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Abstract: The high-power density and good scaling properties of electric motors enable new propul-
sion arrangements and aircraft configurations. This results in distributed propulsion systems allowing
to make use of aerodynamic interaction effects between individual propellers and the wing of the
aircraft, improving flight performance and thus reducing in-flight emissions. In order to systemati-
cally analyze these effects, an unmanned research platform was designed and built at the University
of Stuttgart. As the aircraft is being used as a testbed for various flight performance studies in the
field of distributed electric propulsion, a methodology for precise identification of its performance
characteristics is required. One of the main challenges is the determination of the total drag of the
aircraft to be able to identify an exact drag and lift polar in flight. For this purpose, an on-board
measurement system was developed which allows for precise determination of the thrust of the
aircraft which equals the total aerodynamic drag in steady, horizontal flight. The system has been
tested and validated in flight using the unmanned free-flight test platform. The article provides an
overview of the measuring system installed, discusses its functionality and shows results of the flight
tests carried out.

Keywords: unmanned aircraft; thrust determination; flight testing; e-Genius-Mod; free-flight
wind tunnel

1. Introduction

While investigating the flight performance of new aircraft configurations or tech-
nologies, knowledge about aerodynamic and flight mechanical parameters is required to
understand their impact on the aircraft. From the perspective of aircraft design, one main
focus is the impact on flight performance when investigating for example the effects of
new propulsion technologies or aircraft configurations. To investigate and assess the flight
performance, the determination of lift and drag is of major importance. Especially the
determination of drag from flight tests with an unmanned propeller aircraft is a challenging
task.

Flight tests with unmanned aircraft systems (UAS) have become increasingly impor-
tant in recent years. Scaled platforms are not only used as payload carriers, but also for the
analysis of novel aircraft configurations or for the assessment of unconventional propulsion
systems.

The lower costs as well as the reduction of risks especially in the area of unconven-
tional configurations militate in favor of using unmanned systems. Typical examples for
demonstrators used to study flight dynamic effects are the AlbatrossONE [1] of Airbus and
the platform of the project FLEXOP (flutter free flight envelope expansion for economical
performance improvement) [2]. In the case of the AlbatrossONE, gust loads are minimized
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by structural interventions in the area of the wing tip, while aeroelastic effects on the wing
are observed with the help of the carrier platform FLEXOP. To investigate the impact on
flight performance of new technology on an aircraft configuration, a direct comparison
between base line configuration and modified aircraft is of interest, as demonstrated by
NASA with its Area-I Prototype Technology Evaluation and Research Aircraft (PTERA) [3].
In the research, the PTERA platform was modified to investigate for example combined
circulation control [4] and a spanwise adaptive wing [5].

Unmanned aircraft are an important tool to investigate new aircraft configurations and
novel aviation technologies at University of Stuttgart, [6]. New technologies or concepts
can be flight-tested with little effort, low costs and manageable project risks after initial
theoretical investigation. This way, research concepts can reach a much higher feasibility,
of particular interest to industry, to close the gap between upstream research and industrial
exploitation. This can build a bridge, demonstrating technologies at a higher technology
readiness level (TRL). Innovative ideas can be demonstrated and validated in a relevant
environment which corresponds to a TRL 5/6. However, there are limitations due to the
degree of scaling of the technologies under consideration.

A disadvantage for the investigation of flight performance with scaled unmanned
aircraft is the limited data available for the different aircraft system components. When in-
vestigating the flight performance, propeller characteristics and efficiency of the individual
components of the propulsion system are of specific interest.

The Institute of Aircraft Design (IFB) at the University of Stuttgart has developed the
“e-Genius-Mod” test platform based on this background. The platform is modelled on a
scale of 33.3% of the electrically powered “e-Genius” aircraft [7], which is also designed,
manufactured and operated by the institute. In this particular case, the UAS was realized
as Froude-scaled version [6].

Due to the modular design of the testbed, different configurations can be easily
realized, which allows an adaptation to different applications. Furthermore, the geometry
of the fuselage offers ideal conditions for accommodating various payloads.

For the purpose of identifying the aircraft and measuring flight performance, it is
essential to map the aerodynamic parameters of the system. The most important parameters
are the aircraft drag and the lift polar. From the correlation of the coefficients for lift and
drag of the aircraft, a direct statement about the performance and energy consumption
can be derived. The gliding characteristics, the required power installed and the potential
range are important parameters that are required to compare different propulsion concepts
and identify their impact for a prospective aircraft design.

In order to obtain reliable drag and lift polar, manned test aircraft often would carry
out comparative flights with calibrated systems. Especially in the field of gliding, where
a precisely identified system is very important, such survey flights are still state of the
art today.

In the unmanned area, such survey flights are difficult to carry out. For UAS, a method
for a glider model is described by Edwards [8]. Due to the induced drag of the propeller
system, this method is not useful for the proposed identification of propeller-driven UAS.
A method to identify drag of a propeller aircraft was developed by Norris and Bauer [9].
Alternatively, if available, a model for the propeller wind-milling drag or thrust could be
used to apply this method. For the e-Genius-Mod testbed, a different approach was taken.
In order to record the performance data, a measurement system was developed that is
capable of recording the thrust values required during the flight. Such systems have not
yet been installed in large UAS, but have only been used sporadically on manned aircraft.
For the aerodynamic characterization of smaller UAS, on-board thrust measurements have
been performed in the past, such as presented by M. Bronz and G. Hattenberger [10].
However, for the identification of the flight performance and to show the feasibility of
novel technologies in aviation the measurement of drag is essential.

Although the thrust values for the operation of a propeller-driven system can be
measured without any problems when stationary, the thrust values during flight are not



Aerospace 2021, 8, 43 3 of 16

comparable due to the induced flow to the propeller without prior identification of the
propeller via wind tunnel experiments. The efficiency of the drive also changes significantly
under different flow conditions. Therefore, a direct, mechanical thrust measurement in
flight is of significant advantage.

1.1. Challenge of Current Research Using Unmanned Aircraft as Free-Flight Test Platform

A current research topic at the University of Stuttgart is how to use unmanned
propeller-driven aircraft as a test platform to determine their flight performance without
knowing specific data of propeller and powertrain. This ability is for example required
to compare different propulsion configurations like Wing Tip Propellers (WTP) to a basic
configuration in flight. Based on the collected flight data, the estimated benefits of this
technology in flight should be validated and demonstrated. For this purpose, the basic
in-flight measurement system of the test platform is extended with a system to measure
the thrust of the propeller in-flight.

For this, the assumption was made that in steady horizontal flight the thrust performed
by the propeller corresponds to the aerodynamic drag acting on the aircraft.

1.2. The Modular Test Platform e-Genius-Mod

The free-flight platform e-Genius-Mod (Figure 1) is established as a technology test bed
to demonstrate new technologies for future aircraft design in a relevant environment. The
UAS test platform [6] is used for academic and innovative research projects to investigate
scaling similarities of free flight models and to demonstrate new technologies up to TRL 6.
The modular design of the test bed is ideally suited for the investigation of new aircraft
configuration solutions for distributed electric propulsion systems. The size of the aircraft
with a wingspan of 5.62 m, maximum take-off weight of 40 kg and a payload capacity of
more than 10 kg [6] is suited to perform prospective investigations. The maximum possible
flight time is up to 100 min, depending on the particular battery capacity and the payload
weight. An overview of the technical data of the e-Genius-Mod is summarized in Table 1.
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Table 1. Technical data of the e-Genius-Mod [6].

Aircraft Parameter Value

Wing span 5.62 m
Wing area 1.56 m2

Aspect ratio 20.2
Length 2.95 m

Take of mass * 34.9 kg
Electric drive power 5 kW (Plettenberg Terminator 30/8 Evo)

Max. thrust 156 N
Propeller RASA 24 × 12

Design speed 24.8 m/s
Battery capacity * 42 Ah (44.4 V)

* flight test characteristic.

The test bed e-Genius-Mod is an extension of the full-scale aircraft for further investi-
gation of electric flight and new aviation technologies. For this reason, the test platform
is equipped as a free flight wind tunnel. In order to perform measurements in steady,
horizontal flight, an autopilot is used to steer the aircraft along a predefined path of con-
stant altitude and velocity, as described in [11]. The measurement system ensures the
synchronous logging of all relevant variables (Table 2), as further detailed in Section 3.

Table 2. Basic measurement equipment of the free-flight wind-tunnel.

Variable Sensor Type Unit

linear accelerations
rotation rates IMU

IMU Board computer
(Pixhawk4)

position
attitude
velocity

(IMU, GPS, magnetometer,
barometer) estimation via

Kalman filter

true air speed
angle of attack

angle of sideslip
air density

5 hole-probe
temperature sensor

AirDataBoom
(Vectoflow/VectoDAQ

Air Data Computer)

deflection angle of the control
surfaces

magnet sensor
rotor sensor

Actuator (Volz
DA15N)

The basic free flight measurement equipment can be easily expanded by connecting
additional sensors to the dedicated bus system used solely for measurement data.

Electric propulsion systems allow for new design alternatives in terms of propulsion
integration and aircraft design. To investigate and demonstrate new concepts, a modular
testbed like the unmanned scale model is a very useful and flexible tool. The demonstration
of innovative concepts like distributed propulsion on a manned aircraft would be expensive
and time intensive and not useful for research with open-ended findings at this early stage.
With its modular airframe design, the e-Genius-Mod is the basis for an efficient and
systematic research of the various effects of distributed propulsion.

Onboard thrust measurements on a UAS pose a particular challenge. On the one hand,
it must be possible to carry out reliable, calibrated measurements, and on the other hand,
the sensor systems are subject to narrow limits in terms of dimensions and weight. For
this purpose, sensor systems specifically designed for the e-Genius Mod were developed,
calibrated and tested in wind tunnel experiments before installation.

The thrust values are in many respects informative for the evaluation of the flight
controller itself, as well as for the assessment of the efficiency of an engine. In general,
they establish a direct relationship to aerodynamic quality and, in case the electrical
power consumption is known, allow a direct statement about the overall efficiency of the
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corresponding powertrain. Especially when considering several distributed engines, it is
possible to make a reliable statement about the overall energy balance onboard the platform.

The aim of the thrust measurements is to prove the expected positive effects of the
distributed engines in terms of quality, and, in further steps, to make statements about
where on the aircraft they can be used most efficiently. Furthermore, previously performed
simulations are to be validated with these measured values.

2. Research Objective

To assess and validate the impact of a novel configuration or technology in flight,
knowledge of the flight performance is of vital importance. Required basic information
in aircraft design are the aerodynamic coefficients for lift (CL) and drag (CD) of an aircraft
with respect to the angle of attack (AoA). Therefore, the objective of this research is the
identification of the CL − CD, CL − AoA and CD − AoA polars in-flight. For the investi-
gation of these coefficients in-flight the following well-known approach is proposed as a
starting point.

While the investigations are carried out under cruise conditions, it is assumed as a
basis for the investigations that the measurements are carried out in a non-accelerated
(steady) horizontal flight. This allows to establish the balance of forces in flight direction
and perpendicular to it respectively:

DRAG (D) = THRUST (T) (1)

LIFT (L) = WEIGHT (W) (2)

Thrust will be directly measured between engine and engine mount. The measured
force corresponds to the force acting on the aircraft caused by the propeller thrust. With

T ≈ D =
ρ

2
∗ v2 ∗ CD ∗ S (3)

and the knowledge about the true air speed (v) and air density (ρ), we can directly de-
termine the drag coefficient (CD) of the aircraft by assuming drag (D) and thrust (T) as
balanced. S describes the reference wing area of the test platform. True air speed and
air density will be measured with the air data boom installed in the nose of the aircraft
(Table 2). A small deviation has to be considered by the frictional forces of linear bearings
in the thrust measurement unit which can be eliminated by a calibration.

The lift coefficient (CL) can be determined by the following equation:

W = L =
ρ

2
∗ v2 ∗ CL ∗ S (4)

Since the aircraft is electrically powered by a battery system, the weight is constant
throughout the flight. To identify the corresponding angle of attack, the air data boom is
used. Angle of attack and angle of sideslip are measured with a five-hole probe. As the
measured values of the different sensors are synchronised, the coefficients of lift and drag
can be described directly in relation to the AoA. The measured AoA has only to be corrected
by its installation position in relation to the wing. In this way, the direct connection between
AoA and the corresponding lift and drag values should be representative in flight. Larger
values of lift and drag are to be expected with an increasing of the AoA.

3. Approach for the Flight Test Scenario

The approach for the flight test scenario is based on the assumptions made in Section 2
to investigate the flight performance under the condition of a steady horizontal flight and
with a zero-wind condition for the atmosphere.

However, considering the reality of free-flight tests, perfect atmospheric conditions
will never be achieved. To meet these requirements to some degree, the flight tests are
carried out in the early morning on days with calm atmosphere. The impact of atmospheric
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disturbances was estimated in [12]. To realize a statistical accuracy of the data measured in
flight, the data for a single measurement point is collected over a minimum of four legs
with two different flight directions.

To determine the thrust during flight, a measuring system is installed between the
electric engine and the engine mount to measure the tensile forces. The occurring tensile
forces correspond to the thrust generated by the propulsion system.

The thrust measurement is particularly relevant due to its direct correlation with the
aerodynamic drag. The investigations are carried out under cruise conditions, i.e., steady,
horizontal flight. For the investigation, a flight track is chosen which allows the longest
possible horizontal legs. The limiting factor for the tests is the current regulatory framework,
which specifies a maximum flight envelope for the tests in the permitted airspace.

The measurement flights are performed with an autopilot in control to achieve steady,
horizontal flight and high repeatability. For the test flight a circuit with maximized straight
segments (legs) in-between is chosen. Given the airspace restrictions, the leg on which the
measurements can be made is nearly 1000 m long. Figure 2 represents the flight path of a
measurement flight at 300 m altitude.
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Figure 2. Flight track—sections of measurement (green); level off sections (orange).

The legs are divided into two segments. The first segment is the “level off section”.
After the turn, airspeed, altitude and attitude are stabilized in this section. Data in this
section will not be considered. In the section of measurement, a stabilized flight attitude
is expected and the data will be used for the analysis of lift and drag. As there will be no
perfect steady horizontal flight with constant altitude and airspeed, limits for the deviation
in roll angle, airspeed and altitude are set, to assign a confidence rating to the single leg
that is considered in the evaluation. To optimize the steady horizontal flight, the autopilot
controls a constant velocity and altitude.

4. Measurement Unit

The thrust measurement unit consists of two parts. The sensor unit which contains
the sensor itself for direct measurement of the thrust and a self-developed data acquisition
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unit that contains the amplifier module and the interfaces to connect further sensors. The
data acquisition unit is also the interface to the data storage.

Recorded values at the propulsion system during flight:

• Thrust
• RPM of the propeller
• Engine current
• Engine voltage

Besides collecting the data with high precision, the complete measurement system is
required to feature a lightweight design for use on the UAS. This ensures that the use of
the testbed for further studies is not limited by the weight of the measurement unit.

4.1. Sensor Unit

The sensor unit is based on a standard tension/pressure sensor (HBM U9C 100N). For
the sensor unit to be used on the unmanned test platform, the main focus is on a robust
and compact lightweight design. The unit is designed to allow for the sensor to be installed
without torque and bending moments introduced by the engine.

An engine connection unit is being developed for this purpose. This consists of an
engine connection plate, a force introduction bolt and linear guide pins to absorb torsion
and bending loads. These loads are directed from the linear guiding pins into the linear
bearings installed in the load transmission frame. For the inflight thrust measurement, the
sensor unit is installed directly between the engine mount and the engine (Figure 3).
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Due to its design, the sensor unit allows two separate load paths (Figure 4). Loads
will be introduced in the sensor unit via the engine connection plate. The plate is linearly
mounted and transmits the force induced by the propeller thrust as tension force directly
to the sensor. The torque and the bending loads resulting from the angular and linear
acceleration and vibrations of the engine are derived via the linear bearings into the
structure of the sensor unit (housing and frames). This way the thrust can directly be
derived from the measured tensile force.
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4.2. Data Acquisition Unit

The task of the data acquisition unit (Figure 5) is the acquisition and processing of
data from the propulsion system and the transmission of the data to the board computer
for synchronous logging. An STM32 microprocessor is used to convert analog signals, to
encode and time stamp the data and to handle transmission to the central board computer
via an RS485 bus (Figure 6). While this is sufficient to handle the sensor input from magnetic
rpm measurements and current and voltage sensors, the force sensor outputs need to be
amplified first. This is done using a miniaturized amplifier module (GSV-6CPU) installed
on the Data Acquisition Unit. Additional interfaces on the data acquisition board allow to
connect further sensors that might be required by future studies using the e-Genius-Mod
test platform. With a weight of only 28 g, the data acquisition unit (board without cable) is
perfectly suited for use in UAS without restricting the payload capacity.
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5. Test Flight Analysis

In order to obtain repeatable measurement flights, the flights are automatically guided
along a previously planned flight path. The autopilot system [11] adjusts the flight condi-
tion to different, constant flight speeds at an altitude above mean sea level of 650 m. This
results in stable conditions in stationary horizontal flight, during which the corresponding
input variables of the drive system are recorded. The available endurance of 85 min for one
test flight allows for more than 68 measuring sections, which are segmented into phases
with different flight velocities. With this, all measurements required for a characterization
of the aerodynamic parameters of a configuration can be carried out in one single flight
Figure 7 provides a synopsis of the legs and Table 3 presents the commanded velocities to
identify the coefficients for lift and drag in flight.
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Table 3. Mean standard deviation of velocity and altitude.

Velocity (m/s) Altitude (m)

Commanded Standard Deviation Commanded Standard Deviation

20 0.23

300

0.09
21 0.23 0.11
22 0.21 0.12
24 0.31 0.12
26 0.25 0.13
28 0.22 0.11
30 0.22 0.08
32 0.20 0.08

Analysis of Static Horizontal Flight

In order for the evaluation to be considered valid using the mean value method, the
“section of measurement” must be carried out at a velocity and an altitude as constant as
possible. The evaluation of the individual legs shows that both velocity and altitude are
measured with only a very small standard deviation (Table 3) depending on the flight speed.

As expected, high fluctuations were detected in the recorded propeller speed, which
is also reflected in the measured thrust values. This is a result of controlling the airspeed
by using the thrust. The resulting control action can be seen in the resulting fluctuations
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in measured thrust values (Figure 8). They do not mainly represent a scattering in the
aerodynamic drag, but moreover the necessary control action to keep the airspeed constant.
This is particularly the case during the two turns.
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The standard deviations caused by this must be taken into account accordingly in the
evaluation and interpretation of the measured values. Nevertheless, the measured values
on average give a good picture of the expected results and provide an excellent indication
of the performance and aerodynamic quality of the aircraft.

For a first estimation and interpretation of the flight results, the values for thrust, angle
of attack, lift and power are approximated as a function of 2nd order in dependence of the
velocity as expected from the theoretical consideration. The assumption is based on the
approximate relationship, that the lift increases linearly in relation to the AoA and the drag
increases quadratic to the lift. Even if this procedure involves a degree of uncertainty in the
interpretation of the results, it allows for an initial analysis of the aircraft characteristics, to
provide input data for the aircraft design process.

6. Results

This section presents the results of the test flight presented in the previous section.
Considering that the UAS should be used as a tool in aircraft design, the analysis focuses on
the most interesting aspects for a design engineer. Figures 9 and 10 show the coefficients of
lift and drag obtained from the measurement flights and the approximated resulting polar
curve. As expected, due to the rpm variation described above, a significantly increased
variation of the identified drag coefficient can be seen in Figure 10. Nevertheless, the values
can be used for first design calculations.
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Figure 10. Drag polar.

Even if only a certain regime of the drag polar and the thrust to velocity curve is avail-
able, design points of interest (Table 4) can be estimated with the available identification.
The points of maximum range and maximum endurance can directly be identified.

Table 4. Estimated points of max. range and max. endurance.

Max. Range Max. Endurance

Velocity 20.96 m/s 20.15 m/s
Glide Ratio 17.96 17.88

CL 0.91 0.98
CD 0.0507 0.0548

Thrust 19.06 N 19.04 N
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The point of maximum range is given by the maximum of the glide ratio (CL/CD) and
can be determined directly from Figures 10 and 11. The point of maximum endurance can
be determined as point of minimum required thrust (min drag) in Figure 12.
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With the knowledge of the electrical power and the power output of the propeller in
terms of thrust, the overall efficiency of the test platform can be determined (Figure 13).
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7. Discussion

The measurements obtained from the flight tests provided the expected results with
regard to the thrust curves and the resulting polar. As a first comparison between flight test
results and a simulation of the wing airfoil, the gradient of lift coefficient versus the angle
of attack was assessed. A comparison with the lift of the airfoil simulated in XFoil [13]
shows a very good agreement with reality (Figure 14). The slight deviation of the slope of
the two curves results from the influence of the lift distribution on the real wing caused by
the boundary vortices.
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The amount of the deviation depends on the aspect ratio (AR) of the wing and can
be calculated approximately [14] as follows with b describing the wing span and S the
reference wing area:

dCL
dAoA

=
AR

(2 + AR)
∗ 2π with AR =

b2

S
(5)
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The angle of attack for zero lift is found as −3.8◦ from interpolation of the measured
values from real flight, which gives a good agreement with the value expected from the
simulation. The corresponding installation position of the air data probe in relation to the
wing’s angle of attack is thus correctly recorded.

An additional validation method was performed, calculating the wing’s lift curve
slope with a semi-empirical formula [15], applicable for subsonic design.

CLAoA =
2πAR

2 +

√
4 + AR2β2

η2

(
1 + (tan ARmaxt)

2

β2

)(Sexp

S

)
F (6)

Within formula (6) η describes the so-called efficiency of the airfoil and is approxi-
mately 0.95 according to [15]. β2 considers the flight velocity respectively the Mach number
(M).

β2 = 1 − M2 (7)

The wing geometry and the influence of the wing are considered in Equation (7) with
ARmaxt , Sexp and F: ARmaxt is the aspect ratio of the wing section with the thickest airfoil
chord location. The wing area exposed by the fuselage is considered with Sexp and the lift
generated by the wing is approximated with F estimated via the diameter d of the fuselage
tube under the wing. According to Raymer [15], these can be calculated as follows.

F = 1.07
(

1 +
d
b

)2
(8)

To consider also the effects of the winglet the effective aspect ratio of the wing is
estimated according to [14] taking into account the height of the winglets h in relation to
the wing span.

ARe f f = AR
(

1 + 1.9
h
b

)
(9)

The polar of the calculated lift curve slope (CLAoA = 0.0764) is plotted in Figure 14 and
the zero crossing is shifted by the estimated = 0.33. In a direct comparison of the part of
the lift polar which can be considered as nearly linear between the semi-empirical and the
measured lift curve slope with CLAoA measured = 0.0787 for (0◦ < AOA < 5◦) a good match is
achieved with only 3.01% deviation of the curve slope.

In the simplified approach used in this paper, the possible error in the results must
also be considered. A relatively small error can be assumed for the lift coefficient. This
error is made up of the accuracy of the air data probe (measurement error flow angle:
<1.0◦, velocities: <1.0 m/s) and a possible installation error which is corrected in the post
processing. The drag measurement must be viewed with greater caution. The accuracy of
the measuring system has been demonstrated under laboratory conditions, the variation of
the measured thrust values due to the fluctuating speed controller (see Section 5) leads to a
high standard deviation (mean 26.56%).

Nevertheless, the thrust measuring system generated usable data, which, however,
are subject to fluctuations due to controlling thrust values. This must be considered in the
evaluation. For further flight tests, control authority for the airspeed control should be
reduced in order to ensure that the measured thrust values are smoother and there is less
scattering. The proper functioning of the measuring system was verified in laboratory tests
before and after the flight tests.

The measurement of the thrust finally gives information about the total drag, which
is necessary to establish the drag polar and aerodynamic parameters of interest. From
the illustrations in the “results” section the corresponding statements regarding the aero-
dynamic performance of the system can be derived. The values are within the predicted
range. As expected, the scaling of the aircraft brings the optima for best range and flight
duration very close together. By measuring the thrust during flight while simultaneously
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observing the electrical power consumption, a direct statement can also be made about
the overall efficiency of the drive train. It can be seen from Figure 13 that the optimum
efficiency is found in the range of the speed at which the system is operated in the glide
ratio of best range. This is an important step to assess the impact of future design changes
to the e-Genius Mod.

8. Conclusions

The measurement flights with the unmanned e-Genius-Mod test platform have shown
that on-board thrust measurement provide a direct method to characterize the aircraft. The
expectations to draw direct conclusions about the aerodynamic performance could be met.
With the presented novel measurement system for direct, in-flight thrust measurements,
the unmanned platform represents a useful tool in aircraft design as a “flying wind tunnel”.
It allows an identification of the flight performance and allows to evaluate the effects of
new technologies and configurations. This is of particular interest for new configurations
that use distributed electric propulsion to increase efficiency and to enable a future cleaner
and greener aviation.

To improve the quality of the flight test results in the future and to allow for drag
estimation from non-steady flight conditions, the aircraft dynamics will be included in
the drag estimation through acceleration measurements from an inertial measurement
unit. Using the thrust measurement system, the characterization of the aircraft could be
completed to such an extent that further flight tests with modified settings and distributed
propulsion systems can follow. Due to the performance measurements on the baseline
configuration it will be possible in the future to draw direct comparisons to flight tests with
modified configurations. The measurement system used has been verified and can now
also be used for further configurations utilizing distributed propulsion. For this, the sensor
unit will be miniaturized to be able to measure the thrust of each propulsion unit in flight.
The additional measuring technology installed to record the aerodynamically relevant
input variables perfectly complements the thrust measurement of the main propulsor.
Therefore, the basic configuration of the e-Genius-Mod is now available for more extensive
flight tests and offers ideal conditions for scaled flight tests of all kinds.
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