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1. Scope 

The purpose of this document is to provide general information about the Rail Tec Arsenal Climatic Wind 
Tunnel (CWT) and Icing Wind Tunnel (IWT) situated in Austria, 1210 Vienna, Paukerwerkstraße 3, and its 
operational capabilities and procedures for icing tests. The document comprises: 

¶ Facility description and IWT performance 

¶ RTA services 

¶ Description of test setup for full scale testing of a running engine 

¶ Measurement and test documentation for the relevant parameters 

2. Third Party Certifications 

RTA is certified to the following standards:  

¶ ISO 9001:2015 Quality Management System;  
Field of activity: Climatic tests on rail and road vehicles as well as aviation 

¶ OHSAS 18001 Occupational health and safety management system 

¶ EN ISO/IEC 17025:2017 accredited testing laboratory1 

3. Icing Calibration References 

¶ EN ISO/IEC 17025:2017 

¶ SAE ARP 5905 Calibration and Acceptance of Icing Wind Tunnels 

4. Company 

Rail Tec Arsenal (RTA) is a non-profit research organization. As an accredited testing laboratory RTA 
provides its services completely impartially and independently and grants all its customers the same 
terms and conditions. 

The official accreditation requires strict compliance with stringent quality guidelines in terms of the 
correctness and reliability of the tests performed. RTA meets these high requirements by constantly 
improving the quality management system and by continuously upgrading the testing and measuring 
facilities in line with the latest developments in technology. 

We assist our customers in the optimization and quality management of their products. Our service 
portfolio helps to minimize both technical risks and costs for our customers, thus providing them with 
a clear competitive edge on the international market. Targeted market observation enables us to 
recognize the latest trends and tap new market potentials in order to be able to provide tailored 
solutions. We intend to further extend our core business in the rail vehicle sector to include road 
vehicle manufacturers as well as the aviation and construction industries.  

Each customer receives a general safety and access information briefing before entering the facilities 
of RTA. 

 

1 The accredited technical fields are published in the list of accredited bodies at www.en.bmwfj.gv.at/accreditation. This standard also 
guarantees the competence for carrying out calibrations, developing new procedures for climatic conditions and the ability to consistently 
produce valid results.  

http://www.en.bmwfj.gv.at/accreditation
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5. Facility 

RTA operates two modern Climatic Wind Tunnels (CWT) designed to optimize thermal comfort in 
public transport vehicles and to investigate and improve the availability and safety of systems in 
sensitive industrial areas. 

Figure 1 shows the overview of the facility, which consists of a control room, the large and the small 
CWT arranged in parallel, the corresponding measurement rooms, a soak room, two preparation halls 
and other rooms with technical equipment, such as power supply units or the refrigeration unit. Figure 
2 shows a rendering of both CWTs. Both wind tunnels can be modified to act as an Icing Wind Tunnel 
(IWT), for further information refer to chapter 6. 

 

 
Figure 2: Large and Small Climatic Wind Tunnel Vienna 

 

 

 

 
Figure 1: Preparation halls, Large and Small Climatic Wind Tunnel Vienna 

 

 

Preparation halls, Large and Small Climatic Wind Tunnel Vienna 
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5.1 Climatic Wind Tunnels 

The small Climatic Wind Tunnel (small CWT) as shown in Figure 3 can be used for rail vehicles, road 
vehicles, technical systems, aircraft engine cold start tests (e.g. complete helicopters), air conditioning 
of cockpits as well as for component testing under extreme temperatures, solar radiation and snow 
impact. 

 

Figure 3: Small Climatic Wind Tunnel Vienna 

The large Climatic Wind Tunnel (large CWT) as shown in Figure 4 has the same scope as the small CWT 
and can additionally be used as an Icing Wind Tunnel (IWT) (see chapter 6 άIcing Wind TunnelέύΦ 

 

Figure 4: Large Climatic Wind Tunnel Vienna / Icing Wind Tunnel Vienna (IWT) 

The technical data of the Climatic Wind Tunnel and the Icing Wind Tunnel are shown in the following 
tables (Table 1 to Table 4). 
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Table 1: Technical data of CWTs / IWT 

Description small CWT / IWT large CWT / IWT 

CWT contraction nozzle dimensions 

width / height / area 

3.5 m / 4.6 m / 16.1 m² 

Contraction ratio of nozzle 3.98 5.72 

Test section 

width 

height 

cross sectional area 

 

4.9 m to 5.1 m 

5.9 m to 6.0 m 

27.2 m² to 28.7 m² 

 

4.9 m to 5.6 m 

5.9 m to 6.2 m 

27.2 m² to 32.2 m² 

Test section length 33.8 m 100.0 m 

Dimensions of lateral solar simulator 

length / height 

30.0 m / 4.3 m 60.0 m / 4.3 m 

Maximum wind speed2 

restrictions at low temperatures  

-20 °C  

-30 °C 

45 m/s 

 

40 m/s 

30 m/s 

80 m/s 

 

80 m/s 

60 m/s 

Maximum temperature range -45 °C to +60 °C 

Maximum temperature gradient 

in the temperature range -20 °C to +60 °C 

10 K/h 

Relative humidity at temperatures > +10 °C 10% to 98% 

Solar intensity of lateral solar simulator 

at fixed 30° angle of incidence 

operating temperature > -10 °C 

200 W/m² to 1,000 W/m² 

Solar intensity of front solar simulator 

maximum wind speed: 

at incidence angles < 45 ° up to 120 km/h 

at incidence angles >= 45 ° up to 50 km/h 

operating temperature > -10 °C 

200 W/m² to 1,000 W/m² 

Mass flow simulation (fan system) max. 25 kg/s at -30°C with  
difference pressure up to 5 kPa 

Exhaust systems max. 9 kg/s   

Bleed air simulation  250 g/sec, 2 kPa, 250°C 

Water supply for water brake system  max. 5.5 bar 700 l/min 

Kerosene (JetA1) tank for permanent supply 4500 l / max. 550 l/h 

General rain, snow and ground icing systems stationary ceiling-mounted rain and icing system, mobile 
(snow) nozzles 

 

2 depending on thermal load or blockage in the IWT 
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Table 2: Auxiliary and test voltages for large CWT / IWT 

Available voltage supply Max. current 

200 ς 1,000 V DC 

1,000 ς 3,600 V DC 

3x200ς1,000 V 40 ς 60 Hz 

200 ς 1,200 V 16 2/3 Hz 

500 ς 1,800 V 40 - 60 Hz 

3 x 230 V Y / 400V ҟ 50 Hz  

20 ς 200 V DC 

3 x 115 V Y κ нлл± ҟ плл IȊ  

2 x 175 kVA 350 A max 

350 kVA 235 A max 

350 kVA 500 A max 

350 kVA 350 A max 

350 kVA 350 A max 

350 kVA 500 A max 

200 A max 

60 kVA (170 A max) 

5.2 Preparation Halls 

The two preparation halls are used not only for the setup and dismantling of the measuring equipment 
but also for retrofitting and optimization performed by client technicians. The halls are secured by a 
separate access control system, which allows any of the two preparation halls to be made available 
exclusively to a specific customer, if required. The large preparation hall with its 5 t ground controlled 
gantry crane can be used for setting up engines for propulsion icing tests. 

Table 3: Technical data of preparation halls 

5.3 Soak Room 

A soak room is directly attached to the small CWT. This facility can be used for temperature 
conditioning of vehicles (adaptation of material temperatures) as also for preparation and adjustment 
work. 

Table 4: Technical data of soak room 

  

 Small preparation hall Large preparation hall 

Dimensions length / width / height 60 m / 11 m / 7.5 m 100 m / 11 m / 8.5 m 

5 t ground-controlled gantry crane - along entire hall length 

Dimensions length / width / height 30 m / 8 m / 6 m 

Temperature range +5 °C to + 60 °C 

Relative humidity 

at temperatures > +10 °C 
10% to 98% 
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5.4 Measurement Rooms 

A measuring station with a separate meeting room is available close to the entrance at each of the two 
CWTs. In addition to office workplaces, filing cabinets, wardrobes, PC with internet access and 
telephone, these facilities also accommodate the PCs for online monitoring of the tests. The measuring 
stations provide the opportunity to edit or process specific representations and evaluations separately 
from the data visualisation and evaluation performed by the RTA engineers in the control room. The 
test object can be observed continuously with the help of an integrated video monitoring system 
featuring several zoom cameras and practically unlimited remote control capabilities in both CWTs. 

6. Icing Wind Tunnel 

6.1 Description 

The large CWT for climatic tests on rail vehicles can be modified into one of the largest IWT worldwide 
by the temporary installation of a spray bar system (SBS) located at the CWT contraction nozzle exit. 
Test setup 1 with 16.1m² contraction nozzle (as shown in Figure 5) is especially suitable for low-speed 
tests up to 20 m/s.  

 

 

Figure 5: Test setup 1 with 16.1 m2 cross section 

With an additional contraction nozzle as shown in Figure 6 speeds from 20 m/s up to 80 m/s can be 
achieved in the test section area. 

 

 

CWT Contraction Nozzle 16.1 m2 

Spray Bar System 

Test Section Area 
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Figure 6: Test setup 2 with 8.75 m2 cross section 

The dimensioned cross section area for the test setup 2 in the view of the wind direction is shown in 
Figure 7 below. The calibrated test section area (According to SAE ARP5905) is marked in cyan. 

 

 

Figure 7: Cross section Icing rig and test section area in the CWT for test setup 2 with 8.75 m2  
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Table 5: Technical data of IWT 

Description IWT cross section 
16.1 m² 

IWT cross section 
8.75 m² 

CWT contraction nozzle dimensions 

width / height 

3.5 m / 4.6 m  3.5 m / 2.5 m  

Contraction ratio of additional contraction nozzle - 1.84 

Distance between spray bars and start of test section ~ 11.5 m 

Test section length 3 m 3 m 

Minimum wind speed 

Maximum wind speed 

Restrictions at low temperatures  

at -20°C and load approx. of 1,5 MW ²) inside CWT 

at -30°C and load approx. of 1,5 MW 3) inside CWT 

10 m/s 

20 m/s 

 

20 m/s 

20 m/s 

20 m/s 

80 m/s 

 

60 m/s 

40 m/s 

 

Maximum temperature range for icing cloud simulation -2°C to -30°C   

LWC at 20 µm MVD at min. wind speed 

LWC at 40 µm MVD at min. wind speed 

LWC at 20 µm MVD at max. wind speed 

LWC at 40 µm MVD at max. wind speed 

LWC FZDZ MVD < 40 µm  

LWC FZDZ MVD > 40 µm ³) 

LWC FZRA MVD > 40 µm ³)  

 

0.25 ς 1.20 g/m³ 

0.42 ς 2.40 g/m³ 

0.13 ς 0.60 g/m³ 

0.21 ς 1.20 g/m³ 

- 

- 

- 

0.21 ς 2.92 g/m³ 

0.34 ς 3.00 g/m³ 

0.05 ς 0.80 g/m³ 

0.08 ς 0.85 g/m³ 

0.10 ς 0.60 g/m³ 

0.32 ς 0.65 g/m³ 

0.25 ς 0.45 g/m³ 

Icing rig water conditioning (temperature / 
conductance) 

+2°C to +80°C / 0.06 ς 0.15 µS/m 

Icing rig compressed air conditioning up to +80°C 

The IWT allows the performance of ice protection systems to be validated in an efficient laboratory 
environment. The large dimensions and high cooling capacity enable both the investigation of full-scale 
test objects and the running of an engine under full load up to 1.3 MW. This makes the IWT installation 
feasible e.g. for investigating air intake systems and the effects on engine operation in simulated icing 
conditions. 

6.2 Spray Bar System (SBS) 

The spray bar system (SBS) consists of eleven spray bars, each equipped with 24 nozzles, i.e. 264 
nozzles in total. Each of the spray bars features two independent supply circuits for water and air. The 
separate control for every second spray nozzle enables the operation of only half of the nozzles for 

 

3 max. running engine power and additional cooling power from the small CWT, depending on exhaust gas temperature (the temperature of 
the IWT may increase slightly) 

3 LWC (Liquid Water Content) of FZDZ (Freezing Drizzle) & FZRA (Freezing Rain) depend on windspeed, cannot be adjusted 
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very low LWC (Liquid water content) requirements or settings with bimodal droplet size distributions 
as necessary for the simulation of SLDs (Super Cooled Large Droplets). Furthermore, it allows a 
separate control of the water and air supply temperatures of each circuit, in order to ensure a 
supercooling of the larger droplets in particular. 

Pressure sensors are placed at the inlet of each spray bar to compensate for geodetic pressure 
differences. They are used for the control of the water and air pressure. Water flow meters are used 
to monitor the flowrates and to check if all nozzles are working during test runs. 

The spray nozzles used (Spraying Systems Co®) are air atomizing nozzles which mix gas and liquid prior 
to the nozzle exit and use the kinetic energy of the gas to atomize the liquid.  

6.3 Icing Conditions 

6.3.1 Continuous maximum and Intermittent maximum icing conditions 

The intermittent maximum intensity of atmospheric icing conditions (intermittent maximum icing) is 
defined by the liquid water content and the mean effective diameter of the droplets. Figure 8 and 
Figure 9 show the design icing characteristics envelope according to EASA CS25 and CS29 Appendix C 
(respectively FAR Part 25 Appendix C) in terms of LWC (g/m3) vs. mean effective droplet diameter MVD 
(µm). The IWT icing cloud operative envelope is shown ŦƻǊ ά²ƛƴŘǎǇŜŜŘ Ƴƛƴέ (10 m/s) and ά²ƛƴŘǎǇŜŜŘ 
ƳŀȄέ 80 m/s, respectively. 

 
 

Figure 8: IWT capabilities continuous maximum (stratiform clouds) atmospheric icing conditions 
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Figure 9: IWT capabilities intermittent maximum (cumuliform clouds) atmospheric icing conditions 

6.3.2 Super Cooled Large Droplets (SLDs) 

The super cooled large droplets icing conditions are defined by the liquid water content and the mean 
effective diameter of the cloud droplets. SLD icing conditions consist of freezing drizzle (conditions 
with spectra maximum drop diameters from 100 m˃ to 500 ˃ m) and freezing rain (conditions with 
spectra maximum drop diameters greater than 500 m˃) occurring in and/or below stratiform clouds. 

Figure 10 shows the validated droplet distribution compared to EASA CS25 Appendix O (respectively 
FAR Part 25 Appendix O) requirements for Freezing Drizzle (FZDZ) MVD < 40µm. Figure 11 shows the 
validated LWC accordingly. 

In Figure 12, the validated droplet diameter distribution compared to EASA CS25 Appendix O 
(respectively FAR Part 25 Appendix O) for Freezing Drizzle MVD > 40 µm can be seen. The achievable 
LWCs in the IWT as shown in Figure 13, differ from the requirements depending on wind speed and 
temperature. The lowest possible LWC at 80 m/s is about 0.32 g/m³. 

Furthermore, an experimental nozzle setup can be installed in the IWT in order to simulate Freezing 
Rain (FZRA) MVD > 40 µm conditions, with some limitations concerning the uniform cloud size, droplet 
temperature and droplet velocity. Figure 14 and Figure 15 show the measured droplet size distribution 
and liquid water content capabilities for FZRA respectively.  
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Figure 10: Particle size distribution of Freezing Drizzle MVD < 40 µm 

 

Figure 11: LWC capabilities of Freezing Drizzle MVD < 40 µm 
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Figure 12: Particle size distribution of Freezing Drizzle MVD > 40 µm 

 

Figure 13: LWC capabilities of Freezing Drizzle MVD > 40 µm 
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Figure 14: Particle size distribution of Freezing Rain MVD > 40 µm 

 

Figure 15: LWC capabilities of Freezing Rain MVD > 40 µm 
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6.4 Test Run / Documentation 

RTA ensures continuous data acquisition and records the tests on photo and video to document the 
proper functioning of the test facility. All measurement data and records are archived for at least 10 
years for later retrieval and verification. All relevant calibration documents are available on request. 

The flowchart presented in Figure 16 describes an example for an icing test run with a continued cloud. 

 

 

Figure 16: Procedure for icing conditions inside the IWT  

Stand By
Icing Rig

ωSet IWT temperature and IWT wind speed

ωSet parameters for spray system (water / air pressures) to generate the 
required LWC and MVD

ωSet supply air and water temperatures for spray

ωDefine run time for spray according LWC requirement

Run Icing 
Conditions

ωRecord all IWT parameters

ωVideo record

ωOnline observation of run time for the icing conditions

ωOnline observation of IWT and icing condtions parameters

Stand By

ωStop spray system

ωOptional - qualitative aerodynamic assessment with ForceJig

ωSet wind speed to minimum

ωStop video and data recorder

Inspection

ωIce quality (visual inspection)

ωMeasurement of ice layer thickness

ωOptional - 3D Scans
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The design of the icing rig control system also allows cloud conditions to be changed (e.g. from 
intermittent to continuous) within a period of max. 30s (see e.g. Figure 17). The upper figure shows 
the water and air pressures for several different spray bars, whereas in the lower plot the ambient 
temperature as well as the windspeed in the test section is shown. 

 

Figure 17: Icing test parameters during change of cloud conditions in the IWT 
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6.5 Icing tests  

The Icing Wind tunnel of RTA is one of the largest worldwide and provides ideal conditions for 1:1 
scaled test-objects as well as complete helicopters or small aircraft. The wide range of available 
measurement instruments as e.g. wattmeter, temperature sensors and differential pressure 
transmitter ensure a high flexibility in measuring the necessary boundary conditions. Moreover, 
evaluation tools such as high-speed cameras, stroboscope camera systems, high speed channel 
pressure scanner, 3-D scans and aerodynamic force investigations can additionally be provided on 
request. RTA gives advice and support during product development process and even performs 
certification tests. 

RTA is open to all research projects that make a major contribution to the industry or help to extend 
and improve RTA's service portfolio. RTA has been involved in national and European projects. 

6.5.1 Air inlet tests 

Air inlet tests can be carried out with a running engine or by simulating the necessary mass flow with 
a fan system. A standard test setup for air inlet tests with a running engine inside the IWT is shown in 
Figure 18. Furthermore, tests can be carried out with or without the additional contraction nozzle and 
with different positions in the air stream (see also light blue engine sketch in Figure 18). 

The engine and all related equipment, e.g. the water brake system and the control units, are the 
responsibility of the customer. The equipment can be placed and wired in front of the IWT main 
entrance door or in the measurement room. The water supply for the brake rig, exhaust gas handling 
and kerosene supply are prepared and controlled by RTA according to requirements. In the case of 
simulating the mass flow through the air inlet of a mock up (no engine installed) a frequency converted 
fan system is available (technical data are shown in Table 6). 

 

Figure 18: Test setup for an engine including supply systems inside the IWT 
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6.5.2 Wing tests 

Tests on 1:1 scaled wing sections can be carried out with the additional contraction nozzle in 
combination with the RTA Wing ForceJig (Figure 19). The Wing ForceJig is a trailed wing mounting 
device with two slide-able shields supporting the force measurement and the wing. The results of the 
force measurement can be used for a qualitative comparison of the aerodynamic coefficients of the 
dry reference wing and different ice shapes (an example can be seen in Figure 20 and Figure 21), it has 
to be considered that the RTA IWT does not fulfil the flow requirements of an aerodynamic wind 
tunnel. 

Table 6: Technical data Wing ForceJig 

Wing span 1m up to 3m (manually adjustable) 

Chord length Up to 2m 

Temperature range -30°C to +20° 

Angle of Attack (AoA) range -20° to +20° (accuracy ±0.1°) 

Force measurements Lift (CL), max. load of 20 kN ς accuracy: 20 N 

Drag (CD), max. load of 20 kN ς accuracy: 20 N 

Moment (CM), max. load of 1.5 kNm ς accuracy: 1.5 Nm 

Customer Interface Mounting plate / heated splitterblades 

 

 

Figure 19: Test setup for a wing section test inside the IWT 



 

IWT Vienna General information_4.8.1.docx Page 23/34 

 

Figure 20: Lift coefficient versus angle of attack comparison for a dry and iced NACA0012 wing  

 

Figure 21: Drag coefficient versus angle of attack comparison for a dry and iced NACA0012 wing 
 
 

Ă4 / 4 0/ 04 1/

@mfkd ne @ss`bj Z¿\

Ă/-3

Ă/-1

/

/-1

/-3

/-5

/-7

0

0-1

0-3

K
h
e
s
 
B
n
d
e
e
h
b
h
d
m
s
 

Z
Ă
\

M@B@//01Ă B
K
ur @kog`

Qdedqdmbd
@oo- B 1/Íl Ă0/¿B

Ă4 / 4 0/ 04 1/

@mfkd ne @ss`bj Z¿\

/

/-/4

/-0

/-04

C
q
`
f
 
B
n
d
e
e
h
b
h
d
m
s
 

Z
Ă
\

M@B@//01Ă B
C
ur @kog`

Qdedqdmbd
@oo- B 1/Íl Ă0/¿B



 

IWT Vienna General information_4.8.1.docx Page 24/34 

For additional evaluation RTA offers the use of a high speed camera system (up to 1000 frames per 
second), a 3-D scan with ice accretion density; SAT & OBJ 3D files for 3D printer (see Figure 22 and 
Figure 23) as well as a high speed pressure acquisition unit with up to 32 channels. 

 

 

Figure 22: 3-D scan result of an Appendix O ice shape generated in the RTA IWT, created by AIIS 

 

 

Figure 23: Detailed Evaluation of an Appendix O ice shape generated in the RTA IWT, created by AIIS 

  






















