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ABSTRACT 

Snow drift performance and wind pressure distribution was 
studied at scaled wind tunnel models of the new Antarctic 
research station Neumayer III.  One objective of the project 
was to identify possible problems due to wind driven erosion 
and accumulation of snow around the station body to be 
constructed on the Antarctic shelf ice.  Based on systematic 
wind tunnel testing including flow visualization experiments, 
wall shear stress visualization, flow measurements and 
physical modeling of wind erosion and snow drift, a 
comprehensive insight into the complex flow phenomena 
around the station was gained.  In a second set of wind tunnel 
tests, wind pressure distributions were measured for the final 
station design in order to assist the structural design process.  
Both, snow drift modeling as well as the wind flow and wind 
pressure measurements at the station delivered relevant 
information integrated into the design process and the 
operational advice of the station. 
 
MOTIVATION AND METHODOLOGY 

The Alfred Wegner Institute (AWI) for Polar and Marine 
Research will establish a new German Antarctic research 
station on the Ekström Ice Shelf.  In contrast to the existing 
Neumayer station, the new design features a station body 
installed on piles above the snow surface.  The station body 
can be lifted gradually, in order to compensate for the annual 
accumulation of snow in the area.  Figure 1 shows a sketch of 
the station to be constructed after optimization of the body 
shape.  The design concept, however, required a number of 
technical and aerodynamic problems to be solved.   

The annual lifting of the station will only work properly, if 
no significant snow drift patterns develop in the vicinity of the 
research station and the snow surface stays more or less flat. A 
second issue to be addressed in the process of designing the 
station was related to wind comfort and wind loads acting 
locally on the structure.  Since the station will be constructed 

in a region with extreme winds, standard wind load 
assumptions as they are available from common standards 
might not lead to an optimal structural design. Furthermore, 
wind comfort near the station body must be considered 
sufficiently in order to ensure operational safety for the station 
crew when working outside, near the station, under high wind 
conditions. 
 

 
FIGURE 1:  THE PLANNED NEUMAYER III STATION. 
 

In order to provide the information needed, the 
Environmental Wind Tunnel Laboratory (EWTL) at Hamburg 
University was commissioned to perform a series of wind 
tunnel tests on several models of the Neumayer III station.  A 
first wind tunnel campaign focused on physical modeling of 
snowdrift. Several station designs with varying shapes of the 
station body and its vertical distance to the snow surface were 
tested systematically for snowdrift performance.  Based on 
both, the results of the drift experiments and additional 
component-resolving flow measurements around the station 
body, a suitable contour of the station body was defined.  In 
the second set of systematic tests in an environmental wind 
tunnel, local wind pressure measurements were carried out for 
the chosen design alternative.  The wind forces acting on the 
station were estimated using the measured wind loads and the 
gust wind loads derived from the measurements.  The 
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extensive wind load measurements were completed by 
additional detailed flow measurements in the vicinity of the 
station. 
 
FACILITIES AND INSTRUMENTATION 

The experiments were carried out in the BLASIUS wind 
tunnel of the Environmental Wind Tunnel Laboratory at 
Hamburg University.  The 16 m long conventional type 
boundary layer wind tunnel shown in Figure 2 consists of an 
air intake with honeycombs and screens, a 7.5 m long 
boundary layer development section, the actual test section 
and a variable speed radial ventilator driving the tunnel.  The 
wind tunnel features a cross section 1.5 m wide and 1 m high 
with an adjustable ceiling for the necessary compensation of 
longitudinal pressure gradients across the model.  By means of 
specific arrangements of so-called turbulence generators at the 
entrance of the boundary layer development zone and a 
particular floor roughness, atmospheric wind flows close to 
the ground can be modeled physically at scales from approx. 
1:100 to 1:1000.  The wind speed can be controlled precisely 
between 0 and 10 m/s.  For automated and semi-automated 
measurements, the wind tunnel is equipped with a computer 
controlled 3D probe positioning system, enabling different 
types of measurement probes to be positioned within the test 
section with an accuracy of better than 0.1 mm. 
 

 
FIGURE 2:  THE BLASIUS WIND TUNNEL FACILITY. 
 

For reference wind speed measurements, a Prandtl-
tube/pressure transducer system is used whereas the 
laboratory-grade pressure transducer is calibrated at least once 
per day against an independent certified standard.  
Component-resolving flow measurements are carried out by 
means of fiber-optic 2D-Laser-Doppler-Anemometry (2D-
LDA, Dantec©).  Depending on the size of the model and the 
type of measurements to be carried out, different fiber-optical 
probes with different focal distances can be used and changed 
easily within a measurement campaign.  Even if an LDA 
system does not need to be calibrated under normal operating 
conditions, the accuracy of the optical measurement system is 
verified upon set-up using a rotating scatter-disc.  For LDA 
data acquisition, a so-called Burst-Spectrum-Analyzer (BSA 
F90, Dantec©) is used. 

For wind pressure measurements, a specific model with 
built-in surface pressure taps was constructed.  The individual 
pressure taps were scanned by means of a fluid switch waver, 
connecting 2 taps with two precision pressure transducers 

(SETRA 239D) at a time.  For frequent calibration of the 
pressure transducers, a certified pressure balance was utilized. 

The data acquisition system is completed by a PC-based, 
modular 16bit data acquisition system (IOTech DaqBook 
2000©), utilized for unified data acquisition from different 
measurement systems, synchronization of measurements and 
online data reduction.  A custom-made software package is 
used to run automated and semi-automated measurements. 

Modeling practice in the EWTL follows common 
standards for physical modeling of environmental flow and 
dispersion phenomena, such as VDI 3783/12 and the US EPA 
guideline (Snyder, 1981).  Moreover, an in-house standard for 
quality assurance for atmospheric flow and dispersion 
modeling has been developed, which is exceeding common-
practice significantly with respect to calibration procedures 
and model validation requirements. 

These standards include the evaluation of the 
independency of all model results from the Reynolds-number 
in the wind tunnel.  That means that all results presented here 
were derived at wind velocities representing the environmental 
conditions at the prototype. 
 
BOUNDARY LAYER MODELING 

In order to test a model structure in a wind tunnel, the 
atmospheric boundary layer must be modeled at least partially 
at an adequate model scale.  At the EWTL, a conventional 
approach using spires and an appropriate floor roughness is 
used.  Based on a systematic variation of the shape and 
arrangement of turbulence generators and spires, a specific 
model boundary layer is developed for a given model scale.  
The optimization of the modeled boundary layer flow can 
require more than 20 different configurations to be tested 
before the required similarity between full scale conditions 
and model boundary layer flow can be achieved and 
documented. 

In the project presented here, wind flow above a snow 
surface was modeled.  The final model boundary layer was 
generated by a set of 3 narrow triangular shaped spires and 
screen processed rough plywood floor plates.  Reference data 
for boundary layer modeling were available from field 
measurements at the existing station Neumayer II (Handorf, 
1996) as well as from common standards like ESDU 85020 
and VDI 3783/12.  The mean wind profile in the lower part of 
the atmospheric boundary layer above a snow/ice surface can 
be approximated by a power law profile with an exponent 

[ ]-=  12.008.0 �a  and a roughness length 

m10510 35
0

-- ×= �z (at full scale).  Figure 3 documents the 
good agreement of the modeled wind profile with full scale 
conditions for the given model scale of 1:120.  

Furthermore, the mean vertical turbulence intensity 
profiles as well as turbulence length scales derived from high 
resolution time series measured in the wind tunnel showed a 
sufficient agreement with full scale conditions.  As 
documented in Figure 4, the agreement of the power spectral 
density of turbulence measured in the model boundary layer 
with corresponding full scale conditions was satisfactory.  As 
expected for the lower part of the atmospheric boundary layer, 
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a constant shear layer was modeled in the wind tunnel for 
heights up to 40 m above ground (full scale). 
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FIGURE 3: MEAN WIND PROFILE MEASURED IN THE 
WIND TUNNEL (MODEL SCALE 1:120). 
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FIGURE 4:  POWER SPECTRAL DENSITY DISTRIBUTION 
OF TURBULENCE MEASURED IN THE WIND TUNNEL.  
 
 
SNOWDRIFT MODELING 

Wind driven transport of snow particles is taking place in 
three principal modes – creep, saltation and suspension.  In 
creep mode, snow particles move by rolling across the snow 
surface.  At sufficient wind speeds, medium and small size 
particles are lifted into the wind stream and displaced over 
short and medium range distances before they fall down again, 
triggering the lift of other snow particles.  The so-called 
saltation mode is assumed to be the main transport mode for 
drifting snow under strong wind conditions, carrying approx. 
85% of the drifting snow mass.  The smallest snow particles 
get airborne and remain suspended whereat they can reach 
higher altitudes before they sublimate.  As described in 
Iversen (1979), saltation is the dominating mode for the first 
few meters above a snow surface and the saltation mode 
needed to be modeled in the wind tunnel. 

Based on a careful analysis of the governing equations, an 
extensive set of very complex similarity criteria can be derived 
for saltation-modeling.  Several similarity numbers are not 
independent from each other and it is basically impossible to 
satisfy all of them simultaneously (Leitl, 1999).  However, in 
order to simulate particles already in saltation mode, the ratio 
between particle drift speed fU  and the threshold friction 

velocity tu*  must be bigger than 1: 
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In order to reproduce the dynamics of the snow particles, 

also the length scales must be similar: 
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Normally, this condition is satisfied by a scaled model.  

Furthermore, the increasing roughness length due to the 
drifting particles and the resulting increased friction loss 

should be considered, defining a new roughness length ¢
0z  
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with h  denoting the height above the surface.  In order to 
determine the effective roughness length in saltation mode, 
Iversen (1979) suggested to use the following relation: 
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The index P denotes particle related quantities, the 

parameter A is the dimensionless threshold of the friction 
velocity tu* , and D the diameter.  Finally, the analysis of the 
particle trajectories requires the aerodynamic drag coefficients 
CD to be the same in the wind tunnel and in the field: 
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and 
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Figure 5 is documenting the relation between the most 

important similarity criteria (Eqs. 4, 5 and 6) for modeling 
small-scale drift phenomena.  The continuous lines show 
constant values of the ratio of particle speed to threshold 
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friction velocity (Eq. 1).  Saltation will occur only if this ratio 
is larger than 1 (hatched line).  The curves in the graph denote 

constant values for different effective roughness lengths '
0z  

(Eq. 4).  Consequently, the 'snow particles' used in the wind 
tunnel must lie on the right hand side of the hatched line and 
preferably close to the conditions of an assumed snow particle. 

Different particle materials were tested based on the 
theoretical considerations explained above.  As expected, the 
best drift performance for a reasonable range of flow 
velocities used in the wind tunnel was found for small glass 
spheres with an outer diameter of 125 µm and all subsequent 
snow drift experiments were carried out using the glass 
spheres. 
 

�����������	
������

 
FIGURE 5:  DEPENDENCE OF SNOW DRIFT SIMILARITY 
CRITERIA (FROM IVERSEN, 1979; THE DOT IS MARKING 
THE PROPERTIES OF THE GLASS SPHERES USED IN 
THE PRESENT STUDY). 
 
 
EXEMPLARY MODEL RESULTS 
Laser Light Sheet Flow Visualization 

In order to assess the aerodynamic behavior of differently 
shaped station bodies, an extensive set of LASER light sheet 
visualization experiments was carried out.  For different wind 
directions, the flow around the station body was visualized 
within a thin LASER light plane, 'cutting' the flow field into 
horizontal and vertical planes.  In addition to a semi-circular 
design proposed originally, several triangular contours and 
trapezoids were tested.  Figure 6 shows exemplary light sheet 
images captured in the wake of the station body with a semi-
circular shape (top), a trapezoid contour (middle) and an 
asymmetric triangular cross-section (bottom).  Visual 
assessment already revealed a slightly better performance of 
the trapezoid contour compared to the other designs.  For a 
reasonably small recirculation zone like in the semi-circular 
case, the trapezoid tended to show lower wind velocities 
below the station, where operating personnel may be present 

during extreme wind conditions.  For all configurations tested, 
a strong vortex structure at the lateral ends of the station body 
was observed for prevailing winds perpendicular to the station 
axis.  As expected, the station body partially acts like a bulky 
airfoil and the pressure difference between the upper and 
lower surface is generating a conical vortex pattern at the side 
walls.  Flow visualization experiments suggested the use of 
end plates in order to reduce the strong coherent structures. 

 

 
FIGURE 6:  EXEMPLARY LASER LIGHT SHEET PICTURES 
CAPTURING THE WAKE FLOW BEHIND THE STATION. 

 
Flow Measurements 

For a quantitative analysis of the wind conditions near the 
station, the flow field around the structure was measured for 
different configurations.  Within a sufficiently dense grid of 
measurement points, component-resolving LDA 
measurements were carried out.  The measurement results 
confirmed the qualitative results of the visualization 
experiments. The relative wind velocity below a semi-circular 
shaped station body was found to be significantly higher than 
for the trapezoid contour.  Measurements taken in a vertical 
measurement plane upwind of the station indicated a slightly 
lower height of the stagnation point for the trapezoid 
compared to the semi-circular contour.  Obviously, a smaller 
fraction of the approach flow is pushed below the station when 
the contour is of trapezoidal shape.  Figure 7 illustrates the 
flow field in the center of the station for wind flows 
perpendicular to the station axis. 

Additional wind velocity time traces were measured in 
areas, where personnel might be working under windy 
conditions.  In particular, the station entrance area below the 
station body and several locations on the roof top of the station 
were selected for an assessment of wind comfort and 
prediction of gust wind speeds.  It was found that the gust 
wind speed can reach twice the value of the mean wind speed 
measured at 10 m height above ground.  This means that 
special care must be taken under strong wind conditions as 
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they occur frequently in the Antarctic in order to ensure safety 
for the operating personnel of the station. 
 
Shear Stress Visualization Experiments 

From similarity analysis follows that the shear stress 
distribution above the snow surface significantly affects the 
drift process.  Hence, visualization of wall shear stress 
distributions can deliver local information on where to expect 
snow erosion and drift accumulation.  A so-called oil-soot-
technique was used for visualization of shear pattern near the 
station.  A carefully adjusted mixture of petroleum, oil and 
soot particles was applied on the wind tunnel floor in the wake 
of the station.  During the visualization experiment, the wind 
tunnel was operated for a sufficiently long time until a quasi-
stationary pattern developed in zones with increased wall 
shear stress.  In Figure 8, the flow channeling below the 
station as well as the wake of the piles can clearly be detected.  
Distinct zones of increased wall shear stress were also found 
at the lateral ends of the station for wind directions 
perpendicular to the station axis. 
 
Snowdrift Experiments 

A total of 16 different configurations were tested for snow 
drift performance.  For drift experiments, the wind tunnel floor 
upwind and downwind of the station was replaced by a 
sufficiently deep cavity filled with glass spheres.  The upwind 
fetch of the 'snow bed' was corresponding to several hundred 
meters of fetch at full scale.  For each configuration to be 
tested, the 'snow' was leveled completely before the station 
was put in place.  Then, the wind tunnel was operated at a 
fixed wind speed until a quasi-stationary accumulation and 
erosion pattern developed for each configuration.  The gradual 
development of the pattern was documented by photographs, 
taken at fixed time intervals.  Precisely repeating the test 
procedure for each of the configurations tested enabled the 
mainly qualitative results to be compared directly.  As a 
reference situation, a flat plate (ground plate/garage roof of the 
station) was tested without the station mounted on top. 

Figure 9 clearly documents that snow drift is affected 
significantly by the elevated station body for instance at the 
cross-wind edges of the station.  Depending on the height of 
the station piles, the vortex cones forming at both sides of the 
station cause severe erosion cavities on the ground.  Similarly, 
the wake of the piles carrying the station could clearly be 
identified in the resulting drift patterns.  As expected, the drift 
patterns are weaker when the station is placed higher above 
the snow surface. 

A principal restriction of the large scale model of the 
station was that particle drift was reaching only 2 to 3 m above 
ground (full scale).  From the existing station it is known that 
at full scale drifting snow can reach much higher elevations, 
covering almost the entire station height under strong wind 
conditions.  Consequently, the large scale wind tunnel model 
was able to visualize erosion effects close to the ground 
mainly, whereas deposition due to the wake flow of the station 
body was not sufficiently reproduced.  In order to obtain 
information on the accumulation of snow, most of the drift 
experiments were reproduced using a 1:480 scaled model of  
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FIGURE 7:  EXEMPLARY RESULTS OF LDA FLOW 
MEASUREMENTS AROUND THE STATION (VERTICAL 
MEASUREMENT PLANE IN THE CENTER OF THE 
STATION, WIND PERPENDICULAR TO STATION AXIS). 
 

 
FIGURE 8:  EXEMPLARY RESULT OF WALL SHEAR 
STRESS VISUALIZATION (SEMI-CIRCULAR STATION 
CONTOUR, WINDS PERPENDICULAR TO STATION AXIS). 
 

 

 
FIGURE 9:  TYPICAL SNOWDRIFT PATTERNS OBSERVED, 
USING A 1:120 SCALE MODEL. 
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the station.  By using a smaller model, the relative drift height 
of the modeled snow could be increased.  As expected, typical 
snow piles started to form in near vicinity of the station.  
Figure 10 shows a typical drift pattern observed using a 1:480 
scale model. 

Evaluating the results of the drift experiments, it must be 
stated clearly, that the model results have certain limitations 
and the extreme drift patterns observed in the wind tunnel are 
not likely to form as pronounced as in the wind tunnel at full 
scale.  However, systematic dependencies between the station 
geometry and particular drift phenomena could be identified 
and guidance could be given to the designer, how snow drift 
problems could me minimized. 

 

 
FIGURE 10:  TYPICAL SNOWDRIFT PATTERNS 
OBSERVED, USING A 1:480 SCALE MODEL. 
 

 
FIGURE 11: VIEW INTO THE OPENED PRESSURE TAP 
MODEL. 
 
Wind Pressure Measurements 

The mean wind pressure was measured at a total of 72 
pressure taps distributed in several representative cross-
sections and critical zones.  In Figure 11, the opened station 
model is shown.  Pressure taps as well as the connected tubing 
can be seen.  The measured pressure values were scaled with 
the reference wind speed measured at 10 m height above 
ground in the undisturbed approach flow and transformed into 
non-dimensional wind pressure coefficients: 

 

dyn

aistat
i p

pp
CP
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= ,   (7) 
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FIGURE 12:  EXEMPLARY RESULTS OF MEAN WIND 
PRESSURE DISTRIBUTIONS MEASURED FOR WINDS 
PREPENDICULAR TO THE AXIS OF THE STATION.  
 

��

��

��

��

��

��

��

�	

�


���

���

���

���

���

���

���

��

�

�

�

�

���


���	

���	

����

�����

�����

�����

�����

���		

�����

���	�

�����

�����

�����

���
�

���



�����

�����
�� ��

����	
�����

FIGURE 13:  EXEMPLARY RESULTS OF MEAN WIND 
PRESSURE MEASUREMENTS (WIND DIRECTION 110°, 
OUTER EDGE OF STATION). 
 

In Equation 7, istatp ,  denotes the wall pressure measured 

at locationi , ap  denotes the ambient atmospheric pressure 

and dynp  is the dynamic pressure of the approach flow 

measured at 10 m height above ground.  Frequent calibration 
of the measurement system enabled the pressure coefficients 
to be measured with a maximum theoretical uncertainty of 

08.0±=D theoCP  only.  The repeatability of individual 
experimental results was found to be better than 

05.0±=D repCP .  Mean wind pressure distributions were 

measured for 7 wind directions according to long-term in-situ 
recordings of the wind directions.  Figure 12 shows exemplary 
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results of mean wind pressure measurements for prevailing 
winds perpendicular to the station axis (wind direction 90°) at 
two different lateral positions, i.e. the middle section (upper) 
and the outer edge of the station (lower).  As expected, higher 
suction pressures are measured at the upwind edges of the 
station.  The highest local wind pressure coefficient of all 
measurements was observed for a wind direction of 110° at 
the upwind edge of the station roof.  As documented in Figure 
13, the load pattern changes significantly for a change in wind 
direction of only 20°.  In general it can be stated that for the 
given design, local wind loads can reach serious levels under 
strong wind conditions.  The results enable the structural 
engineers to estimate both, the total forces acting on the 
station body and local forces acting at different structural 
elements of the station. 
 
CONCLUSIONS 

An extensive study on the aerodynamic behavior of the 
new Antarctic research station Neumayer III was carried out.  
Despite some limitations of physical modeling of snow drift in 
a boundary layer, a wind tunnel model was used to support the 
process of designing the station.  Using two differently scaled 
models, it was possible to distinguish between drift 
phenomena predominantly caused by drifting at lower levels 
and drift structures resulting from snow drift at higher 
elevations.  Based on systematic testing it was found that a 
trapezoidal shape of the station contour features technological 
and aerodynamic advantages over other configurations tested.  
Furthermore, local wind loads acting on the stations 
superstructure were estimated from wind pressure 
measurements in order to support the design process of the 
structure.  High suction forces are expected close to the 
windward edges of the station for wind directions nearly 
perpendicular to the station axis.  A wind speed analysis 
revealed that in some areas where operating personnel of the 
station can be present, under strong wind conditions the gust 
wind speeds can exceed critical values.  Special care must be 
taken under these conditions in order to ensure operational 
safety on the roof top of the station. 
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