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Abstract 
For the past few years the Lilium-Jet is fascinating the aviation community. On the one hand its esthetic 
configurational design approach attracts people, on the other the electric drive and energy storage raises 
discussions regarding its success. Since only very few technical information of this vehicle is available 
in the scientific public, the research question is about a better understanding of the design concept. This 
article presents the approach and results of an experimental study regarding the characteristics and 
behavior of the Electrical-Powered-Ducted-Thrust-Vectoring-Flap wing concept. Therefore, the first part 
provides an introduction of the Lilium-Jet based on publicly available information. The following section 
enrolls a methodology to answer the research question. Based on the description of the methodology 
some of the results of the wind tunnel tests are presented and discussed indicating, the installation of 
the ducted fan on the flap provides some significant advantages in the efficiency of the lift generation at 
different flight states. 
 
Keywords: Lilium jet concept, Ducted Electric Thrust Vector, aerodynamics, characteristics, aircraft 
design 

 
1. Introduction 
The „Lilium Jet” first published in 2015, is a new approach for the upcoming “urban air mobility” air 
transportation concept, [1], [3]. Urban Air Mobility is understood as a concept to provide a new individual 
transport mode within large cities and metropolitan regions to overcome distances up to 300km within 1 
hour. The vehicle concept itself comprises various new technology features like a battery based electric 
drive system and a distributed propulsion ducted electric thrust vectoring flap, which raise the interest 
in a deeper understanding. However, only very limited scientific literature and information is available 
for a detailed technical insight into the concept. The only one provided by Lilium itself is a White Paper 
published April 2021, which discusses the entire concept at a more generic level, [6].  
 
 
 
 
 
 
 
 
 

figure 1: Artist impression of the Lilium Jet, [1] 

This White Paper gives some official information about the overall concept of the distributed propulsion 
Ducted-Electric-Thrust-Vector (DETV). Although no exact figures are provided, some design points are 
given. The design mass baseline is the takeoff mass limit of 3175kg of the EASA special condition 
specification EASA-SC-VTOL-01, [4]. Based on this, a seven seater including pilot is defined with 700kg 
payload. A wing span of 13.90m and an overall length of 8m have been set as geometric dimensions.
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There is no doubt, that for urban regional transport, which has been defined as the design mission for 
the jet, a relevant overall travel distance is a vital factor of success. 200 km target range and a cruise 
flight speed of about 300 km/h are defined for the generic concept, as declared in the White Paper.  
 
 
 
 
 
 
 
 
 

table 1: Design figures of the 6 passengers plus pilot Lilium jet, [6] 

With the actually available battery density of 275 Wh/kg, and a short term potential of 330 Wh/kg within 
the next 5 years, the intended performance as given in the White Paper may be hard to achieve at the 
intended entry into service 2025, [10]. However, there is a potential to achieve 400Wh/kg in 2030, [5], 
[8]. Actually, the envisaged performance data of the Lilium jet have been adapted and reduced to 
250km/h and 175km range, [2].  
Further technical information is partially given on the company´s homepage and many public websites, 
[1], [6], [7], [9], [10]. A real comprehensive composition of the entire design is still missing, since there 
are various information and data publicly circulating. 
Due to the challenge of limited energy density of today’s batteries and the scarce information about the 
characteristics of the vehicle, there is an interest in a better understanding of some of the key features 
of the vehicle. Especially the efficiency of the aerodynamics characteristics in conjunction with the 
innovative propulsion concept is important, if only limited electric energy is available. 
 
The definition of such a full electric vehicle concept with VTOL and cruise capabilities requires an 
efficient lift and cruise concept, as well as an efficient thrust vectoring concept.  
According to Lilium about 60% of the entire lift is generated by the main wing, while 20% is provided by 
the canards and another 20% by the fuselage, [10]. The direct lift configuration with lifting canards 
chosen by Lilium is an appropriate part of the design solution, because instead of creating negative lift 
as on conventional aircraft, positive lift is generated for e.g. pitching up and climbing.  
Further, the geometry of the main wing and canards published by Lilium shows a very short forward 
wing portion of the aerodynamic wing profile, while the DETV seems to be quite large. Typically, the 
forward part of a wing profile provides the major part of aerodynamic lift through the low pressure area 
at the upper wing.  
If this area is quite small, as for the Lilium wing concept, the question is raised, how the efficient lift 
production is realized in this concept?  
 
Today the configuration consists of in total 30 distributed DETV installed on the flaps, [2]. 18 DETV are 
located on the main wing, while 12 are placed on the canards resulting in a thrust capacity distribution 
of 60%:40% between main wing and canards.  
This setup provides a good distributed thrust share between forward (canard) and backward (main wing) 
part of the vehicle, which allows for good pitch stability in hover through thrust vectoring control. 
However, this requires sophisticated flight control for good handling qualities.  
Resuming the brief analysis of the Lilium jet concept the purpose of this study is directed to a better 
understanding of the lift creation in conjunction with the flap based ducted fans for propulsion and 
control. This is especially challenging, if only a very few real data of the configuration of interest is 
available. 

2. Analysis of the wing and canards with ducted electric thrust vectors 

Compared to other concepts, the installation of the ducted fans in the Lilium concept is located on the 
flaps for propulsion and control, rather than on the forward part of the wing, e.g. NASA N3-X, ONERA 
concept aircraft, [17], [18], [19]. 
This architecture allows the use of the DETV as tiltable thrust vectors, which is an efficiency feature of 
the concept, because the thrust direction can contribute to vertical flight during hover and transition, 
while it is directed to forward flight in cruise. A similar concept has been investigated by the University 
of Illinois and Rolling Hills Research Corp., [18], [22].  

 
1 Limit of EASA SC-VTOL-01 

Parameter Value Unit 

Payload  700 [kg] 
Range  200 [km| 
Take Off mass1 < 3175 [kg] 
Cruise speed  300 [km/h] 
Wing span  13.90 [m] 
Overall length  8 [m| 
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Compared to the studies of the University of Illinois in our case valid initial geometric data are not yet 
available, which requires additional investigative effort. 

2.1 Methodology  

The entire methodology is based on four pillars, which at first collects and generates necessary 
geometrical data. 
In a second step a post projection of the Lilium concept jet is performed using handbook methods and 
the generated geometric data.  
The third step addresses the development of a scaled wind tunnel model to investigate the principle 
aerodynamic behavior of the concept. 
At last, the fourth step comprises a wind tunnel test campaign to investigate some aerodynamic 
characteristics of interest. 

2.1.1 Geometric data generation 

The greatest challenge for the research in this case is the acquisition of realistic basic geometric data. 
Since only a very few are given in public literature the first task is the estimation of geometric data for 
the fuselage and wing geometry. 
For the vehicle, Lilium gives the following main sizes as shown in figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 

figure 2: Main sizes of the Lilium concept, [1], [7] 

More required geometric data could be generated through measuring from available pictures and 
sketches, which may have distortions. Therefore, these distortions have to be identified, which was done 
using the public domain tool ImageJ, [23]. 
Taking the wing span and the fuselage length as the reference, scaling and distortion factors can be 
identified for each direction from the pictures referred to the left in figure 3, as listed in table 2. 

 
Original Scaling factor 𝑴𝒊 Scaling factor 𝑴𝒋 

Top view 
𝑀𝑥 = 78.7

𝑃𝑖𝑥𝑒𝑙

𝑀𝑒𝑡𝑒𝑟
 𝑀𝑦 = 87.9

𝑃𝑖𝑥𝑒𝑙

𝑀𝑒𝑡𝑒𝑟
 

Side view 
𝑀𝑦 = 143.25

𝑃𝑖𝑥𝑒𝑙

𝑀𝑒𝑡𝑒𝑟
 𝑀𝑧 = 146.25

𝑃𝑖𝑥𝑒𝑙

𝑀𝑒𝑡𝑒𝑟
 

table 2: Derived scaling factors of the sketches 

The results presented in table 2 are only an example of our individual analysis case, which shall show 
a part of the methodology and typical results. 

It turns out, that the length of the sketch in top view has to be shortened by 10% (78.7/87.9=0.89533) 
to achieve correct proportions. 

 

𝑀𝑠𝑐𝑎𝑙𝑒𝑑 =
𝑀𝑖

𝑀𝑗
  (1) 



ANALYSIS OF AN ELECTRICAL-POWERED-DUCTED-THRUST VECTORING-FLAP 

  Page 4 of 15 

 
figure 3: Corrected proportions (right image) of the Lilium Jet sketch, derived from [1] 

As shown in figure 3 the distortion in the original sketch at the left becomes obvious as compared to the 
right corrected sketch, which is slightly smaller. Since the measured distortion of 10% in each direction 
is quite small, the differences in the pictures are also small. 
With these corrected geometry data, a post projection of the vehicle was performed.  
Before, the wing, fuselage and canard geometry have to be estimated, the profile characteristics must 
be described. 

figure 4: Estimated wing chord length and ducted fan length 

The profile of the wing was derived from a sketch of the Lilium website, [1], [16]. The Lilium feasibility 
study describes a relative profile thickness of 0.12, [7]. Further, using the sketch scaling at the given 
flap chord length tf =700mm (duct length), the overall chord length of the main wing can be estimated 
as tw=1300mm approximately. 
Assuming a simplified tapered wing area and subtracting the contribution of the fuselage because of its 
own lift and drag characteristics the main wing area can be determined as 

𝑆𝑤 = (13.9𝑚 − 1.7𝑚) ∙ 1.3𝑚 = 15.86𝑚2 (2) 

Taking the fan diameter of 295mm and its duct length tf of 700mm, as stated by Lilium, the webpage 
drawing was tuned, so that the fan diameter and the duct length fulfil in a scaled way the proportion of 
the fan diameter. This drawing size was taken as a baseline to determine the maximum profile thickness 
and its distance to the nose to approximately dp=130mm and xd=330mm, where any curvature was 
neglected.  
Comparing the drawing to various NACA profiles with a relative thickness of 0.12 as shown in figure 5, 
it turned out, that a NACA 4412 profile seems to provide a relatively good fit. 
 
 
 

    

3 Dimensionsanalyse

Abbildung 3.1: Ersatzt rapezflügel eingezeichnet in eine Draufsicht des Lilium Jets

[McI21]

aus Abbildung 3.1 und Gleichung 3.2 berechnet sich die Fläche des Ersatztrapezflügels

daher zu

SF 13,9m 1,7m 1,285m 15,667m2 . (3.4)

3.1.2 Auftriebsbeiwert

Der Auft riebsbeiwert des Flügels berechnet sich wie in Abschnit t 2.3.1 dargestellt aus

dem Auft rieb des Flügels AF , dem Staudruck q und der Flügelfläche SF . Im stat ionären

Reiseflug gilt für ein Flugzeug insgesamt

A G , (3.5)

16
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figure 5: Approximation of the wing profile selecting NACA 4412 profile, [16] 

figure 5 shows, that especially for the forward part of the wing the tendon curvature fits better for the 
NACA 4412 profile. 
However, in both cases there is a deviation of the wing profile along the DETV of approximately 200mm, 
compared to the geometric estimation. The discrepancy compared to the graphical estimation results 
from the extended length of the ducted fan.  
Because this section does not affect the aerodynamic performance of the forward wing profile, this 
discrepancy is accepted. For the overall wing analysis, an overall chord length of tf =1300mm was 
chosen. With this, a maximum thickness at 30% of the chord length was estimated, which is about 
390mm from the nose, taking the chord length of tf =1300mm.  

figure 6: Approximation of the hinge position 

From the scaled drawing in figure 7, a relation of  

𝑥ℎ𝑖𝑛𝑔𝑒

𝑡𝑓
≈

4

5
 (3) 

was estimated, which is compliant to the geometry at DETV 5 counted from the outside of the wing as 
shown in figure 6. DETV 5 should be also representative for the flow analysis of the active DETV during 
the wind tunnel tests. 

The hinge position xh was determined as 590mm roughly also by visual comparison.  
 
 
 
 
 

figure 7: Hinge position estimation, [16] 

In a very similar way, data for the fuselage, the canards and the landing gear were created. Here, the 
fuselage was approximated as a NACA 2725 with a 10% backwards shifted maximum thickness of 21% 
instead of 25%.  
 
 
 
 
 
 

3.2 Dimensionierung des Flügelmodells

zunächst die häufig verwendeten Profile mit einer Wölbungsrücklage von 40%, also mit

dem Namen NACA X412 projiziert , wobei das X für die Wölbung steht und variiert

wird. Dabei wurde der Klappenwinkel stets so angepasst, dass das jeweilige Profil auch

im Bereich der Flap bestmöglich passt .

a) NACA 2412

b) NACA 4412

c) NACA 6412

Abbildung 3.6: Projekt ion ausgewählter NACA-Profile, bei Variat ion des Klappenwin-

kels

Beim Betrachten von Abbildung 3.6 fällt auf, dassdasProfil NACA 4412 fast ident isch mit

dem vorderen Teil desFlügels ist . Besondersan dieser Stellepasst dieWölbung der beiden

anderen Profile NACA 2412 und NACA 6412 jeweils nicht zu der Profilgeometrie der

Abbildung 3.2. Im hinteren Bereich des Ducted-Fan ist besonders die Übereinst immung

der Klappenunterseite relevant, während dieOberseiteder Profilestetsmit dem Fan selbst

interferiert .

Bevor die endgült igen Maße des Modells festgelegt werden können, wird die Posit ion des

Scharniers auf der Skelet t linie xH festgelegt (siehe Abbildung 3.7).

23

NACA 4412 profile NACA 6412 profile 

3 Dimensionsanalyse

Abbildung 3.7: Posit ion des Scharniers auf der Skelet t linie

Anhand Abbildung 3.7 lässt sie sich auf

xH 587mm (3.30)

best immen. Zur Überprüfung der Profilgeometrie wird zusätzlich eine Draufsicht des Lili-

um Jets herangezogen, um sicherzustellen, dassdieSchnit tansicht desFans, zumindest die

Längenverhältnisse betreffend, maßstabsgetreu ist . Mit Abbildung 3.7 lässt sich ebenfalls

das Längenverhältnis des Profils vor und hinter dem Scharnier m best immen. Berücksich-

t igt man dabei zusätzlich die Länge der variablen Düse, beläuft sich dieses auf

xH

tF lap

4

5
. (3.31)

Wird dieses auf den Flügel des Lilium Jets in der Draufsicht projiziert , entspricht es in

etwadem Längenverhältnisan der Stelledesfünften Fansvon außen (sieheAbbildung 3.8).

Die extrahierten Profilmaße erscheinen also auch in Bezug auf diese Grafik als passend.

Die endgült igen Maße des Flügels im Maßstab 1: 3,3 nach Gleichung 3.23 wurden analog

aus der Schnit tansicht extrahiert und sind in Abbildung 3.9 schemat isch aufgeführt . Sie

finden nachfolgend Anwendung bei der Auswahl geeigneter Lösungsprinzipien in Kapitel 4

und bilden außerdem die Grundlage für die Konstrukt ion der Bauteile in Kapitel 5.

24

xh tf 
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figure 8: NACA 2725 approximated fuselage shape profile 

The landing gear was approximated by a NACA 0560, while the canards were scaled like the main wing. 
At the end of this analysis process the following figures for the wetted areas have been estimated, which 
are relevant for the drag estimation.  

Component Wetted surface 𝑺𝒘𝒆𝒕 [𝒎𝟐] 

Main wing 28.65 
Canard 9.13 
Fuselage 33.75 
Landing gear front 0.74 
Main landing gear 6.36 

table 3: Estimation of the wetted areas of the vehicle main components 

Looking at the figures, the wetted area of the main landing gear may turn out as too high, compared to 
the other figures, as further drag estimations have shown. Therefore, for a subsequent iteration a more 
slender profile will be selected. 

At the end of the graphic analysis and also considering e.g. a main wing span extension by winglets, 
the following key data have been calculated using handbook methods, e.g. provided by Raymer, [20], 
[21]. 
 
 
 
 
 
 

table 4: Approximated main geometric sizes of the Lilium concept aircraft 
 
For such a canard wing area, with a given canard wing span of 6.3m the resulting canard wing chord 
will be around 0.8m. A lot of more detailed data have been elaborated in [20]. 
 
There is no doubt, that the chosen approach is a pragmatic engineering method, which includes some 
sources of inaccuracies. Reading and measurement errors have to be recognized as well as errors in 
the approximations. The use of handbook methods add inaccuracies too. However, for the purpose of 
creating a first public data basis about this fascinating concept, the chosen approach is assumed to be 
acceptable. 

2.1.2 Post projection of the Lilium jet concept 

In a second step during a post projection process, based on the well-known Raymer handbook methods, 
also first performance data could be achieved, [21]. 
At first the XFOIL-tool was used to determine the main characteristics of the NACA 4412 wing profile, 
which led to lift curves as shown in figure 9 for cruise condition at 3000m and 300km/h cruise speed, 
[24]. Although has adopted these figures to lower values, the study still uses the data of the generic 
concept to keep consistency, [7]. 

Attribute Value 
Wing span 𝑏𝐿𝑖𝑙𝑖𝑢𝑚 13.8m 

Overall length 𝑙𝐿𝑖𝑙𝑖𝑢𝑚 8m 

Main wing area 𝑆𝑅𝑒𝑓 w/o. fuselage 15.66m² 

Wing area Canard 𝑆𝐶𝑎𝑛𝑎𝑟𝑑 w/o. fuselage 5.54m² 
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 figure 9: NACA 4412 calculated lift curves based on the measured geometry for different 
Reynolds numbers (106 in green, 2⋅106 in red, 5⋅106 in blue) 

 
The calculations do not show significant differences in the gradient, so the resulting gradient was 
chosen. The resulting lift characteristics are summarized as 
 

NACA 4412 profile characteristics  

Lift gradient 𝐶𝑙𝛼 5.97 

Zero lift angle 𝛼0 −4.8° 
Zero lift coefficient 𝐶𝑙 0.5 

Zero pitch coefficient 𝐶𝑚0
 −0.1064 

table 5: Lift characteristics of the NACA 4412 wing profile 

 
The overall lift curve has been determined according to figure 10. 
 

 

figure 10: Overall lift curve of the Lilium concept without fuselage contribution of approximately 20% 

Assuming an angle of attack in cruise of 0° and installation angles for the canards of 3.67° and 0° for 

the main wing and canard a cruise lift coefficient of CL = 0.62 can be achieved at =0°. This does not 
include any contribution of the fuselage. If according to Lilium a 20% lift contribution will be assumed, 
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the conceptual calculation will lead roughly to CL = 0.81 in cruise, which is far above the calculated 
required design lift coefficient of CLdesign = 0.62. 

𝐶𝐿,𝑑𝑒𝑠𝑖𝑔𝑛 =
2⋅𝑚𝑀𝑇𝑂𝑀⋅𝑔

𝜌⋅𝑆𝑅𝑒𝑓⋅𝑣𝑐𝑟𝑢𝑖𝑠𝑒
2 = 0.62  (4) 

 
which is calculated for 3000m cruise altitude and 3175kg mTOM, at 300km/h cruise speed.  
 
Estimating the drag of the configuration, while neglecting any wave drag, a zero drag coefficient of CD0 
= 0.06525 would be achieved, if all calculated wetted areas are taken into account. 

Part 𝑪𝑫𝟎[−] 𝒌𝑪𝑫𝒊
 

Main wing 0.00625 0.051 
Canard 0.00208 0.055 
Fuselage 0.00829 0 
Main landing gear (too high) 0.04562 0 
Forward landing gear 0.00302 0 
Overall concept 0.06525 0.0256 

table 6: Zero drag estimation of the overall concept, [20] 
 
Based on the wetted areas as shown in table 3 and the consideration of surface roughnesses a 
significant value is achieved driven by the drag of the main landing gear, which might be oversized due 
to the chosen thickness of the profile of the landing gear cowling. If the entire landing gear contribution 
is neglected an overall zero drag CD0 = 0.01662 will occur, which is considered to be more realistic. 
The total drag CD can be calculated with 
 

𝐶𝐷 = 𝐶𝐷0 + 𝑘𝐶𝐷𝑖 ∗ 𝐶𝐿
2  (5) 

to a value of CD = 0.075 for the cruise configuration including landing gear drag. 
However, taking the calculated design lift coefficient of the wing and the canards of CLdesign = 0.62 into 
account, an overall lift to drag ratio of 
 

𝐸 =
𝐶𝐿

𝐶𝐷
= 8.27   (6) 

could be estimated. In these calculations additional flow effects of the sucking DETV are not yet 
included which may increase the upper surface flow speed and the low pressure distribution. As a 
result, the L/D efficiency including the suction speed of the DETV is expected to be much higher. This 
topic will be focus of further research. 
 

2.1.3 Wind tunnel test model design 

It is not the intention to identify the exact figures, which are property of the company, but it is intended 
to get a better understanding of the principle physical characteristics of the wing, especially regarding 
the aerodynamic – propulsion interaction. 
The wind tunnel model, intended to be used for the aerodynamic analysis, was designed according to 
simplicity, flexibility and cost.  
The ducted fan of the DETV is represented by a model impeller. This approach was chosen because of 
cost reasons of available items. The diameter of the impeller is driving the scale of the model, which is 
set to 1:3.3 due to 295mm original diameter of the Lilium thrust vector and 90mm diameter of the chosen 
model impeller. Following this scale the geometry of the test model is defined as given in figure 11. 
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figure 11: Sizing of the wind tunnel wing model 

 
Following this method, it was possible to approximate the wing profile by a NACA 4412 profile with a 
chord length of 330 mm for the model. Applying the scale factor of 1:3.3 figure 4 provides the model 
parameter.  
The hinge position of the flap was determined to 177.8 mm as shown in figure 11. Based on this 
geometrical analysis, the wind tunnel model was created. 

The entire model was built of 5 modular DETV segments, where the outer two were built as dummies 
only to represent a broader part of the upper airfoil section of the DETV. In the middle colored in red a 
driven DETV and a forward wing foil are installed, which are fully equipped with 24 pressure holes. As 
visible in the picture in the middle of figure 12 the modular concept, which allows a variable 
reconfiguration also for the canard causes some inaccuracies in the connection of the elements, 
resulting also in inaccurate measurements. 
 
 

   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
figure 12: Driven DETV test model and test wing setup 

All components have been produced using 3D printing technologies, which especially allows for a quite 
simple integration of the pressure holes of 0.8 mm. For the later performance of a full measurement 
campaign the red-colored front section, equipped with the pressure holes can be placed at different 
positions in front of the full active impeller, which allows the investigation of various flow conditions. 

5 Konstruktion und Fertigung

In diesem Abschnit t wird die konkrete Umsetzung der ausgewählten Lösungsprinzipien

behandelt . Hierbei wird auf wesent liche konstrukt ive Details eingegangen.

Abbildung 5.1: Der aufgebaute Flügel im Windkanal mit Maßen

DasFlügelmodell besteht, wie in Abbildung 5.1, insgesamt aus22 Segmenten. Diese teilen

sich in acht Tragflächensegmente, vier Trennsegmenteder Tragflächeund ein Segment mit

Druckmessbohrung auf. Die Klappe besteht aus neun Segmenten. Je zwei ohne Impeller

befinden sich oberhalb der fünf Impellereinheiten und zwei unterhalb. Eine Impellereinheit

ist mit Druckbohrungen versehen. Die obere und die untere Impellereinheit haben keinen

Antrieb installiert . Die Trennsegmente sowie die Impellereinheiten sind zweiteilig. Mit

Ausnahmeder Trennelemente sind alle Teile individuell für ihrePosit ion konstruiert bzw.

modifiziert worden. Alle Teile mit Druckmessbohrungen sind in Rot gefert igt worden.

39

Driven DETV/impeller 
element 

Top view of the wing 
installation 

Front view of the wing 
installation 
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Since a key aspect of the research is directed to the lift behavior at the leading edge of the wing and the 
transition between clean wing and DETV, 24 pressure probes a placed as shown in figure 13. 

figure 13: Pressure probe distribution on the wing test section 

 
Knowing about the simplicity and cost effectiveness of this chosen model approach, the subsequent 
investigations are fully understood as principle qualitative results, indicating the benefital effects of the 
concept. 
 

2.1.4 Wind tunnel tests 

At fourth, wind tunnel tests have been performed to describe the interaction between the airfoil and the 
DETV to analyze the aerodynamic lift characteristics and cross coupling with the propulsion.  
The Hamburg University of Technology operates a wind tunnel containing 3m wide and 2m high open 
test section. The length of the test section is about 5.5m.  

figure 14: Overview about the TUHH wind tunnel 

The test section has a 6m2 cross section and the maximum flow speed is 35 m/s. Due to that limitation 
adequate Reynolds conditions could not be fulfilled, since the Re-number for the cruise condition of 
the full scale Lilium concept aircraft would be: 
 

𝑅𝑒 =
𝑣⋅𝑙

𝜐
=

83.3 
𝑚

𝑠
⋅1.22 𝑚

1.863⋅10−5𝑚2

𝑠

= 5.45 ⋅ 106 (7) 

A fulfillment of the Reynolds-requirement was not possible, because of the limited availability of impeller 
diameter, wind tunnel size and temperature control.  
However, for a principle investigation of the characteristics, the wind tunnel would provide Re-numbers 
up to 2.29*105 only, which correspond to low speed flight conditions of the Lilium jet. These flight 
conditions are typical for hover to cruise transition, which on the other hand are of particular interest, 
because here the different tilt angles of the DETV-flap occur with relevance.  
Looking at the flight state analysis of the scaled Lilium concept jet as shown in table 7, flight speeds up 
to 180 km/h (50m/s) could be observed, but also low speed ranges of 0 – 50km/h (13.88m/s). 
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The wind tunnel test conditions were derived from video analysis of Lilium flight test publications, [1]. 
During the visual analysis the following test points have been identified. 
 

Flight phase Flap elevation angle [°] Flight Speed [km/h ] Clip [min:s] 

 Main Wing Canard   

Vertical Takeoff 90 - 80 90 - 80 0 - 50 0:00   0:13 

Departure 80 - 0 80 - 0 50 - 150 0:13   1:05 

Accelerate to 180 km 0 0…10 150 - 180 1:05   1:20 

Steep Climb 0…10 0…5 180 1:20   1:29 

Full Transition 0 0 180 1:29   1:40 

Angle of Bank 0 30 60 170 170 1:40   2:15 

Shallow Descent 0 … 20 0 … 40 170 ➔ 150 2:20   2:35 

Steep Descent Approach 20…90 40…90 150 ➔ 50 2:35 - 4:14 

Landing 90 90 50 ➔ 0 4:14 - 4:30 

table 7: Flight state analysis of Lilium flight test 

The analysis of the various sequences of the video clip also provides some indications of the flap tilt 
angles for the main wing as for the canards. These were also used for the definition of the various test 
cases.  
Based on these flight test conditions a wind tunnel test matrix was established as shown as an 
extraction in table 8. 
 

  Air speed Flap 
angle 

Thrust 
level 

Ducted fan 
installed 
(Yes/No) 

Angle 
of 

attack 

Flight 
phase 

Target 

1. Configuration 30 m/s 0° 0% Yes 0° N/A Reference 

2. Configuration 30 m/s 0° 50% Yes 0° Cruise Calibration 

3. Configuration 30 m/s 0° 75% Yes 0° Cruise Calibration 

4. Configuration 30 m/s 0° 100% Yes 0° Cruise Calibration 

5. Configuration 28 m/s 0° Dependent 
on 

previous 
tests 

Yes 0° Cruise Proof of lift 

 
table 8: Exemplary extract of the wind tunnel test matrix, [16] 

Using these test conditions overall 37 trials have been performed at flow speeds up to 30 m/s, with a 
thrust setting of 0 and 100%. The measurements were performed for 5 seconds with a sampling rate of 
10 Hz. 
First promising results drove an increase of the thrust setting up 100%. The incoming flow speed was 
stepwise increased in 2 m/s increments. 
 
 

2.2 Discussion of the results 
In the following, some of the major results of the entire test campaign are presented and discussed.  
To validate the pressure measurements these were compared to force measurements of the calibrated 
6-component wind tunnel load cell. 
At first the lift coefficient was investigated by wind tunnel measurements, which at least confirm a very 
similar slope as calculated in  figure 9 by XFOIL. It must be mentioned, that this similarity occurs only, 



ANALYSIS OF AN ELECTRICAL-POWERED-DUCTED-THRUST VECTORING-FLAP 

  Page 12 of 15 

if the thrust is set to 45%, while at idle the lift curve is located at lower values and shows a lower gradient. 
All measurements have been performed at 15m/s flow speed. 
figure 15 shows a quite good correlation of both measurements over a wide range of angle of attack, 
which gives confidence in the pressure measurement setup. Based on this verification and validation 
results further measurements have been performed. 

figure 15: Lift coefficient depending on angle of attack for force and pressure measurements 

In a further step, various flap angles were investigated at different flow speed (V-x in m/s), as shown in 
figure 16. At a flap setting of 0° (lower curves) the lift coefficient shows a quite flat behavior at different 
thrust settings and varying flow speeds. The lower the flow speed the higher the lift coefficient, which 
indicates, that blocking by the DETV dummy ducts becomes an issue at higher flow speeds. This also 
reduces the gradient of the curve. On the other hand, tilting the flap to 20° or 40° increases the lift 
coefficient significantly (upper  
curves).  

figure 16: Lift coefficient depending on flap angle and thrust setting 

This effect becomes of major relevance during transition from hover to forward flight. Tilting the flap 
towards 40° and increasing the thrust level from 0% to 100% at low flow speed condition of v=10m/s 
result in a significant increase of the lift coefficient: 
 

𝐶𝐿40°(𝐹 = 100%) = 2.3 
 
In this measurement the component of the thrust of the DETV in lift direction at a tilt angle of 40° was 
not considered. So, without any suction effects of the DETV the lift coefficient occurs much lower:  

𝐶𝐿40° (𝐹 = 0%) = 0.91 

The lift coefficient occurs about 2.5 times higher at 100% thrust setting, which shows the significant 
positive aerodynamic-propulsive coupling effect of the DETV flap concept of the Lilium jet concept. 
Interestingly, the L/D ratio as the efficiency indicator shows at CL=0.91 an increase of roughly 38.5% 
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higher compared to the calculated design L/D ratio at CL=0.62 for this experimental principle test model, 
which hints to a minor impact on the drag increase of the 40° flap angle. It is 

𝐶𝐿40°,100%

𝐶𝐷
=

2.3

0.2007
= 11.46 (8) 

The applicability of this increase in cruise configuration is to be considered carefully and must be verified 
in full scale but it indicates the approximate improvement due to this concept. 

figure 17: Pressure distributions of the DETV at different flap and thrust settings 

At last, at the top of figure 17, at low flow speeds (10 m/s) the DETV thrust increases the pressure 
distribution significantly, especially if the flap deflection is high (40°) as shown in the pictures top left and 
right. The suction effect of the fan seems to be quite high and inducing also lift generation on top of the 
fan. This effect is assumed to be one of the major benefits of the concepts 
Further, also in forward flight at 25m/s (bottom left and right) the DETV increases the pressure 
distribution at high thrust levels. Looking at the forward flight condition shown at the bottom right, the 
DETV increases and improves the aerodynamic performance of the forward part of the wing although it 
is relatively short. 
As a conclusion the impact of the DETV at the hover, low speed condition as well as at the forward flight 
condition is in all cases beneficial, as long as the certain thrust level is given. A certain thrust level is 
required for controlling the vehicle. The high pressure portion, typically below the profile is very much 
reduced to the nose area and some low pressure areas are also observed below the profile. 
During the tests it was found, that the dummy fans with the fixed fan blades seem to reduce the 
performance and quality of the measurements. For subsequent investigations it is considered to leave 
the cross section of the dummies empty to reduce the blockage effect, but to keep the aerodynamic 
surface of the DETV.  
 

3. Conclusion and outlook 
The studies presented here were intended to develop a better understanding of the Lilium jet concept, 
since only a few scientific data are publicly available. Therefore, a 4 step approach was defined starting 
with a graphical analysis of required geometric data of the vehicle concept. Despite the obvious 
deficiencies in accuracy of this approach, at least it provides more publicly available data than before. 
A NACA 4412 for the wing and canards as well as a NACA 2725 were found as good approximations. 
In second step handbook methods for conceptual aircraft design taken from Raymer were used to 
determine characteristic aerodynamic parameters like lift and drag of the approximated geometric 
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configuration. For the drag estimation a mismatch of the main landing gear cowling was observed 
resulting in an increase of drag. Neglecting this contribution a L/D ration of about 9.5 could be achieved 
in cruise for a CL of 0.62, without any sucking effect of the DETV. 
With this baseline a cost efficient wind tunnel model was developed using additive manufacturing 
methods. The modular model, which can be adapted to wing and canard setup with one measurement 
setup, was created using additive manufacturing methods. Deficiencies in surface quality but also 
accuracy in the assembly of the modules are identified as causes of inaccuracies. 
The test matrix was derived from a video analysis, where the settings of the flaps and speed in different 
flight states were optically extracted to define 37 test cases. 
The aerodynamic – propulsive coupling became visible first at the lift analysis leading to an increase in 
lift of up to 150% for this simplified experiment. The suction effect of the DETV is the most remarkable 
benefit of the entire concept over a wide range of fight states. 
The analysis of the pressure distribution across the chord shows the significant beneficial effect of the 
tiltable DETV as part of an overall efficient design concept, where surfaces, positive lifting areas and 
thrust generators are integrated in a spatially highly condensed way, without losing their individual 
efficiency. Such compact design will at least lead to a significant reduction of the frictional drag, because 
the required surfaces for the airfoil and the fan cowling are minimized. 
 
Since a precise post projection was not the goal of the studies at this stage, but first a principle 
understanding of the characteristics of a configuration like the Lilium Jet, this goal was achieved. At next 
more detailed and accurate analysis of further features will be considered, taking into account the 
lessons we have learned during this study. Especially the drag impact shall be more investigated. It 
seems, that at least the analysis of order of magnitudes should be possible following such a pragmatic 
and cost efficient engineering approach. 
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