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Abstract— The paper presents current activities at DLR 

Braunschweig focussing on experimental icing investigations 
within the project InTEnt-H. The project aims at demonstrating 
innovative de- and anti-icing technologies for small and medium 
weight helicopters, which feature no such technologies to date. 
The paper starts with a presentation of the retrofitting works of 
the DLR whirl tower test facility, which enables the 
establishment of atmospheric icing conditions with regard to 
EASA requirements. The second part states the progress of the 
project’s initial test campaign. Those activities are about 
demonstrator blades allowing the application of interchangeable 
blade segments, each featuring innovative de- or anti-icing 
technologies. 

Keywords— icing test facility, whirl tower, wind tunnel, de-icing, 
anti-icing, helicopter rotor blades 

 

I. INTRODUCTION 

The development of efficient rotor blade de-icing and 
anti-icing technologies for helicopters has become a 
major challenge. Greater aim of this work is the 
investigation of technologies for de- and anti-icing 
systems for small and medium weight helicopters and to 
demonstrate the effectivity of these systems in suitable 
testing facilities.  

 

For today’s large helicopters (i.e. H225), ice protection 
systems are available for rotor blades, the engines air 
intakes, tail planes, and wind shields as the main 
components. Due to the high power requirement and the 
additional weight of these systems, a transfer of these 
technologies to small and medium lift helicopters is 
difficult. So, in the project, new approaches for the 
operation of de- and anti-icing systems are investigated, 
which fulfil certification guidelines as well as the 
customer’s satisfaction. Mostly, the electric power 
consumption, the weight, and the direct maintenance 
costs have to be minimized. Nevertheless, the demand 
for helicopters with such systems, i.e. for search and 
rescue services in the mountains has grown. One 
objective of DLR’s part in the project is the development 
and installation of a climate chamber into DLR’s whirl 
tower providing EASA CS29 Appendix C conditions for 
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the test of de- and anti-icing systems for rotor blades 
under centrifugal loads.  
 

II. ICING FACILITY  

For testing these various de-icing and anti-icing 
technology demonstrators the whirl tower facility at 
DLR in Braunschweig is used. 

 

 

Figure 1: Sketch of DLR’s whirl tower including icing facility 

 

In a first step, an insulated climate chamber (light blue,  

Figure 1) was installed within the facility. The chamber 
is designed as a 16-corner in order to be as circular as 
possible and has an interior diameter of about di = 5.3 m 
and a height of hi = 6.0 m. Its walls are made of 
insulating PU-foam sandwiched by thin steel sheets 
(Figure 2). 

In the climate chamber, a flow guide body (dark blue,  

Figure 1) is installed, which surrounds the test rig and 
enables the facility for a recirculating flow driven by the 
test stand’s rotor.  

 



2 of 6 

 

Figure 2: Section of a wall panel of the climate chamber 
 

A conceptional drawing of the flow guide, whose final 
design is still under development, is shown in Figure 3. 
An overall height of 5 meters is expected for the flow 
guide, where a 1 m gap is expected from the floor to the 
lower border of the guide. 

 

 
 

Figure 3: Concept of flow guide within the climate chamber 

 

    The flow guide consists of an aluminum framework 
on which hard plastic plates are mounted. In a first step, 
the radius of the flow guide is varied in order to 
determine the optimum radius for homogeneous air flow. 
In the final implementation, the flow guide has a radius 
in the range of 1.75m to 1.95m from the rotor center, 
leaving space for a reasonable size rotor diameter. In the 
rotor plane, the flow guide is reinforced so that the ice 
pieces flying away during deicing do not damage the 
guidance. To protect the electrical components and 
improve flow, the entire rotor stand is encapsulated 
(Figure 4). This also minimizes the introduction of 
thermal energy from the electric motor into the climate 
chamber. 

 

In order to obtain a first estimation of the flow 
conditions inside the cooling chamber, a CFD model 
was set up. Figure 4 shows the results of this very first 
simplified CFD calculation. The results are based on a 
3D steady and non-viscous CFD calculation with a 
defined rotor downwash of approx. vCFD = 10 m/s. 
Besides the dominating recirculation (1) indicated by the 
red arrow, additional secondary phenomena emerge. A 
strong recirculation domain (2) can be observed at the 
blade roots, which is to be minimized for the upcoming 
experiments. A corresponding tip vortex (3) is also 
depicted, whose impact is small compared to the one 
acting at the root. 

In several regions around the flow guide and close to 
the outside wall, back flow regions (4) occur. Another 
issue is the large eddy located at the centre area (5) of 
the chambers ceiling.  

 

 
Figure 4: 3D CFD results show floe phenomena to be expected 

 

The data gives an overview of expected phenomena. 
During the initial testing phase the actual flow 
conditions will be checked. Especially the dependency 
of the flow guide radius on the homogeneity of the flow 
in the rotor region will be investigated. The quality of 
the icing conditions depends strongly on this flow 
quality. Figure 5 shows the installation of the flow guide 
installed in the chamber. 

120mm isolation 

2,5mm coating 

Insulated climate chamber 

flow guide 
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Figure 5: Test stand within the climate chamber including the flow 
guide.  

 

    A cooling unit (PT = 50 kW) provides cooling of the 
air within the testing chamber of at least T = -20.0 °C 
during operation. The test stands components are 
outlined in Figure 6. The cooling cycle starts at the 
cooling duct (about 1 m x 1 m), where the air is being 
drawn out of the climate chamber to the cooling fan and 
the chiller unit, that reduces the temperature of the air. 

 

 
Figure 6: Concept of cooling and implemented components 

 

    Afterwards the air is getting back into the cooling 
chamber. The outlet is located at the same height 
arranged in an angle of 90° from the inlet opening. The 
cooling fluid is cooled down in a separately set up 
cooling system connected to the chiller unit by in- and 
outlet tubes. 

 

 
Figure 7: Components of the cooling system 

 

    A spray bar system, still under construction, provides 
a water/air spray that is required for adequate ice 
formation.  

 

    The nozzles to be used in the final icing facility setup 
were tested under laboratory conditions for 
characterizing the spray by means of a Phase-Doppler-
Interferometry (PDI) system. Based on interference 
patterns, such a system enables the determination of 
spray droplet diameter and its water content. The 
characterization is done by a variation of the parameters 
air- and water pressure. [2] 
EASA CS29 Appendix C specifies the spray’s liquid water 
content (LWC) and the median volume diameter (MVD) for 
continuous as well as intermittent maximum conditions. Tests 
require: 

  MVD = 20 µm 

0.2 g/m³ < LWCcontin. < 0.8 g/m³ 

1.0 g/m³ < LWCintermitt. < 2.5 g/m³ 

 

It is the goal to match these demands. 

    The overall concept of the test stand is depicted in 
Figure 8 [3]. The spray bar system will be mounted at 
the top of the flow guide, where the air is dropping down 
towards the rotor. Pipes for water, air are led to the pipes 
and valves are located in the vicinity of the nozzles.  
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Figure 8: Concept overall test setup including the spray bar. 

 

The investigated nozzle DS555 by “Spraying Systems” 
is shown in Figure 9. Hooked up are air for the nozzle 
control (green pipe), water (clear pipe) and pressured air 
(blue pipe). 

 

 
Figure 9: Used nozzle 

 

III. WHIRL TOWER TEST RIG   

The actual test rig, that is rotating the blades or other 
probes is shown in Figure 10. It was developed to meet 
different demands. In general, rotors with a radius 
1.0 � < � <  2.5 �  can be tested in 2-blade 
configuration or as 1-blade configuration with an 
additional adjustable counter weight. The base structure 
consists of a steel frame mounted on a concrete block. 
The test rig is driven by a ��� = 47 �� electric motor 
that is connected with a tooth belt system to the rotor 
shaft. By using different gear setups rotational speeds up 

to � = 3000 ���  can be reached. The test rig is 
instrumented with a torque measuring system and a rotor 
angle encoder with an azimuthal resolution of 4096/rev. 
For online observation of the unbalance condition during 
icing of the rotor system a balance monitoring system is 
installed. It consists of two force transducers positioned 
in 90 deg configuration between the steel frame of the 
test rig and a special support structure. The system 
enables the test operator to timely stop testing in case of 
high unbalance due to icing. 

 

 
 

Figure 10: Test rig and its components 

 

Furthermore, a slip ring system is installed, which has 
up to 45 data slip rings and can thus transmit sensor data 
or up to 24VDC supply voltage from or into the rotating 
system. In addition, there are two pneumatic and two 
hydraulic supply lines in this slip ring system, so that a 
supply with air or water-glycol with up to 10 bars can be 
guaranteed. This is also used within the scope of the 
project to de-ice the rotor blades. Data transmission via 
radio can also be ensured with the aid of a telemetry 
system. For this purpose, 16 channels are available, the 
majority of these can be used for the transmission of 
strain gauge signals. But also, an ICP and voltage supply 
can be used within this system. A picture of the test rig 
in the whirl tower is given in Figure 11. 

For testing de- and anti-icing systems, a special rotor hub 
system was developed to support two rotor blades with 
a radius of up to � =  1.9 �. On one side an anti-icing 
heat system will be installed to guarantee no icing on this 
rotor side. The other side is used to carry different de- or 
anti-icing technologies in the blade nose to test its 
performance. In this configuration rotor speeds up to 
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� = 750 ��� are possible, which results in a blade tip 
speed of about ���� = 150 �/�. 

 

 
 

Figure 11: Test rig in the cooling chamber 

 

In preparation for the initial run of the test setup, a 
modal analysis of the test bench is done to pinpoint 
critical operational points, which are to be considered 
during the tests. Critical rotational speeds are to be 
avoided. The analysis was performed by means of a 
POLYTEC laser scanning vibrometer, whose outcome 
was doublechecked with acceleration measurements. 
The results of the modal tests are depicted in Figure 12. 
 

 

 

 

 

Figure 12: left: rotor test stand ready for modal testing. Right: Results 
of eigenfrequency measurement – including mode shapes. 

IV. WASTE HEAT DE-ICING DEMONSTRATOR  

The rotor blades for icing tests will have a chord length 
of about c = 0.3 m, which is in the range of full-size 
blades of helicopters like H135 or H145. The 
aerodynamic effective span of the blade segments will 
be approximately l = 1.2 m, while the span of the de/anti-
icing technology towards the blade tip will be limited to 
about 0.5 m. Since mass unbalance due to unequal ice 
accretion or sudden ice shedding is possible during de-
icing tests, the rotor test stand is designed to withstand F 
= 3.0 kN of unbalance during rotation. This corresponds 
to an ice thickness of h = 8.0 mm of glaze ice around   
10 % of the blade nose at the location of the technology 
inset. The first technology to be tested will be an anti-
icing demonstrator using a heated fluid running through 
small tubes along the blade leading edge. It is planned to 
use waste-heat coming from the engines or the gearbox 
of the helicopter to heat the fluid and in this way to keep 
the energy demand low. In the first tests, feasibility 
studies will be carried out to determine minimum energy 
requirements of this non-electric technology.  

 

V. CONCLUSIONS / OUTLOOK 

This paper presents the status of the DLR whirl tower, 
which is being impowered to do icing tests for rotors. In 
particular the following elements were discussed: 

- Installation of Climate Chamber  

- Flow guiding system  

- Cooling system  

- The spray bar system  

Once the facility is in operation and has demonstrated 
its capabilities, it provides opportunities for a multitude 
of subsequent icing and de-icing investigations. Since 
the test bench gives the possibility to establish defined 
flow conditions with atmospheric icing conditions, 
investigations are not limited to rotor-blade research. In 
this case, ADAM only serves as a wind tunnel 
compressor without bearing the test specimen. The space 
above the test stand is large enough for placing various 
test specimen with or without connection to aerospace 
engineering. 
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