
1 

 

 

The Velocity Field Around the Top of a Tall Building; Model-Scale and Full-

Scale Measurements 

Simon Watkins
1
, Ee Wei Lim

1
 and Raj. Ladani

1 

1
School of |Aerospace, Mechanical and Manufacturing Engineering 

RMIT University, Melbourne, Australia. 

simon@rmit.edu.au 

 

Abstract 

Velocity and pressure fields were mapped in a 1/100
th
 scale wind-tunnel test around a nominally 

cuboid model of a full-size building.  Fine-scale spatial measurements were made in areas around the 

upstream face and in the separated region over the top for the case of flow orthogonal to the front face 

and for the case of 45 degrees.  Dynamically calibrated probes enabled time-varying 3-D velocity and 

static pressure fields to be measured at up to 2000Hz.  Outdoor measurements generally compared 

well with model scale.   

1 Introduction 

Energy harvesting using the flow around buildings is a growing area of study. The flow field close to 

the tops of tall buildings can provide enhanced opportunities for energy harvesting (e.g. by siting wind 

turbines in the over speed regions) and is also of interest to the micro aircraft community since the 

vertical velocity components can provide regions where small craft can climb to achieve unpowered 

altitude gain. Extensive literature can be found on flow around buildings in urban environments. 

However, these studies are largely focused on either wake of structures downstream topology models 

or pedestrian comfort and wind loads on structures rather than the flow field characteristics 

immediately above and upstream of a building – an understanding crucial for wind turbine positioning 

and Micro Air Vehicle (MAV) building soaring. 

This research extends on the research work done by White et al. (2012) where the vertical flow field 

(updraft) in front of a building was investigated to understand the feasibility of MAV soaring in urban 

environments. White et al. (2012) concluded that the vertical component of velocity upstream of the 

building (up to 8m from the building leading edge) can go up to 50% of the overall mean velocity at 

building height, with the maximum lift region found to be at about 45-degree angle upwind and above 

the building leading edge. Literature shows that the maximum over speed region over a building can 

obtain a 20% increase in velocity if compared to the undisturbed wind speed far in front of the 

building. 

2 Overview of Methodology 

In order to understand the time-averaged and time-varying flow field, a nominally cuboid, isolated 

building situated in a suburban terrain was the subject of the study, with four-point data being obtained 

from outdoor measurements (see Figure 1) which were extended via a reduced 1/100 scale wind-

tunnel experiment.  The areas of interest in the flow field include the over speed region, vertical 
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velocity component, turbulence intensity, integral length scale, separation bubble position and flow 

direction. Suburban terrain velocity and turbulence intensity profiles based on White et al. (2012) were 

generated and refined in the RMIT University Industrial Aerodynamics Wind Tunnel. The 1/100 scale 

profiles were initially based on Walshe (1972).  

An array of upstream barriers and floor-mounted roughness elements were placed in the test section of 

the wind tunnel to artificially thicken the boundary layer within a reasonable stream-wise distance. 

The test section is 9.2 m long, 2 m high and 3 m wide. The region of the test-section used for testing 

was 40 characteristic lengths (based on maximum barrier height) downwind from the array of barriers 

and over ten characteristic lengths away from the roughness element. To more accurately measure and 

obtain the velocity and turbulence intensity profiles, four TFI Cobra probes were used in the 

experiment. Cobra probes are four-hole pressure probes offered commercially by Turbulent Flow 

Instrumentation and the probes used had a 2.6 mm multi-faceted head, which was considered 

sufficiently small to have minimum influence on the flow field. Cobra probes are able to resolve the 

three orthogonal components of velocity at up to 2 kHz and provide the static pressure, providing the 

flow vector is contained within a cone of ±45° around the probe x-axis. Verification and further details 

including dynamic capabilities, probe operation methodology and calibration techniques can be found 

in Hooper & Musgrove (1997). A single Cobra probe was traversed across a number of planes around 

the front and over the top of the building and the data were contour plotted and compared with the 

outdoor measurements. 

 

 

 

Figure 1 Building, mast and four Cobra probes. 

3 Overview of Results 

An example of the model scale data can be seen in Figure 2 for the case of flow orthogonal to the front 

face.  Data were non-dimensionalised by dividing by the mean reference velocity which was the free-

stream flow speed at the location of the top of the building (i.e. with no building present in the tunnel). 
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Figures 2 and 3: Mean overall velocity compared with mean reference velocity (LHS) and comparison 

of local streamwise turbulence intensity (%, RHS) 

 

In Figure 3 the corresponding turbulence intensity is contoured and in Figures 4 and 5 similar plots are 

given for the top of the building. 

 

Figures 4 and 5: Mean overall velocity compared with reference velocity (LHS) and turbulence 

intensity (% RHS) 

 

Comparisons between the full-size turbulence intensity data (for the measurement points shown in 

Figure 1) and those obtained in model scale were found to agree within 10%, White et. al. (2012) and 

Lim et. al. (2102).  However integral length scales in the tunnel were sorter than their counterparts and 

the comparison work is on-going (but will be finished before the final paper is due)! 
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