
 

1 

 

PIV Measurements of the Flow Behind a 2D Fence in an Atmospheric Boundary 
Layer Wind Tunnel 

S.W. van Ratingen1, A.T. de Jong2 and P.Gousseau3  
1Urban Environment and Safety, TNO, The Netherlands. 

2Fluid Dynamics, TNO, The Netherlands. 

sjoerd.vanratingen@tno.nl 

3Department of the Built Environment, Eindhoven University of Technology, The Netherlands. 

 

Abstract 

 

High-speed stereo-PIV measurements were performed in the wake of 2.3 m wide fences (respectively 
5 and 10 cm high). Average velocities and turbulent kinetic energy levels are given for a near fence- 
and a downstream field of view, showing the large recirculation zone of a near-2D obstacle. The 
results indicate that although PIV measurements can provide a good description of the turbulent flow 
around a wall-mounted fence, the lateral (perpendicular to the FOV) turbulence levels of the approach 
flow with roughness length of 0.3 mm are overestimated when compared to hot-wire measurements. 

1 Introduction 

In the Netherlands, noise barriers form a common measure against air pollution along highways. 
Gaussian models are used to predict the concentration field in such a configuration for regulatory 
purposes; they apply simple rules to account for noise barriers, but cannot fully capture the 
characteristics of the flow around the screens. The design of the screen, the geometry of the local 
environment and meteorological conditions determine these characteristics to a large extent. Since 
screens are more and more specially designed for air quality measures and even can include filters and 
chemically reactive coatings, better understanding of the dispersion characteristics is crucial. 
Computational Fluid Dynamics, with for example the Large-Eddy Simulation turbulence modelling 
approach, can provide this understanding, but require sufficient validation. This study, consisting of 
PIV and hot-wire measurements in the wind tunnel, aims at providing such validation data.  

This experiment applies to configurations where k << H << δ, with k the height of the roughness 
elements, H the height of the fence and δ the boundary layer thickness. In (Counihan, et al., 1974), a 
theoretical model for such configurations, predicting of the mean velocity in the wake of a 2D obstacle 
is proposed and validated against wind tunnel experiments. (Bradshaw & Wong, 1972) and (Castro, 
1979) show that (reattaching) flow behind a fence is surprisingly complicated and depends on the 
characteristics of the upstream flow at the fence-height. A prediction of the wake size in such 
configurations is given in (Hosker, 1984). For 2D obstacles, the wake size can range from 10H up to 
20H. 
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2 Experimental setup 

The wind tunnel experiments have been carried out in open circuit wind tunnel with a cross-section of 
2x3 m2 in the vertical and lateral direction, respectively. The model is placed on a turntable with a 
diameter of 2.3 m. The total length of roughness area in front of the model is about 15 m. 

Spires and saw tooth barriers in combination with a floor roughness were used to generate a boundary 
layer with a roughness length of 0.3 mm. The floor roughness was modelled by Lego board ground 
plates. The roughness elements are 5 mm high and are evenly spread over the ground surface. The 
region until 1 m downstream of the turntable was covered with Lego board, including the region 
bordering directly the fence. The fence was placed in the middle of the turning table, with a width 
equal to the turntable diameter. The width to height ratio W/H for the 5 cm and 10 cm fence equals 46 
and 23, respectively.   

Measurements were also performed for several approach flow angles (0°; 5°; 15°), two approach flow 
velocities (5 m/s; 10 m/s) and a fence with/without a rounded top. This paper only presents the 10 cm 
and 5 cm fence results for wind direction perpendicular to the fence and wind speed U∞ = 10 m/s.   

The characteristics of the flow behind the fence were studied by time-resolved Stereo Particle Image 
Velocimetry (PIV). Two Fields of View (FOV) were needed to capture the full recirculation zone of, 
at least, the 5 cm high fence. The first FOV focusses on the vertical plane through the middle of the 
fence and stretches from 10 cm in front of the fence to 40 cm downstream, with a height of 25 cm. The 
second FOV was measured downstream of the fence, extending from 30 cm to 85 cm behind the fence, 
with a height of 40 cm. For both FOV’s, the laser was placed at least 3 laser heights downstream of the 
downstream edge of the studied FOV. A third horizontal FOV at 5 cm height was measured, but the 
data still have to be analysed. Each measurement consisted of series of 1200 images, recorded at 300 
Hz and 600 Hz in double frame mode. A time step of ∆t = 400 µs and ∆t = 800 µs was used in the 
double frame settings for the 10 m/s and 5 m/s measurements. This paper only presents results for the 
longitudinal component of the flow. 

3 Results and discussion 

3.1 Measurements in the empty test section: comparison between PIV and hot-wire 

The longitudinal velocity U and turbulence intensity Iu, Iv and Iw were measured in the empty test 
section and compared with hot-wire measurements. The U and Iu,v,w for the fence-FOV and 
downstream-FOV with equal height z were averaged over the whole x-range. Figure 1 shows the 
average velocity profiles, derived from 300 Hz PIV, 600 Hz PIV, and 200 Hz hot-wire measurements 
respectively. The average velocity profiles from the 600 Hz PIV compare well with the hot-wire 
measurements whereas the 300 Hz PIV measurements overestimate the hot-wire results by up to 10%. 
The difference between 300 Hz and 600 Hz PIV velocity measurements are possibly caused by the 
spread in two repetitive measurements, for the measurement time for the PIV was short (600Hz: 2s, 
300Hz: 4s).    

The difference between the turbulence intensities Iu,v,w, as measured by hot-wire and PIV is also shown 
in Figure 1. The Iu measured by PIV are slightly higher than the hot-wire measurement, whereas the Iw 
are slightly lower. The Iv measured by PIV are much higher than the hot-wire results and are also 
higher than the Iu measured by PIV. The lateral component of the velocities is perpendicular to the 
PIV-FOV, which could lead to larger errors in the PIV measurements for Iv. 
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Figure 1: Profiles of the mean longitudinal velocity and turbulence intensities, measured by 200 Hz 
hot-wire and 300 Hz and 600 Hz PIV. 

3.2 Flow around the fence: average streamwise velocity 

Figure 2 shows the measured average velocity for the 5 cm high fence. The recirculation zone extends 
to 10 times the obstacle height. For the fence with H=10 cm (not shown), at distance 8H, the 0m/s-
contour-line (expressed in the fence height H) lays at height H, whereas for the fence with H=5 cm, 
the 0m/s-contour-line at distance 8H lays at height 0.5H. The length of recirculation zone of the 5 cm 
fence seems smaller than for the 10 cm fence. This could be caused by the relation between fence 
height and the integral length scale of the approach flow,  Lux(100mm) = 40cm. 

 

Figure 2: Average longitudinal velocity in the FOV around the 5 cm fence (left) and downstream of 
the fence (right). U∞ = 10m/s. Measurement frequency  = 300 Hz. 

3.3 Flow around the fence: variance of longitudinal velocity component 

Figure 3 shows the measured variance of the longitudinal velocity component ( Urms
2 ) in the fence-

FOV and downstream-FOV for the 10cm high fence. One can notice the very low levels in the near 
wake of the fence (up to 2 to 3 fence heights) and the highly-turbulent shear layer, developing from 
the top of the fence. Note that a longer averaging period should be used to obtain smooth profiles for 
the flow statistics. In the overlapping region between the fence-FOV and downstream-FOV, U2

rms 
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levels for the downstream-FOV are about 0.5-1.5 m2s-2 lower. This corresponds to 

0.01-0.03 m2s-2/U2
fenceheight. 

 

 

Figure 3: Variance of longitudinal and vertical velocity component ( Urms
2, Wrms

2) for the 10cm high 
fence. U∞ = 10m/s. Measurement frequency  = 300 Hz. 

4 Conclusions 

PIV measurements can provide a good description of the turbulent flow around a wall-mounted fence.  
Comparing PIV and hot-wire measurements of the approach flow statistics, shows good agreement for 
the mean longitudinal velocity and the longitudinal and vertical  turbulence intensity. The PIV-
measurement seems to overestimate the lateral turbulence intensity, probably due to larger 
measurement errors in the lateral velocity-component which is perpendicular to the FOV.  
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