and doesn’t block the air inlet

Finally, we choose the second one, because it has same advantages without his disadvantages.

I11. Is hybridization worth it or not ?

First of all, different parts of the flight must be explained:
It is divided into four phases:
1) Take-off phase where the aircraft flights from 0 meter to a specific altitude
2) Acceleration phase where altitude doesn’t change, only speed varies
3) Climb phase where it goes to his cruising altitude
4) Cruising phase
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First of all, different parts of the flight must be explained:

It is divided into four phases:
a- Take-off phase where the aircraft flights from 0 meter to a specific altitude
b- Acceleration phase where altitude doesn’t change, only speed varies
c- Climb phase where it goes to his cruising altitude
d- Cruising phase

The hybridization will only be used in the three first phases.

Our study will be focus on 4 Bee plane configuration: 2 Bee-planes with 2 TP400 and one
CFM56-3C1, one of those will be turned-off during the climb and 2 Bee-planes with still 2
TP400 and one SaM146 hybridize, again one of those Bee-planes will turn his turbofan on
during the climb.

We will use some parameters from other Bee-plane’s projects:

A take-off Mach M, = 0.18, a cruise Mach M;,,, = 0.53, a Maximum Take-Off Weight =
100000 kg, a take-off speed = 69.4 m/s, a cruise speed = 150 m/s, cruise at 7000 meters, angle
of climb pre-set.

We also made some suppositions:

Static temperature Ts = 288.1 K, temperature at 7000 m Ts (Z=7000) = 257.65 K, at 2000 m
Ts (Z=2000) = 275.15 K =.

Static pressure Ps = 101325 Pa

Gas constant R = 287.04 J/kg, gravity g = 9.81 m/s

For the batteries, we estimate that we have 100 kg of those plus 100 kg of wires.

To turn the electrical motor power and the engine power into a thrust, we used this following
formula:

Thrust Power
rust = — . .
aircraft velocity Npropulsif

With a power of 8205 kW for the TP400 and 37 kW for the GP-1LA.
By using that, we obtained a thrust for the TP400 of F = 78075 N and F = 148.3 N for the GP-
1LA.

The objective of each part is to determine the consumption at the end of it.
In rec, you will have the first case of the CFM + 2 TP400, in purple the CFM turned-off during

climb + 2 TP400, in the SaM146 + 2 TP400 and in the SaM146 turned-off during
the climb + 2 TP400.

a. First part of the take-off

Vo

JV-RTg

First, we need to calculate the take-off weight with Mach when taking-off: M, =
With an initial speed of V, = 69.4 m/s, M, = 0.20.

Knowing this Mach, we can calculate the Bee-plane thrust at this moment of the flight:

Fosmy = Fojo-(0.568 + 0.25. (1.2 — M)*)o%®, the first number, 0, in Fy/y, shows the
altitude and the second one, M, shows the Mach number.

Fy 0 being respectively the TP400 thrust, the CFM thrust and the SaM146 hybridate thrust.
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But, at an altitude Z=0, ¢ = 1, we have:
Fosmy = Fojo-(0.568 + 0.25. (1.2 — M,)?
With Fy, in Newtons.

When, we determine each, it’s possible to find the specific consumption with the same Mach,
with the formula of the specific consumption evolution: CS (M, Z) = CS(Z).(1 + M,), CSiin
kg/(daN.h). We found the specific consumption for each engine and then we used it to show
the consumption per hour: CHy /o = Fo/mo- CSo/mo, In kg/h.

By knowing the speed and distance travelled during this phase, we can find how much time did
this first part take:

Zphasel 103 e multiply by 102, cause our distance Lppqse 1, is in km.

t =
phase 1 Vphase 1

Finally, by combining those 2 results, we obtain the fuel consumption during the first part.

t
phase 1
Cphase 1= Cthase 1-%

With this solution, we only find the consumption for each kind of engine (TP400, CFM56, and
SaM146). However, the Bee-plane conception is 2 TP400 with one turbofan. That’s why, to
find the final consumption, we do:

Cphase 1= 2. Cphase 1o0f TP400 + Cphase lof CFM

or

Cphase 1= 2. Cphase 1o0f TP400 + Cphase 1of SaM
The following picture resumes our results:

Cphasel  235,4869955 kg

Cphase 1 235,487 kg

Cphase 1 223,364 kg

Cphase 1 223,364407 kg
Table 11: Take-off results

b. Second part: the acceleration

In this part we climb to an altitude of 2000 meters.

We continue to follow the same logic from the previous part:

We determine the Mach at 2000 m with M_2000=V_2000/~(y.R.T_S ), here the speed is the
one of the cruise, V =150 m/s.

So, M_2000=0.44.

We still use the same formula for the thrust: F (2000 [/M] 2000 )=
F_(0/0).(0.568+0.25.(1.2-M_0 )"3)c"0.6

But here, 6 = 0.785 at 2000 m (value find in previous project).

For the specific consumption, we can’t directly use the law of evolution. First, we must take
care about the difference of altitude:

Ts(Z = 2000)
CSZOOO/MO = CSO/MO- Ts(Z = 0)

And now,
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C52000/Myp00 = CS2000/m0- (1 + My)
As the previous part, the consumption per hour is now possible to be calculated:

CH2000/M3000 = £2000/Mz000+ €52000/M5000

For the distance covered during the acceleration, a climb angle must be considered, equal at
1.53°, like obtained in a previous project.

Lphase 2 = Vphase 2- tphase 2- cos(a) = 58.3 km

And

tphase 2
Cphase 2 = Cthase 2-%

We still do for each case:

Cphase 2 = 2. Cphase 2 of TP400 + Cphase 2 0f CFM or Cphase 2 = 2. Cphase 2 of TP400 +

Cphase 20f SaM

Cphase 2 1976,069097 kg
Cphase 1+2  2211,556093 kg

Cphase 2 1976,07 kg
Cphase 1+2 2211,56 kg
Cphase 2 1765,46 kg
C phase 1+2 1988,82 kg

C phase 2 1765,45848 kg
C phase 1+2 1988,82289 kg

Tableau 12: Acceleration results

c. Third part : the climb

Here, we go from 2000 m to 7000 m. The calculation looks like the second part, but the
objective of the turbofan use is to stop it whenever we can. So we tried to stop the CFM/SaM146
during this phase. That’s why we have 4 boxes.

So, here we know from our inputs that we are at Mach 0.53. We can easily find the thrust with:
F7000/M7000 = Fo/o. (0568 + 025 (12 - M0)3)O-0'6

There, 6 = 0.405 at 7000 m.

From those results, we found the specific consumption at 7000 m, still calculated in two times:

Ts(Z = 7000)
Ts(Z =0)

CS7000/M0 = CSO/MO-\/

Then,

C57000/My000 = CS7000/m0- (1 + My)
Climb being realized at iSO speed, V = 150 m/s, and climb angle is equal at 1.04°, we have:
Lphase 3= Vphase 3- Uphase 3 cos(a) = 242 km

Finally:
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tphase 3
Cphase 3= Cthase 3- 2663(:)

We continue to take care than we considered we have 2 TP400 and one turbofan:

C phase 3 3736,095646 kg

C phase 1+2+3  5947,651738 kg
C phase 3 1840,5 kg
C phase 1+2+3 4052,06 kg
C phase 3 3309,82 kg
C phase 1+2+3 5298,64 kg
C phase 3 1840,50208 kg

C phase 1+2+3 3829,32497 kg
Tableau 13: Climb results

d. Fourth part : cruise

In that last part, our goal is to determine the flying range of each configurations.
For that purpose, we calculate the maximum fuel mass that the Bee-plane could embark.
mp = 564.107°%.m2,,, + 0.2118.mpoy = 26870 kg

We substract from this all the consumptions to find the maximum consumption in cruise phase.
We use the TP400 consumption per hour because both turbofan must be turned-off.

By dividing the consumption by the consumption per hour, we have how many times we can
fly with this fuel quantity and then:

Lphase 4= Vphase 4-Uphase 4

Finally, by adding L, pqs. 4 Plus all the other distances, we obtained our flying range:

Lflying range — Lphase 1 + Lphase 2 + Lphase 3 + Lphase 4
And there are our final results:

Ltot 7245,327688 km

Ltot 7632,49  km

Ltot 7460,7021 km
Ltot 7948,29743 km

Table 14: Cruise results

As a first conclusion, we could affirmed one thing: turning-off the turbofan during the climb is
interesting. We might too say that the SaM146 hybridize could be privileged.
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1VV. Flying cases

To have a better view of our study, 3 different cases of flight for each configuration has been
made, one for Paris-Nice because we developed it in the flight plan, one of 2000 km and one
of 400 km :

|TP4DD +CFM |Paris - Nice ‘Case p |case 3 ‘TP4DD + 5aM146 hybridate ‘Paris - Nice |case 2 ‘case 3 |
Total distance 686 2000 400 Total distance 686 2000 400 km
C cruise 1156,49 5116,094574  294,6596886 C cruise 1156,49117 5116,0946 294,6596886 kg
C1+2+3 5947,65 5947,651738 5947,651738 C1+2+3 5298,64323 5298,6432 5298,643232 kg
C total 7104,142912 11063,74631 6242,311427 C total 6455,13441 10414,738 5593,302921 kg
TP400 + CFM TP400 + SaM146 hybridate

turned-off during climb Paris - Nice |case 2 case 3 turned-off during climb Paris - Nice |case 2 case 3

Total distance 686 2000 400 Total distance 686 2000 400 km
C cruise 1156,491174 5116,094574  294,6596886 C cruise 1156,49117 5116,0946 294,6596886 kg
C1+2+3 4052,058177 4052,058177 4052,058177 C142+3 3829,32497  3829,325 3829,324975 kg
C total 5208,549352 9168,152751  4346,717866 C total 4985,81615 8945,4195 4123,984663 kg

Table 15: Performance calulation for different cases

To have those results, we first took the total distance, substract from this all the taking-off
distance calculate in previous parts. Then we calculate the cruise time with:

D cruise

tcruise - Vo .
cruise

(D¢ruise - Cruise distance in meters, Vs - Cruise speed = 150 m/s)

Then, by using:

Ccruise = CHcruise- tcruise

We add this last one with take-off consumption (C,pgse 1+2+3), We have finally our last result.
As you may see, using the SaM146 hybridize makes a gain of almost 220 kg. However, the
SaM146 has a lower mass than the CFM56 (420 kg), using hybridization increases mass of
approximately 410 kg. Moreover, using hybridization doesn’t over such an enormous gain, it
will be interesting to use it in the future when an electrical engine more powerful and with the
same (or less) mass than the Simotic GP-1LA will appear. For right now, we don’t think it’s
really worth it to hybridize the turbofan
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FLIGHT PLAN

. Introduction

In addition to “hybridization” part and “performances and motorization” part, we have focused
on the flight plan for the Bee-plane. The flight studied is the route Paris-Nice.

The main aim of this part is to get at the end a full code, which can be used to calculate and
estimate data during a flight, for example the fuel consumption, the range. This code will be
handled by the school Centrale Paris, which is working on the subject too. The goal is to test
different scenarios which are different from each other and to choose the best one. The altitude,
the waypoints (route) can be modified from one scenario to another one.

We have built a XML code to describe the route followed by the Bee-plane but also all the
parameters related to the aircraft. Therefore, the first difficulty we met was to get familiar with
XML language. For that, we have used some guidebooks found on internet. In parallel, we have
looked at the files already created in the past years for this project.

After several researches, we have defined what the code would be composed of. It is articulated
around the eight following parts:

1- General information
2- Departure airport
3- Arrival Airport

4- Diverted Airport

5- Operational times
6- Waypoints and route
7- Engines

8- Hybridization

For a better understanding and to make things as clear as possible, Sophie and | have used the
Excel tool as support for our work. We have created Excel tables, containing for example
“Description” column, storing the precise meaning of each code line.

V. Definition

The flight plan is a set of information provided by the pilot before each flight to the
aeronautical traffic services authorities. That information allows them to ensure the necessary
services during a flight such as flight information, control and warning services and in case of
accident, to provide information to the rescuers. Thus, they can manage all flights.

Definition according to ICAO:

“The term “flight plan” is used to mean variously, full information on all items comprised in
the flight plan description, covering the whole route of a flight, or limited information required
when the purpose is to obtain a clearance for a minor portion of a flight such as to cross an
airway, to take off from, or to land at a controlled aerodrome.”
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Therefore, the flight plan should include all relevant information related to the intended flight

such as:

- Aircraft identification

- Aircraft colour

- Rules and type of flight

- Embedded equipment

- The departed airport

- The estimated time of departure
of the parking station

- Cruising speed

- Cruise level or altitude

- The route and waypoints

- The destination aerodrome
and the estimated total duration

- The diverted airports

- Autonomy

- Passengers and crew number

- Survival equipment aboard

Fom Approved DMB Ns_2120-0026

International Flight Plan

FRIORITY ADDRESSEE(S) |

<=FF
L <=
FILING TIME ORIGINATOR
| | <=
| SPECIFIC IDENTIFICATION OF ADDRESSEE(S) AND DR ORIGINATOR |
3 MESSAGE TYPE 7 AIRCRAFT IDENTIFICATION & FLIGHT RULES TYPE_OF FLIGHT
<=(FPL ] <=
0 NUMBER TYPE OF AIRCRAFT WAKE TURBULENCE CAT. 10 EQUIPMENT
<=
13 DEPARTURE AEROCROME TIME.
] | <=
15 CRUISING SPEED LEVEL ROUTE
1 14
<=
TOTAL EET
16 DESTINATION AERQDROME HR  MIN ALTN AERODROME ZND ALTH AERODROME
s =
12 OTHER INFORMATION
[ <=
SUPPLEMENTARY INFORMATION (NOT TO BE TRANSMITTED IN FPL MESSAGES)
19 ENDURANCE EMERGENCY RADIO
HR MIN PERSONS ON BOARD UHF WHF ELBA
El | J Pl RI_
SURVIVAL EQUIPMENT JACKETS
POLAR DESERT MARITIME JUNGLE LIGHT FLUDRES uH WHF
!
DINGHIES
NUMBER CAPACITY COVER COLOR
[}y A <=

AIRCRAFT COLOR AND MARKINGS
Al |

REMARKS

<=
FILOT-IN-COMMAND

)<=

FILED BY ACCEPTED BY ADDITIONAL INFORMATION

FAA Farm 72514 (7.93)

Example of an FAA flight plan form

A flight plan must be turned in to the competent authorities at least sixty minutes before the
estimated departure time of the parking station, or for the IFR flight, sixty minutes before the
estimated time at which the aircraft will begin its IFR flight. Nevertheless, in some cases, the
delay is increased up to three hours if the flight is subject to regulatory actions.

The obligation to provide a flight plan differs from one country to another one. It is compulsory
for all international flights or flights with out of sight condition.

There are different types of flight plan:

- PLN flight plan: This is a set of information related to a planned flight.

- FLP flight plan: This is the form considered as “the flight plan”. It is submitted before
the flight and describes the entire flight.

- CPL flight plan: “This is a flight plan for a controlled flight operated in accordance with
air traffic control authority approvals”.

- RPL flight plan: This is a repetitive flight plan for the IFR flights repeating at least 10
times during a period at regular intervals and with the same basis characteristics (road,
radio call sign, departure and arrival airport, etc.)

- AFIL: This is a flight plan provided by radiotelephony to an air traffic organization.

V1. General information

This part is dedicated to providing general information about the flight and the aircraft

before going into the details.
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First of all, the flight is defined by a name and a number, to know exactly which flight we are
talking about.
Please refer to the Annex 1 entitled Flight part XML code at the end of the report.

After that, you can find information about the carrier for this specific flight such as the name,
different codes and phone number.

To deal with the next two data, we have used two tables from a book (FlightStats
DevelopperCenter, FlightStats, Inc).
To define the flight status, we have looked at the table you can find in Annex 2.

We have chosen the letter S for the flight status, meaning “Scheduled”.

For the next information, the flight type, we have used a table: please refer to the Annex 3
Flight type.
Here, we have selected the letter J: Scheduled Passenger (Normal Service)

The Annex 4 Aircraft part XML code displays data about the aircraft: identity, type, figures
(number of passengers, Specific Fuel Consumption, weights) but also about the wings, bodies
and landing gears.
For example, for the wings, bodies and landing gears, geometric data are given (length,
incidence, chord).

The last part is about the equipment of the aircraft. You can refer to the Annex 5 Equipment
part XML code.

VIIl. Departure — arrival — diverted airports

This part of the code deals with airports related to the flight. Here are reported all
important information to simulate the flight and perform calculations. It is the same template
for the three types of airports concerned by the flight.

Each airport code is divided into four parts:
- General
- Dates and times
- Resources
- Runway

You can refer to the Annex 6 General part for Paris-Orly Airport XML code for this part.

We have focused in this section on codes to make the airport well-identified by the Federal
Aviation Administration (FAA), aircrafts pilots and control towers staff.

The IATA code is a localisation identifier defined by the International Air Transport
Association. It is a three letters code. We can see it on our luggage at the airport.

The ICAO code (for the country and the airport) is a location indicator for each airport
worldwide composed by four letters given by the International Civil Aviation Organization.
The first letter refers to a continent or a group of states. The second one indicates the country
on the continent or group of states. The last two letters identify each airport.
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The FAA airport code is a code given by the FAA to American airports. So we do not have to
take this data into account for our case.

In this part, there are also figures to locate the airport precisely such as latitude, longitude and
altitude. These data are necessary to be aware of the difference of location between the aircraft
and the airport. It is very important for the landing phase.

Another important point is the region time zone. A time zone is a region of the globe that
observes a uniform standard time for legal, commercial, and social purposes.

Time zones tend to follow the boundaries of countries and their subdivisions because it is
convenient for areas in close commercial or other communication to keep the same time.

Most of the time zones on land are offset from Coordinated Universal Time (UTC) by a whole
number of hours, but 30 or 45 minutes offset a few zones.

For Paris-Orly Airport, the time zone is Europe Paris UTC+10. It is the same for the diverted
airport (Lyon Saint-Exupéry) and the arrival airport (Nice Cote d’ Azur).

This information is essential to manage all the departure and arrival dates and times, especially
when a flight is between two different countries. It is needed to have the same time reference.
Other information such as the terminal, the gate and the luggage gate are related to each flight
at a specific airport.

Please refer to the Annex 7 Dates & Times and Resources parts for Paris-Orly Airport XML
code.

The subpart Runway (Annex 8) is about the departure runway. Many details are given such as
the length, the width, the surface type, the threshold offset, the overrun length and bearings.

In this case, at Paris-Orly airport, to define which runway to use for the flight take-off, one must
take the wind speed and direction into account.

VIIl. Operational times

During a flight, some incidents or program changes can occur due to weather
inconvenience or bird strike. That irregular information must be included in the flight plan in
real time to inform the competent authorities.

The operational times are all irregular information that occur during a flight such as:

- Cancellation: Flight who has been cancelled for any reason.

- Diversion: Flight directed to land at a different airport (called diverted airport) instead
of its scheduled destination.

- Miscellaneous: An irregular operation that is not considered as one of the other
identified types listed in the flight plan.

- Place replacement: Any flight that is cancelled or does not operate for some reason. It
may be replaced by another flight.

- Incident: If an incident occurs, the pilot must be able to change his flight plan. For
example, when one happens, the pilot shall have the ability to enter information on the
system to inform the control tower such as:

» the kind of the incident,
» the date and time of the incident,
» amessage describing the incident.
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- Schedule changes: The schedule might change during a flight due, for example, to
weather condition or congestion at the arrival airport. To manage all flights, the flight
authorities need to know precisely the schedule of the flight (take-off, landing, etc.).

- Weather changes: That information will be used for the future “Waze” to inform users
about the weather conditions.

- Route change: The flight plan needs to know any change of waypoints or route.

In the case of the route LFPO-LFMN, we choose two diverted airports:

1D Type Altitude Latitude Longitude Distance from Name
LFPO
LFLL APT 0ft/0m 45.72581° 5.09075° 212 nm Lyon Saint Exupéry
LFTH APT 0ft/0Om 43.09734° 6.14603° Toulon-Hyeres

Table 16: Characteristics of our diverted airports

The first airport, “Lyon Saint Exupéry”, is located almost in the middle of the route LFPO-
LFMN. It can easily be the diverted airport in case of needed diversion.

The second airport, Toulon-Hyeres, can be the diverted airport for landing in case of a
congestion or problem at the LFMN airport.

In our case, the future “Waze” users will need all that information to prevent and change the
route to have the most optimal one.

IX. Waypoints and route

A route is defined by the pilot to connect its destination from his departure aerodrome.
Each user needs to respect the constraint of use of each road and each crossing point. For
example, some roads are forbidden the week-end.
A route includes an Air Traffic Service route designator, the track to or from significant points
(waypoints). They have fixed coordinates and are written with generally five letters. A route
begins and ends with the ICAQ airport code.

For our study, the route begins at Paris-Orly airport and ends at Nice Cote d’ Azur airport.
The main characteristics are:

- Distance: 367 nm /679 km
- Maximal altitude: 35,000 feet / 10,668 meters
- Number of waypoints: 8
- Route: LFPO AVLON UM976 ATN UZ12 BULOL UM733 OKTET LFMN
Route explanation:
» At the airport LFPO, go to waypoint AVLON, where you join airway
UM976
Continue on UM976 until ATN
At ATN, leave airway UM976 and join airway UZ12
Continue on UZ12 until BULOL, in this case via an intermediate
waypoint MOMIL.
At BULOL, leave airway UZ12 and join airway UM733
At OKTET, leave airway UM733 and continue direct to the arrival
airport LFMN.

YV VYV
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LFPO
AVLON
ATN
MOMIL
BULOL
GIPNO
OKTET

LFMN

Latitude

48.72636°

47.56000°

46.80594°

46.54611°

46.04583°

45.56000°

44.48500°

43.65798°

Table 17: Waypoints and their properties

Longitude

2.36703°
3.81333°
4.25914°
4.54667°
5.09194°
5.52917°
6.56944°

7.21536°

Distance
from the

other

waypoint

90 nm

48 nm

19 nm

37nm

34 nm

78 nm

56 nm

Distance
from the first
waypoint

0nm

90 nm

139 nm

159 nm

196 nm

231 nm

309 nm

366 nm

Heading (true)

140°/ 141°
1587/ 158°
143°/ 143°
143°/ 143°
148° ] 148°
145°/ 146°

150°/151°

Name

Paris Orly

Nice/Cote d'Azur

You can find the map with the waypoints in the Annex 9 LFPO-LFMN route and its waypoints.

Waypoints indicate the moment when the pilot needs to lower or retract landing gears during a
landing or a take-off. Some waypoints allow as well to adjust the engine speed according to the

Type Altitude
APT 0ft/Om
FIX 31,400 ft/9,571 m
VOR 35,000 ft /10,668 m
FIX 35,000 ft/ 10,668 m
FIX 35,000 ft/ 10,668 m
FIX 27,900 ft/ 8,504 m
FIX 19,500 ft /5,944 m
APT 0ft/Om
various flight phases.
X. Engines

At the beginning, we had the eight different following possibilities:

The final configuration we have chosen is the last one.

In this part, we give data about the different engines we have considered for the Bee-
plane. The study of performances and hybridization has allowed us to choose the best
configuration.

two turboprop TP400-D6 engines with the turbofan CFM56-3C1
two turboprop TP400-D6 engines with the turbofan CFM56-3C1 and an electric engine
two turboprop TP400-D6 with the turbojet SaM146

two turboprop TP400-D6 with the turbojet SaM146 an electric engine

four turboprop PW150A engines with the turbofan CFM56-3C1
four turboprop PW150A engines with the turbofan CFM56-3C1 and an electric engine
four turboprop PW150A with the turbojet SaM146
four turboprop PW150A with the turbojet SaM146 and an electric engine

The data of the four engines TP400-D6, PW150A, CFM56-3C1 and SaM146 are provided in
this part. Please refer to the Annex 10 Engines part for Paris-Orly Airport XML code
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https://flightplandatabase.com/airport/LFPO
https://flightplandatabase.com/airport/LFMN

XI1. Hybridization

This section focuses on the electric engine Simotic GP1LA which powers the
turbofan SaM146, and on the Auxiliary Power Unit (APU). Please refer to the Annex 11
Hybridization part for Paris-Orly Airport XML code.

35



Project management

To enhance our productivity and to have a good overview of the project, we have
resorted to management methods. Through a unique file, we describe our goals and a timeline
expectation for the project.

Besides, we kept all the documents on a Dropbox in order to have access to the work of
everybody, all the management information, our database and the deliverables. We also
organized regular call meetings with Mr Dutertre to explain the work done, our expectations
for the following tasks and ask questions. It was also a means to be sure we were going in the
right direction. After that, we made a report (annex X) for each meeting, to know where we are
and what we have to do for the next call.

I. Division of tasks

The first step was “a state of the art”, a phase of preliminary analysis. We have especially
studied the existing documents made previously and defined the limits of the project.

Then we decided to focus only on three topics:

Romain Neuville Confirm the advantages for a mixed
propulsion configuration (two TP400-D6
engines and a central turbofan CFM56-3C1)

Benjamin Olier Study about a possible hybridization of the
CFM56-3C1 - benefits calculations

Constance Chirol Set-up a complete database to get the final

) ) ) flight plan XML code for a Paris-Nice flight
Sophie Olias-Zeitschel

Stephane Faure Complete the Simulink to find the range of
the Bee-Plane (ditched)

The fourth theme has been given up because the school Centrale Paris had to create a special
code XML to solve the range. So, it was not necessary to focus on that even though we have
begun to analyse the Simulink.
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XII.

The Gantt diagram (Appendix 1)

This document is a classic one to manage a project. Based on the expectation matrix, it
describes the time needed for each task to be completed, the outputs and also what we did in
reality. That is a good way to visualize our delay or our advance. Plus, we added the deadlines
for the project and regular meetings.

With some macro, we can easily update the file and use it to see our progress. Moreover, thanks

to it, the PO is aware of what we do and of our progress regarding the goals fixed at the very
beginning.
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Conclusion

In conclusion, we finally realized that the hybridization is not yet the best solution to improve
the power efficiency of the Bee-Plane. Indeed fuel savings do not compensate the weight cost
of the hybridization. There are many technical inconveniences to save a few more electrical
energies, but in the future, thanks to better electrical motors, it could be a great solution to
integrate in a plane system.

On the other hand, we have tested several engine configurations for the Bee-Plane and we have
determined that the turboprop that makes the most effective plane is the PW150A used in a
four-engine version. This turboprop offers the right power level to answer the Bee-plane needs.
All calculations were based on the performances of the Bee-plane on all flight phases and
scenarios.

The Flight Plan, was an opportunity to learn a new computer language: the XML. The goal of
this code is to calculate all the performances characteristics of our plane on the route Paris-
Nice.The Flight Plan also needs to be able to change in order to optimize the chosen route with
all the community-based data. At the very end, the aim is to create a kind of aeronautical Waze.

Moreover, during this study, we learned a lot on different subjects. It was really interesting to
work on such an innovative plane with huge technological potentials and working on a futurist
aeronautical project is a chance and constitutes a unique working experience for students like
us. Indeed, we have to find a concrete solution for a future innovative project which should be
launched in 2050, and we know there is still a lot of work to do to approach this goal. But
sincerely we hope our work will help Mr. Dutertre to continue on this innovative aircraft and
one dayallow him to set up the Bee-Plane
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Feedback

The main difficulties, whatever the subject was, were to find relevant and useful information.
Moreover, the team coordination was difficult at the beginning, in fact we never worked
together. At the end, the difficulties have been surpassed by the common objective: Creating a
futuristic plane, the Bee Plane.

At the beginning, we worked slowly because we didn’t completely understand the heading.
After a state of the art and several meetings we were able to identify the stakes of this project:
a new motor configuration, the hybridization of the turbojet and the flight plan with the aim of
testing different engines scenarios. We were now ready to split the work to conduct the project.

At the end of the project we were able to take a step back and estimate the elements we should
focus on during the next years:

- Estimate integration feasibility of all those engines;

- Calculate maintenance costs;

- Estimate the profitability of the Bee-plane;

- Estimate the exhaust emissions generated by the Bee-plane.

Besides, these subjects match with our ISPEB school program.
To conclude this feedback, we can say that working on the Bee-plane was challenging because

it’s an uncommon and unique plane. It was a rewarding experience both on technical and
interpersonal skills
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APPENDIXES

I. Appendix 1: Gantt diagram (extract)
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I1. Appendix 2: First thought of integration of the electrical motor
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Moteur électrique SaM146




I11. Appendix 3: Consumption for 4 Bee-plane confiqurations

[ Gen T G T Semias hy T Sam145 hyErdd Steint an phase 37 TPAD0
[ Phase 1AM Prase 1TPa00 1 Phase 1o Phase 177400 I Phase 1 samite Prase 179400 Phase 15amids Phase 177400
tach 0,203963574 Mach 020396357 Wach 0203963574 Wach 0,20396357 Mach 0,203963570 Mach 0203963574 Wach 018 Mach o8
Fo/0,18 £5579,10409 N F0/0,18 636347822 N F0/0,18 £5579,10409 N fo/o18 63634,78222 N f0/0.18 623871741 N fo/o.18 63634,78222 N Fojo 18 623487174 N fojo18 636347822 N
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cs2000/0 0576587391 ke/(daNih) cs2000/0 037644316 ke/(canh)  €52000/0 0,576587391 ke/(da. h) cs2000/0 0376443158 ke/(danLh) cs2000/0 0,614700795 ke/(dah) cs2000/0 0376443158 kef(daNh) CS2000/0 06147008 ke/(daNh) CS2000/0 037644316 ke/(danLh)
cs2000/0.512 0830772171 ke(dani b} cs2000/0,512 054239566 ke/(danh)  €S2000/0512 0830772171 kef(danih) 0/0,512 0,542395662 ke/(danLh) €s52000/0,512 088568767 ke/(dan.h) €s52000/0,512 0,542395662 ke/(danh]  CS2000/0,512 088568762 ke/{danh) C52000/0512 054239566 ke/(dan.h)
CH2000/0,512 5110,045583 heth CH2000/0,512 248076638 ke/h CHI000/0512  5110,045583 keth CH2000/0,512 45076638 ke/h CH2000/0,512 4117019168 keth CH2000/0,512 248076638 ke/h CHI000/0.512 4117,01917 ke/h CHI000/0,512 2480,76638 ke/h
Vphase2 90,43 m/s Vphase2 2043 mfs Vphase2 90,43 mfs Vahase2 90,43 mfs Vhase2 2043 mfs Vehase2 9043 m/s Vphase2 2043 mfs Vehase2 2043 mfs
angle cimby 53 angle climbs 153+ angle climby 1530 angle cimb 1837 angle cimb 1537 angle cimb 1837 angle chimb 153 angle cimb 153+
0026703538 rad angle clims 002670354 rad angleclimb  0,026703538 rad angle cimb 0026703538 rad angle climb 0026703538 radl angle dimb 0026703538 rad anglecimb 002670354 rad anglecimb 002670354 rad
645,1612903 5 tphase2 64516129 5 tphase2 645,1612903 5 tphase2 6451612903 5 tphase2 6451612903 5 tphase2 645,1612903 5 tphase2 64516129 5 tphase2 64516129 5
559452045 ke/h CHphase 2715,96806 ka/h CHphase2 5590,52945 keh CHphase 2715968056 kefh CHphase2 4419322221 ke/h CHphase2 2715,968056 ke/h Cphase2  4419,32222 ke/h CHphase2 271596306 ke/h
Cohasea 1002603844 ke Cohasez 86732627 ke Cohasez 1002603844 ke Cphasez a86,7326265 ke cohasez 791,9932295 ke Cohase? a86,7326265 ke Cohasez 79199323 ke Cohasez 486732627 ke
Lohase? 5832113552 m Lohase2 58321,1355 m Lohase2 5832113552 m Lphase? 5832113552 m Lphase? 5832113552 m Lphase2 5832113552 m Lphase? 583211355 m Lphase? 583211355 m
58,32113552 km 583211355 km 5832113552 km 5832113552 ke 58,32113552 km 5832113552 ke 583211355 km 74,8 km
Cohase 2 1976,069097 kg Cohase 2 1976,07 kg Cahase2 17654585 ks Cphase2 1765,45848 kg
Cphase 142 2211,556093 kg Cphase 142 211,56 kg Cphase 112 1088,8229 kg Cphase 142 1088,8289 kg
377648 kg 87765 g 58893,91 kg 9889391 kg
Phase 3 (climb) CFM Phase 3 (climb) TP40D. Phase 3 (climb) CFM Phase 3 (climb) TPA0D Phase 3 (climb) Sam146 [ Phase 3 (climb) TP400 Phase 3 Sam 146 éteint [ Phase 3 (climb) TP400
03 7000 03 7000 053 M0 57000 053 M0 7000 053 057000
sigma 0405 sigma 0405 sigma 0405 sigma sigma 0,405
F7000/0,53 35264,68367 N F7000/0,53 291963748 N F7000/053 29196,37476 N F7000/0,53 2860631334 N F000/0,53 20196,37476 N Cohasel2+3  BE0469308 ke F7000/053 291963748 N
cs7000/0 0,557950224 ke/(da.h) cs7000/0 03642753 ke/ldanh) cs7000/0 0364275298 ke/(datih) €s7000/0 0,557950224 ke/(datih) Cs57000/0 0,364275298 ke/(datLh) 70000 03642753 ke/ldaLh)
cs7000/0,53 0853663822 ke(daN ) cs7000/0,53 055730121 ke (ean ) cs7000/0,53 0557341207 kg/(daNh) cs7000/0,53 0,853663842 ke/(da. ) €s7000/0,53 0,557341207 kef(danLh) CST000/053 055734121 k/(dah)
CH7000/0,53 3351,884072 kgfh CH7000/0,53 1627,23427 kg/h Cphase1+203 1113081989 kg CHIoOD/0,53 1627234270 kg/h CH7000/0,53 2042,017535 kg/h cH7000/0,53 1627,230270 kg/h CHIOOD/053  1627,23427 kg/h
Vphase3 150 m/s Vphase3 150 mfs Vahased 150 ms Vahase3 150 mfs Vphases 150 m/s Vphase3 150 mfs
tphase3 (from 2000t0 1612903226 5 tphase3 (from 200010 1612,30373 5 tphases (from 20 1612,903226 5 tphase3 (from 2000 to 7000m) 1612903226 5 tphase3 (from 2000 to 7000m)  1612,903226 5 tphase3 (from 1612,90373 5
CHphase3 4230,964828 keth CHphase3 2054,00033 ke/h CHohase3 2054,000327 kefh CHphase3 3279518351 keth CHphase3 2054,000327 heth CHphase3  2054,00033 ke/h
angle 04 * angle climb 104° angle climb 100 angle cimb 04 angle dlimb 100 ° angle climb 04
0018153424 rad 001815142 rad 0018152424 rad 0,018151424 rad 0018151921 rad 001815142 rad
Cpnaze3 1895 593561 kg Cphaze3 920251012 kg Cohaze 920,2510020 kg Cohase3 1069,318258 kg Cohase3 920,2610020 kg Cohases 920251002 kg
Lphase3 241895 6292 m/s Lphase3 201895629 mfs Lphase3 241895,6292 m/s Lphase3 2018956292 mfs Lphase3 2018956292 ms Lphases 201895629 mfs
241,8956292 km 201895629 km 241,8956293 km 2018956297 km 2018956292 km 201895629 km
phase112+3 3008,67855 ke Cohase1e203TPADD  1463,48659 kg Cohaset 203 TP 10469,486594 ke Cohase1+2+3 2349,787566 ks Cohasele2e3 1474,427833 ke Cohaseles3 147442783 kg
Cphase3 3736,095646 ke €phase 3 18405 kg Cphase 3 3309,6203 ke Cphase3 1840,50208 ke
€phase 14243 5947,651738 bg €phase 14243 4052,06 kg Cphase 11243 5298,6432 kg Cphase 14243 382932487 kg
95920,39608 kg 96868,2 ke 96356,267 g 97030,9261 kg
Phase 4 (cruise] CEM + 2TP4D0 Phase 1 (eruise] CEM + 2TP400 Phase { (eruise) Sam146+2TPA00 Phase i (eruise) Sam146:27P200
(cphazea 20922,34826 kg (cphaea [cphasea 1571,357 kg Cphasea 23000675 kg
lcH cruise 1627.234274 ki cH cruise e aruise 1627,2343 ke/h CH cruise 162723427 ke/h
tohasea 1285761282 h tohasea [tohased 13256454 h tphased 16,1554085 h
Lohased 6943110923 m Lohased 7572166 m Lphased 71584853 m Lphased 7646080,66 m
6943,110923 km 757217 km 7158,4853 km 764608066 km
Lot 7245227688 kim Lot 763249 km uot 7450,7021 km Lot 7948,29743 ki
Paris ice 685 km 686 km Paris-Nice 686 km Paris.Nice 536 km
383,7832353 km ance cruise 383,783 km Distance cruise 38378324 km Distancecruise | 383783235 km
150 mfs 150 mfs speed 150 m/s speed 150 mfs
540 km/h 540 kmjh 540 km/h 540 kmfh
teise 0710709635 h teise 071071 h tenise 07107097 b tomise 0,71070969 h
Ceruse 2156491174 ke Ceruise 115649 kg Ceruise 1156,4912 ks Conise 115649117 kg
aaa 5947,651738 kg aaa 052,06 kg caa 5208,6032 kg L2 3820,22497 kg
Ctotal 7104142012 kg Ctotal 520855 kg Ceotal 6455, 1340 kg Ctotal 4985,81615 kg
1697.783235 km case2 2000 km ez 2000 case2 2000 km
0/ m/s Distance cruise 163776 km Distance cruise 1697,7832 km Distance cruise | 1637,78324 km
540 km/h speed 150 mfs speed 150 m/s spesd 150 mfs
tenise 3,148003028 h 540 ey 540 kem/h 540 ke
Ceruise 5116004574 kg tenise 314004 tenise 3144003 h temise 314404303
ana 5947,651738 kg Ceruise 511609 kg Ceruse 5116,0946 kg Cenise 5116,09457 kg
Ctowal 1106374631 ke s 052,06 ke L 5298,6032 ke 2o 382932497 ke
ol 168,15 ke Cratal 10014,738 ke Ctotal 8945,41955 ke
97,78323527 km e 400 km s 00 km caze3 400 km
150/ m/s Distance cruise 97,7832 km Distance eruise 97,783235 km Distanes ertise | 97,7832353 km
540 km/h speed 150 mfs speed 150 m/s speed 150 mfs
teise 0,181080055 h 540 kmjh 540 km/h 540 kmfh
Ceruse 294,5596586 kg teise 018108 h tcnise 01810801 h tomise 0,18108007 h
a2 5947,651738 ke Ceruise 294,56 ke Ceruise 294,65969 ke Cerise 294659689 ke
Ctotal 6242,313427 ke aaes 052,06 ke 2 52986432 ks 2 382932497 kg
Ctotal 4316,72 kg crotal 5593,3029 kg Ctotal 4123,98466 kg
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1V. Appendix 4: Flight part XML code

FLIGHT

XML code

Type of data

Description

XXX for us

Flight Id <flight_id: Kk flight_id: double The unique identifier for the flight.
Flight number <flight_numbeers X9« Hight_number: double The flight identification number and any additional characters,
<Hight_zarriers X&Eiflight_carriers string Dietails for the operating carrier of the flight [if using the extended options ta
inzlude inlined references, otherwize the airline details.
<Hight_carrier_Fz_Codes @ix light_carrier_Fz_Code: The FlightStats unique code for the operating carrier to use as a reference for
Carrier dauble finding the entry in the appendiz (unless the extended option to include inlined
references is uzed).
<Hlight_carrier_LATA,_codes Xk flight_carrier_|ATA_code: string IATA code af the carrier For this Hlight.
<Hight_zarrier_ICAD_codes Mk flight_carrier_ICAD_sode: string ICAD code of the carrier far this flight.
<Hight_carrier_phone_number: BxEilight_carrier_phone_number: double Carrier phone number For this Fight.
Flight status <Hlight_staruss K&k light_status: string 5 far Scheduled
Flight type <flight_type: K« Hlight_type: string J for Scheduled Passenger [Mormal Service)
Flight crew number | <Hight_crew_number: Bk flight_crew_number: double 7

Mumiber of flight crew members on-board.

V. Appendix 5: Flight status

Value Description
A Active
C Canceled
D Diverted
Data source
DN
needed

Landed

Not Operational
Redirected
Scheduled
Unknown
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VI.

Appendix 6: Flight type

Value

Description

-n

N<XITSmMOXA9rITOO>»®m LI

Scheduled Passenger (Normal Service)
Scheduled Passenger (Shuttle Service)
Scheduled Passenger (Service Vehicle)
Scheduled Cargo/Mail (Loose loaded cargo and/or preloaded
devices)

Scheduled Cargo/Mail (Surface Vehicle)
Scheduled Cargo/Mail (Mail only)
Scheduled Passenger/Cargo in Cabin
Non-scheduled Passenger (Normal Service)
Non-scheduled Passenger (Shuttle Service)
Non-scheduled Cargo/Mail

Charter (Passenger only)

Charter (Special handling - Migrants/Immigrants)
Charter (Cargo and/or Mail)

Charter (Passenger and Cargo and/or Mail)
Non-revenue

Technical Test

Training

General Aviation

Special (FAA/Government)

Military

Aditional Flights - Passenger/Cargo

IATA Special Internal (Y)

IATA Special Internal (Z)
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VII. Appendix 7: Aircraft part XML code

AIRCRAFT

Type of data

The Acid element contains the aircraft identificationfeall sign of a flight. This Dis
. . . . . uzed as the name of the Fight both in discussion and in data reduction and
Acid salroraft_idy Hiis aircraft_id» analysis. The Acid element has a seven characters masimum. The [0 must start
with a letter and be Fallowed by one to sis alphanumeric characters.
The aircraft type may be preceded by the following indicators:
Zireralt pe caireral_types Wi aireraft_types = & digit that indicates the number of aircraft the will be sharing this flight plan.
- - = A letrer indicating a weight clazs or speciallesperimental equipment an aircraft iz
uzing. For example “Hi” is used toindicate a heawy aircrafr.
F A% number caircraft_transportable_passengers_number: KK« faireraft_transportable_passengers_number: double Mumber of passengers transportable on-board For this Fight. 220
SFC <aircraft_SFC unit="": {¥H< aircraft_SFC unit="" double Aicraft Specific Fuel Consumption
PAT O <aircraft_mazimum_take_off_weight unit="t": KEKLaincraft_masimum_take_off_weight_plane unit; double Mlasimum T ake-0FF weight value 100
Fuel Mazs caircraft_fuel_mass unit="t"s KK daireraft_fuel mass unit="t": double Fuel mass a0
<aircraft_empy_weight unit="t": ¥k aircraft_empty_weight unit="t": Etee-plane empty weight E3E
Empty 'weight cbee_emphy_weight unit="t"» XXX dree_empty_weight unit="t"> Eee empty weight 481
<basket_empty_weight unit="t"s XK dbasket_emphy_weight unit="t": double Easket empty weight 225
<wiings:
<wing:
<side_wings Mk lside_wing:
<MACA: HHFEAMACA:
<length_wing unit="m": =KX= /length_wing:
<ueight_wing unit="kg"s ik fweight_wing:
<incidence_wing unit="rad": Xk fincidence_wing: . . L
! <junction_plane_wing unit="m" X%« fjunction_plane_wings l:.ode part providing data abqut th_e wingz of .the See-p!ane such as MACA, airfoil,
Wings cehond 1ot Unie "M M dehard rooks - - wings parameters [length, weight, incidence, junction with the fuselage], chord root
<ch0rd_tip wnits " K e fekard tﬁ» and tip, dihedral, leading edge angle, raccord element and rotation.
<dihedral unit="rad"» }xH: Mihedral:
<leading_sdge_angle unit="rad"s ¥k eading_edge_angle:
<raccord_element_wing unit="m">¥xH< fraccand_eslement_wing:
<rokation_wing unit="rad": Xk« frotation_wing:
< Mwing:
<Pwfingsts
<Biodies:
<body
<weight_body unit="kg"> 2 fweight_body:
<baryeentre_bady unit="m": HiEEbarycentre_body:
:::ng:ihﬂgﬁzdg:glt_a:s:ﬁxx "T&;?gf;‘:?_;i horizontal asiss Ciode part praviding data about the body of the Bee-plane such as wieght,
Bodies czermi vertical amis Units T MM bsemi wertical awiss bargcfentle, length, semi horizontal and vertical azis, raceord with the plane and
«<raccord_plane_body unil M rEEraccord_plane_body: ratation.
<raceord_element_body unit="m": BEHdraceord_element_body:
<rokation_body unit="rad”: $EE drotation_body:
<fbody:
<IBodies:
<Landing_Gears:
<landing_gear:
<gide_landing_gear: 2K «f=ide_landing_gear:
<weight_wheel unit="kg"s KX dweight_wheel:
<weight_arm unit= "kg": HiEfweight_arm:
:::::E:‘:r;i::n ml.-!: ;::i:;ﬁs:‘s;:feb Code part prowiding data about landing gears of the Bee-plane such as the side,
Landing gears <Iength_arm Lnits T W Hlength_arm> wheels [weight, radius, thickness.]. armes [weight, radius, length), junction with the
<thickness_wheel unit="m"> Z¥Hhickness_wheel: plane, raccord element and rotation.
<junction_plane_landing_gear unit="m": $¥H fjunction_plane_landing_gear:
«<rokation_landing_gear unit="rad": Wi frotation_landing_gear:-
<raceord_element_landing_gear unit="m": WX H<raceord_element_landing_gear:
<flanding_gear:
<fLanding_Gears:
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VIII.

Appendix 8: Equipment part XML code

Type of data

Description

XXX for us

IATA code cequipment_|ATA_code: KKK equipment_|ATA_code: string The |lATA code for the equipment type.
Mame <equipment_name: XKH fequipment_name: string The descriptive name For the equipment type.
EQUIFMENT Turboprop equipment_turboprope H&E fequipment_turboprop: boolean Boolean walue indicating if the equipment type uses TurboProp propulsion. true
Jet propulsion Lequipment_jet_propulsion: XXX fequipment_jet_propulsion: boolean Boolean walue indicating if the equipment type uses jet propulsion. false
wide-body airframe | <equipment_wide_body_airframe: BEElequipment_wide_body_airframe: boolean Boolean value indicating if the equipment type is a wide-body airframe. false
FHeqgional airfframe | <equipment_regional_airframe: XX lequipment_regional_airframe: boolean Boolean value indicating if the equipment type is a regional airframe. true
IX. Appendix 9: General part for Paris-Orly Airport XML code
DATA XML code Type of data KKK for us
1ATA code airpart cdeparture_airport_IATA_codes XK ideparture_airport_|ATA_code: string The IF\'_I'."—\: code_ls 3 loalisation identifier deFln_ed by the International F\lr.TlanspDrt arRy
Aszsociation. |tis a 3 letters code. we can see it onour luggages at the airport.
It i= a location indicator For each airport worldwide composed by 4 letters given by
y AP, P LFFO
the ICAD [International Civil Aviation Organization). L for continent
ICAD code airport <departure_airport_ICAD code: @ik <fdeparture_airport_|CADcode: string 1=t letter: Continent or a group of states F for France
2nd letter: Indicate the country on the continent or group of states. PO for airport
3rd and 4th letters: [dentify each airport.
FAM code airport «departure_airport_FAA_code: KERddeparture_airport_FA8_code: string Code given by the F A8 [Federal Aviation Administration] to American airports.
Mame <departure_airport_name: Kik ddeparture_airport_name: =tring Marme of the airport Pariz-Orly
Main street <departure_airport_main_strest_name: KKHddeparture_airport_main_street_name: =tring Marme of the airport main street, Faenue de ['Unicn
City name <departure_airport_city_names #EHdeparture_airport_city_name: =tring Mlarme of the city, Oirly
City code <departure_airport_city_post_codes < ddeparture_airport_city_post_codes =tring Post code of the city. 430
GEMERAL Diztrict <departure_airport_district_name:r $EEddeparture_airport_district_name: =tring District name of the departure airpart.
State code <departure_airport_state_code: KKH< Mdeparture_airport_state_code: =tring State code number of the departure sirport,
Country ICAD code <departure_airport_country_ICAD_code: KiEkddeparture_airpart_country_1CAQ code: =tring ICAD country code of the departure airpart. LF
Country code <departure_airport_country_code: X fdeparture_airpart_country_code: =tring FR
Country <departure_airport_country_name: S fdeparture_airpart_country_name: =tring Country name of the departure airpart, France
Geographic region <departure_airport_regqion_name: ¥EHddeparture_airport__region_names: =tring Mame of the geographic region name of the departure airpart, Europe
Riegion time 2one reference | < departure_airport_time_zone_region_name: Kk /departure_airport_time_zone_region_name: =tring Marme of the time z2one region of the departure airport, Europe!Paris (UTC+1.0)
. 5 . Mame of the weather zone of the departure airport. The NOAS weather zone [US
‘weather 2one <departure_airport_weather_zone: Wi fdeparture_airport_weather_zane: string only]in which the Airport is lagated.
Latitude <departure_airport_latitude unit="degrees"> HixK«/departure_airport_|atitude: double Latitude of the departure airpiort, 4872651
Longitude <departure_airport_longitude unit="degrees": KK H< departure_airport_longitude: double Longitude of the departure airport. 2359442
Altitude <departure_airport_altitude unit="feet: WEE Mdeparture_airport_altitude unit="feet":> double Altitude of the departure airport, [$9m= 291995 291.998
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X. Appendix 10: Dates & Times and Resources parts for Paris-Orly Airport XML code

DATA XML code Type of data Description XXX for us

Depanure date <departure_airport_date_local> "' -MM-00< ! departure_airport_date_local> double The departure date of the fiight in lacal and UTC time. This value iz likely the
<departure_airpon_date_|ITCSY ' -MM-00 Mdeparture_airpore_date_LTC: double publishedDeparture or soheduledGateDeparture value, but could be same other

Gate opening lacal time <departure_airport_opening_gate_time_local>HH:MM: 55< /departure_airpart_opening_gate_time_lad double Time when the boarding at the gate starts at the departure airpart.

DATES & TIMES Gate closing local time <departure_airpont_closing_gate_time_local> HH:MM: S5</departure_airpon_closing_gate_time_local double Time fram which the boarding at the gate i finsihed at the departure airpart.

Tani duration <departure_airpon_tasi_duratior: HH:MM: 55< departure_airpon_tasi_duration: double Dluration of the taxi (from the gate to the rurmw ay).

T ake-0if time <departure_airport_TO_time_loc al> HH:MM: 55 departure_airport_TO_time_local> double Take-off local time.
<departure_airpon_TO_time_UTC>HH:MM: 55< departure_airport_TOLtime_IUTC? double Take-off UTC time.

UTC cffzet hours <departure_airport_UTC_offset_hoursy HH:MM:. 55! departure_airport_UTC_offset_hours double Offset between UTC and local time. 10

Terminal <departure_airpor_terminal? XXX departure_airpor_terminal» string Terminal reference at the departure airpor. ORY: 2 terminals [sud, ouest] E.Sﬁ.thz'tjg;l?als

RESOLRCES Gate <departure_airport_gate’ XXx{departure_airpart_gate double Mumber af the gate at the departure airpart for boarding.
Check-in desk <departure_airpon_check_in_desk?> << !departure_aipor_check_in_desk> double Mumbers of check-in desks at the deparnure airport for this Hight.
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XI1. Appendix 11: Runway part for Paris-Orly Airport XML code

RUNW &Y

XML code Type of data Description XXX for us
£IF wind=west>
<{departure_airpart_runw ay_reference=xxxl>
<departure_airpart_rinw ay_reference: xHmdldepanture_airpont_runw ay_reference>
Reference zilll__F; ind= east> string Reference of the runw ay used for take-off at the departure sirport. \iixr,: S;
{departure_airpart_runw ay_reference=""""x
<departure_airpart_runw ay_reference> ™' <ideparture_airpornt_runw ay_reference’
<lIF>
. P . e Rurway 2d, xxx= 11975t
Length <departure_airport_runw ay_length unit="feet">» XX departure_ airport_runw ay_length unit="feat"> double Lergth af the rurm ay. Rur 2 D8, 2= 10 892k
. . . e . . T . Flurw ay 24, ==E= 145 ft
‘width {departure_zirpart_rinw ay_width unit="feet"> XX Cldep arture_airport_mnw ay_width unit="feet"> double itk of the marw ay, Fiur an (18, 0= 145
. . Rurway 24, asphalt
Surface <departure_airpart_runw ay_runw ay_surf ace_tupe’ XXX departure_airport_runw ay_surface_typel double asphalt or concrete Pl 0, conorete
. . . W . . Rurway 24, xxx=0f
Threshald Offset <{departure_airpart_threshald_offzety X< departure_airport_threshold_affset> double paint le pluz prés ol 'avion peut se pozer - langueur de dépassement de la piste Rire a (18, %505 = O
. . "the offzet threshold iz in place to give arriving aireraft clearance over an Rurway 24, Xx== 137t
] Length <d lengthy XXX !d I i doubl y
wemn Lengt =parture_alipar_ovenun_lengt =partre_allpart_overun_lengt oube obstruction while still allowing departing aircraft the masimum amount of runway | Bunwaw 05, XK= 1050
Biearing (true) <departure_airport_true_bearing =< Ideparture_airport_true_be aring> double angle entre le nord géagraphigue (0w nard vrail (Ml et la ligne de foi R ay 24, ¥elns 24151
~ - ~ ~ Rurw ay 05, xxx = 74568
. . . . . . . - . . Flurw ay 24, Kxx= 24133
Ezaring (magl <depanurel_airport_magnetique_bearing: K<< ldeparture_airpon_magnetique_bearing dauble angle entre 2 nord magnétique [(Nm) 2t 1a ligne de fai

Purw ay 08, =< = 7355
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XII.

Appendix 12: LFPO-LFMN route and its waypoints
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X1, Appendix 13: Engines part for Paris-Orly Airport XML code
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X1V. Appendix 14: Hybridization part for Paris-Orly Airport XML code

Data XML code Type of data Description K for us

MName CAPU_name=00i/APU_name» string MName of the APU APS3200
Weight CAPU_weight unit="kg" =)</ APU_weight= double APU weight, unit=kg 140
Length <APU_length unit="cm"=000 APU_length> double APU length, unit=cm 125

APU |Width CAPU_width unit="cm" =)/ APU_width> double |APU width, unit=cm B5
Height CAPU_height unit="cm"=)000 APU_height> double APU height, unit=cm 76
Power CAPU_power unit="KVA"»X</APU_power> double APU power, unit = KVA 90
Power CAPU_power KW unit="kW"=>X00</APU_power KW= double APU power, unit = KW 72

MName <motor_name= </ motor_name> string Maotor name Simotic GP 1LA
Weight <motor_weight unit="kg">}))</motor_weight> double Motor weight, unit = kg 211
Engine [Power <motor_power unit="kW">X)}}</motor_power> double Motor power unit, unit = kW 37
Ratic Weight/power [<motor_ratio_weightPower=)0/motor_ratio_weightPower> double Motor ratic weight/power, unit= none 57
Efficiency <motor_efficiency unit="%"=>)})00</motor_efficiency> double Motor efficiency, unit="% 92,5
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