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Sammanfattning 
Det här kandidatexamensarbetet syftar till att undersöka möjligheten att omkonstruera en 
Jetpack till en mer miljövänlig version. Detta åstadkoms med ett elektriskt 
framdrivningssystem kombinerat med Li-Jon batterier. Genom att använda existerande 
metoder för konceptuell flygplansutformning, kan Jetpackens geometriska karaktäristik 
väljas. Med hjälp av geometrin kan, därefter, de fyra krafter som alltid verkar på ett flygplan i 
rörelse bestämmas. Dessa krafter simuleras sedan för två olika startmetoder där slutsatsen är 
att den bästa metoden att starta flygningen är med en initial vinkel. Vinkeln relativt marken 
minskas sedan kontinuerligt så att Jetpacken planar ut då piloten närmar sig den eftersträvade 
flyghöjden.  

Relativt tidigt hittades motorer för en första approximation. Batterier från två olika källor 
jämförs under simuleringarna och det visas att ifall det bästa funna batteriet används (med en 
energidensitet på 370 Wh/kg), så blir den totala flygtiden 4.7 minuter, förutsatt att full 
kontinuerlig motoreffekt används och den maximala hastigheten på 178 m/s hålls. Ett annat 
alternativ är att hålla den optimala hastigheten för att nå längsta möjliga sträcka. Då blir den 
totala flygtiden 89 minuter, förutsatt att Jetpacken direkt efter att ha uppnått den maximala 
hastigheten på 178 m/s, går ner till denna optimala hastighet på 48 m/s. 
Slutsatsen av detta arbete är att den konceptuella utformningen av Jetpacken var framgångsrik 
och att ytterligare arbete skall göras för att, inom ett par år, kunna konstruera och bygga den.  
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Abstract 
This bachelor’s thesis aims to investigate the possibility of reconstructing the traditional 
Jetpack to a more environmental-friendly version, powered by an electric propulsion system 
and Li-Ion batteries. Using existing methods of conceptual aircraft design the geometrical 
characteristics of the Jetpack are chosen. With the chosen geometry the four forces acting on 
an aircraft at any given moment can be obtained as a function of time. These are later 
simulated for two different approaches of starting the Jetpack with the conclusion that the best 
way of starting this Jetpack, standing on the ground, is with an initial climb angle. The 
Jetpack then continuously levels out to reach a desired cruise height.  

Different batteries are compared from two different sources and it is shown that, with the 
battery having the best energy density (370 Wh/kg), the total flight time is 4.7 minutes when 
using the maximum continuous power output of the engines, at a maximum velocity of 178 
m/s. Another alternative is to use the optimal velocity for the highest lift-to-drag ratio of 48 
m/s in order to achieve optimal range, after reaching the maximum velocity. In this case the 
flight time can be as long as 89 minutes. 

The conclusion of the project is that the conceptual design of the Jetpack is successful and 
that further work is to be made in order to design and construct it within a couple of years. 
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Division of labour 
In Table 1 below the individual efforts are presented  

 

Table 1 – Division of labour 

Task Responsable 

Chapter 1 Petter & Adam 

Chapter 2 Petter 

Chapter 3.1-3.7 Petter 

Chapter 3.8 Adam 

Chapter 4.1 Petter & Adam 

Chapter 4.2-4.5 Petter 

Chapter 4.6 Adam 

Chapter 5.1-5.8 Petter 

Chapter 5.9-5.10 Adam 

Chapter 5.11 Petter 

Chapter 6 Petter & Adam 

Report editing Petter & Adam 
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Notations 
Symbol Description 
𝐴!"#$%&" Area of actuator disc, i.e. propeller (m!) 

𝐴!"# Maximum cross-sectional area of component  (m!) 

𝐴!"#! Area of a propeller blade (m!) 

𝐴!"#$$%& Area of the spinner, aka. propeller hub (m!) 

𝐴𝑅 Aspect ratio 

𝐴𝑅!"## Aspect ratio corrected for wing with winglets 

𝑎 Lapse rate; speed of sound  

𝑏!"#$%%$ Distance for nacelle along leading edge (m) 

𝑏!" Length of leading edge (m) 

𝑏!" Width upper body (m) 

𝑏!" Width lower body (m) 

𝑏!"#$%&'# The aircrafts total wingspan (m) 

𝐶! Drag coefficient 

𝐶!! Parasite drag, i.e. lift independent drag 

𝐶!! Derivation of the moment coefficient with respect to AOA 

𝐶!!,!"# Derivation of the moment coefficient for the fuselage to respect to AOA 

𝐶!!"#$% Normal force coefficient for each propeller blade at zero thrust 

𝐶! Lift coefficient 

𝐶!! Derivation of the lift coefficient with respect to the AOA 

𝐶! Thrust coefficient 

𝐶! Weight Coefficient 

𝐶! Power Coefficient 

𝑐!"# Chord wise position of aerodynamic center for wing (m) 

𝑐!""# Chord at wing root (m) 

𝑐!"# Chord at wing tip (m) 

𝑐 Mean chord length  (m) 

𝑑!!"# Diameter of pilots head (m) 

𝑑!"#$%%$ Maximum diameter of the propeller nacelle (m) 

𝑑!"#! Diameter of propeller (m) 

𝑑!"#$%& Height of uprisen part of the main wing (m) 
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𝐸!"# Energy with Japanese battery (J) 

𝐸!"#$ Remaining energy 

𝐸!"#$ Energy with traditional battery (J) 

𝑒! Mean efficiency factor 

𝐹𝐹 Form Factor 

𝐹! Drag force (N) 

𝐹! Lift force (N) 

𝐹! Vertical force produced by the propeller (N) 

𝐹!! Vertical force produced by the propeller derivative with respect to AOA (N) 

𝐹! Thrust force (N) 

𝐹!  !"#"$% Static thrust, i.e. thrust produced by propellers when the aircraft is still  (N) 

𝐹! Weight force (N) 

𝑓 Relative thickness factor  

𝑔! Gravitational acceleration at sea level (m/s!) 

𝐻 Height over sea level (m) 

ℎ!""!#! The distance needed to integrate the propeller hub with the wing (m) 

ℎ!"#$ Height of pilots body (m) 

ℎ!"#$ Height of pilots head + helmet (m) 

ℎ!"# Minimal height for the propeller not to hit the wing (m) 

ℎ!" Height upper body (m) 

ℎ!"#$%& Safety distance between propeller and wing (m) 

ℎ!" Height lower body (m) 

ℎ!"#$%&' Height of winglet on main wing (m) 

𝐽 Advance ratio 

𝐾 Drag-polar coefficient 

𝑘 Surface roughness (m) 

𝑙 Characteristic length (m) 

𝑀!"  Moment around the center of gravity (Nm) 

𝑀!"# Moment generated by the fuselage (Nm) 

𝑀! Moment generated by the wing (Nm) 

𝑀𝑎 Mach number 

𝑚!"! Mass of the entire aircraft (kg) 

𝑚 Mass flow (kg/s) 

𝑁!"#$%& Number of propeller blades 
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𝑁!"#$"!% Number of engines 

𝑁!"#! Number of propellers 

𝑛 Revolutions per second of the propeller  (1/s) 

𝑜! The point where C! crosses the y-axis  

𝑃 Power (W) 

𝑃!"#$ Power needed for constant speed (W) 

𝑃!"# Induced power (W) 

𝑃!""# Needed power (W) 

𝑃! Required power (W) 

𝑃!!!"#$ Trust power (W) 

𝑃!"! The total power produced by one engine (W) 

𝑝! Static pressure at actuator disc (Pa) 

𝑝! Freestream static atmospheric pressure (Pa) 

𝑄 Component interference factor 

𝑞 Freestream dynamic pressure  (Pa) 

𝑞! Atmospheric pressure at sea level (Pa) 

𝑅 Radius of aircraft levelling curve (m) 

𝑅𝑒! Reynolds number at the chord length x 

𝑆!"# Area of the pilots back covered by the main wing (m!) 

𝑆!"# The area of the main wings projected into the horizontal plane, i.e. the area 
visible looking from above. (m!) 

𝑆!"# The whole area of an object that would get wet if dipped in water  (m!) 

𝑆!"#$ Surface area of wing (𝑚!) 

𝑆𝑀 Static margin 

𝑇 Temperature (K) 

𝑇! Temperature at sea level (K) 

𝑡!" Thickness of upper body (m) 

𝑡!" Thickness of lower body (m) 

𝑡!"#$ Wing thickness (m) 

𝑡!"#$%&' Thickness of winglet on main wing (m) 

𝑈! Free stream velocity (m/s) 

𝑉! Free stream velocity  (m/s) 

𝑉! Mean value between the velocity entering and exiting the free stream (m/s) 

𝑉! Velocity exiting the control volume (m/s) 
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𝑉′ Induced velocity (m/s) 

𝑥 Longitudinal position (m) 

𝑥!"# Longitudinal position of aerodynamic center for the wing (m) 

𝑥!"  Longitudinal position of center of gravity (m) 

𝑥!"# Longitudinal position of nacelle (m) 

𝑥!"#$ Longitudinal position of the moment equilibrium point (m) 

𝑥! Longitudinal position of the point of application for the vertical force produced 
by the propeller (m) 

𝑥 Fractional length of the wings mean cord 

𝑥 Horizontal acceleration, defined positive to the left (m/s!) 

𝑦!"# Lateral position of the aerodynamic center for the wing (m) 

𝑦 Vertical acceleration, defined positive upwards (m/s!) 

𝑧!"#$! Vertical distance to the point of application for the thrust force (m) 

𝛼 Angle of attack – angle between thrust direction and movement direction (°) 
𝛾!"# Ratio of specific heat for air 

𝜖 Constant for drag polar calculations 

𝜂!"#$% Ideal efficiency of propeller 

𝜃!!" Angle relative the horizontal plane (rad) 

Λ!!" Angle relative the horizontal plane (°) 
Λ!" Leading edge angle (°) 

Λ! Relative angle between the max thickness point of the wing and the perpendicular 
plane of the flight direction (°) 

Λ!" Trailing edge angle (°) 

Λ!"#$%& Angle for the uprisen part of the main wing (°) 

𝜆 Taper ratio 

𝜇 Dynamic viscosity of air  (Pa ∙ s) 

𝜌 Density of air (kg/m!) 

𝜌! Density of air at sea level (kg/m!) 

𝜏 Time (s) 
𝜏!"# Time using the Japanese battery (s) 

𝜏!"#$ Remaining time (s) 

𝜏!"#$ Time using traditional battery (s) 
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Abbreviations 
ACW Aerodynamic Center of Wing 

AIAA American Institute of Aeronautics and Astronautics 
AOA Angle of attack 

BEM Blade Element Momentum 
CAD Computer Aided Design 

CFD Computational fluid dynamics 
CG Center of Gravity 

CM Center of Mass 
ISA International Standard Atmosphere 

NACA National Advisory Committee for Aeronautics 
NASA National Aeronautics and Space Administration 

RPM Revolutions Per Minute 
RPS Revolutions Per Second 

TR Technical Report 
VTOL Vertical Take-Off and Landing 
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1 INTRODUCTION 
This short introduction will give a small background of the upcoming market of electrical 
aircrafts, the goals and requirements of this thesis and finally the delimitations of it. 

1.1 Background 
The awareness of the impact humanity have on Earth is constantly raised and questioned, 
making it a key issue for many in the world today. Some climate researchers claim that we are 
on the tip of losing control and that we are reaching a point of no return.  
Society’s awareness affects companies and governments alike, forcing them to think 
differently and to implement new strategies. In the aviation business this have resulted in that 
larger institutions are prioritizing research towards making electrical driven aircrafts of 
different sizes, with different purposes. Amongst the pioneers one can find the Airbus E-Fan 
project [1], which started out as a project to cheapen pilot training and now has developed to a 
serious production project and the Solar Impulse project [2], which is dedicated to showing 
how to implement renewable energy into aviation, mostly through solar panels. Also, the Cafe 
Foundation [3] is an institution for innovation within aviation, sponsoring projects and 
throwing events to raise awareness. One of these projects is called the Green Flight 
Challenge, encouraging people all over the world to build the most environmental-friendly 
aircraft possible and compete against each other under set conditions.  
This project aims to investigate the possibilities of single-person aircraft designs within the 
area of environmental-friendly aviation. Although, mostly directed to the sensation of flying, 
it will at the same time give a good insight if there’s a possible future in commercializing the 
concept, independent of, if it will be used as entertainment or with another application. 

1.2  Goals and Requirements 
The goal of the project is to make a conceptual design of a single person aircraft based on the 
Jetpack design seen in Figure 1.1. Listed below are the Jetpack’s performance requirements 
for the project. These can also be seen as design targets for the end result and consists of both 
measurable goals and how the Jetpack is supposed to feel when handled by the pilot.  
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Figure 1.1 - The traditional Jetpack 
The aircraft must: 

 
• Be powered solely by electricity from an as non-polluting power source as possible, 

which in this case will be batteries and, possibly, solar cells. 
• Provide the pilot with the perceived feeling of flying as easy as a bird. 
• Start and land from standing position (VTOL). 
• Have a top speed of at least 300 km/h. 

1.3  Delimitations 
Even though the goal is to build the Jetpack one day, this first conceptual study is restrained 
by time, which brings limits for how detailed the calculations will be.  

The final Jetpack is intended to be able to both land and take off without help, but it will be 
too time consuming to look at both cases in this project. Therefore, throughout this project, 
the landing is neglected and assumed to be made with a parachute. And so, this project will 
solely focus on the take-off, climb and the steady level flight.  

Other parts of the actual design, which are not taken into account, are the non-technical parts 
like costs, manufacturing availability and complexity etc. The technologies used for designing 
the Jetpack can still be at research level but must be available in ten years’ time. 
Equation Chapter 2 Section 1 
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2 FRAME OF REFERENCE 
This chapter will give the frame of reference and the geometries needed for all the coming 
calculations and is therefore presented first. 

2.1 Design 
In this chapter will a short introduction to the initial design choices be given and the Jetpacks 
geometry, propulsion system and power source will also be described.  

Wings 
When first choosing an approximated wing shape, the focus is on controlling the aerodynamic 
center of the Jetpack, having it as far aft as possible. The solution for this is to sweep the wing 
and still have enough chord length, c , and maximum thickness, 

maxwingt , to integrate the 
engines, transmission and nacelles with the wing, making it one solid piece of equipment, as 
can be seen in Figure 2.1. 

 

Figure 2.1 - Wing geometry as seen from front and above 

This, together with the requirement that the length of the root chord, rootc , is to have the same 
length as the back of the pilot in order to mount the wing on the pilot gives a first geometry 
approximation. This criteria also enables full movability of the legs and as much space for 
batteries as possible.  
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For the lift characteristics, the goal is to have an as high lift coefficient as possible, when also 
having the stall angle, stallα , as large as possible. This is to enable the Jetpack to land in the 
same manner as a bird, i.e. by approaching the ground, continuously increasing the angle of 
attack, α , until reaching the stall velocity, stallV , and stallα  very close to the ground and from 
there transition to running or walking.  

 

Figure 2.2 - Graphical representation of the NACA 2418 airfoil geometry 
For the choice of a reference wing, the NACA 24- series have a maximum lift coefficient of 
about 1.6 with an AOA somewhere between 16° and 20° depending on the maximum 
thickness of the airfoil. As a reference for this first conceptual design the NACA 2418 airfoil 
is chosen, see Figure 2.2, giving the parameters in Table 2, where 𝑑!"#$%& is the circular lifted 
area of the wing given in Figure 2.1 and Λ!"#$%& is the corresponding angle on each side. 

Table 2 - NACA 2418 airfoil data 

maxwingt   uprised   ⎛ ⎞
⎜ ⎟⎜ ⎟⎝ ⎠

wingt

max

x
c

  
upriseΛ   

0.1 m 0.4 m 0.3 30° 

Winglets  
Winglets are installed (see Figure 2.3) on the main wing, mainly for stability reasons. Though, 
for the calculations in this report, they are only added to give the correct contribution in drag 
and will not be used in the stability calculations. 

 

Figure 2.3 - Winglet as seen from front 
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Propellers and the propulsion system 
The framework design of the propellers is inspired by [4]1 which results in a distribution of 
three propellers on each wing. Due to safety reasons for the pilot, the propellers are placed 
with a safety distance to the root chord, where the pilot will be stationed. This distance will 
also contribute to reducing the lift-independent drag coefficient, as seen in section 3.2. 

  

Figure 2.4 - Nacelle as seen from above 

The power system 
The provided power comes from six fairly small electrical engines, running one propeller 
each. With this method of power distribution on the Jetpack, the goal is to be able to maintain 
enough flight power even if one or two engines/propellers break down during flight. The 
engine of choice (see APPENDIX A) is found through the Solar Flight project [5], where one 
of the team members, Roman Susnik, has developed his own electrical engine series.  

From the nine different engines, available at the company’s website, the EMRAX 207 High 
Voltage engine with combined cooling is chosen, giving every propeller an available power, 
𝑃!!", of 80 kW  during take-off and up to 40 kW  during the continuing time of the flight.  

Since these engines only measure 20.7 cm  in diameter and 8.5 cm in width/height, they are 
placed directly inside the wings (see Figure 2.5) with only one worm or bevel gear between 
the engine and the propeller, or in worst case a simpler gearbox, giving a very high efficiency.  

 

Figure 2.5 - Engine placement in wing 

                                                
1 Drag Reduction Through Distributed Electric Propulsion is a NASA sponsored investigation of how the even 
distribution of propellers on the leading edge of the wing can increase the lift coefficient significantly due to 
higher dynamic pressure over the wing. The result of the report shows that this method can significantly improve 
the efficiency of smaller aircrafts. 
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Power source 
The main reason to why electrical propulsion systems are not as utilized today as gas turbines, 
for example, is due to the lack of enough energy storage. Today’s batteries does not have a 
good enough energy to weight (and volume) ratio i.e. energy density, thus, making it hard to 
find a good source of energy. The Battery University, [6], estimates the best Li-Ion batteries 
to have an energy density of about 130 Wh/kg , though this is on the low-end of estimations.  

In the latest research in the area, a Japanese research team led by Noritaka Mizuno, professor 
at the University of Tokyo, claim to have made a Li-Ion battery with an energy density of 
370  Wh/kg [7].  

2.2 Weight approximations 
Below, the necessary initial weight approximations of the Jetpacks different components are 
made. 

Propellers and transmission 
For the propellers, the weight is estimated as very low, and the largest contributors from the 
propeller setup are the hub and cables needed to connect each propeller with each engine. 
Altogether, accounting for blades, hub, cables, transmission etc., the total weight of one 
propeller, at the diameter, 30 cmpropd =  is set to 2 kg. This makes the total weight of all 
propellers 12 kg.  

Engines 
From the data sheet (APPENDIX A) given by the manufacturer the weight of one engine is 
9.3 kg. Also taking into account cables etc., which provides current to the engines from the 
batteries, a total weight is estimated to 58 kg.  

Fuselage 
Since the pilot is the fuselage for the Jetpack, the weight is set to 80 kg. 

Main wing 
From [8, p. 395] wing weights from different types of aircrafts is obtained. For a general 
aviation aircraft, the weight per square meter is approximated as 12 kg. Even though, in this 
case, it is quite possible to achieve a figure half as big using composite fibers or similar, the 
wings are approximated with this weight per square meter due to the lack of knowledge in the 
construction of a wing. Therefor the total wing weight is set to 24 kg, based on wing geometry 
(see Table 4). 

Batteries 
The total energy in the batteries is linearly dependent with the weight, thus, there will be a 
tradeoff between how much weight the pilot can handle and how long flight time the Jetpack 
will have. Also, it is not obvious that there will be an increased flight time with larger, and 
thus, heavier batteries since the single most energy consuming part of the flight will be the 
climb, where the weight is going to be a huge part in limiting the thrust (see section 3.7). 
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For this design, the battery weight is approximated to 50 kg, assuming that the volume of the 
battery is such that it will, with margin, fit into the wing.  

Miscellaneous 
Accounting clothes, helmet, eventual GPS-system and things of that nature, a weight addition 
is made by adding one percent of the total weight. Summing all contributions, the total weight 
of the aircraft is 213 kgtotm = . 

2.3 The international standard atmosphere (ISA) 
In all calculations ISA is used to obtain values for density, gravitational acceleration and 
atmospheric pressure at any given height. ISA is valid to 10000 meters over sea level, using 
equations based on measured values. In the following equations, index 0 represents the given 
entity at sea level. From ISA the atmospheric pressure, p , density, ρ , and temperature, T , 
are given at sea level as 

 

0

0 3

0

101.325 kPa
kg1.2250
m

288.15  K

p

T

ρ

⎧
⎪

=

=

⎨

=
⎪

⎪
⎪⎩

 . (2.1) 

From the third law of thermodynamics the two following expressions is derived  

 
( )0 0/

0 0

g a R
p T
p T

− ⋅
⎛ ⎞

= ⎜ ⎟
⎝ ⎠

 , (2.2) 

for calculating the atmospheric pressure and 

 
( )0 0/ 1

0 0

g a R
T
T

ρ
ρ

− ⋅ +
⎛ ⎞

= ⎜ ⎟
⎝ ⎠

 , (2.3) 

for calculating the density, where 0R is the gas constant for dry air as an ideal gas at sea level 
and a  is the lapse rate, which is set to 6.5 K/kma = −  in the troposphere. The gravitational 

acceleration, g , at sea level, is according to ISA [9] 2
0 9.80665 m/sg = . The temperature at 

any given height, within the troposphere, is given as 
 0T T aH= +  , (2.4) 

where H  is meters over sea level. 
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3 METHOD 
In this chapter, the methods used in the project in order to obtain the results are presented. 
The chapter starts with calculating the four forces acting on an aircraft at any given time, in 
order to calculate flight parameters and simulate the take-off, climb and flight of the 
Jetpack.Equation Chapter (Next) Section 1 

3.1 The drag-polar equation 
To determine the drag coefficient, DC , a simple drag polar equation is used (3.1), which 
means that the drag coefficient is a function of the lift coefficient, LC , squared, according to 

 2
0D D LC C KC= +  , (3.1) 

where 0DC  is the lift-independent drag coefficient, i.e. the drag coefficient when the lift 
coefficient is zero, and K  is the drag-polar coefficient, giving with 2

LC  the lift-induced drag 
coefficient. This equation is generally a good approximation for non-cambered wings, 
although Raymer [8, p. 309]  suggests that the equation is valid even for small cambers and is 
therefore considered valid for this Jetpack. 

The Component Build-up Method (CBM) 
CBM is used to calculate the buildup of lift-independent drag from each individual 
component on the aircraft. This method is described in more detail by Raymer, [8, p. 328] and 
will not be covered in depth in this report. The lift-independent drag coefficient for subsonic 
flight is defined as 

 ( )
( )

&

,

0 ,

i

L P

f i i i wet
i

D D misc Dsubsonic
ref

C FFQ S
C C C

S
= + +
∑

 , (3.2) 

where the friction is approximated with the flat-plate friction coefficient, fC , the form factor 
is  FF , Q  is the component interference factor and wetS  is the wetted area. These are 
calculated for all the individual components, i , and then added together. refS  is the reference 
area i.e. the trapezoidal area of the wing. ,D miscC  is a collection term used to take those drag 
coefficient factors into account that does not fit into the other categories. These are things like 
fuselage upsweep, landing gear, fuel tanks and so on.  Last, the leakage and protuberance drag 
coefficient, 

&L PDC ,  is calculated. This is where an aircraft sucks in air through gaps and holes 
in high-pressure zones and lets the air out in the low-pressure zones. 

Friction coefficient 
The friction coefficient is calculated with a flat-plate approximation. This is a good 
approximation for the initial design and gives results fairly close to reality. The non-
dimensional coefficient, fC , is affected by Reynolds number, Re , the surface roughness, k , 
and the Mach number, Ma . 
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Reynolds number, which is the relation between dynamic and viscous forces in the fluid, can, 
with l  as the characteristic length of the component, be defined as 

 0V lRe ρ
µ

=  . (3.3) 

where 0V  is the free stream velocity and µ  is the dynamic viscosity of air. Reynolds number 
gives an indication of the characteristics of the airflow and a rule of thumb is that if 

55 10Re > ⋅  the flow can be considered turbulent if the surface is smooth. If the surface is 
rough a better approximation can be made with the so-called cut-off Reynolds number 

 
1.053

Re 10.94⎛ ⎞= ⎜ ⎟⎝ ⎠cutoff
l
k

 . (3.4) 

When approximating the friction coefficient, the lowest of (3.3) and (3.4) is used. Reynolds 
number is then used to calculate the friction coefficient for low subsonic flight with turbulent 
flow. Even though there will, initially, be a section of laminar flow (see Figure 5.3), this 
section will be significantly smaller than the section with turbulent flow and is, for that 
reason, neglected. The following equation is used for turbulent flows when calculating the 
friction coefficient, 

 
( ) 2
0.523

ln 0.06
fC

Re
=

⋅⎡ ⎤⎣ ⎦
 . (3.5) 

This is a function that gives great accuracy for flows with 710Re < . Even though the top 
speed is low it is not possible to know whether the Jetpacks maximum speed is going to be 
within the low subsonic area or not. The friction coefficient is therefore calculated as 

 
( ) ( )0.652.58 2

10

0.455

log 1 0.144
fC

Re Ma
=

+
 , (3.6) 

where the second factor in the denominator goes towards one for speeds in low subsonic 
flight. The Mach number is given as 

 
0Ma V
a

=
 , (3.7) 

where a  is the speed of sound given as 

 air aira R Tγ=   (3.8) 

where airγ  is the ratio of specific heat for air and airR  is the universal gas constant divided by 
the mole mass of air. 
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Form Factor 
Estimating the form factor for subsonic flight, the following equations can be used as long as 
the Mach number for the aircraft does not reach the drag divergence Mach number [8, p. 331]. 
Assuming that the Jetpack does not reach the drag divergence Mach number, the form factor 
for the wing and winglets is calculated as 

 ( )
4

0.18 0.28

max

0.61 ( / ) 100 1.34 ( )
( / ) m

tFF t c Ma cos
x c c

⎛ ⎞⎛ ⎞= + + Λ⎜ ⎟⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠
 , (3.9) 

where mΛ  is the angle from the maximum thickness line of the main wing. The form factor 
for the fuselage and the hump containing the batteries on the main wing, along the root chord 
line, is calculated as 

 3

601
400
fFF

f
⎛ ⎞

= + +⎜ ⎟
⎝ ⎠

 . (3.10) 

For the nacelles of the propellers the following equations is used 

 0.351FF
f

⎛ ⎞
= + ⎜ ⎟

⎝ ⎠
 , (3.11) 

where in both (3.10) and (3.11) the relative thickness factor, f ,  is given as 

 
4   comp

max

l lf
d

Aπ

= =  . (3.12) 

Here maxA   is the maximum cross sectional area of the component.  

The wet surface 
The wet surface of every component is calculated through estimations of the total area that 
would get wet if the component, mounted on the aircraft, would be dipped in water. These 
estimations are made using the aircrafts complete geometry. 

3.2 The lift-independent drag 
Using CBM for the first estimated sketches of the Jetpack gives a first approximation of the 
lift-independent drag coefficient. In this analysis the Jetpack’s flight height is set to 500 
meters above sea level assuming a constant velocity of 1 70 m / s .  

Main wing 
According to chapter 2.1 there are requirements making it necessary to sweep the main wing 
in order to achieve pitch stability. Though, considering the layout of the propeller distribution 
over the wing, see Figure 2.1, there will be a large disadvantage of using a too large sweep 
angle since the thrust of the propeller is based, solely, on the momentum theory (see section 
3.6). One of the given conditions for this theory is that the flow is uniform over the actuator 
disc, which cannot be considered true if one propeller is in the wake of the one in front of it. 
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With this criterion, and the fact that the root chord length is required not to be longer than the 
approximated length of a human back, the wing dimensions are set, using the approach of a 
reference wing. The aspect ratio, AR , is given as  

 
2
wingspan

ref

b
AR

S
=  , (3.13) 

but because winglets are used on the main wing, this value, according to Karlsson [10], is to 
be corrected. The corrected value is found as 

 
1.9

1 winglet
corr

tipc
h

AR AR
⎛ ⎞⋅

= +⎜ ⎟⎜ ⎟⎝ ⎠
 . (3.14) 

For the calculation of the wet surface of the wing, an approximation is made that the edges 
around the main wing are the shape of half circles with the diameter t . The area of the 
uplifted part along the root chord line is being approximated with the shape of a circle with 
diameter uprised  and two triangles on each side according to Table 2 and Figure 2.1. All of this 
will give the total wet surface area as 
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    .   (3.15) 

It is recommended to set the interference factor between wing and fuselage to 1.0. Though, it 
can in cases with lack of smooth transitions between the two independent components, be 
necessary to increase this within the tenths [8, p. 332].  

The reference area of the wing is given as 

 ( )
2

wingspan
ref root tip

b
S c c= +  . (3.16) 

Fuselage 
The fuselage is in this case given as the pilot’s body and therefore the geometry is found by 
simple measurements.  

For calculating the form factor, the relative thickness factor is estimated as 

 
4
body cone

ob ob

h h
f

h b
+

=
⋅

 , (3.17) 

where bodyh  is the height of the body from heels to shoulders, coneh  is the height from 
shoulders to top of helmet, obh  the height of the upper body and obb  the width between the 
shoulders. When estimating the wetted surface of the fuselage all the contributions is taken 
into account ending up with the following sum  
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2

2
 2 2 2 2 2 2fus

head head ob e ub e
wet cone ob human back ub

d d b t b tS h h S hπ π π⎛ ⎞ ⎛ ⎞= + + − +⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠
 ,         (3.18) 

where headd  is the diameter of the head, et  is the chest thickness, ubb  is the width between the 
legs and ubh  is the length of the legs. 

Winglets 
An initial approximation set the maximum thickness line at 30 % of the chord and the 
remaining geometrical definitions according to Figure 2.3. All the contributions to the lift-
independent drag coefficient are calculated in the same manner as above with an interference 
factor set to 1.04 between the winglets and the main wing [8, p. 332].  

Nacelles 
The most important part, when designing the nacelles, is to make sure that the distribution of 
flow to the propellers is uniform, as mentioned earlier. From Figure 2.4 and the previously 
discussed safety distance, with an additional distance for the attachments, the characteristics is 
set as 

 
Λ

2
prop le

min

nacelle min safety attach

d tan
h

h h h h

=

= + +

⎧
⎪
⎨
⎪⎩

 , (3.19) 

where minh  is the minimum distance in order for the propeller to not hit the wing and attachh  is 
the estimated distance needed to integrate the nacelle with the wing profile. The maximum 
diameter of the nacelle, nacelled , gives a relative thickness factor as 

 
2
nacelle

nacelle

hf
d

=  , (3.20) 

and a wetted surface approximated as 

 
2nacelle

nacelle attach
wet nacelle safe

d hS d h ππ= +  . (3.21) 

The interference factor is set to 1.0 since the transition between the nacelles and the wing is 
more than one propeller diameter long [8, p. 332]. 

Miscellaneous lift-independent drag 
Even though the human body, and therefore, the Jetpacks fuselage is not very streamlined, it 
is hard to find extra drag contributions without wind tunnel testing. The feet though, are 
estimated as a landing gear but due to the size the drag contribution is reduced. 
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Leakage and protuberance 
According to Raymer [8, p. 337] the contribution of leakage and protuberance is said to be 
estimated between 5-15 % of the total lift-independent drag coefficient. Since the Jetpack is 
more or less a juncture of the main wing and the fuselage, it is most likely that there is going 
to be a lot of leakage and protuberance in some areas, especially between the pilot and the 
wing.  

3.3 The drag-polar coefficient 
The drag-polar is the relationship between an aircraft’s lift and drag coefficients and is one of 
the key values for the design of an aircraft, thus, calculating and plotting the drag-polar will 
give a good graphical representation and is a great tool in designing the Jetpack for desired 
characteristics. 
The lift-dependent drag factor is given as 

 
0

1

corr

K
AR eπ

=  . (3.22) 

According to Karlsson, [10, p. 10] the aircraft efficiency factor, 0e , is best approximated as 
the mean value of a number of different empirical methods. Gudmundsson [11, p. 364] gives 
one method for calculating the efficiency factor for swept wings as 
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− + + +

 . (3.23) 

Raymer [8, p. 347] gives two equations for this, depending on the leading edge angle 
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 . (3.24) 

For 0 Λ 30le° < < ° , the correct value is obtained with interpolation between the equations in 
(3.24). Finally, the mean value from the Gudmundsson’s method and the interpolated value 
from Raymer, is found as  

 ,int0 0
0 2

raymer gudmund
e e

e
+

=  . (3.25) 

3.4 Lift-to-drag ratios 
From the drag-polar calculations carried out in section 3.2 and 3.3, it is possible to determine 
two important flight performance parameters for the different stages of flight e.g. climb and 
steady level flight. The first one,   
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⎛ ⎞
⎜ ⎟
⎝ ⎠

 , (3.26) 
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gives the best ratio between the lift, LF , and the drag, DF , when flying during both climb and 
steady level flight. In other words, for what angle of attack and corresponding free stream 
velocity the highest lift in cost of least drag is obtained. Thus, maintaining the velocity and 
angle of attack giving the maximum in (3.26), will also give the optimal flight distance for the 
Jetpack. The second fraction is 

 
3/2
L

D max

C
C

⎛ ⎞
⎜ ⎟
⎝ ⎠

 , (3.27) 

which gives the most energy efficient flying in the same manner [12]. Using the drag-polar 
equation, (3.1), the maximum value for each fraction is found by taking the derivative of the 
given equations with respect to the angle of attack [12].  
To be able to calculate the angle of attack, α , which gives the best lift-to-drag ratios for the 
different cases it is assumed that the lift coefficient is a linear function of α , which is a good 
approximation for the NACA 2418 airfoil for angles up to 14° . From APPENDIX B the slope 
is calculated as 

 
! 
CLα

=
dCL

dα
=
ΔCL

Δα
= 0.8 -0

6 -(-2)
=0.1 deg(1  . (3.28) 

To find the zero-lift angle the linear equation is approximated as 

 0L LC C o
α
α= +  , (3.29) 

which, reading the graph, gives an 0 0.2o = . This gives a zero-lift angle as 

 0 2α ≈ − ° . (3.30) 

To find the best angle of attack, α  is solved for in the drag-polar equation, and combined 
with (3.29), giving 
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= −
−Ú   (3.31) 

where ε  is a constant, taking the values of 1 or 1.5. 

3.5 Steady level flight 
When reaching the altitude of 500 meters the Jetpack will go into steady level flight after 
reaching the maximum free stream velocity - i.e. there will be force equilibrium in all 
directions. This results in that 

 2
0

2 W
L

ref

FC
V Sρ

=  , (3.32) 

where, W totF m g=  is the mass, which gives the expression for the lift-to-drag ratios as 
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 . (3.33) 

Taking the derivative of (3.33) with respect to the free stream velocity and putting the 
expression equal to zero gives the optimal speed [12] to be held in order to achieve the 
maximum for the two different ratios. 
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Minimum thrust required 
Knowing that the thrust, TF , must equal the drag in steady level flight, the thrust is a function 
of the free stream velocity as 
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Thus, taking the derivative of (3.35) with respect to the free stream velocity [12], putting the 
expression to zero and solving for the velocity gives the velocity that is to be held for the 
minimum thrust required  
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 . (3.36) 

Putting (3.36) back into (3.35) gives the minimum required thrust, which after simplification 
is 
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 . (3.37) 

Minimum power required 
In the same manner as finding the minimum thrust required, the minimum power required in 
steady level flight is determined, knowing that 

 0
3

0 00.5R D T ref DP F V F V S V Cρ= = =  . (3.38) 

Taking the derivative of (3.38) with respect to the velocity and putting the expression equal to 
zero gives, once again, the maximum velocity [12] and, thus, the minimum required power by 
putting the velocity back into the original expression. 
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 , (3.39) 

and 
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3.6 Propeller thrust 
In this section results for the thrust generated by the propellers from a basic analysis using the 
momentum theory is presented. 

Propeller momentum theory 
First, consider the control volume given in Figure 3.1. The assumptions made in the 
momentum theory are: 

• The propeller is approximated as an actuator disc with infinitesimal width and the 
force produced by this disc is evenly distributed over the whole area. 

• The flow does not obtain any rotation from the actuator disc. 
• The ambient pressure, p , in other words the pressure in front and back of the control 

volume is equal. 
• The flow is considered to be incompressible outside the actuator disc. 
• The pressure is discontinuous over the actuator disc but the velocity stays continuous. 
• The flow through the control volume is inviscid everywhere except on the actuator 

disc. 

 

Figure 3.1 - Control volume of mass flow for propeller 

Using the momentum theory for the given control volume [13], an induced velocity is found 
as 

 1 0

0

' V VV
V
−=  , (3.41) 

which is a measurement of the increment in velocity through the actuator disc, letting 1V  be 
the velocity just to the right of the disc. Defining the advance ratio, J , of the propeller as 

 0

prop

VJ
nd

=  , (3.42) 
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where n  is revolutions per second made by the propeller. Also, defining the ideal efficiency, 
idealη , of the propeller as 
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2 1
1 '1

thrust
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etot

P
VP V
V

η = = =
++

 , (3.43) 

where thrustP  is the velocity-dependent power needed to produce a certain amount of thrust at 
a certain speed of the Jetpack and totP  is the power delivered by the engines. Using the 
momentum theory combined with (3.43) and (3.42) gives a relationship between these as 

 3 3

21 pideal

ideal

C
J

η
η π
− =  , (3.44) 

where pC  is the power coefficient defined as  
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Now, using (3.44), the efficiency is obtained as a function of the velocity, since the power 
coefficient is given from APPENDIX A combined with the fact that the propeller diameter is 
known. This gives an expression for an upper limit to the developed thrust as 
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From the momentum theory and force equilibrium, an expression for the induced velocity is 
obtained as 
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where propN  is the number of propellers on the Jetpack. This ultimately leads to an expression 
for the static thrust, ,T staticF  , as 
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The static thrust in the thrust developed by the propellers when the free stream velocity is 
zero. In (3.48) corrK  is a correction factor given by Gudmundsson [11] with a value between 
0.80 and 0.85. The areas given, discA   and spinnerA  is the circular area of the propeller, i.e. the 
actuator disc, and the area of the spinner, holding the blades together, respectively. 
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3.7 The flight 
This section describes the two compared approaches of the climb phase of the Jetpack: The 
vertical take-off and the initial angle take-off, followed by an analysis of the steady level 
flight. 

Vertical take-off and climb 
The vertical take-off consists of two phases. The first phase is the take-off phase where the 
Jetpack is accelerating vertically with 0α =  until it reaches a desired velocity. During this 
phase the force balance is  

   m!!y = FT − FW − FD  , (3.49) 

where 

 2
0

1
2D D refF C V Sρ=  , (3.50) 

and the drag coefficient, DC  , in this particular case is equal to the lift-independent drag 
coefficient, 0DC .  When a desired velocity is reached, the Jetpack then slowly initiates a 
transition towards steady level flight and the engines power output is changed for continuous 
power. The movement of the Jetpack is described in the natural coordinate system and then 
projected onto the x -and y -axis. The problem with this launch type is finding an initial 
velocity combined with a radius that is big enough so that the vertical acceleration always is 
zero or positive 

 

Figure 3.2 - Forces in natural coordinates during VTOL climb 
Hence this problem needs iteration until a matching velocity and radius is found. From Figure 
3.2 the forces in the natural coordinate system are given, and projecting the forces to the 
Cartesian coordinate system gives  
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y : − FLsinθ − FDcosθ + FT cosθ − FW = m!!y

x : − FLcosθ + FT sinθ − FDsinθ = m!!x

⎧
⎨
⎪

⎩⎪
 , (3.51) 

where the angle of attack is being considered to be very small and therefore neglected, and the 
movement related angle, θ , is measured in radians as a function of time, τ , as 

 0V
R

θ τ=  . (3.52) 

The goal with this approach is to keep the resultant velocity constant as it shifts from being 
solely along y -axis to solely along x -axis, so that an angle of attack can be kept constant, 
which in the end, when the Jetpack is in steady level flight, can balance out the weight. To 
optimize the iterations of this problem, a matrix is created giving the angle of attack needed 
for any given velocity to keep the aircraft in force equality along the vertical axis. 

Initial angle take-off and climb 
Another approach to the climb phase is to start the Jetpack at an angle, γ , relative to the 
ground and then progressively pitch towards zero degrees ( )0γ → , leveling out the angle to 
match the desired cruise height of 500 meters, see Figure 3.3. There is one advantage and one 
problem with this method. The advantage is that the climb phase can be considered to be part 
of the flying experience since the velocity can be increased more rapidly with this approach. 
The disadvantage is that the angle of attack needs to be continuously adjusted during the 
whole climb due to the fact that the thrust decreases with the velocity according to (3.46) 
while the drag and lift increases. Therefore, if a constant angle of attack is held, the climb will 
get a non-linear curve which is not desired.  

Force balance for this approach, assuming very small angles of attack, is described as 

 
   

y :  FT sinγ + FLcosγ − FDsinγ − FW = m!!y

x :  FT cosγ − FLsinγ − FDcosγ = m!!x

⎧
⎨
⎪

⎩⎪
 . (3.53) 

The initial climb angle, γ , is for this approach set to 45 degrees relative to the ground, which 
is considered to be the smallest possible angle to start from with all equipment attached to the 
pilots back.  

 

Figure 3.3 - Forces in orthogonal coordinates during initial angle climb 
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Steady level flight 
From chapter 3 the drag coefficient is obtained, giving with (3.47) the total thrust from the 
propeller system and the total power used by the system, by using the induced velocity and 
momentum theory. In these resulting equations, for T DF F= , the free stream velocity is 
constant since the acceleration is zero in steady level flight, thus giving 
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 . (3.54) 

Knowing that the lift must also equal the total mass of the Jetpack, the desired angle of attack 
at steady level flight can be approximated using existing curves for the selected airfoil, giving 

   
FL = 0.5CLSref ρV0

2 = FW = mtot g  , (3.55) 

and the drag coefficient as 
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 . (3.56) 

From APPENDIX A the motor power is obtained giving an equation for the maximum 
aircraft velocity as  

 ( ) ( )( )3
01 2 ' 1 1ρ′ ′= + = + + ′tot prop thrust prop discP N P V N V A V V V  , (3.57) 

using the steady level flight equation for the induced velocity (3.47). With the obtained 
maximum velocity the needed lift coefficient can be solved for and thus the angle of attack 
needed to maintain maximum speed. 

3.8 Stability 
In this section the basic stability calculation methods are presented in order to make sure that 
the Jetpack can be maneuverable.  

Acting forces and stability 
All forces acting on an aircraft have different points of application and are therefore all 
contributing differently to the resulting pitch, yaw and roll moments. In the calculations below 
symmetry is implicit due to the Jetpack’s theoretical geometrical symmetry. The calculations 
are done to evaluate the stability and handling of a tailless aircraft and will not take the 
eventual stability resulting from the pilot’s lower body into consideration. 
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Aerodynamic Center 
It is possible to determine the pressure variation due to variation of velocity on an airfoil, and 
by integrating the variation of pressure times the surface area the aerodynamic forces can be 
determined. This force can be seen as acting through the average location of pressure and this 
point is called the center of pressure. The problem with the center of pressure is that the 
location of this point varies with the angle of attack, α  due to the variation in pressure 
distribution. To solve this problem it is found that if all the forces has their point of 

application at 1
4acw macc c=   where the  

 
2 21    

1  3
root

mac
cc λ λ

λ
+ +=
+

 , (3.58) 

and the taper ratio, λ , is 

 tip

root

c
c

λ =  , (3.59) 

the moment will remain nearly constant with the angle of attack. This can be simplified by 
saying that forces acting on the isolated wing can be reduced to one lift component, WL , and a 
drag component, WD , with the same point of application as the mean aerodynamic center [14, 
pp. 202-203]. 

 

Figure 3.4 - Aerodynamic center for the wing 

To find the lateral position of macc , the formula presented in [8, p. 53] is used giving that 

 1 2
6 1

wingspan
acw

b
y λ

λ
+=
+

 , (3.60) 

and when the lateral coordinate is found this will give the longitudinal coordinate as 

 ( )tan Λacw acw eacw lx c y= +  . (3.61) 
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This can be graphically represented as can be seen in Figure 3.4 point is of great importance 
for tailless aircrafts and will play a big role in the Jetpack’s longitudinal stability. 

Center of mass 
The center of gravity is defined as 

 
i i

i

i
i

m

m
=
∑
∑

r
R  , (3.62) 

where ( )CG CG CG, y ,x  z=R , 𝑚! is the mass and ( )=i i i ix , y , zr  to the CG for component i . So 
for the calculation of R  the easiest approach is to calculate 

 ( )
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1( , , ), y , z
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CG CG CG
tot tot

m x
x

m

,

m

 y , z
M M M == =

∑
 , (3.63) 

where M  is the moment around the indexed axis for each component [11, p. 164]. 

When calculating the location of the CM for the nacelles, propeller and the transmission of 
power from the engine to the propeller the existing symmetry is utilized.  

 

 

Figure 3.5 - Center of mass for the nacelle 

The Jetpack is conveniently drawn symmetric, making the CG line up with the longitudinal- 
or x -axis, therefore it is only the x -position that needs to be calculated. 
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Figure 3.6 - Nacelle placement along leading edge 
The center of mass for each nacelle is estimated to be located at a distance from the leading 
edge according to Figure 3.5. The geometry calculations for the nacelles placement along the 
leading edge, see Figure 3.6, is done as follows. 

 ( ) 3
1

cos 2
prop

nacelle
le

d
b =

Λ
 , (3.64) 

and  

 
( ) 2  1
1 

cosnacelle nacelle prop
le

b b d= =
Λ

 . (3.65) 

Next step is to locate the x -position for each nacelle’s CG. This is done by first calculating 
the length of the leading edge. 

It is now possible to calculate  CG nacellesx  for all nacelles. The CG are then corrected 10 
centimeters due to the weight of the propeller sticking out in front of the leading edge. 
When calculating the wings CG, the fact that the batteries are housed in the wings needs to be 
taken into consideration. The analytic calculation of the CG can be a time-consuming matter 
and for simplicity reasons the CG is calculated by making a simplified two-dimensional CAD 
drawing of the wing and then use the program to calculate the CG. The result is then 
compared with the NACA 2418 geometry saying that 

maxwingt  is at 30 % of the chord moves 
the CG forward about 10%. 
The engines are placed at 0.4 c⋅ , which is seen in Figure 2.5, and the calculations for the 
placement along the leading edge is done similarly to the nacelle calculations. 

Pitch Stability 
The forces acting on the Jetpack is greatest along the longitudinal axis generating a pitching 
moment around the center of gravity if their point of application does not coincide through the 
center of gravity. In the calculations below the aerodynamic center is of great importance and 
this point is denoted acwx  in the equations, for further information see chapter 3.8 about 
aerodynamic center. The thrust is generating a pitching moment with its offset Tz  from the 
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center of gravity. The less obvious PF , is the vertical force produced at the propeller disk due 
to the turning of the freestream airflow with its point of application at Px . This is due to the 
fact that the right blade is giving a larger contribution to the pitch moment than the left due to 
the squared velocity in the dynamic pressure. Determining the magnitude of this propeller 
normal force is not a simple task as it is dependent on blade geometry, RPM, velocity and α . 
It is also important to consider the placement of the propellers in relation to the CG since a 
propeller aft of the CG will contribute to a stabilizing pitch and vice versa. An empirical 
method for approximating ,PF α  is based on flowcharts in [15] and is written as 

 ( ),
bladeN

P blades p

C
F qN A f aα α

∂
=

∂
 , (3.66) 

where PA   is the area of the propeller blade, 
bladeNC is the normal force coefficient for each 

blade when operating at zero thrust and ( )f a  is a slipstream parameter correcting for when 
operating at non-zero thrust. The latter can be read with (3.42) and diagram in [15, p. 117]. To 
obtain the derivative term in (3.66), the thrust coefficient, defined as 

 2 2 4
00.5

T

disc T
T

prop

F
A FC
V n dρ ρ

= =  , (3.67) 

is put into the diagram in [15, p. 115]. 

WM  is the moment generated from the wings and is very hard to estimate without wind 
tunnel data. Both terms are dependent on the up- and downwash produced by the wing, which 
is hard to determine analytically without proper aerodynamic data for the airflow around the 
wing. Raymer [8, pp. 480-482] gives one approach for approximating both the upwash and 
the downwash. fusM  is the moment generated by the fuselage.  

For all the contributing forces the pitching moment for a tailless aircraft can be described as 
 ( ) ( )    cg cg acw w fus p cT T g pM L x x M M F Z F x x= − + + + + −  . (3.68) 

This equation can also be described in the sometimes more convenient coefficient form as 
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M L M M p

ref ref

Tx x x xF ZC C C C F
c qS c qS c
− −⎛ ⎞

= + + − +⎜ ⎟
⎝ ⎠

 . (3.69) 

The static trim can be found by solving (3.69) for zero. The criterion for static stability is that 
for every change in pitch angle, there is a countering moment forcing the aircraft back to a 
horizontal position. Therefor it is a must that the derivative of the pitch moment with respect 
to angle of attack is negative. For simplification the lengths are written as fractional lengths of 

the wing mean chord c  and thus  cg
cg

mac

x
c
x

= . This results in the following expression for the 

derivative of 
CGMC  with respect to α  giving 

 ( ) ( )
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p p
M L cg acw M cg p

ref

F
C C x x C x x

qSα α α

α α
α

∂
= − + + −

∂
 . (3.70) 
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One way of approximating 
fusMC α

  is given by Raymer [8, p. 483]  where  

 
 

2

fus

fus fus fus
M

ref

K W L
C

cSα
=  . (3.71) 

Here, fusK  is the empirical pitching moment factor derived from [16], fusW  is the maximum 
width of the fuselage and fusL  is the length of the fuselage. This method can also be used to 
determine the pitching moment for other blunt parts of the aircraft e.g. the nacelles. 

A very important criterion for a tailless aircraft is that the aerodynamic center is aft of the 
center of gravity making the first term in (3.70) negative [8, pp. 470-473].  

With a static margin, giving an idea of the airplanes response to disturbance, as 

 M
neut cg

L

C
SM x x

C
α

α

= − = −  . (3.72) 
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4 RESULT 
In this chapter, the results are presented based on the methods used in chapter 3.  
Equation Chapter (Next) Section 1 

4.1 Aircraft geometry 
In this section of the result, all the geometric parameters necessary to obtain the forces acting 
on Jetpack is set and presented. 

Fuselage 
The Jetpacks geometry will be strongly dependent on the pilot’s body and therefore this is a 
natural point of reference when the first conceptual design for the Jetpack is made. The 
measurements are presented in Figure 4.1 and these are used for the calculations.  

 body ob ubh = h +h   (4.1) 

 
Figure 4.1 – Fuselage measurements 

The measurements shown in Table 3 are measurements representative for the authors and the 
measurements that will make out the fuselage of the aircraft. 

Table 3 - Fuselage dimensions 
obb  ubb  headd  bodyh  coneh  obh  ubh  obt  

0.7 m 0.4 m 0.25 m 1.5 m 0.6 m 0.7 m 0.8 m 0.2 m 

Wings 
With the fuselage parameters set, the geometry of the wing is chosen, and when first choosing 
an approximated wing shape, the focus is on controlling the aerodynamic center of the 
Jetpack, as mentioned in chapter 2.1 having it as far aft as possible. As a result of these 
requirements the characteristic values for the wing is set, according to Table 4. 

Table 4 - Main wing dimensions 
wingspanb  totc  rootc  tipc  leΛ  teΛ  
3.2 m 1 m 0.7 m 0.4 m 26°   11°   
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Winglets  
For the winglets the dimensions are set according to Table 5, only based on proportions to the 
main wing. 

Table 5 - Winglet dimensions 
,maxwinglett  wingleth  

max

wingletx
c

⎛ ⎞
⎜ ⎟
⎝ ⎠

 

0.04 m 0.1 m 0.3 m 

 

Nacelles 
The nacelle geometry is given by Table 6. 

Table 6 - Nacelle dimensions 
nacelled  minh  safeh  attachh  

0.12 m 0.07 m 0.1 m 0.2 m 

4.2 Drag-polar 
According to Gudmundsson, [11, p. 699] a good approximation of the contribution from the 
landing gear (when out folded) is 0.014. Though, since the size of this “landing gear”, which 
is the feet of the pilot, are much smaller a value of 0.007 is set for ,D miscC . The contribution 
from leakage and protuberance, , &D L PC , is set to 15 % of the total lift-independent drag 
coefficient. 
The aspect ratio and taper ratio for the wing is 

 
7.4

0.57
corrAR

λ
=⎧

⎨ =⎩
 , (4.2) 

which gives an aircraft efficiency factor as 

 0 0.83e =  . (4.3) 

From this the drag-polar coefficient is 

 0.052K =  . (4.4) 

Summing up all the contributions for the lift-independent drag coefficient the result is   

 0 0.032DC =  , (4.5) 

which results in the drag-polar equation as 

 20.032 0.052D LC C= +  . (4.6) 
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Figure 4.2 - Behaviour of the drag-polar equation 

In Figure 4.2 the drag coefficient as a function of the lift coefficient is plotted, as well as, the 
lift-to-drag ratio as a function of the angle of attack for the given drag-polar equation.  

4.3 Lift-to-drag ratios 
The maximums in the two ratios are given in Table 7, which also include the angle of attack 
that is to be held in order to obtain this value, measured from the zero-lift angle, and the 
velocity to be held. 

Table 7 - Lift-to-drag ratio values with corresponding AOA and velocity 
 Value 
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C
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12.3 5.9°   48 m/s 

3/2
L

D max

C
C

⎛ ⎞
⎜ ⎟
⎝ ⎠

 
12.5 12°   36 m/s 

For the steady level flight, given that the Jetpack is in a state of force equilibrium, the velocity 
of the Jetpack, which gives the minimum required thrust, is 

 48m/s
TRminFV =  , (4.7) 

which gives a minimum thrust in level flight of 
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F =  . (4.8) 

In the same way the velocity, which gives the minimum required power in steady level flight, 
is given as 
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 36 m/s
RminPV =  , (4.9) 

and this gives the minimum required power to be 

 7.1 kW
minRP =  . (4.10) 

4.4 Propeller performance 
Given the total power delivered to the propellers from the batteries, the power coefficient is  

 
26.3

13.2
max

cont

P

P

C

C

=⎧⎪
⎨ =⎪⎩

 . (4.11) 

The total maximum static thrust from the six propellers is 

 
,max

5.23 kN
staticTF =  , (4.12) 

which is the initial thrust at take-off, i.e. between time 0 and 1.  

4.5 Flight 
Below, the two different climb cases are presented in plots, from take-off until reaching 
steady level flight and maximum speed. 

Vertical take-off and climb 
In Figure 4.3 the height is plotted as a function of time for the VTOL case. As seen, the 
leveling of the Jetpack begins at approximately 150 meters height. The Jetpack then takes a 
curvature with a radius of about 350 meters before reaching steady level.  

 

Figure 4.3 - Height as a function of distance, VTOL 

In Figure 4.4 the forces over time are plotted. For the thrust-plot, the great peak in the 
beginning is due to the static thrust, which then decreases rapidly since the initial velocity is 
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very small. As the velocity increases, the thrust decreases and the drag increases until the two 
reaches equilibrium. Why the lift is almost instantaneously reaching the same size as the mass 
at about 11 seconds is because it is assumed that for small angles of attack, the angle can be 
immediately adjusted with regard to the velocity to keep the two in equilibrium.  
From the graph, one can see that it takes about 60 seconds to reach maximum velocity in 
steady level from the moment of take-off.  

 

Figure 4.4 - Forces as a function of time, VTOL 
In Figure 4.5 the acceleration is plotted over time. From the graph one can see that the initial 
phase, when the Jetpack is accelerating vertically, ends after approximately five seconds. The 
second peak in the total acceleration is at the moment the Jetpack enters steady level flight 
and initiates the acceleration towards maximum speed.  

 

Figure 4.5 - Acceleration as a function of time, VTOL 
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In Figure 4.6 the corresponding velocity is plotted as a function of the elapsed time. The 
maximum velocity is reached after about 60-70 seconds.  

 

Figure 4.6 - Velocity as a function of time, VTOL 

From Figure 4.7 the energy level in the battery is shown based on the energy density from the 
Battery University [6] and the Tokyo University research center [7]. The small jump at the 
five-second mark is due to the fact that the thrust then changes from maximum power output 
to continuous power. From take-off until reaching the maximum velocity in steady level the 
loss in energy is about 20 MJ . From this, the total flight time can be calculated for the two 
different batteries by using that  

 left
left
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E
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τ =  , (4.13) 

which gives a total flight time of:  
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These times assumes that the continuous motor power is fed to the propellers during the 
remaining time of the flight.  
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Figure 4.7 - Energy level in battery pack as a function of time, VTOL 

Initial angle take-off and climb 
In Figure 4.8 the height is plotted as a function of the distance. As can be observed, during the 
first 750 horizontal meters the climb is held more or less constant. This is only possible for 
small angles of attack. The generated plot between the distances of 0 to 750 meters is done 
with a constant angle of attack of -1 degree. Though, in order to obtain a completely linear 
climb the angle needs to be adjusted with speed due to the loss in thrust with velocity. 

 

Figure 4.8 - Height as a function of distance, Initial angle 

In Figure 4.9 the forces are plotted as a function of time. Worth mentioning here is that the 
reason to the constant thrust between 1τ =   and 3τ =   is because the thrust value cannot be 
greater than the static thrust, therefor a “manual” regulator is put into the code.  
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Figure 4.9 - Forces as a function of time, Initial angle 

Figure 4.10 shows the acceleration over time. In this graph one can notice a slight error 
between the vertical acceleration and the corresponding velocity in Figure 4.11. This is 
because the acceleration is abruptly set to zero in the code assuming that it can be controlled 
with the angle of attack, while the velocity is set to decrease with half its previous value per 
second.  

 

Figure 4.10 - Acceleration as a function of time, Initial angle 

In Figure 4.11 the velocity is shown for the elapsed time. Here, the velocity is reaching a very 
high value (first peak), because of the full power from the engines, before losing speed and 
then regaining it with the continuous power from the engines.  
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Figure 4.11 - Velocity as a function of time, Initial angle 
In Figure 4.12 the energy levels of the battery are shown from take-off until reaching 
maximum velocity. Using the same approach as in the VTOL case to calculate the total flight 
time, they are obtained as 
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  (4.15) 

These times assumes that the continuous motor power is fed to the propellers during the 
remaining time of the flight.  

 

Figure 4.12 - Energy level in battery pack as a function of time, Initial angle 
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4.6 Stability 

Aerodynamic center 
The fact that the aerodynamic center has to be aft of the center of gravity for the entire 
Jetpack in order to satisfy (3.70) put some limitations on the design. The first thing is to get a 
decent approximation for the position of the AC. This is calculated with (3.61) along with the 
geometry seen in Figure 3.4 resulting in the parameters in Table 8. 

Table 8 - Aerodynamic center values 
acwc  λ  

acwy  acwx  
0.14 m 0.57 0.73 m 0.49 m 

Center of mass 
The symmetry of the design is in favor of the calculations making the center of gravity line up 
with the longitudinal axis. This results in the values in Table 9 and distances in Figure 3.5, 
Figure 3.6 and Figure 2.5. 

Table 9 - CG values for nacelles and the engines 
1nacx  2nacx  

1nacCGx  
2nacCGx  

3nacCGx  
1engCGx  

2engCGx  
3engCGx  

0.17 m 0.33 m 0.6 m 0.46 m 0.31 m 0.12 m 0.19 m 0.22 m 

 

The rest of the components CG are estimated with the original design drawings seen in Figure 
2.1 giving the values in Table 10. 

Table 10 - CG values for battery, wings, pilot and the entire aircraft 

battCGx  CGwingx    
pilotCGx  neutx  CGx  

0.35 m 0.45 m 0.55 m 0.56 m 0.45 m 

Pitch Stability 
Deciding the derivative of MC α

 and comparing to the stability criteria, that the Jetpack shall 
have a countering moment coefficient contribution i.e. a negative derivative, equation (3.70) 
is combined with (3.66) and (3.71), which together with CGx , found in Table 10, and acwx , 
found in Table 8, gives that 
 0.025MC α

= −  . (4.16) 

Next the static margin is calculated with (3.72) 
 0.20neut CGSM x x= − =  , (4.17) 

and then using (3.72) and Fel! Hittar inte referenskälla. to get 

 - 0.23M

L

C
SM

C
α

α

= =  . (4.18) 
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5 DISCUSSION AND CONCLUSIONS 
A discussion of the results and the conclusions that have been drawn during the project are 
presented in this chapter. Equation Chapter (Next) Section 1 

5.1 Climb Method 
It is shown that the energy usage is practically the same when comparing the two climb 
methods. What can be extracted from the graphs is a top speed around 178 m/s, which is twice 
the speed first set as the requirement for the Jetpack. 
What can easily be said about starting with an initial angle is that the initial acceleration is 
very large, reaching a maximum of almost 3G. This acceleration is manageable according to 
[17], which states that the human body can withstand up to a positive value of around 5 G’s 
before G-LOC (G-force induced loss of consciousness) without the use of a G-suite. Even 
though this might be true, accelerating with 3 G’s will most likely not be a very pleasant thing 
and too strong to give the same thrill as accelerating a sports car for example. The total initial 
thrust will have to be adjusted, either with a controller or by lowering the power output from 
the engines.  

Both climb methods have a period during the take-off where the Jetpack is very stability-
sensitive. The initial climb has its phase in the take-off where it is questionable if it is possible 
in practice to keep moment equilibrium, mostly due to the fact that the legs will not be aligned 
with the velocity vector. For the vertical take-off, the same uncertainty appears when the 
Jetpack begins to level out. Since this phase is very velocity-, and radius-sensitive, it might be 
very hard in practice to execute such a movement. And failure to execute will give a 
downwards acceleration, which more or less means that the Jetpack will fall to the ground.  
The conclusion, assuming any stability issues is resolvable, is that the initial climb method is 
to be preferred since it reaches maximum velocity faster, i.e. can start the steady level flight 
earlier and gives more excitement when accelerating towards maximum velocity. 

5.2 Momentum theory 
Only calculating the thrust from the momentum theory is not a very accurate method and fails 
to be conclusive. This is due to the fact that it treats the air as a straight flow through an 
actuator disc, and is not taking into concern the rotational movement of the flow due to the 
rotation of the propeller blades. Neither does it take the characteristics of the propeller into 
consideration, which will result in a less accurate result. These characteristics are things like 
chord length, blade twist, pitch angle and number of blades, which all contributes to the lift, 
drag and thrust of the propeller. 
To get a more accurate insight of the forces acting on the propeller, a combination of the 
momentum theory and blade element theory known as BEM has to be made. This method 
accounts for the rotational movement that is neglected in the momentum theory, and considers 
the characteristics of the propeller. 
From the blade element theory [13] one can obtain the total thrust and torque acting on the 
propeller as 
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π ϕ
− ′

= −  , (5.2) 

where ϕ  is the relative angle of the wind and r  the radius of one propeller blade. This result 
is then to be combined with the previous results from chapter 3.6. Another advantage using 
BEM is that the tip losses of the propeller can be included. So for a more accurate result of the 
propeller efficiency, power and thrust the analysis needs to be a bit deeper into detail than the 
one carried out in this report.  

5.3 Use of solar cells 
The implementation of solar panels for this type of aircraft with such a low reference area is 
of very little use if the purpose is to gain more flight time. The installation weight is almost 
negligible, but it is the time of re-charging that makes it insufficient. 
Speculating that the Jetpack is to use some of the best solar cells available on the market 
today, produced by SHARP, see [18] which have an energy density of 150 W/m!. This gives 
for the Jetpack about 225 W since the reference area of the aircraft is about 2 m! without the 
area where the batteries are placed. The batteries chosen has a fully loaded energy of 
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which gives a re-charging time of 

 charge,
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τ
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⎨ =⎪⎩

 . (5.4) 

Even though the Jetpacks flight time will be affected very little the solar panels might be used 
differently, if the extra weight can be considered affordable, then this might actually be a 
good enough way to recharge the Jetpack between flights. 

There is also a chance that a special solar battery is needed to store the solar energy. That is, if 
the solar energy cannot be converted straight into the Li-Ion battery. This will have the result 
that this idea will not be a good solution due to extra weight and volume required. 
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5.4 Flight time 
Even though the Jetpack will, primarily, be used for entertainment and as an adrenaline rush 
in this project, it can easily be used for longer flights as well. This is because the fact that the 
RPM of the engine, and therefore the propellers, is controllable, varying the thrust and power 
much like a traditional gas turbine, except without the loss of efficiency.  With a stall speed at 

35 m/sstallV = , and the values in Table 7, it is easy to conclude that the optimal energy 
efficiency speed will not be an option since the pilot needs to have a good enough margin to 
be able to encounter wind dusts and other disturbances during flight.  

Keeping the optimal range velocity on the other hand is possibly achievable and considering a 
scenario in where the pilot first climbs and later at steady level flight, after achieving 
maximum velocity, sets the cruise speed for 48 m/s. The calculation for this flight time can be 
done by taking the efficiency at the speed, the thrust needed to achieve equilibrium of forces 
and then solve for the needed power output from the engines. The following flight times are 
then given for the two batteries 

 ,

,

89min

10min
flight jap

flight trad

τ
τ

=⎧⎪
⎨ =⎪⎩

  (5.5) 

This means that for the Japanese battery a total range of about 260 kilometers is possible, 
which is a flight between Stockholm-Gotland. 

5.5 Potential of batteries 
The market for batteries is steadily growing with the increasing demand for better and more 
flexible batteries. In Figure 5.1 the existing and upcoming technologies are seen and the 
increasing energy density will of course benefit the Jetpack. Best of these prospects is Zinc-
Air battery, which gives an energy density of more than 500 Wh/kg, while it at the same time 
is getting smaller in volume. The only problem with the Zinc-Air battery is that it is a non-
rechargeable battery. 

 

Figure 5.1 - New emerging technologies in the battery business 
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5.6 Choice of wing and lift performance 
Given the results, it is easy to determine that a cambered wing is unnecessary for the Jetpack. 
When starting with an initial angle it is observable in Figure 4.9 that the most lift needed is 
after 17 seconds when the Jetpack has leveled out and starts to accelerate in steady level 
flight. The velocity is at that point about 130 m/s which gives that 0.1LC = . For the vertical 
take-off, the maximum lift needed is after about 11 seconds, as seen in Figure 4.4. The 
velocity is at that point about 105 m/s which gives that 0.2LC = . Comparing these results to 
the lift performance for the NACA 2418 shows that it is well over the minimum lift 
coefficient. Looking at the NACA 0018 instead of the NACA 2418 shows that we will have 

1.4LC ≈  at 17α ≈ °  according to the graphs on [19] for 61 10Re ≈ ⋅ . After comparing the 
two it is concluded that the NACA 0018 is a more suitable wing profile for the Jetpack. 

5.7 Engines and total power 
Due to the fact that a top speed well over the set criteria is achieved, a comparison in thrust-
to-weight with other aircrafts is made. Raymer presents in [8, p. 89] different typical values 
for thrust-to-weight ratios on aircrafts operating today which can be found in Table 11. The 
values are calculated as , /T static WF F   

Table 11 - Typical thrust-to-weight ratios 
Aircraft type , /T static WF F  

Jet Trainer 0.4 

Jet Fighter 0.6-0.9 

Military cargo/bomber 0.25 

Jet transport 0.25-0.4 

Calculating these ratios for the Jetpack with (4.12) giving the maximum static thrust and the 
corresponding continuous option of only using 40 kW per motor in take-off gives the ratios as 
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 . (5.6) 

This is a good indication that the Jetpack in its current configuration has too much thrust. This 
has been indicated already when doing the velocity calculations but is now again shown. If 
the engine power is reduced, and in so, also the weight, it will give better performance to the 
Jetpack and benefit the entire design by possibly also reducing the lift-independent drag 
coefficient. It is therefore possible to obtain the same speed with less power.   
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5.8 Matching engine with propeller 
It is very hard to find a conclusive method to relate engine power, RPM, voltage and other 
characteristics for the electrical engine with the characteristics of the propeller. There exist 
some methods based on electrical engineering combined with the blade element theory for a 
propeller, but nothing concise that can be used in the conceptual design. Instead a primary 
estimation from Raymer [8, p. 251] is used. He presents two methods for determining the 
diameter of the propeller and the method giving the smallest diameter is to be used for the 
design. The first method uses that the maximum helical tip speed of the propeller should be no 
more than 290 m/s for a metal propeller and the diameter can be calculated for the given free 
stream velocity with 

 
2 2

0290
prop

V
d

nπ
−

=  . (5.7) 

When plotting (5.7) for a constant 100 RPSn = , Figure 5.2 is obtained. It’s here shown how 
the propeller diameter is dependent on the Jetpacks velocity. 

 

Figure 5.2 - Propeller diameter as a function of the freestream velocity 

Raymer also suggest a different method where 

 1/4
prop p effd K P=  , (5.8) 

here, pK  a constant based on the number of blades and the used measurement system. The 
power used here is what the engine actually delivers to the propellers in kW and is 
approximately 90% of totP  when accounting for the transmission and other losses. When 
doing these calculations with a three, respectively a four bladed propeller the desired diameter 
is 
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These values is significantly larger than the ones that are chosen for the Jetpack in the initial 
design and it also contradicts the rule of thumb to make the propeller as large as possible, 
while keeping the tip speed subsonic which is given by Raymer [8, p. 250]. Making the tip 
speed calculations for 1.2 mpropd =  with 100 RPSn =  gives a tip speed of 409 m/stipV =  
when traveling at top speed of the Jetpack. This is well over the 290 m/s, given by Raymer as 
an upper limit. Looking at it inversely, i.e. the needed power for a diameter of 30 cm it is 
shown that 
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blades need

blades need

N P
N P

= → =⎧
⎨ = → =⎩

 , (5.10) 

which also suggests that this method is insufficient for the design goal with the Jetpack. 
If, on the other hand the Jetpack propellers are compared with the ones used in the NASA 
paper, [4] we find a similar ratio between the propeller diameter and the engine power. There, 
22 kW of engine power and a propeller diameter of 0.44 m is used, which is more comparable 
to our 40 kW and 0.3 m. This study is more up to date and more in the line with this projects 
design approach, thus, will naturally be the way to go when investigating further. The 
conclusion, however, boosts the earlier stated concern for a bit too much engine power. 

5.9 Stability 
The uncertainty in the CG calculations is most likely the largest contribution for deviance in 
the stability equations. It is simply too time consuming in this first conceptual design to go 
into more detail when deriving the equations. The results will give a fair first approximation 
but more work will be needed in order to get results with more depth and accuracy.  

The criteria for the tailless aircraft is, as described, in chapter 3.8 that the ACW must be aft of 
the CM therefore stabilizing the aircraft at 0α ≠ . The initial thought was to have as large of 
a pitching moment derivative as possible, giving the pilot the assurance that the Jetpack will 
level out. After further discussion it was decided that a lower pitching moment derivative was 
a better fit in order for the pilot not to get fatigued when counteracting the stabilizing pitching 
moment. These calculations will need to be iterated until a desired accuracy is accomplished 
and then go into real testing where the pilot will be the one deciding when it feels right.  

5.10 Wind tunnel testing 
The obvious advantages with wind tunnel testing is that the results from the design will be 
given, but even though this is a good method for obtaining real results it is very costly. The 
aircraft design process is best when iterated over and over again, and the type of trial and 
error that is needed when using empirical equations is simply not defendable according to [8, 
p. 355]. Instead the wind tunnel is used for controlling the result and fixing eventual 
problems, even if it might not be obvious in what part of the design process the problem can 
be found. Another problem when testing the Jetpack is that the wind tunnel simply cannot 
produce velocities large enough to be representative for the Reynolds numbers experienced 
during flight. This all ends up in that the analytic design process needs to be iterated until a 
result with good enough precision is found, and then test. 
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5.11 The approximation of turbulent flow 
The characteristics of the flow over every component can be determined by calculating the 
Reynolds number with the individual characteristic lengths. In Figure 5.3, the Reynolds 
number for each component is observed and the vertical, dotted line that marks where the 
transition to turbulent is estimated. This transition is estimated to occur when 55 10Re ≈ ⋅ , 
which is the rule of thumb for flow over a flat plate. 

 

Figure 5.3 - Flow characteristics over aircraft components during flight 
Even though the flow in some areas of the Jetpack is laminar during the initial seconds,  the 
estimation is made that the flow is turbulent all over the Jetpack. This is also a fair estimation 
according to Raymer [8, p. 42] where rain, dust and surface roughness also contributes to the 
development of turbulent flow.  
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6 RECOMMENDATIONS AND FUTURE WORK 
In this chapter, recommendations on future work in this field are presented.  

6.1 Recommendations 
Based on the results obtained, it is shown that this Jetpack is, at least theoretically, viable. It is 
therefore recommended to start a second cycle of iterations through the design but also 
implementing more sophisticated methods of calculation, which gives a more accurate result. 
When a number of iterations have been made with these, more advanced methods, a CFD 
model should be made and compared with existing results.  
When this is done, more advanced real time simulations should be made using Simulink©, or 
similar, before continuing to possible beta construction.  

6.2  Future work 
The project has given a good first approximation for the Jetpacks characteristics and is a good 
standing point when doing each chapter again in greater detail. There might also be certain 
things that can be done differently if a second model is calculated. 

First, the propeller calculations can be done in greater depth, which will give a better result 
for the thrust parameters. 

The engines that are chosen in this first design have proven too be a bit too powerful when 
comparing against the requirements and typical thrust-to weight-ratios. Therefor the design 
will benefit from a more suitable engine fitting and this can be researched further. 
The stability equations are a good first approximation, although more work on the center of 
gravity calculations will give the stability analysis more reliability. This can be done by 
modeling the Jetpack with CAD, which will also be beneficial for other calculations. Stability 
equations for yaw and roll moment, will also be necessary in the next iteration of the project.  
After the CAD model is produced this will easily be transferred to a CFD-program which will 
give the fluid calculations better accuracy.
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 Excerpt from manual for engine APPENDIX A
Emrax 207 

Type	   

Technical	  data	   

EMRAX	  207	   

High	  Voltage	   

EMRAX	  207	  
Medium	  Voltage	   

EMRAX	  207	   

	  Low	  Voltage	   

Air	  cooling	  =	  AC	   

Liquid	  cooling	  =	  LC	   

Combined	   cooling	   =	  Air	   +	   Liquid	  
cooling	  =	  CC	  	   

AC	   LC	   CC	   AC	   LC	   CC	   AC	   LC	   CC	   

Ingress	  protection	   IP21	   IP65	   IP21	   IP21	   IP65	   IP21	   IP21	   IP65	   IP21	   

Cooling	   medium	   specification	  
(Air	  Flow	  =	  AF;	  Water	  Flow	  =	  WF	  
–	   if	   inlet	   water	   temperature	  
and/or	  ambient	  temperature	  are	  
lower,	  then	  continuous	  power	  is	  
higher)	   

AF	  
speed	   

25	  m/s;	   

25°C	   

inlet	  WF	  
8	  l/min	  -‐	   

40°C;	  
ambient	  
air	  25°C	   

inlet	  WF	  
8	  l/min	  -‐	   

40°C;	  
ambient	   

air	  25°C	  	   

AF	  
speed	   

25	  m/s;	   

25°C	   

inlet	  WF	  
8	  l/min	  -‐	   

40°C;	  
ambient	  
air	  25°C	   

inlet	  WF	  
8	  l/min	  -‐	   

40°C;	  
ambient	   

air	  25°C	  	   

AF	  
speed	   

25	  m/s;	   

25°C	   

inlet	  WF	  
8	  l/min	  -‐	   

40°C;	  
ambient	  
air	  25°C	   

inlet	  WF	  
8	  l/min	  -‐	   

40°C;	  
ambient	   

air	  25°C	  	   

Weight	  [kg]	   9,1	   9,4	   9,3	   9,1	   9,4	   9,3	   9,1	   9,4	   9,3	   

Diameter	  ø	  /	  width	  [mm]	   207	  /	  85	   

Battery	  voltage	  range	  [Vdc]	   500	  (*580	  –	  to	  get	  7000	  RPMp)	   300	  (*350	  –	  to	  get	  7000	  RPMp)	   115	  (*135	  –	  to	  get	  7000	  RPMp)	   

Peak	  motor	   power	   (few	  min	   at	  
cold	  start	  /	   few	  	  seconds	  at	  hot	  
start	  )	  [kW]	   

80	   

Continuous	   motor	   power	  
(depends	   on	   the	   motor	   RPM	  
3000	  -‐	  5000)	  [kW]	   

20	  -‐	  32	   20	  -‐	  32	   25	  -‐	  40	   20	  -‐	  32	   20	  -‐	  32	   25	  -‐	  40	   20	  -‐	  32	   20	  -‐	  32	   25	  -‐	  40	   

Maximal	  rotation	  speed	  	  [RPM]	   6000	  (*7000	  peak)	   

Maximal	   motor	   current	   (for	   2	  
min	   if	   cooled	   as	   described	   in	  
Manual	   for	   EMRAX	   motors)	  
[Arms]	   

200	  	   320	   800	   

Continuous	   motor	   current	  
[Arms]	   

100	   160	   400	   

Maximal	   peak	   	   motor	   torque	  	  
[Nm]	   

160	   

Continuous	  motor	  torque	  [Nm]	   80	   

Torque	   /	   motor	   current	  
[Nm/1Aph	  rms]	   

0,83	   0,54	   0,20	   

Maximal	   temperature	   of	   the	  
copper	   windings	   in	   the	   stator	  
and	   also	   max.	   temp.	   of	   the	  
magnets	  [°C]	   

120	   

Motor	  efficiency	  [%]	   93-‐98%	   



 

 

Internal	   phase	   resistance	   at	   25	  
°C	  	  [mΩ]	   

12,0	   5,7	   0,8	   

Input	   phase	   wire	   cross-‐section	  	  
[mm2]	   

10,2	   15,2	   38	   

Induction	  Ld/Lq	  [µH]	   125/130	   52/56	   7,2/7,5	   

Controller	  /	  motor	  signal	   sine	  wave	   

Specific	   idle	   speed	   (no	   load	  
RPM)	  [RPM/1Vdc]	   

15	   22	   58	   

Specific	   load	  speed	   (depends	  on	  
the	   controller	   settings)	  
[RPM/1Vdc]	   

11	  –	  15	   18	  –	  22	   50	  –	  58	   

Magnetic	   field	   weakening	   (for	  
higher	  RPM	  at	  low	  torque)	  [%]	   

up	  to	  100	   

Magnetic	  flux	  –	  axial	  	  [Vs]	   0,0393	   0,0257	   0,095	   

Temperature	   sensor	   in	   the	  
motor	   

kty	  81/210	   

Number	  of	  pole	  pairs	   10	   

Rotor	  Inertia	  	  (mass	  dia=160mm,	  
m=4,0kg)	  [kg*cm²]	  	  	   

256	   

Bearings	  	  	  SKF	  _	  	  FAG	  	   R/R	  6206/6206	  	  or	  	  R/AR	  6206/7206	  	  or	  AR/AR	  	  7206/7206	  (»O«	  orientation)	   

*For	  a	  few	  seconds.	   
Maximal	  battery	  voltage	  is	  600	  Vdc	  (EMRAX	  207	  High	  Voltage).	  Maximal	  RPM	  must	  not	  be	  exceeded.	   
It	  is	  possible	  to	  weaken	  the	  magnetic	  field	  (up	  to	  100%)	  to	  get	  higher	  RPM	  at	  existing	  battery	  voltage.	  Maximal	  RPM	  must	  not	  be	  exceeded.	   
These	  data	  are	  valid	  for	  the	  motors,	  which	  were	  sold	  after	  January	  2014.	   
EMRAX	  motors	  that	  had	  been	  made	  before	  May	  2012	  have	  30%	  lower	  power/torque	  and	  RPM	  than	  new	  generation	  of	  EMRAX	  motors.	   

Graphs for EMRAX 207 High Voltage with Combined	  Cooling	  (IP21):  
Graphs	  do	  not	  show	  totally	  the	  same	  maximum	  efficiency	  and	  maximum	  RPM	  as	  described	  in	  
Technical	  data	   tables.	  We	  are	  preparing	  new	   test	   graphs	   from	  Letrika	   company,	  which	  will	  
show	  the	  same	  specifications	  as	  listed	  in	  Technical	  data	  tables.  
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