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Abstract: To integrate advanced propulsion systems and to assess and verify the related benefit (e.g. fuel 
burn, noise) suitable design, evaluation and measurement tools are required. For that reason, the so-called 
Cross-Capability-Demonstrator (XDC) has been set up as one major activity of the Large Passenger Aircraft 
(LPA) Platform 1 of the Clean Sky 2 initiative. The XDC is intended to demonstrate high-fidelity CFD-tools, 
further developed prediction tools for noise and aero-elastics as well as advanced testing tools for measuring 
e.g. the flow field, the deformation and the acoustics. The article will provide an update on activities within the 
XDC and presents some examples of recent accomplishments related to this demonstrator. 
 

1. INTRODUCTION 

Whenever existing designs are further developed or new 
approaches are introduced it is important to know about 
their impacts and benefits. As far as this principle is also 
valid for the integration of advanced propulsion systems or 
key technologies for hybrid laminar flow, both being in the 
focus of the Clean Sky 2 Large Passenger Aircraft program 
(CS2 LPA) an additional Cross-Capability-Demonstrator 
(XDC) stream was introduced. Within the XDC thus 
numerical and experimental means are further developed 
and demonstrated in order to use them for the assessment 
and verification of the benefits of future advanced 
propulsion systems with respect e.g. to fuel burn or noise. 

The importance of this work becomes more and more 
relevant if limited information is available about engine 
products or novel flow control methods but the external 
assessment of technologies is still required. This for 
instance is the case when a research institute or engine 
manufacturer intends to evaluate the potential of engine 
noise reduction methods, or when an aircraft manufacturer 
needs to understand the behavior of the engines powering 
their airplanes. E.g. for engine fan noise the evaluation at 
the preliminary level is either realized with empirical 
correlations, such as those gained at NASA during the 
1970’s [1] and 1990’s [2], or with more physics- and less 
data-based approaches such as the DLR in-house 
analytical tool PropNoise [3]. In both methods, the 
aerodynamic quantities mandatory for the fan acoustic 
calculation (e.g. flow velocity, blade wake size, flow turning) 
cannot be provided by a CFD simulation since no detailed 
3D geometry is available to describe the fan stage. Similar 
difficulties are present too for several other common 
industrial methods in numerical simulations and 
experimental testing for aerodynamics and aeroelastics. 
Since much has already been done in this area at the 
research institutes, the logical step now is to demonstrate 
advanced simulation and measurement techniques and 
enable the aerospace industry to apply them themselves. 

The top objective of the XDC therefore is to establish design 
processes, assessment tools and measurement techniques 
applicable to different types of propulsion systems (e.g. 
UHBR, OR, BLI). At the end of the project the XDC 
therefore will provide high-fidelity CFD-tools, further 
developed prediction tools for noise and aeroelastics and 
advanced testing tools. In what follows some examples of 
the numerical methods and experimental means 
considered in the XDC are presented briefly. 

2. NUMERICAL METHODS 

Still in the concept and design phase of a new airframe it is 
important to have knowledge about the impact and benefit 
of the implemented novelties. Naturally no test specimen is 
available at this stage or it is too costly to create one. 
Therefore, powerful prediction and simulation tools are 
needed that require only preliminary information about the 
design, but still provide detailed insight. In the context of the 
XDCs “Common Numerical Method” stream such tools are 
being demonstrated and developed suitable e.g. for 
predictions on installed UHBR, numerical calculations on jet 
flap interference noise, boundary layer stability analyses, 
fan design or the prediction of aeroelastic stability. On the 
next pages two examples of these methods are presented 
briefly – the enhancement of the fan broadband noise 
prediction and the simulations of an installed UHBR. 

2.1. Enhanced prediction of fan broadband 
noise with improved aerodynamic 
models in PropNoise 

The objective of this study was to provide an improved 
aerodynamic model for the fan noise prediction tool 
PropNoise [3] which is suited for the thin and slender rotor 
blades that typically equip the transonic fans of medium- 
and long-range civil aircraft. Such blades however tend to 
trigger flow separation at lower speeds as soon as they are 
put under incidence. This typically occurs at the Approach 
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Figure 5: Isolated ASPIRE engine intake angle of attack 

distribution at the Sideline operating point. 

Due to the need to keep viscous drag forces acting on the 
nacelle low, UHBR engines will require the use of compact 
nacelle designs. Invariably this will also lead to shorter inlet 
lengths than typical of current high-bypass turbofan 
engines. This will reduce the inlets capability to ensure a 
uniform flow field is present at the axial location of the fan.  
As evident in Figure 4, which shows results from the 
ASPIRE project of the isolated UHBR engine at sideline 
operating conditions, the high angle of attack for the engine 
alone already subjects the fan to notable flow non-
uniformity. Already an important aspect from the 
perspective of fan performance, the resulting non-axis 
symmetric bypass stream flow and jet may also be an 
important consideration for the interaction of the engine flow 
field with the aircraft, in particular the trailing edge high-lift 
system. In preparation for a high-fidelity CFD analysis 
featuring a fully geometrically modeled rotating fan 
representation in a uRANS simulation for the complete 
aircraft configuration using the DLR TAU-Code, very similar 
to those performed in the ASPIRE project, RANS studies 
have just been completed. 

These utilized classical engine boundary conditions for the 
fan intake as well as the bypass and core flow exhausts and 
were aimed at analyzing and understanding the aircrafts 
high lift aerodynamics on the one hand and determining an 
appropriate angle of attack for the planned studies on the 
other, to ensure a good comparability with the existing 
isolated engine results available from the ASPIRE project. 
Due to the more complex intake flow field for the engine 
installed on the aircraft, driven in large part by the upwash 
of the wing flow, matching the exact inflow conditions as 
found for the isolated engine was the first task addressed in 
the present work. 

Drawing from the flow field solutions of the complete aircraft 
RANS simulations at several angles of attack, the best 
possible agreement between the engine intake flow fields 
for the fully installed case (shown for the example of an 
angle of attack of 7° in Figure 6) with those that were seen 
for the isolated engine in the uRANS simulations performed 
in the frame of the ASPIRE project at the same sideline 
engine operating condition (shown in Figure 5) was 
identified. 

 
Figure 6: Engine intake angle of attack distribution for the 

complete aircraft at the sideline operating point and an 
aircraft incidence angle of 7°. 

The uRANS simulations for the full aircraft, which will 
commence shortly, will then allow for an in-depth 
understanding of installation effects on both the UHBR 
engine as well as the aircraft aerodynamic performance.  
With project partners performing comparable studies for 
additional flight and engine operating points, the resulting 
broad scope of data, with comparison to the isolated engine 
results from the ASPIRE project, will enable an in-depth 
aerodynamic analysis of the installation impact on UHBR 
engine performance and the mutual interactions with the 
airframe flow field. 

3. EXPERIMENTAL MEANS 

As soon as some preliminary geometry or generic test 
specimen are available modern experimental means can be 
used to verify the impact of the novel design, validate the 
numerical predictions or in an earlier stage to understand 
the basic physics behind the occurring phenomena. Those 
advanced measurement techniques tend to be less 
intrusive and to deliver a more detailed insight to the 
measured parameters. Within the XDC there is the 
“Common Experimental Means” stream that includes 
optical methods for surface pressure, shape and 
deformation measurements, as well as flow field 
investigations. Additionally, novel acoustic MEMS sensors 
are developed and tested and acoustic post processing 
tools are optimized. Last but not least also methods for 
vibration testing are being improved. 

An example of full-scale engine flow measurements, the 
development of an array of acoustical MEMS microphones 
and the design of an active excitation system are briefly 
presented on the next pages. 

3.1. Engine flow measurements 

To demonstrate the capabilities of modern flow field 
measurement techniques such like stereoscopic PIV [10] 
for large measurement objects, a full-scale engine ground 
test with the DLR research aircraft ISTAR, a Dassault 
Falcon 2000LX, has been performed in a noise protection 
hangar.  
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Figure 7: Full scale engine flow field measurements applying 
stereoscopic PIV at different measurement planes (detail = 

inlet vortex in front of the engine). 

The purpose of this test was the measurement of the flow 
field in selected planes at the engine inlet in several planes 
to generate highly accurate quantitative data for the 
validation of numerical methods. For the measurement 
setup four cameras forming two stereoscopic PIV systems 
have been mounted on a rigid frame close to the aircraft 
together with the laser optics to produce a light sheet in the 
measurement plane. In order to enable the measurement 
of several measurement planes, this frame was mounted 
traversable. In total 11 vertical planes sized 440 mm x 
1,100 mm with a distance of 100 mm in between and 5° 
inclination towards the fuselage have been measured. The 
aircraft was standing on brakes in front of the measurement 
setup and the engines were powered up to 80% N1. The 
seeding particles, which are required for the measurement 
technique, have been injected several meters in front of the 
aircraft. Figure 7 shows an impression of the measurement 
with the detail of the visualization of the inlet vortex in front 
of the engine. In Figure 9 some of the measured flow fields 
in the measurement planes are depicted and Figure 8 
shows a detail of the measured inlet vortex close to the 
fuselage. In parallel to the flow field measurements, the 
movement of the engine resulting from the deflection of the 
landing gear due to the engine thrust was measured using 
an additional stereoscopic camera system and markers on 
the nacelle. The images of these cameras have been 
evaluated with a similar marker detection algorithm like 
mentioned in [11]. 

 
Figure 8: Example measurement result of the fuselage inlet 

vortex. 

 
Figure 9: Determined instantaneous vector fields of four 
example measurement planes in front of the engine inlet. 

3.2. Acoustics MEMS array 

Besides the knowledge of the aerodynamic flow field and 
the structural behavior of an airplane also acoustics are of 
great interest at different operation conditions for the cabin 
comfort as well as for certification. Thus, aeroacoustic 
measurements serve two different purposes - the proof of 
compliance to the noise regulations but also the 
identification and quantification of the noise source to 
validate (and improve) the acoustic noise model used to 
predict the broadband noise. Especially out – of – flow 
microphone arrays are a suitable method for aeroacoustic 
sound source identification and have been used under 
various conditions [12]. Nevertheless, discrimination and 
separation possibility improve with the microphone array 
aperture and the signal to noise ration increases with the 
number of microphones. Furthermore, the microphones of 
the microphone array shall be distributed in the radiation 
direction of the sound sources of interest. The cost of 
tradition measurement microphones connected with 
classical data acquisition systems limits the number of 
available microphone channels to several hundred even for 
the largest systems. But recently, the DLR introduced a new 
microphone array system based on acoustical MEMS 
microphones using and FPGA as the necessary data 
acquisition system [13] (see Figure 10) 

 
Figure 10: The PP512 MEMS array (left) tested in the 

anechoic room [13]. 
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have been already described and reported in several 
publications [16] [17], where the latest work discusses the 
phase relationship of the MIMO channels. 

In order to exemplify the work already performed, the latest 
force and moment MIMO implementation of the controller is 
shown. The test structure used was a single aluminum plate 
of 1 x 0.8 x 0.03 m, with an asymmetric milled pattern that 
resembles the skin fields, stringers and frames typically 
found in fuselage structures. The thickness of the skin 
fields, stringers and frames was 1, 5 and 10 mm 
respectively. The plate was suspended using bungee cords 
in order to generate free displacement boundary conditions, 
as seen in Figure 15. 

 
Figure 15: Aluminum plate configuration for force and 

moment of force control. 

For the evaluation of the MIMO force and moment of force 
control implementation, five shakers are attached, three 
that apply Fx, Fy and Fz and two responsible for generating 
the moment in My direction as seen in Figure 15. In this 
case, four different frequency profiles were arbitrarily 
defined. These profiles serve as the target reference that 
the controller will try to replicate at the injection point of the 
structure. The result of the evaluation is summarized in 
Figure 16, where the Reference profiles and the Control ON 
conditions are shown. The solid and dashed lines represent 
the Reference and the Control ON respectively. There, it is 
possible to establish the correct operation of the controller. 
The good agreement among references and resulting 
profiles illustrates the proper generation of control force and 
moments. As seen there, it is also possible to notice an 
adequate signal-to-noise ratio of 15 dB that the system is 
able to generate. Future work will focus on the extension of 
the controller to a higher number of channel count in order 
to be able to provide all 6-Degrees of freedom that fully 
represent a real engine. 

 
Figure 16: Spectral comparison of forces Fx, Fy, Fz and 

moment My, Reference vs. Control ON. 

4. SUMMARY 

In contrary to other Clean Sky 2 demonstrators of the LPA 
program, the Cross-Capability Demonstrator XDC is not 
showing only one dedicated product or method but several 
numerical and experimental means are developed and 
demonstrated for aerodynamic, aero-acoustic and 
structural investigations. The paper gave some examples 
of the current advancement of numerical methods and 
experimental means suitable and applicable for novel 
propulsion systems integration prediction, optimization and 
test.  

In the field of numerical methods an improved aerodynamic 
model for the fan noise prediction tool PropNoise was 
presented. This flat-plate aerodynamic loss model is suited 
for thin and weakly cambered blades with a sharp leading 
edge as typical fan rotor blades of highly subsonic or 
transonic fans in the outer part of the span are.  

With respect to the challenging numerical simulation of an 
installed UHBR engine an insight into the ongoing 
investigations was given. It reveals the significant 
differences in the consideration of an isolated engine with 
respect to an integrated one. Installation effects can be 
studied well that way and design rules for the future aircraft 
can be deduced. 

Regarding the experimental means a full-scale test with an 
aircraft with running engines on ground was presented. A 
stereoscopic PIV test setup was built around the aircraft 
including traversable cameras and Laser, a huge seeding 
system in front of the aircraft and an additional position 
detection measurement system. The experiment enabled 
the researchers to measure the flow field in several planes 
in front of the engines inlet and investigate for instance the 
behavior of the fuselage inlet vortex.  

In terms of the advancements of acoustic and aeroacoustic 
measurements the miniaturization of the sensor system 
using MEMS microphones was described briefly. These 
developments include a portable 512 MEMS microphone 
array for 3D intensity and beamforming measurements as 
well as the integration of a MEMS sensor array to a flexible 
printed circuit board applicable on the aircraft skin for 
airborne aeroacoustic measurements. Future flight test 
applications of the next generation flexible acoustic MEMS 
array are in preparation. 

Last but not least the development of an active excitation 
system that could mimic the vibrational behavior of engines 
which are an important source of cabin noise. This system 
will help to facilitate the vibroacoustic research by allowing 
to replace flight tests by ground or laboratory tests.  

Besides the given examples there are several other 
activities performed regarding non-intrusive measurements 
of flow, pressure or deformation and numerical tools for 
aeroacoustics and aeroelastics as well as boundary layer 
stability analyses. At the end of the project the XDC 
therefore will provide a couple of high-fidelity CFD-tools, 
further developed prediction tools for noise and aeroelastics 
and advanced testing tools. It is planned to summarize the 
results of the XDC developments in a guidance material 
similar to [11] in order to enable also non-experienced user 
to apply these means and methods for their daily work. 
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