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“A thrust producing unit with  at least two rotor assemblies  and a 

shrouding” 

The invention is related to a thrust producing unit for 

producing thrust in a predetermined direction, the thrust producing 

unit comprising at least two rotor assemblies and a shrouding. The 5 

invention is further related to a mult irotor aircraft with at least one 

thrust producing unit  for producing thrust in a predetermined 

direction, the thrust producing unit comprising  at least two rotor 

assemblies and a shrouding. 

Various conventional mult irotor aircrafts are known, e. g. 10 

from the documents EP 2 551 190 A1, EP 2 551 193 A1, EP 2 551 

198 A1, EP 2 234 883 A1, WO 2015/028627 A1, US D678 169 S, 

US 6 568 630 B2, US 8 393 564 B2, US 7 857 253 B2, US 7 946 

528 B2, US 8 733 690 B2, US 2007/0034738 A1, US 2013/0118856 

A1, DE 10 2013 108 207 A1, GB 905 911 and CN 2013 06711 U. 15 

Other mult irotor aircrafts are also known from the state of the art, 

such as e. g. the Boeing CH-47 tandem rotor helicopter, the Bell  

XV-3 t i l t rotor aircraft, the Bel l  XV-22 quad t i lt  with ducted rotors, 

as well as so-called drones and, more particularly, so-called quad 

drones, such as e. g. described in the documents  US 20 

2015/0127209 A1, DE 10 2005 022 706 A1 and KR 101 451 646 

B1. Furthermore, multirotor aircraft stud ies and f ict ions also exist, 

such as e. g. the skyf lyer SF MK II from Skyflyer Technology GmbH 

and the multicopter shown in the Avatar movie.  

Each one of these conventional multirotor aircrafts is 25 

equipped with two or more thrust producing units that are provided 

for producing thrust in a predetermined direction during operation 

of the multirotor aircraft.  In general,  each thrust producing unit  

includes one or more rotors or propellers and is,  usually,  designed 

for specif ic f l ight conditions. By way of example, a thrust producing 30 
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unit that is designed as an airplane propeller operates at its 

optimum in cruise conditions, whereas a thrust producing unit that 

is designed as propeller of a compound helicopter is rather 

optimized for hover or forward f l ight  conditions, while a thrust 

producing unit that implements e. g. a so -called Fenestron® tail  5 

rotor is part icularly designed for hover condit ions.  

In all of these examples, the respective thrust producing unit  

is optimized for operation in axial air f low condit ions, i. e. in an air 

f low direction that is oriented at least approximately along a rotor 

axis resp. rotat ion axis of the given one or more rotors or 10 

propellers and, therefore, referred to as an axial air f low direction . 

If , however, the respective thrust producing unit is operated in 

transversal air f low condit ions, i. e. in an air f low direction that is 

oriented transverse to the rotor axis of the given one or more rotors 

or propellers and, therefore, referred to as  a non-axial air f low 15 

direction, a respective eff iciency of the thrust producing unit  

usually decreases considerably.  

By way of example, in the case of operation of a multi rotor 

aircraft with two or more thrust producing units, the thrust 

producing units wil l be subjected to axial air f low co nditions e. g. 20 

during a vertical take-off phase. Subsequently, respective thrust 

vectors generated by the thrust producing units can be inclined  in a 

predetermined direction, e. g. by rotat ing the thrust producing units 

accordingly, so that the multirotor aircraft  gains velocity and leaves 

a previous hovering condition such that is converts to forward 25 

f l ight,  wherein the thrust producing units are subjected to 

transversal air f low condit ions. However, in the transversal air f low 

conditions, respective ducts or shrouds, which are beneficial in 

axial air f low conditions, are penalizing by generating a  

comparatively large amount of drag. In other words, an underlying  30 

advantage provided by the ducts or shrouds in hovering turns out 
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to be a disadvantage in forward f l ight,  which increases with 

increasing a respective advancing speed of the multirotor aircraft  in 

forward f l ight.  

Furthermore, it should be noted that in axial air f low 

conditions a ducted rotor or propeller , i. e. a rotor or propeller that 5 

is provided with a duct or shroud,  is approximately 25% to 50% 

more eff icient than an equivalent isolated or non-ducted rotor or 

propeller, i. e. a rotor or propeller without duct or shroud, which 

has comparable global dimensions, i .  e. diameter and mean chord. 

In other words, the presence of a duct  or shroud increases a 10 

respectively produced thrust of a given thrust producing unit at 

constant required power. Therefore, conventional thrust producing 

units are frequently provided with one or more rotors or propellers 

that is/are completely enclosed in an associated duct or shroud. 

This classical configurat ion uses a respective rotor or propeller 15 

induced velocity to generate thrust also from the duct or shroud.  

In general, a duct or shroud is defined by an enclosed, 

annular surface that is arranged around a rotor or propeller in 

order to improve respective aerodynamics and performances of the 

rotor or propeller.  A conventional duct or shroud is usually not 20 

rotatable, i. e. cannot be inclined, and  has a height that is selected 

such that a given rotor or propeller  is fully enclosed therein.  

However, as the duct or shroud must have a certain height or 

length in order to enclose an associated rotor or propeller and is, 

thus, comparatively large in size , the duct or shroud increases an 25 

overall weight of a respective multirotor aircraft due to its size , and 

further increases drag e. g.  during forward f l ight , i. e. in transversal 

air f low conditions, as the duct or shroud cannot be inclined  for 

adjustment of an underlying thrust vector direction. The 

comparatively large size also leads to a comparatively large 30 

projection surface on which wind and/or wind gust may act. This 
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leads to an increased overpower necessity for the respective 

multirotor aircraft. Furthermore, if  two or more rotors or propellers 

are e. g. coaxial ly positioned atop of each other, a given duct or 

shroud that is provided for enclosing these rotors or propellers wil l  

even require a sti l l larger height and be sti l l  heavier. Moreover, 5 

conventional ducts or shrouds are usually not act ively rotated and 

must be designed comparatively stif f , as usually a minimum gap 

between rotors or propellers and duct  or shroud surface is 

requested. In addit ion, conventional ducts or shrouds of respective 

thrust producing units are not suitable for enclosing dif ferently 10 

configured rotors or propellers, i.  e. rotors or propellers having 

dif fering incl inations, posit ioning and/or s izes resp. diameters.  

In summary, in a conventional thrust producing unit with a 

duct or shroud, a thrust vector that is produced in operation in axial  

air f low condit ions is aligned with a rotor axis of a respective rotor 15 

or propeller of the thrust producing unit  and directed against a 

direction of a velocity f ield induced by the rotor or propeller in 

operation. The rotor or propeller accelerates a certain mass-f low 

through an associated rotor or  propeller plane or disk . A resulting 

f low accelerat ion, which occurs when air traverses the rotor or 20 

propeller plane or disk, forms areas of under-pressure around a 

respective collector region of the duct or shroud, thus, generating 

additional thrust. This generation of additional thrust is an 

important advantage result ing from the use of the duct or shroud 

that is, however, strongly penalizing in forward f l ight , i. e. in 25 

transversal air f low condit ions,  due to additional  drag generated by 

the duct or shroud. The additional drag is directly proportional to a 

respective frontal area that is defined by a product of height and  

width of the duct or shroud. Thus, by way of example, for a thrust 

producing unit having a counter-rotating rotor or propeller 30 

configuration with two rotors or propellers that are completely 

embedded into a single duct or shroud, the additional drag almost 
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doubles compared with a thrust producing unit that is only provided 

with one rotor or propeller that is completely embedded into a 

single duct or shroud. 

The document US 5 150 857 A describes an unmanned aerial 

vehicle (UAV) having a toroidal fuselage that surrounds a pair of 5 

coaxial, multi -bladed, counterrotat ing rotors. The toroidal fuselage 

defines a duct or shroud and has an airfoil prof ile that is configured 

to provide high hover eff iciency and to produce a pressure 

distribut ion that provide high lif t forces. The airfoi l  prof ile is 

symmetrical and adapted to counteract the undesirable nose-up 10 

pitching moments experienced by ducted rotary -type UAVs in 

forward translat ional f l ight. However, the symmetrical duct or 

shroud that is defined by the toroidal fuselage exhibits the above -

described disadvantages in forward f l ight, i. e. in transversal air 

f low condit ions.  15 

It is, therefore, an object of the present invention to provide a 

new thrust producing unit, in particular for use with multirotor 

aircrafts, which exhibits improved aerodynamics and performa nces 

in transversal air f low condit ions.  

This object is solved by a thrust producing unit for producing 20 

thrust in a predetermined direct ion, the thrust producing unit  

comprising the features of claim 1. More specif ically, according to 

the present invention a thrust producing unit for producing thrust in 

a predetermined direct ion comprises  at least two rotor assemblies 

and a shrouding that accommodates at most one of the at least two 25 

rotor assemblies. The shrouding defines a cyl indrical air duct that 

is axial ly delimited by an air inlet region and an air outlet region, 

wherein the air inlet region exhibits in circumferential direction of 

the cyl indrical air duct an undulated geometry.  
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It should be noted that the term “shrouding” should be 

understood as encompassing simultaneously the terms “duct” and 

“shroud”. In other words, in the context of the present invention, 

the term “shrouding” refers interchangeably to a duct or a shroud.  

Advantageously, the inventive thrust producing unit  is 5 

implemented as a shrouded mult iple rotor assembly configurat ion 

that leads to a signif icantly reduced drag in transversal air f low 

conditions, e. g. in forward f l ight of a given multirotor aircraft that 

uses the inventive thrust producing unit . This signif icantly reduced 

drag results not only from the accommodation of the at most one of 10 

the at least two rotor assemblies  in the shrouding, so that an 

overal l height of the shrouding can be reduced signif icantly, but 

also from the inventive design of the shrouding itself , in part icu lar 

the undulated geometry of the air inlet region in circumferential 

direction of the cylindrical air duct.  15 

More specif ically, the inventive shrouding and al l associated 

elements are preferably axially non -symmetric, i. e. non-symmetric 

over the azimuth ψ of the shrouding. In other words, the shrouding 

is designed on the basis of  a variable factor with respect to all 

associated elements, i. e.:  20 

• Height vs. Azimuth ψ,  

• Air inlet region radius vs. Azimuth ψ,  

• Air outlet region radius vs. Azimuth ψ, and/or  

• Arrangement of additional l if t ing surfaces vs. Azimuth ψ.  

In particular, the variable height of the shrouding enables 25 

signif icant advantages in the trade-off between vert ical take-off 

and hovering, wherein an underlying eff iciency increases with  an 

increase of  the height of the shrouding, and forward f l ight , wherein 

an underlying drag decreases with a decrease of the  height of the 

shrouding, as this reduces a respective drag area of the shrouding. 30 
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Furthermore, the inventive thrust producing unit  exhibits a 

signif icantly lower weight than a conventional shrouded thrust 

producing unit  having a single shrouding that completely encloses 

two rotor or propeller assemblies , while having comparable 

performances in axial air f low condit ions, i. e.  in hover f l ight  of the 5 

respective mult irotor aircraft. In fact, it should be noted that a 

conventional shrouded thrust producing unit  having a single 

shrouding that completely encloses two  or more, preferentially 

counter-rotat ing rotor or propeller assemblies provides the same 

thrust versus power characteristics than e. g. a thrust producing 10 

unit having a much shorter shroud ing that encloses only one of the 

two or more rotor or propeller assemblies, such as the inventive 

thrust producing unit,  while leaving the other(s) unshrouded, i.  e. 

exposed to the air. This is due to the fact that the above-mentioned 

additional thrust is generated by the air inlet region defined by the 15 

shrouding only, and not by the duct  resp. shrouding itself . 

Moreover, a respective velocity f ield induced by the at least two 

rotor or propeller assemblies with the long and short shroud ings is 

such that the under-pressure f ield generated on the air inlet region 

is also the same for the long and short shroud configurat ion s. This 20 

l ikewise applies to a configurat ion featuring mult iple rotor or 

propeller assemblies, each being enclosed in a single associated 

shrouding having a minimized height.  

Preferably, the shrouding of the inventive thrust producing 

unit is used as an additional l if t ing device during hover and  forward 25 

f l ight cases of a multirotor aircraft that features the inventive thrust 

producing unit and, thus, beneficial ly al lows reduction of a 

respective power consumption of the at most one of the at least 

two rotor assemblies that is accommodated in the shrouding. 

Furthermore, the shrouding advantageously al lows to r educe at 30 

least an underlying diameter of the at most one of the at least two 

rotor assemblies that is accommodated therein , since the 
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shrouding increases its effectiveness. In addition, the sh rouding 

beneficially provides for a shielding effect with respect to the at 

most one of the at least two rotor assemblies  that is accommodated 

therein and, thus, advantageously allows to reduce a respective  

rotor noise footprint on ground.  5 

According to one aspect, the inventive thrust producing unit  

can be provided with a foreign object protect ion, e. g. by being 

enclosed by a grid, in order to protect the  at most one of the at 

least two rotor assemblies that is accommodated therein from 

foreign objects. Such a foreign object protect ion beneficial ly 10 

prevents misuse and accidents  by and of individuals, e. g. by 

preventing them from getting their hands caught in rotating parts, 

thereby leading to an increased operational safety level  of the 

inventive thrust producing unit .  

Advantageously, by providing the inventive thrust producing 15 

unit with the at least two rotor assemblies that define dif ferent rotor 

planes, the rotor assemblies can be positioned above each other 

and rotated in a counter rotating manner, leading to a thrust 

producing unit  that provides for an increased safety level and that 

allows reduction of the overall dimensions of an associated 20 

multirotor aircraft, resulting in a comparatively small aircraft, since 

the two or more rotor planes can be combined in a single thrust 

producing unit. Preferably, the at least two rotor assemblies of the 

inventive thrust producing unit, each of which defines an 

associated rotor plane or surface, are positioned on top of each 25 

other, either coaxially or with separate individual rotor axes, and 

can be incl ined with respect to each other.  Furthermore, the 

inventive thrust producing unit is adapted for providing torque 

individually as a result of i ts counter-rotat ing rotor assemblies, 

which can be used to maneuver a given mult irotor aircraft  that 30 
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features the inventive thrust producing unit , e. g. with respect to 

yawing.  

According to a preferred embodiment,  the cylindrical air duct 

exhibits a height defined between the air outlet region and the air 

inlet region in axial  direction of the cylindrical air duct that varies 5 

in circumferential direction of the cyl indrical air duct, wherein the 

height that varies in the circumferential direct ion of the cyl indrical 

air duct defines the undulated geometry of the air inlet region .  

According to a further preferred embodiment, the cylindrical 

air duct comprises in circumferential direction a leading edge and a 10 

diametrical ly opposed trail ing edge, and a board side lateral 

shoulder and a diametrical ly opposed star board side lateral 

shoulder, wherein the board side lateral shoulder and the star 

board side lateral shoulder are respectively arranged in the 

circumferential direction of the cylindrical air duct between the 15 

leading edge and the trail ing edge, and wherein the height at the 

leading edge is smaller than the height at the board side lateral 

shoulder and/or the star board side lateral shoulder .  

According to a further preferred embodiment, the height at 

the trai l ing edge is smaller than the height at the board side lateral 20 

shoulder and/or the star board side lateral shoulder.  

According to a further preferred embodiment, the height at 

the trai l ing edge is smaller than the height at the leading edge.  

According to a further preferred embodiment, the height at 

the board side lateral  shoulder and/or the star board side lateral 25 

shoulder is selected in a range from 0.05*D to 0.5*D, wherein D 

defines a diameter of the cylindrical air duct.  

According to a further preferred embodiment, the air inlet 

region of the cyl indrical air duct exhibits an air inlet region radius 
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that varies in the circumferential direct ion of the cylindrical air 

duct, wherein the air inlet region radius dif fers between at least two 

of the leading edge, the trai l ing edge, the board side lateral 

shoulder and the star board side lateral shoulder.   

According to a further preferred embodiment, the air outlet 5 

region of the cyl indrical air duct exhibits an air outlet region radius 

that varies in the circumferential direct ion of the cylindrical air 

duct, wherein the air outlet region radius dif fers between at least 

two of the leading edge, the trail ing edge, the board side lateral 

shoulder and the star board side lateral shoulder.   10 

According to a further preferred embodiment, the trail ing 

edge of the cyl indrical air duct is a t least essential ly open and 

provided with a st if fening element.    

According to a further preferred embodiment, the trail ing 

edge of the cylindrical air duct is equipped with a f lap.   15 

According to a further preferred embodiment, the leading 

edge of the cyl indrical air duct is provided with an addit ional l if t ing 

surface.  

According to a further preferred embodiment, a f irst rotor 

assembly of the at least two rotor assemblies is arranged outside 20 

of the cylindrical air duct and adjacent to the air inlet region  of the 

cyl indrical air duct, wherein the shrouding accommodates a second 

rotor assembly of the at least two rotor assemblies .  

According to a further preferred embodiment, the f irst rotor 

assembly defines a f irst rotor axis and the second rotor assembly 25 

defines a second rotor axis, the f irst and second rotor axes being 

coaxially arranged.  
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According to a further preferred embodiment, the f irst and 

second rotor axes are inclined by associated incl inat ion angles 

comprised in a range between -60° and +60°.  

The present invention further relates to a multirotor aircraft 

comprising at least one thrust producing unit that is configured as 5 

described above.  

Advantageously, the shrouding of the inventive thrust 

producing unit  al lows reducing respective overal l dimensions of the 

inventive mult irotor aircraft  that features the inventive thrust 

producing unit .  Furthermore, individuals approaching the  shrouded 10 

thrust producing unit  are protected against injury, foreign object 

damages of the thrust producing unit  in opera tion, such as e. g. 

bird str ike or wire str ike, can securely and reliably be prevented, 

and the overall operational safety of the associated multirotor 

aircraft in case of air col l isions can be improved.  15 

Moreover, respective aerodynamics, acoustics and 

performances can be improved by reducing a respective rotor blade 

loading in operation, reducing an overal l power consumption, 

reducing a respective noise emission and ameliorat ing functioning 

in hover and forward f l ight  of the inventive multirotor aircraft . 20 

Furthermore, an underlying required diameter of the thrust 

producing unit can be reduced. Additionally, l if t of the inventive 

multirotor aircraft is improved by the shrouding itself , potential ly 

reducing the overall  power required by the inventive multirotor 

aircraft.   25 

It should be noted that although the inventive aircraft is 

described above with reference to a multirotor structure with 

multiple rotor assemblies, it could l ikewise be implemented as a 

multipropeller structure with multiple propeller assemb lies or as a 

multipropeller and –rotor structure. More specif ically, while rotors 30 
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are generally ful ly art iculated, propellers are generally not 

articulated at all. However, both can be used for generating thrust 

and, thus, for implementing the thrust producing units according to 

the present invention. Consequently, any reference to rotors or 

rotor structures in the present description  should l ikewise be 5 

understood as a reference to propellers and propeller structures, 

so that the inventive mult irotor aircra ft can l ikewise be 

implemented as a multipropeller and/or mult ipropeller and –rotor 

aircraft.  

In other words, the present invention principally relates to a 10 

multiple thrust configurat ion with rotors/propellers that define 

rotor/propeller planes, which can be selected to be positioned atop 

of each other individually, a shrouding for enclosing any rotat ing 

parts of at most one of the rotors/propellers , at least one electrical 

engine which drives each rotor/propeller, wherein each engine can 15 

be segregated in order to increase a provided safety level,  and 

wherein a logic connection preferably exists between battery and 

electrical engines, the logic connection preferential ly comprising a 

redundant design increasing the safety level in case of failure, and 

wherein preferably a battery redundancy layout with an appropriate 20 

safety level in case of failure is provided.  

Advantageously, the inventive mult irotor aircraft  is designed 

for transportat ion of passengers and is, in particular, suitable and 

adapted for being certif icated for operation within urban areas. It is 

preferably easy to f ly, has mult iple redundancies, meets the safety 25 

demands of the authorit ies, is cost eff icient in design and only 

creates comparatively low noise.  Preferably, the inventive 

multirotor aircraft has a comparatively small rotor diameter with a 

light weight design and a f ixed angle of incident, and is 

nevertheless adapted for fulf i lment of an emergency landing, 30 
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although these rotor characterist ics lead to a comparatively low 

inert ia and a non-adjustable torque in operation.  

According to one aspect, the inventive mult irotor aircraft is 

capable of hovering and comprises a distributed propulsion system. 

It is further preferably designed with autorotation capability, which 5 

is necessary amongst other requirements in order to meet authority 

regulat ions, such as e.g. FAR and EASA regulat ions, regarding 

safety failure modes that amount up to approx imately 1*10 -7  

failures per f l ight hour for the entire mult irotor aircraft. In the 

aeronautical sector, these safety levels are typical ly defined by the 10 

so-called Design Assurance Levels (DAL) A to D.  

Preferably, the inventive multirotor aircraft fulf i ls the 

authorit ies’ regulat ion safety level needed to transport passengers. 

This is preferentially achieved by a combination and correlation of:  

• at least two individual rotor assemblies  per thrust producing 15 

unit,  

• a redundant, segregated battery layout,  

• a redundant power supply and harness layout,  

• a physical separation and segregation of an underlying power 

management, 20 

• redundant, segregated electrical engines, and  

• pitch control and/or RPM control of the rotor assemblies.  

Preferred embodiments of the invention are outlined by way 

of example in the following description with reference to the 

attached drawings.  In these attached drawings, identical or 25 

identically functioning components and elements are labeled with 

identical reference numbers and characters and are, consequently, 

only described once in the following description.  

- Figure 1 shows a perspective view of a multirotor aircraft 

with a plural ity of exemplary thrust producing units, 30 
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- Figure 2 shows a top view of the multirotor aircraft  of Figure 

1,  

- Figure 3 shows a side view of the multirotor aircraft  of 

Figure 1 and Figure 2 during forward f l ight,  

- Figure 4 shows a front view of the multirotor aircraft  of 5 

Figure 3,  

- Figure 5 shows a perspective view of a thrust producing unit  

of the multirotor aircraft of Figure 1 to Figure 4  with a shrouding 

according to the present invention , 

- Figure 6 shows a front  view of the thrust producing unit of 10 

Figure 5,  

- Figure 7 shows a partly transparent side view of the thrust 

producing unit  of Figure 5  and Figure 6 during vertical take-off and 

forward f l ight of the multirotor aircraft  of Figure 1 to Figure 4 , 

- Figure 8 shows a part ly transparent side view of the 15 

shrouding of Figure 5 to Figure 7 ,  

- Figure 9 shows a perspective view of the shrouding of  

Figure 8, 

- Figure 10 shows a top view of the shrouding of Figure 8 and 

Figure 9,  20 

- Figure 11 shows exemplary cross-sections of the shrouding 

of Figure 8 to Figure 10,  

- Figure 12 shows a partly transparent side view of the thrust 

producing unit  of Figure 5 and Figure 6 during vertical take -off and 

forward f l ight of the multirotor aircraft  of Figure 1 to Figure 4 , 25 
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- Figure 13 shows a diagram il lustrat ing an exemplary control 

method for control l ing the mult irotor aircraft of Figure 1 to Figure 4,  

-  Figure 14 shows a top view of the shrouding of Figure 8 to 

Figure 10 according to a f irst variant,  

-  Figure 15 shows a part ly transparent side view of the thrust 5 

producing unit of Figure 5 and Figure 6 with the shrouding of 

Figure 8 to Figure 10 according to a second variant,  

- Figure 16 shows a top view of the shrouding of Figure 15 

during vertical take-off of the multirotor aircraft of Figure 1 to 

Figure 4, and 10 

- Figure 17 shows a top view of the shrouding of Figure 15 

during forward f l ight of the multirotor aircraft of Figure 1 to Figure 

4. 

Figure 1 shows a multirotor aircraft 1 with an aircraft airframe 

2 according to the present invention. The aircraft airframe 2 15 

defines a supporting structure that is also referred to hereinafter as 

the fuselage of the multirotor aircraft 1.  

The fuselage 2 has an extension in longitudinal direct ion 1a 

and an extension in lateral direct ion 1b and preferably defines an 

internal volume 2a that is at least adapted for transportation of 20 

passengers, so that the multirotor aircraft 1 as a whole is adapted 

for transportation of passengers. The internal volume 2a is 

preferably further adapted for accommodating operational and 

electrical equipment, such as e. g. an energy storage system that 

is required for operation of the multirotor aircraft 1.  25 

It should be noted that exemplary configurations of the 

internal volume 2a that are suitable for transportat ion of 

passengers, but also for accommodation of operational and 
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electrical equipment, are readily available to the person skil led in 

the art and generally implemented to comply with applicable 

authority regulat ions and cert if ication requirements regarding  

passenger transportation. Thus, as these configurat ions of the 

internal volume 2a as such are not part of the present invention, 5 

they are not described in detai l for brevity and conciseness.  

According to one aspect, the mult irotor aircraft 1 comprises a 

plurality of thrust producing units 3. Preferably, the plurality of 

thrust producing units 3 comprises at least two and preferentially 

four thrust producing units 3a, 3b, 3c, 3d . The thrust producing 10 

units 3a, 3b, 3c, 3d are embodied for producing thrust (9 in Figure 

3) in operation, such that the mult irotor aircraft 1 is able to hover in 

the air as well as to f ly in any forward or rearward direction.  

Preferably, the thrust producing units 3a, 3b, 3c, 3d are  

structurally connected to the fuselage 2 . By way of example, this is 15 

achieved by means of a plurality of structural supports 4. More 

specif ically, the thrust producing unit 3a is preferably connected to 

the fuselage 2 via a structural support 4a, the thrust producing unit  

3b via a structural support 4b, the thrust producing unit 3c via a 

structural support 4c and the thrust producing unit  3d via a 20 

structural support 4d, wherein the structural supports 4a, 4b, 4c, 4d 

define the plural ity of structural supports 4.  

Preferably, at least one of the thrust producing units 3a, 3b, 

3c, 3d comprises an associated shrouding in order to improve 

underlying aerodynamics and to increase operational safety . By 25 

way of example, a plurality of shrouding units 6 is shown with four 

separate shroudings 6a, 6b, 6c, 6d. I l lustrat ively, the shrouding 6a 

is associated with the thrust producing unit 3a, the shrouding 6b 

with the thrust producing unit 3b, the shrouding 6c with the thrust 

producing unit  3c and the shrouding 6d with the thrust producing 30 

unit 3d. 
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The shroudings 6a, 6b, 6c, 6d can be made of a simple sheet 

metal. However, according to one aspect the shroudings 6a, 6b, 6c, 

6d have a complex geometry, such as e. g. described below with 

reference to Figure 5.  

Furthermore, the shroudings 6a, 6b, 6c, 6d can be connected 5 

to the fuselage 2 together with the structural supports 4a, 4b, 4c, 

4d, in order to reinforce the connection between the thrust 

producing units 3a, 3b, 3c, 3d and the fuselage 2. Alternatively, 

only the shroudings 6a, 6b, 6c, 6d can be connected to the 

fuselage 2.  10 

According to one aspect, at least one and, preferably, each 

one of the thrust producing units 3a, 3b, 3c, 3d is equipped with at 

least two rotor assemblies. By way of example, the thrust 

producing unit 3a is equipped with two rotor assemblies 7a, 8a, th e 

thrust producing unit 3b is equipped with two rotor assemblies 7b, 15 

8b, the thrust producing unit 3c is equipped with two rotor 

assemblies 7c, 8c and the thrust producing unit  3d is equipped with 

two rotor assemblies 7d, 8d. The rotor assemblies 7a, 7b, 7 c, 7d 

il lustratively define a plurality of upper rotor assemblies 7 and the 

rotor assemblies 8a, 8b, 8c, 8d il lustratively define a plurality of 20 

lower rotor assemblies 8.  

The plurality of upper and lower rotor assemblies 7, 8 is 

preferably connected to the plurality of structural supports 4 by 

means of a plural ity of gearbox fair ings 5. I l lustrat ively, the upper 

and lower rotor assemblies 7a, 8a are connected to the structural 25 

support 4a by means of a gearbox fairing 5a, the upper and lower 

rotor assemblies 7b, 8b are connected to the structural support 4b 

by means of a gearbox fairing 5b, the upper and lower rotor 

assemblies 7c, 8c are connected to the structural support 4c by 

means of a gearbox fairing 5c and the upper and lower rotor 30 
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assemblies 7d, 8d are connected to the structural support 4d by 

means of a gearbox fairing 5d.  

Preferably, each one of the upper rotor assemblies 7a, 7b, 

7c, 7d defines an associated upper rotor plane (21 in Figure 7) and 

each one of the lower rotor assemblies 8a, 8b, 8c, 8d defines an 5 

associated lower rotor plane (22 in Figure 7). Preferably, the upper 

and lower rotor assemblies  7a, 7b, 7c, 7d, 8a, 8b, 8c, 8d define 

pairs of upper and lower rotor assemblies  7a, 8a; 7b, 8b; 7c, 8c; 

7d, 8d that are accommodated in the shroudings 6a, 6b, 6c, 6d, 

respectively, so that the associated upper and lower rotor planes 10 

(21, 22 in Figure 7) are located inside the shroudings 6a, 6b, 6c, 

6d of the multirotor aircraft 1 .  

According to one aspect,  the mult irotor aircraft 1 comprises 

an aircraft  operating structure and a redundant security 

architecture. The aircraft operating structure  is preferably adapted 15 

for operation of the multirotor aircraft 1 in failure -free operating 

mode and the redundant security architecture is preferably at least 

adapted for operation of the multirotor aircraft 1 in case of a failure 

of the aircraft operating structure.  In part icular, the redundant 

security architecture is provided to comply preferential ly with 20 

applicable authority regulations and cert if ication require ments 

regarding passenger transportat ion.  

Preferably, the aircraft operating structure comprises at least 

a f irst part of the upper and lower rotor assemblies 7a, 7b, 7c, 7d, 

8a, 8b, 8c, 8d and the redundant security architecture comprises at 25 

least a second part of the upper and lower rotor assemblies 7a, 7b, 

7c, 7d, 8a, 8b, 8c, 8d. Preferential ly, a f irst one of the upper and 

lower rotor assemblies 7a, 8a, 7b, 8b, 7c, 8c, 7d, 8d of each thrust 

producing unit 3a, 3b, 3c, 3d is associated with the aircraft 

operating structure, while a second one is associated with the 30 

redundant security architecture . By way of example, the upper rotor 
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assemblies 7a, 7b, 7c, 7d are associated with the aircraft operating 

structure and the lower rotor assemblies 8a, 8b, 8c, 8d a re 

associated with the redundant security architecture. Thus, at least 

in case of a failure of the upper rotor assemblies 7a, 7b, 7c, 7d, 

the lower rotor assemblies 8a, 8b, 8c, 8d operate the multirotor 5 

aircraft 1 in order to avoid e. g. a crash thereof.  

It should, however, be noted that the above configuration, 

wherein the upper rotor assemblies 7a, 7b, 7c, 7d are associated 

with the aircraft operating structure and the lower rotor assemblies 

8a, 8b, 8c, 8d are associated with the redundant security 10 

architecture, is merely described by way of example and not for 

l imit ing the invention thereto. Instead, alternative associations are 

likewise possible and contemplated. For instance, the rotor 

assemblies 7a, 7c, 8b, 8d can be associated with the aircraft  

operating structure, while the rotor assemblies 8a, 8c, 7b, 7d are 15 

associated with the redundant security architecture. Alternatively, 

all  upper and lower rotor assemblies 7a, 7b, 7c, 7d, 8a, 8b, 8c, 8d 

can be associated with the aircraft operating structure and /or the 

redundant security architecture, and so on. As such alternative 

associations are readily available to the person skil led in the art, 20 

they are likewise contemplated and considered as being part of the 

present invention.     

Figure 2 shows the multirotor aircraft 1 of Figure 1 with the 

thrust producing units 3a, 3b, 3c, 3d that are connected to the 

fuselage 2. The thrust producing units 3a, 3b, 3c, 3d respectively 25 

comprise the upper and lower rotor assemblies 7a, 7b; 7b, 8b; 7c, 

8c; 7d, 8d, which are preferably arranged in a side-by-side 

configuration with congruent rotor axes (12 in Figure 3 and Figure 

4). Preferential ly, the upper rotor assemblies 7a, 7b, 7c, 7d are 

arranged above the lower rotor assemblies 8a, 8b, 8c, 8d  such that 30 

the upper and lower rotor assemblies 7a, 7b; 7b, 8b; 7c, 8c; 7d, 8d 
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are stacked, i. e. arranged on top of each other with congruent 

rotor axes (12 in Figure 3 and Figure 4) . However, alternative 

configurations are likewise contemplated, such as e. g. axial ly 

displaced rotor axes.  

As can further be seen from Figure 2, the thrust producing 5 

units 3a, 3b, 3c, 3d are all exemplari ly arranged lateral ly with 

respect to the fuselage 2, i. e. on the left or right side of the 

fuselage 2 seen in its longitudinal direct ion 1a. I l lustrat ively, the 

left side corresponds to the lower side and the right side to the 

upper side of the fuselage 2 as shown in Figure 2. Furthermore, 10 

the fuselage 2 is exemplarily embodied such that the laterally 

arranged thrust producing units 3a, 3b, 3c, 3d defin e at least 

approximately a trapezoidal shape.  

However, it should be noted that this exemplary arrangement 

is only described by way of example and not for l imit ing the present 15 

invention thereto. Instead, other arrangements are also possible 

and likewise contemplated. For instance, two of the thrust 

producing units 3a, 3b, 3c, 3d can respectively be arranged at a 

front and rear section of the fuselage 2, and so on.  

Figure 3 shows the multirotor aircraft 1 of Figure 1 and Figure 20 

2 in an exemplary failure -free operating mode. In this exemplary 

failure-free operating mode, the plural ity of thrust producing units 3 

produce airstreams in a thrust producing airstream direction  9 by 

means of the plurality of upper and/or lower rotor assemblies 7, 8 , 

which are suitable to l if t the mult irotor aircraft 1 off  ground 10.  25 

Each one of the plural ity of upper rotor assemblies 7 defines 

a f irst rotor axis and each one of the plural ity of lower rotor 

assemblies 8 defines a second rotor axis. Preferably, the f irst and 

second rotor axes are respectively congruent, i.  e. coaxial ly 

arranged, so that the plurali ty of upper and lower rotor assemblies 30 
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7, 8 define a plural ity of coaxial ly arranged rotor axes 12 . 

I l lustrat ively, the upper and lower rotor assemblies 7c, 8c define 

f irst and second congruent rotor axes, which are commonly 

referred to as the rotor axis 12c, and the upper and lower rotor 

assemblies 7d, 8d define f irst and second congruent rotor axes, 5 

which are commonly referred to as the rotor axis 12d.  

However, other configurat ions are likewise contemplated. E. 

g. the rotor axes can be arranged in paral lel to each other, and so 

on.  

Preferably, the plurality of thrust producing units 3 is inclined 10 

in the longitudinal direct ion 1a of the multirotor aircraft 1 by a 

plurality of  longitudinal incl ination angles 11  in order to increase 

the manoeuvrabil ity of the multirotor aircraft 1  and to reduce an 

overal l inclinat ion in the longitudinal direction 1a of the multirotor 

aircraft 1 during forward f l ight . The plurality of longitudina l 15 

incl inat ion angles 11 is i l lustrat ively defined between a vert ical 

reference line 10a of the mult irotor aircraft 1 and the plurality of  

coaxially arranged rotor axes 12. Preferably, a possible and 

realized number of the plural ity of longitudinal inclinat ion angles 11 

depends on an underlying number of provided thrust producing 20 

units.  

More specif ically, according to one aspect,  at least one of the 

plurality of  thrust producing units 3 is incl ined in  the longitudinal 

direction 1a of the multirotor aircraft 1 by a f irst longitudinal 

incl inat ion angle defined between a vert ical reference l ine 10a of 25 

the multirotor aircraft 1 and the f irst and second congruent rotor 

axes of this at least one of the plurali ty of thrust producing units 3. 

The f irst longitudinal inclinat ion angle is preferably comprised in a 

range between -45° and +80°, and preferentially amounts to 7°.  
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I l lustrat ively, the thrust producing unit 3c of the plural i ty of 

thrust producing units 3 is incl ined by a f irst longitudinal inclinat ion 

angle 11a defined between the vertical reference line 10a and the 

rotor axis 12c, wherein the f irst longitudinal incl ination angle 11a is 

preferably comprised in a range between -45° and +80°, and 5 

preferential ly amounts to 7°. However, it should be noted that the 

thrust producing unit 3a of the plural ity of thrust producing units 3 

of Figure 1 and Figure 2 is preferably also incl ined by the f irst 

longitudinal inclinat ion angle 11a.  

According to one aspect, at least one of the plurality of thrust 10 

producing units 3 is inclined in the longitudinal direct ion 1a of the 

multirotor aircraft 1 by a second longitudinal inclination angle 

defined between the vert ical reference l ine 10a and the f irst and 

second congruent rotor axes of this at least one of the plurality of 

thrust producing units 3. The second longitudinal inclination angle 15 

is preferably also comprised in a range between -45° and +80°, and 

preferential ly amounts to 7°.  

I l lustrat ively, the thrust producing unit 3d of the plural i ty of 

thrust producing units 3 is incl ined by a second longitudinal 

incl inat ion angle 11b defined between the vert ical reference l ine 20 

10a and the rotor axis 12d, wherein the second longitudinal 

incl inat ion angle 11b is preferably comprised in a range between        

-45° and +80°, and preferentially amounts to 7°. However, it should 

be noted that the thrust producing unit 3b of the plurali ty of thrust 

producing units 3 of Figure 1 and Figure 2 is preferably also 25 

incl ined by the second longitudinal inclinat ion angle 11b.  

Figure 4 shows the mult irotor aircraft 1 with the fuselage 2 of 

Figure 3, which i l lustrat ively comprises a width 2b. The latter is 

defined as a maximum distance measured orthogonally to the 

longitudinal direct ion 1a of the multirotor aircraft 1  between the 30 
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respective outmost lef t hand and right hand side surfaces  of the 

fuselage 2. 

The multirotor aircraft 1 is again exemplari ly shown in the 

failure-free operating mode, wherein the plurality of thrust 

producing units 3 produce airstreams in the thrust producing 5 

airstream direct ion 9 by means of the plurality of upper and lower 

rotor assemblies 7, 8. The upper and lower rotor assemblies 7c, 8c 

define the rotor axis 12c and the upper and lower rotor assemblies 

7d, 8d define the rotor axis 12d as described above with reference 

to Figure 3.  10 

Furthermore, the upper and lower rotor assemblies 7a, 8a 

exemplarily define f irst and second congruent rotor axes, which are 

commonly referred to as the rotor axis 12a, and the upper and 

lower rotor assemblies 7b, 8b define f irst and second congruen t 

rotor axes, which are commonly referred to as the rotor axis 12b.  It  15 

should be noted that the rotor axes 12a, 12b, 12c, 12d are 

preferably implemented in order to reduce the overall  complexity, 

system weight as well as geometrical size of the mult irotor aircraft 

1. 

Preferably, the plurality of thrust producing units 3 is inclined 20 

in the lateral direction 1b of the mult irotor aircraft 1 by a plural ity 

of lateral incl ination angles 13 in order to provide reduced gust 

sensit ivity and to increase the manoeuvrabili ty of the multirotor 

aircraft 1. The plurality of lateral inclinat ion angles 13 is 

i l lustratively defined between the vert ical reference line 10a of the 25 

multirotor aircraft 1 and the plurality of coaxial ly arranged rotor 

axes 12. Preferably, a possible and realized number of the plurality 

of lateral inclinat ion angles 13 depends on an underlying number of 

provided thrust producing units.  
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More specif ically, according to one aspect, at least one of the 

plurality of thrust producing units 3 is incl ined in  the lateral 

direction 1b of the multirotor aircraft 1 by a f irst lateral incl inat ion 

angle defined between the vertical reference line 10a of the 

multirotor aircraft 1 and the f irst and second congruent rotor axes 5 

of this at least one of the plural ity of thrust producing units 3. The 

f irst lateral incl ination angle is preferably comprised in a range 

between -45° and +80°, and preferentially amounts to 5°.  

I l lustrat ively, the thrust producing unit 3a of the plural i ty of 

thrust producing units 3 is inclined  by a f irst lateral inclinat ion 10 

angle 13a defined between the vertical reference line 10a and the 

rotor axis 12a, wherein the f irst lateral incl ination angle 13a is 

preferably comprised in a range between -45° and +80°, and 

preferential ly amounts to 5°. However, it should be noted that the 

thrust producing unit 3c of the plural i ty of thrust producing units 3 15 

of Figure 1 and Figure 2 is preferably also incl ined by the f irst 

lateral incl ination angle 13a. 

According to one aspect, at least one of the plurality  of thrust 

producing units 3 is inclined in the lateral direction 1b of the 

multirotor aircraft 1 by a second lateral incl ination angle defined 20 

between the vertical reference line 10a of the multirotor aircraft 1 

and the f irst and second congruent rotor axes of this at least one of 

the plurality of thrust producing units 3. The second lateral 

incl inat ion angle is preferably comprised in a range between -45° 

and +80°, and preferentially amounts to 5°.  25 

I l lustrat ively, the thrust producing unit 3b of the plural i ty of 

thrust producing units 3 is inclined by a second lateral incl inat ion 

angle 13b defined between the vertical reference line 10a and the 

rotor axis 12b, wherein the second lateral incl ination angle 13b is 

preferably comprised in a range between -45° and +80°, and 30 

preferential ly amounts to 5°. However, it should be noted that the 
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thrust producing unit 3d of the plural ity of thrust producing units 3 

of Figure 1 and Figure 2 is preferably also inclined by the second 

lateral incl ination angle 13b.  

Figure 5 shows the thrust producing unit 3d of the preceding 

f igures, with its upper rotor assembly 7d, its lower rotor assembly 5 

8d, its gearbox fair ing 5d and its shrouding 6d , for further 

i l lustrating an exemplary configuration thereof. It should, however, 

be noted that the thrust producing units 3a, 3b, 3c of the preceding 

f igures preferably comprise similar configurations, so that the 

thrust producing unit 3d is only described representative for al l  10 

thrust producing units 3a, 3b, 3c, 3d, for brevity and conci seness. 

Preferably, the shrouding 6d is configured with a supporting 

structure 16 that can be made of a simple pressed, bended metal 

sheet. The support ing structure 16 is preferentially provided with 

an internal volume that can e. g. be used as storage vol ume for a 15 

battery system of the multirotor aircraft 1 of the preceding f igures. 

I l lustrat ively, the shrouding 6d and, more specif ically, the 

supporting structure 16 accommodates at most one and, 

exemplarily, the lower rotor assembly 8d.  I l lustrat ively, the lower 

rotor assembly 8d comprises at least two and, exemplari ly, three 20 

rotor blades 19a, 19b, 19c for producing thrust in operation . 

Similarly, the upper rotor assembly 7d preferably also comprises at 

least two and, exemplari ly, three rotor blades 18a, 18b, 18c for 

producing thrust in operation. 

Furthermore, preferably at least one f irst engine 14a is 25 

provided for driving the rotor blades 18a, 18b, 18c, i. e. the upper 

rotor assembly 7d, in operation and at least one second engine 14b 

is provided for driving the rotor blades 19a, 19b, 19c, i. e. the 

lower rotor assembly 8d, in operation. The at least one f irst engine 

14a is preferably associated with the aircraft operating structure 30 

described above with reference to Figure 1, and the at least one 
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second engine 14b is preferably associated with the redundant 

security architecture described above with reference to Figure 1 . 

I l lustrat ively, the at least one f irst and second engines 14a, 14b 

are arranged inside of and, thus, encompassed by the gearbox 

fairing 5d. 5 

It should be noted that optionally one or more gearboxes  can 

be introduced between the at least one f irst and second engines 

14a, 14b and the rotor blades 18a, 18b, 18c respectively 19a, 19b, 

19c. By such an optional introduction of one or more gearboxes , an 

operating eff iciency of the at least one f irst and second engines 10 

14a, 14b can be increased since their rotat ional speed is 

increased.  

It should further be noted that the at least one f irst and 

second engines 14a, 14b can be implemented by any suitab le 

engine that is capable of producing torque in operation, such as a 15 

turbine, diesel engine, Otto-motor, electrical engine and so on, and 

that can be connected to the rotor blades 18a, 18b, 18c 

respectively 19a, 19b, 19c for rotating these rotor blades 18 a, 18b, 

18c respectively 19a, 19b, 19c, i. e. the upper and lower rotor 

assemblies 7d respectively 8d, in operation. However, as such 20 

engines are well -known to the person ski l led in the art and not part 

of the present invention, they are not described in greater detail for 

brevity and conciseness.   

Preferably, the upper rotor assembly 7d is adapted to be 

rotated in a f irst rotation direct ion 15a around a f irst rotor axis 12e 25 

in operation. Similarly, the lower rotor assembly 8d is adapted to 

be rotated in a second rotation direct ion 15b around the rotor axis 

12d, which il lustrat ively defines a second rotor axis,  in operation. 

I l lustrat ively, the f irst and second rotation directions 15a, 15b are 

preferably opposed to each other.  30 
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According to one aspect, the f irst and second rotor axes 12e, 

12d can be incl ined by associated inclinat ion angles 21a, 22a  with 

respect to a respective longitudinal direction of the shrouding 6d, 

which il lustrat ively corresponds to the second rotor axis 12d . The 

associated inclination angles 21a, 22a are preferably comprised in 5 

a range between -60° and +60°. More specif ically, the associated 

incl inat ion angle 21a is preferably comprised   in  a  range  between 

-10° and +45°, and the associated incl ination angle 22a is 

preferably comprised in a range between -5° and +5°. I l lustrat ively, 

the f irst rotor axis 12e and, thus, the upper rotor assembly 7d, is 10 

incl ined by the associated incl ination angle 21a of exemplarily 

approximately 30° with respect to the second rotor axis 12d and, 

thus, the lower rotor assembly 8d.  

At least the upper rotor assembly 7d and, more specif ically, 

its rotor blades 18a, 18b, 18c, may be provided with an optional 15 

pitch variat ion 17. Similarly, the lower rotor assembly 8d, i. e. its 

rotor blades 19a, 19b, 19c, may also be provided with such an 

optional pitch variation. In this case, control of the produced 

airstream in the thrust producing airstream direct ion 9 of Figure 3 

and Figure 4 can either be achieved in operation by means of pitch 20 

variation, by means of RPM variat ion or by means of a combination 

of pitch and RPM variat ion.  

In contrast,  if  the upper and lower rotor assemblies 7d, 8d 

are not provided with such an optional pitch variation , e. g. if  the 

rotor blades 18a, 18b, 18c respectively 19a, 19b, 19c are 25 

implemented as f ixed pitch blades , control of the produced 

airstream in the thrust producing airstream direct ion 9 of Figure 3 

and Figure 4 in operation by means of pitch variat ion  cannot by 

performed. In this case, only RPM variat ion can be used for control 

of the airstream in the thrust producing airstream direction 9 of 30 
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Figure 3 and Figure 4 that is produced by the upper and lower rotor 

assembly 7d, 8d in operation. 

Preferably, each one of the upper and lower rotor assemblies 

7d, 8d is individually sized and comprises a diameter that ranges 

from 0.05 to 6 times of the fuselage width 2b of Figure 4, which is 5 

designated as W hereinafter for simplicity. In other words, the 

diameter of each one of the upper and lower rotor assemblies 7d, 

8d preferably ranges from 0.05*W to 6*W, and preferentially 

amounts to 1.5*W. 

According to one aspect, the shrouding 6d defines a 10 

cylindrical air duct 20, which is i l lustratively radial ly delimited by 

the supporting structure 16. The cylindrical air duct 20 is preferably 

axial ly delimited by an air inlet region 20e and an air outlet region 

20f. Outside of the cylindrical air duct 20 and preferably adjacent 

to the air inlet region 20e of the cyl indrical air duct 20 is preferably 15 

arranged the f irst rotor assembly 7d.  

It should be noted that the air duct 20 is only by way of 

example designated as a “cyl indrical” air duct and not for l imit ing 

the present invention accordingly. In other words, while a 

“cylindrical” shaping of the air duct implies equal radii all  along the 20 

air duct 20 from the air inlet region 20e to the air outlet region 20f, 

alternative configurations are likewise contemplated. For instance, 

the air duct 20 may exhibit  the form of a frustum, such that its 

radius is e. g. greater at the air outlet region 20f than at the air 

inlet region 20e, and so on. Therefore, is should be understood 25 

that the expression “cyl indrical air duct” is meant to encompass 

also such alternative configurations of the air duct 20.  

The air inlet region 20e preferably exhibits in circumferential 

direction of the cyl indrical air duct 20 an undulated geometry.  More 

specif ically, this undulated geometry implies that when moving in 30 
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circumferential direction of the cylindrical air duct 20 along the air 

inlet region 20e, an undulated motion resp. a wave -shaped 

movement is performed.  

I l lustrat ively, the shrouding 6d, i. e. the cyl indrical air duct 

20, exhibits a leading edge 20a and a trai l ing edge 20b. Only for 5 

clarity, it should be noted that the leading edge 20a is the edge of 

the shrouding 6d, i . e. the cylindrical air duct 20,  that is arranged 

during forward f l ight of the multirotor aircraft of Figure 1 to Figure 

4 in an upstream position with respect to the trail ing edge 20b. 

Furthermore, the shrouding 6d, i. e. the cyl indrical air duct 20,  10 

preferential ly exhibits a board side lateral shoulder 20c and a star 

board side lateral shoulder 20d that are located at the air inlet 

region 20e.  

More specif ically, the leading edge 20a is diametrical ly 

opposed to the trai l ing edge 20b in circumferential direction of the 15 

shrouding 6d, i. e. the cyl indrical air duct 20 , and the board side 

lateral shoulder 20c is diametrical ly opposed to the star board side 

lateral shoulder 20d. Furthermore, the board side lateral shoulder 

20c and the star board side lateral shoulde r 20d are respectively 

arranged between the leading edge 20a and the trail ing edge 20b  20 

in circumferential direction of the shrouding 6d, i. e. the cyl indrical 

air duct 20. 

Figure 6 shows the thrust producing unit 3d of Figure 5, with 

its upper rotor assembly 7d, its lower rotor assembly 8d and its 

shrouding 6d that defines the cyl indrical air duct 20, which is 25 

preferably axially delimited by the air inlet region 20e and the air 

outlet region 20f , for further i l lustrat ing the undulated geometry of 

the air in let region 20e. Figure 6 also further i l lustrates the 

incl inat ion of the upper rotor assembly 7d by the associated 

incl inat ion angle 21a with respect to the lower rotor assembly 8d.  30 
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Figure 7 shows a schematic view of the thrust producing unit  

3d of Figure 5 and Figure 6 with the upper and lower rotor 

assemblies 7d, 8d, which preferential ly rotate around their 

respective rotor axes 12e, 12d. Preferably, the upper and lower 

rotor assemblies 7d, 8d define separated rotor planes 21, 22  in 5 

order to reach a required safety level and a satisfying f l ight 

mechanical behaviour. I l lustratively, the rotor planes 21, 22 are 

arranged on top of each other. Preferentially, a predetermined 

distance between the rotor planes 21, 22 is comprised in a range 

between 0.01*DR and 2*DR, and preferably amounts to 0.17*DR, 10 

wherein DR defines a diameter of the second rotor assembly 8d.   

As described above, the shrouding 6d defines the cyl indrical 

air duct 20 that is axial ly delimited by the air inlet region 20e and 

the air outlet region 20f. The lower rotor assembly 8d is  arranged 

inside of the shrouding 6d and the upper rotor assembly 7d is 15 

arranged outside of the shrouding 6d, i . e. outside of the cyl indrical 

air duct 20 and, preferably, adjacent to the air inlet region 20e.  

In operat ion of the thrust producing unit 3d, the air inlet 

region 20e preferably functions as an air col lector and is, 

therefore, hereinafter also referred to as the “col lector 20e”, for 20 

simplicity and clarity. The air outlet region 20f may be embodied 

and function as a dif fusor, but not necessari ly, and is therefore 

hereinafter also referred to as the “dif fusor 20f”, for simplicity and 

clarity.  

Part (A) of Figure 7 il lustrates an exemplary operation of the 25 

thrust producing unit 3d in axial air f low conditions, i . e. during 

vert ical take-off and hovering of the multirotor aircraft 1 of Figure 1 

to Figure 4. However, in contrast to Figure 5 and Figure 6, t he rotor 

axes 12e, 12d are exemplarily arranged coaxially to each other .  
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I l lustrat ively, in the axial air f low conditions, an axial 

airstream 23a enters the cyl indrical air duct 20 via the collector 

20e, is accelerated by means of the upper and lower rotor 

assemblies 7d, 8d and exits the cyl indrical air duct 20 via the 

dif fusor 20f. It should be noted that the airst ream 23a is referred to 5 

as an “axial” airstream as it  is at least approximately oriented in 

paral lel to the coaxial ly arranged rotor axes 12e, 12d.  

The axial airstream 23a by itself  produces thrust and further 

produces an addit ional thrust by act ing on the  shrouding 6d, i. e. 

the cyl indrical air duct 20. This wil l lead to a total thrust i l lustrated 10 

by a thrust vector 23, which wil l allow the mult irotor aircraft 1 of 

Figure 1 to Figure 4 to be l if ted.  It should be noted that  at the same 

thrust level, a respective amount of power needed by the at least 

one f irst and second engines 14a, 14b  of Figure 5 and Figure 6 for  

driving the upper and lower rotor assemblies 7d, 8d  will  be 15 

signif icantly lower than the power that would be needed to drive 

the upper and lower rotor assemblies 7d, 8d without the shrouding 

6d. 

Part (B) of Figure 7 il lustrates an exemplary operation of the 

thrust producing unit 3d in transversal air f low condit ions, i. e. 20 

during forward f l ight of the multirotor aircraft 1 of Figure 1 to 

Figure 4.  The rotor axes 12e, 12d are il lustratively sti l l  arranged 

coaxially to each other according to part (A), but now a transversal 

airstream 23b enters the cyl indrical air duct 20 via the collector 

20e, is accelerated by means of the upper and lower rotor 25 

assemblies 7d, 8d and exits the cyl indrical air duct 20 via the 

dif fusor 20f. It should be noted that the airstream 23 b is referred to 

as a “transversal” airstream, as it  is at least approximately oriented 

in a direct ion transversal  to the coaxially arranged rotor axes 12e, 

12d. 30 
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In order to allow forward f l ight of the multirotor aircraft 1 of 

Figure 1 to Figure 2 with the thrust producing unit 3d according to 

part (B), preferably RPM variat ion is used for control of the 

transversal airstream 23b in the cylindr ical air duct 20. More 

specif ically, the upper rotor assembly 7d is preferably rotated 5 

around the rotor axis 12e with a higher rotational speed than the 

lower rotor assembly 8d around the rotor axis 12d. Thus, an 

underlying direct ion of the total thrust i l lustrated by the thrust 

vector 23, which is st i l l shown as in part (A),  will  be re-oriented as 

il lustrated in part (C) in order to allow the forward f l ight of the 10 

multirotor aircraft 1 of Figure 1 to Figure 4 .  

Part (C) of Figure 7 il lustrates another exemplary operation of 

the thrust producing unit 3d in transversal air f low conditions, i. e. 

during forward f l ight of the multirotor aircraft 1 of Figure 1 to 

Figure 4 according to the present invention, wherein the 15 

transversal airstream 23b according to part  (B) enters the 

cyl indrical air duct 20 via the collector 20e, is accelerated by 

means of the upper and lower rotor assemblies 7d, 8d and exits the 

cyl indrical air duct 20 via the dif fusor 20f. However, in contrast to 

part (B) the rotor axis 12e is now inc lined by the incl ination angle 20 

21a, as described above with reference to Figure 5 and Figure 6.  

Thus, the thrust vector 23 is re-oriented as exemplari ly i l lustrated 

in order to al low for enhanced forward f l ight conditions of the 

multirotor aircraft 1 of Figure 1 to Figure 4. 

Figure 8 shows another schematic view of the thrust 25 

producing unit 3d of Figure 5  and Figure 6 with the shrouding 6d 

that defines the cylindrical air duct 20,  which is preferably axially 

delimited by the collector 20e and the dif fusor 20f and which 

comprises the leading edge 20a, the trai l ing edge 20b, the board 

side lateral shoulder 20c and the star board side lateral shoulder 30 
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20d. However, for purposes of simplicity and clarity, i l lustrat ion of 

the upper and lower rotor assemblies 7d, 8d was omitted. 

According to one aspect, the cyl indrical air duct 20 exhibits a 

height defined between the dif fusor 20f and the collector 20e in 

axial direct ion of the cyl indrical air duct 20 that varies in 5 

circumferential direction of the cyl indrical air duct 20. This height 

varies in the circumferential direction of the cyl indrical air duct 20 

and, thus, defines the undulated geometry of the collector 20e  as 

described above with reference to Figure 5.  

More specif ically, a height 24a at the leading edge 20 a is 10 

preferably smaller than a height 24c at the board side lateral 

shoulder 20c and/or the star board side lateral shoulder 20d. 

Furthermore, a height 24b at the trail ing edge 20b is preferably 

smaller than the height 24c at the board side lateral shoulde r 20c 

and/or the star board side lateral shoulder 20d. Moreover, the 15 

height 24b at the trai l ing edge 20b is preferably smaller than the 

height 24a at the leading edge 20a. According to one aspect, the 

height 24c at the board side lateral shoulder 20c and/o r the star 

board side lateral shoulder 20d is selected in a range from 0.05*D 

to 0.5*D, wherein D defines a diameter , preferably an inner 20 

diameter (20g in Figure 10), of the cyl indrical air duct 20.  

According to one aspect, the collector 20e of the cyl indr ical 

air duct 20 exhibits a radius that varies in the circumferential 

direction of the cyl indrical air duct 20. In other words, the collector 

20e is preferably not provided with a f lat upper edge, i. e. its edge 25 

that points away from the dif fusor 20f, but with a rounded upper 

edge. Preferential ly, the radius of the collector 20e, which is 

hereinafter also referred to as the “collector radius” for simplicity 

and clarity, dif fers between at least two of the leading edge 20a, 

the trail ing edge 20b, the board s ide lateral shoulder 20c and the 30 

star board side lateral shoulder 20d.  
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Preferably, a col lector radius 25a at the leading edge 20a is 

selected in a range from 0.01*D to 0.25*D, a collector radius 25b at 

the trai l ing edge 20b is selected in a range from 0 to  0.25*D, and a 

collector radius 25c at the board side lateral shoulder 20c and/or 

the star board side lateral shoulder 20d  is selected in a range from 5 

0.01*D to 0.25*D. As already mentioned above, D defines the 

diameter, preferably the inner diameter (20g in Figure 10), of the 

cyl indrical air duct 20.  

Likewise, the dif fusor 20f of the cylindrical air duct 20 may 

exhibit  a radius that varies in the circumferential direct ion of the 10 

cylindrical air duct 20. In other words, the dif fusor 20f is not 

necessari ly provided as i l lustrated with a f lat lower edge, i. e. its 

edge that points away from the collector 20e, but with a rounded 

lower edge. Preferential ly, the radius of the dif fusor 20f, which is 

hereinafter also referred to as the “dif fusor radius” for simpli city 15 

and clarity, dif fers between at least two of the leading edge 20a, 

the trail ing edge 20b, the board side lateral shoulder 20c and the 

star board side lateral shoulder 20d.  

Preferably, a dif fusor radius 26a at the leading edge 20a is 

selected in a range from 0 to 0.1*D, a diffusor radius 26b at the 20 

trai l ing edge 20b is selected in a range from 0 to 0.1*D, and a 

dif fusor radius 26c at the board side lateral shoulder 20c and/or 

the star board side lateral shoulder 20d is selected in a range from 

0 to 0.1*D. Again, as already mentioned above, D defines the 

diameter, preferably the inner diameter (20g in Figure 10), of the 25 

cylindrical air duct 20.  

Figure 9 shows the shrouding 6d of Figure 5 to Figure 8 that 

defines the cylindrical air duct 20, which is prefe rably axial ly 

delimited by the collector 20e and the dif fusor 20f and which 

comprises the leading edge 20a, the trai l ing edge 20b, the board 30 

side lateral shoulder 20c and the star board side lateral shoulder 
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20d. According to one aspect, the leading edge 20a is provided 

with an additional l i f t ing surface 27.  

Figure 10 shows the shrouding 6d of Figure 5 to Figure 8 that 

defines the cyl indrical air duct 20, which comprises the leading 

edge 20a, the trail ing edge 20b, the board side lateral shoulder 20c 5 

and the star board side lateral shoulder 20d. I l lustratively,  a 

diameter and, more specif ically, an inner diameter D of the 

cyl indrical air duct 20, is labeled with the reference sign 20g. 

Furthermore, the azimuth ψ of the cylindrical air duct 20, i. e. the 

shrouding 6d, is labeled with the reference sign 20h. By way of 10 

example, it is assumed that the azimuth ψ is defined in clockwise 

direction of the shrouding 6d as il lustrated  and starts turning from 

the trai l ing edge 20b such that ψ=0 at the trai l ing edge 20b. 

Figure 11 shows four exemplary cross-sections of the 

shrouding 6d that defines the cyl indrical air duct 20, which is 15 

preferably axially delimited by the collector 20e and the dif fusor 20f 

and which comprises the leading edge 20a, the trai l ing edge 20b, 

the board side lateral shoulder 20c and the star board side lateral 

shoulder 20d. Each cross-section corresponds to a sectional view 

of the shrouding 6d at a given azimuth ψ of Figure 10.  20 

More specif ically, a f irst sect ional view i l lustrates an 

exemplary cross-section of the shrouding 6d at the azimuth ψ=180° 

seen in direction of the cut l ine A-A of Figure 10. This f irst 

sectional view i l lustrates the leading edge 20a of the shrouding 6d 

that is provided with the additional l if t ing surface 27 of Figure 9. By 25 

way of example, the collector 20e is provided at the leading edge 

20a as described above with reference to Figure 8 with a rounded 

upper edge, while the dif fusor 20f is i l lustratively provided with a 

f lat lower edge.  
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A second sectional view i l lustrates an exemplary cross -

section of the shrouding 6d at the azimuth ψ=0° seen in direct ion 

of the cut l ine A-A of Figure 10. This second sectional view 

il lustrates the trail ing edge 20b of the shrouding 6d. By way of 

example and as described above with reference to Figure 8, the 5 

collector 20e is provided at the trai l ing ed ge 20b with a rounded 

upper edge and the dif fusor 20f is provided with a rounded lower 

edge.  

A third sectional view i l lustrates an exemplary cross -section 

of the shrouding 6d at the azimuth ψ=90° seen in direction of the 10 

cut l ine B-B of Figure 10. This th ird sectional view il lustrates the 

board side lateral shoulder 20c of the shrouding 6d. By way of 

example, the collector 20e is provided at the board side lateral 

shoulder 20c as described above with reference to Figure 8 with a 

rounded upper edge, while the dif fusor 20f is i l lustratively provided 15 

with a f lat lower edge.  

A fourth sectional view i l lustrates an exemplary cross -section 

of the shrouding 6d at the azimuth ψ=270° seen in direction of the 

cut l ine B-B of Figure 10. This fourth sectional view i l lustrates the 

star board side lateral shoulder 20d of the shrouding 6d. By way of 20 

example, the collector 20e is provided at the star board side lateral 

shoulder 20d as described above with reference to Figure 8 with a 

rounded upper edge, while the dif fusor 20f is i l lustratively provided 

with a f lat lower edge.  

Figure 12 shows the thrust producing unit 3d of Figure 5  and 25 

Figure 6 according to Part (C) of Figure 7, with the shrouding 6d 

and the upper and lower rotor assemblies 7d, 8d. The upper rotor 

assembly 7d rotates in operation around the rotor axis 12e and 

defines the rotor plane 21, and the lower rotor assembly 7d rotates 

in operation around the rotor axis 12d and de fines the rotor plane 30 
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22. The rotor axis 12e is incl ined with respect to the rotor axis 12d, 

as described above. 

More specif ical ly, f igure 12 il lustrates an exemplary control 

method for control l ing the thrust producing unit 3d by means of 

RPM variat ion. In other words, if  e. g. the upper rotor assembly 7d 5 

is operated with a rotat ional speed Ω2 that is higher than a 

rotational speed Ω1 of the lower rotor assembly 8d, the thrust 

vector 23 is incl ined with respect to an exemplary reference plane 

28a by an associated thrust orientat ion angle ε, which is labelled 

with the reference sign 28. As long as the associated thrust 10 

orientat ion angle ε is smaller than 90°, i. e. ε<90°, as i l lustrated on 

the left-hand side of Figure 12, the multirotor aircraft 1 of Figure 1 

to Figure 4 is operated in forward f l ight . If , however, the associated 

thrust orientat ion angle ε is equal to 90°, i. e. ε=90°, as il lustrated 

on the right-hand side of Figure 12, the multirotor aircraft 1 of 15 

Figure 1 to Figure 4 is operated in hover or vertical take-off .  

However, it should be noted that this functioning also 

depends on a particular implementation of the upper and lower 

rotor assemblies 7d, 8d. More specif ically, the required rotat ional 

speed dif ferences may e. g. vary depending on pitch dif ferences 20 

between the upper and lower rotor assemblies or the inclinat ion 

between the rotor axis 12e and the rotor axis 12d, and so on. 

However, the detailed functioning is considered to be readily 

available to the person skil led in the art and, as such, not subject 

of the present invention. Therefore, a more detai led description 25 

thereof is omitted for brevity and conciseness.  

Figure 13 shows an exemplary RPM offset control diagram 29  

il lustrating operation of the multirotor aircraft 1 of Figure 1 to 

Figure 4. The diagram 29 il lustrat ively comprises a f l ight mode axis 

29a and a rotational speed axis 29b.  30 
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In diagram 29, two graphs 30, 31 are il lustratively 

represented. The graph 30 exemplif ies the rotational speed Ω2 of 

the upper rotor assembly 7d of Figure 12, and the graph 31 

exemplif ies the rotational speed Ω1 of the lower rotor assembly 8d 

of Figure 12.  5 

When operation of the mult irotor aircraft 1 of Figure 1 to 

Figure 4 starts, the upper rotor assembly 7d is pre ferably operated 

with a rotat ional speed Ω2 that is lower than the rotational speed 

Ω1 of the lower rotor assembly 8d, as indicated with an arrow 32a. 

Thus, the multirotor aircraft 1 of Figure 1 to Figure 4  is operated in 10 

an associated hover mode, i. e. hovers.  

Subsequently, the rotational speed Ω2 of the upper rotor 

assembly 7d is preferably increased and the rotational speed Ω1 of 

the lower rotor assembly 8d is preferably decreased. Then, when 

the upper rotor assembly 7d is operated with a rotational spe ed Ω2 15 

that is higher than the rotational speed Ω1 of the lower rotor 

assembly 8d, the multirotor aircraft 1 of Figure 1 to Figure 4  is 

operated in an associated forward f l ight mode, as indicated with an 

arrow 32b. 

Figure 14 shows the shrouding 6d of Figure 5 to Figure 12 20 

that defines the cyl indrical air duct 20, which comprises the leading 

edge 20a, the trail ing edge 20b, the board side lateral shoulder 20c 

and the star board side lateral shoulder 20d. However, in contrast 

to the implementation of the shrouding 6d according to Figure 5 to 

Figure 12, the trail ing edge 20b of the cyl indrical air duct 20 is now 25 

at least essentially open and merely provided with a stif fening 

element 33. Preferably, the cyl indrical air duct 20 is open at the 

trai l ing edge 20b over a predetermined opening angle 33a of e. g. 

30° to 60°, which corresponds to an extension angle of the 

stif fening element 33.   30 
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Figure 15 shows the thrust producing unit 3d of Figure 5  and 

Figure 6 according to Part (C) of Figure 7, with the shrouding 6d 

and the upper and lower rotor assemblies 7d, 8d. The shrouding 6d 

comprises the leading edge 20a and the trail ing edge 20b. The 

upper rotor assembly 7d rotates in operation around the rotor axis 5 

12e and defines the rotor plane 21,  and the lower rotor assembly 

7d rotates in operation around the rotor axis 12d and defines the 

rotor plane 22.  

The rotor axis 12e is inclined with respect to the rotor axis 

12d, as described above. In Figure 15, this incl ination is clarif ied 10 

with respect to a horizontal reference  plane 34. More specif ical ly, 

the rotor axis 12e is incl ined with respect to the horizontal 

reference plane 34 by an associated incl inat ion angle α, which is 

labelled with the reference sign 34a, and the rotor axis 12d is 

i l lustratively perpendicular to the horizontal reference plane 34, as 15 

i l lustrated by means of an associated incl ination angle β, which is 

labelled with the reference sign 34b.  

Furthermore, according to one aspect  and in contrast to the 

implementation of the shrouding 6d according to Figure 5 to Figure 

12, the trail ing edge 20b is now equipped with a f lap 35 that is 20 

preferential ly designed as an airfoil . The f lap 35 is  preferably 

rotatable around an associated rotat ion axis 35d and  il lustrated 

with continuous lines in an exemplary hover posit ion 35a, as well 

as with dotted l ines in an exemplary forward f l ight posit ion 35b.  

Figure 16 shows the shrouding 6d of the thrust producing unit  25 

3d of Figure 15 that is provided with the f lap 35 at the trail ing edge 

20b. I l lustratively, the f lap 35 is spanned, i. e. extends, over an 

extension angle 35c at the trai l ing edge 20b of the shrouding 6d. 

By way of example, the f lap 35 is shown in its exem plary hover 

position 35a of Figure 15.  30 



 40 

Figure 17 shows the shrouding 6d of the thrust producing unit  

3d of Figure 15 that is provided with the f lap 35 at the trail ing edge 

20b, which is spanned, i. e. extends, over an extension angle 35c 

at the trail ing edge 20b of the shrouding 6d according to Figure 16. 

By way of example, the f lap 35 is now shown in its exemplary 5 

forward f ight position 35b of Figure 15.    

Finally, it should be noted that modif ications of the above 

described aspects of the present invention are also within the 

common knowledge of the person ski l led in the art and, thus, also 

considered as being part of the present invention.   10 
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Reference List  

1  Mult irotor aircraft  

1a  Aircraft longitudinal direct ion  

1b  Aircraft lateral direction  5 

2  Aircraft airframe 

2a  Aircraft airframe internal volume 

2b  Aircraft airframe width 

3  Thrust producing units  

3a, 3b, 3c, 3d  Thrust producing unit  10 

4  Thrust producing units structural supports  

4a, 4b, 4c, 4d  Thrust producing unit structural support  

5  Gearbox fair ings 

5a, 5b, 5c, 5d  Gearbox fair ing 

6  Shrouding units  15 

6a, 6b, 6c, 6d  Shrouding 

7  Upper rotor assemblies  

7a, 7b, 7c, 7d  Upper rotor assembly 

8  Lower rotor assemblies  

8a, 8b, 8c, 8d  Lower rotor assembly   20 

9  Thrust producing airstream direct ion  

10  Ground 

10a Vertical resp. perpendicular reference line   

11  Longitudinal inclination angles  

11a, 11b Longitudinal inclination angle  25 
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12  Rotor axes 

12a, 12b, 12c, 12d Rotor axis 

13  Lateral inclinat ion angles  

13a, 13b Lateral inclinat ion angle  

14a Upper rotor assembly engine 5 

14b Lower rotor assembly engine  

15a Upper rotor assembly rotation direction  

15b Lower rotor assembly rotation direction  

16  Supporting structure 

17  Pitch variation 10 

18a, 18b, 18c  Upper rotor assembly rotor blade     

19a, 19b, 19c  Lower rotor assembly rotor blade  

20  Air duct  

20a Leading edge 

20b Trail ing edge 15 

20c Board side lateral shoulder  

20d Star board side lateral shoulder  

20e Collector 

20f Dif fusor  

20g Air duct inner diameter (D)  20 

20h Air duct azimuth (ψ)  

21  Upper rotor assembly rotor plane 

21a Upper plane incl ination angle  

22  Lower rotor assembly rotor plane  

22a Lower plane incl ination angle  25 

23  Thrust vector 
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23a Hover airstream direction  

23b Forward f l ight airstream direction  

24a Total height of air duct leading edge (HL)  

24b Total height of air duct trail ing edge (HT)  

24c Total height of air duct lateral shoulder (HS)  5 

25a Collector radius at air duct leading edge (CRL)  

25b Collector radius at air duct trai l ing edge (CRT)  

25c Collector radius at air duct lateral shoulder (CRS)  

26a Diffusor radius at air duct leading edge (DRL)  

26b Diffusor radius at air duct trai l ing edge (DRT)  10 

26c Diffusor radius at air duct lateral shoulder (DRS)  

27  Additional l if t ing surface 

28  Thrust orientation angle (ε)  

28a Reference plane 

29  RPM offset control diagram 15 

29a Flight mode axis  

29b Rotational speed 

30  Upper rotor assembly rotational speed (Ω2)  

31  Lower rotor assembly rotational speed (Ω1)  

32a Hover mode 20 

32b Forward f l ight mode  

33 Stif fening element  

33a Stif fening element extension angle 

34 Rotor assembly inclinat ion reference plane  

34a Upper rotor assembly incl ination angle (α)  25 

34b Lower rotor assembly incl ination angle (β)  
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35 Flap 

35a Flap hover position  

35b Flap forward f l ight position  

35c Flap extension angle  

35d Flap rotation axis  5 
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CLAIMS 

1. A thrust producing unit  (3d) for producing thrust in a 

predetermined direction (23), comprising  at least two rotor 

assemblies (7d, 8d) and a shrouding (6d) that  accommodates at 

most one of the at least two rotor assemblies (7d, 8d), wherein the 5 

shrouding (6d) defines a cylindrical air duct (20) that is axially 

delimited by an air inlet region (20e) and an air outlet region (20f), 

and wherein the air inlet region (20e) exhibits in circumferential 

direction of the cylindrical air duct (20) an undulated geometry.  

2. The thrust producing unit (3d) of  claim 1,  10 

characterized in that  the cyl indrical air duct (20) exhibits a height 

(24a, 24b, 24c) defined between the air outlet region (20f) and the 

air inlet region (20e) in axial direct ion of the cyl indrical  air duct 

(20) that varies in circumferential direct ion of the cyl indrical air 

duct (20), wherein the height (24a, 24b, 24c) that varies in the 15 

circumferential direction of the cylindrical air duct (20) defines the 

undulated geometry of the air inlet region (20e).  

3. The thrust producing unit (3d) of  claim 2,  

characterized in that  the cylindrical air duct (20) comprises in 

circumferential direction a leading edge (20a) and a diametrical ly 20 

opposed trai l ing edge (20b), and a board side lateral shoulder 

(20c) and a diametrical ly opposed star board side lateral shoulder 

(20d), wherein the board side lateral shoulder (20c) and the star 

board side lateral shoulder (20d) are respectively arranged in the 

circumferential direction of the cyl indrical air duct (20) between the 25 

leading edge (20a) and the trail ing edge (20b), and wherein the 

height (24a) at the leading edge (20a) is smaller than the height 

(24c) at the board side lateral shoulder (20c) and/or the star board 

side lateral shoulder (20d).   
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4. The thrust producing unit (3d) of  claim 3,  

characterized in that  the height (24b) at the trail ing edge (20b) is 

smaller than the height (24c) at the board side lateral shoulder 

(20c) and/or the star board side lateral shoulder (20d).  

5. The thrust producing unit (3d) of  claim 3,  5 

characterized in that  the height (24b) at the trail ing edge (20b) is 

smaller than the height (24a) at the leading edge (20a).  

6. The thrust producing unit (3d) of  claim 3,  

characterized in that  the height (24c) at the board side lateral 

shoulder (20c) and/or the star board side lateral shoulder (20d) is 10 

selected in a range from 0.05*D to 0.5*D, wherein D defines a 

diameter (20g) of the cyl indrical air duct (20).  

7. The thrust producing unit (3d) of claim 3,  

characterized in that  the air inlet region (20e) of the cyl indrical air 

duct (20) exhibits an air inlet region radius (25a, 25b, 25c) that 15 

varies in the circumferential direct ion of the cylindrical air duct 

(20), wherein the air inlet region radius (25a, 25b, 25c) dif fers 

between at least two of the leading edge (20a), the trail ing edge 

(20b), the board side lateral shoulder (20c) and the star board side 

lateral shoulder (20d).   20 

8. The thrust producing unit (3d) of claim 3,  

characterized in that  the air outlet region (20f) of the cylindrical air 

duct (20) exhibits an air outlet region radius (26a, 26b, 26c) that 

varies in the circumferential direct ion of the cylindrical air duct 

(20), wherein the air outlet region radius (26a, 26b, 26c) dif fers 25 

between at least two of the leading edge (20a), the trail ing edge 
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(20b), the board side lateral shoulder (20c) and the star board side 

lateral shoulder (20d).   

9. The thrust producing unit (3d) of claim 3,  

characterized in that  the trai l ing edge (20b) of the cylindrical air 

duct (20) is at least essential ly open and p rovided with a stif fening 5 

element (33).    

10. The thrust producing unit (3d) of claim 3,  

characterized in that  the trai l ing edge (20b) of the cylindrical air 

duct (20) is equipped with a f lap (35).   

11. The thrust producing unit (3d) of  claim 3,  10 

characterized in that the leading edge (20a) of the cylindrical air 

duct (20) is provided with an additional l if t ing surface (27).  

12. The thrust producing unit (3d) of  claim 1,  

characterized in that  a f irst rotor assembly (7d) of the at least two 

rotor assemblies (7d, 8d) is arranged outside of the cylindrical air 15 

duct (20) and adjacent to the air inlet region (20e) of the cyl indrical 

air duct (20), wherein the shrouding (6d) accommodates a second 

rotor assembly (8d) of the at least two rotor assemblies (8d) . 

13. The thrust producing unit (3d) of claim 12,  

characterized in that  the f irst rotor assembly (7d) defines a f irst 20 

rotor axis (12d) and the second rotor assembly (8d) defines a 

second rotor axis (12d), the f irst and second rotor axes (12d) being 

coaxially arranged. 

14. The thrust producing unit (3d) of claim 13,  
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characterized in that  the f irst and second rotor axes (12d) are 

incl ined by associated incl ination angles (21a, 22a) comprised in a 

range between -60° and +60°.  

15. A multirotor aircraft (1) comprising at least one thrust 

producing unit (3d) that is configured according to one of the 5 

preceding claims. 

 

 

 


