
 
the modelling of snowdrifting even though this implies abandoning the Froude-
number similarity requirement. 
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Summary 

The work described here consists of results from wind-tunnel tests on models of the 
Building Research Establishment's experimental building at Aylesbury. The use of several 
scale models of this building in uniform and in simulated atmospheric boundary-layer 
flows together with the results from the full-scale experiments allowed an assessment of 
the effect of variations in the ratio of the longitudinal-turbulence integral length scale to 
body dimension (Lx/D). This confirmed that the values of Lx/D have to be modelled 
correctly even in a non-homogeneous, non-isotropic turbulent flow in order to obtain 
model results that are representative of the full-scale situation. The present results also 
appear to confirm explanations given for similar results for homogeneous, isotropic 
turbulent flows. 

Notation 

Cp mean pressure coefficient 
D characteristic body dimension 
G transfer function 
Lx turbulence integral length scale in longitudinal direction 
n frequency 
S power spectrum 
Re Reynolds number 

1. Introduction 

The modelling of the atmospheric boundary layer in a wind tunnel require: 
shear and turbulence parameters to be scaled in order to achieve realistic moe 
results in terms of wind loading [1-3] . Additional parameters to be considen 
in such experiments are the model Reynolds number an -
blockage. Generally, the effects of these parameters are 
negligible provided that the blockage is small and the m( 
so that separation is likely to be determined by the edge 
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when dealing with bluff bodies in turbulent sheared flows it may be necessary 
td substantiate experimentally the claims of Reynolds-number insensitivity and 
negligible blockage effects, as well as assessing effects due to other parameters. 

The principal difficulty involved in such experiments is to differentiate be-
tween effects due to variations in Reynolds number and those due to variations 
in the ratio of the longitudinal-turbulence integral length scale to characteristic 
body dimension (Lx/D). The results of wind-tunnel tests conducted at the Hat-
field Polytechnic on models of the Building Research Establishment's experi-
mental building at Aylesbury [6,7] are discussed with reference to this 
problem. 

2. Equipment and instrumentation 

The main test facility employed during the present experiments was an 
open-retum-type wind tunnel having a working section 01 dimensions 1.2 m X 
1.5 m and in which a maximum velocity of 25 m S-1 could be achieved. The 
models used for the experiments were four scale models of the Aylesbury 
experimental building. The scale of the models covered a range from 1/50 to 
1/200. Modelling of the atmospheric boundary layer was achieved by the use 
of a barrier/roughness combination [8,9] . The simulation could be adjusted 
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Fig. 1. Comparison between model and full-scale shear profiles. 
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Fig. 2. Comparison between model and full-scale intensity profiles. 

to keep the shear and turbulence intensity profiles largely constant for the 
complete model range, as shown in Figs. 1 and 2. 

The instrumentation for measurements of the flow characteristics consisted 
of pitot-static tubes and standard hot-wire anemometry capable of accommo 
dating both single- and cross-wire probes for measurements of fluctuating 
velocities. Pressure transducers placed inside pressure scanners were used for 
measurements of fluctuating and mean pressures. The outputs from the hot 
wires were linearised ensuring a linear frequency response from 0 to 20 kHz, 
whilst the plastic tubing from the pressure scanner to the pressure tappings, 
as well as the pressure scanner itself, severly restricted the linear frequency 
range of transducer operation. Calibration of the tubes and pressure scanner 
was carried out, and the results are shown in Fig. 3. The frequency response 
of the transducers was linear from 0 to 10 kHz, but when they were used with 
tubing and inside. the pressure scanners corrections were carried out according 
to the formula 

S1(n) = IG(n)12 Sz(n) 

where G(n) is the transfer function of the tubing system and pressure scanner 
as displayed in Fig. 3. Sen) is the power spectrum, and n is the frequency. 

Outputs from the anemometers and transducers were digitised and pro-
cessed by the use of either a D.E.C. PDP 8/E or D.E.C. PDP 11/03 on-line 
facility. The latter was programmed to determine statistical quantities such 
as power and cross spectra, as well as correlation functions [9] . 
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3. Results 

150mll\ 

100mm 
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The first part of the investigation was concerned with possible blockage and 
Reynolds-number effects. Blockage effects were investigated by testing the 
complete model size range at constant model Reynolds number, achieved by 
varying the wind-tunnel speed accordingly, whilst effects due to model 
Reynolds-number variations were investigated by changing the model scale 
and keeping the wind-tunnel speed constant. These experiments were carried 
out in a nominally low-turbulence, uniform wind-tunnel flow without any 
flow-simulating devices. Details of this flow are shown in Figs. 4 and 5. 

To avoid immersion in the wind-tunnel floor boundary layer the models 
were mounted on a false floor raised above the floor boundary layer. The 
boundary layer on this floor was found to be sufficiently thin at both maxi-
mum and minimum wind-tunnel speed to achieve negligible masking of the 
present results [8, 9] . 

No effects in terms of mean surface pressure distribution were found when 
the wind-tunnel blockage was varied from 1.5% to 7.0% at constant model 
Reynolds number (Le., from 1/200 to 1/50 scale model). However, reverse 
effects were found when the model Reynolds number was changed. These 
results are shown in Figs. 6-8 as averages Cp for each sunace with varying 
direction of flow. The effects are most noticeable on the longest surfaces 
(roof and wall) at flow directions from 0° (normal to surface) to 45° and from 
900 to 1800

• In these regions Cp is changed by a factor of up to 2 for a 
Reynolds-number change of 4. These results could also be thought to be 
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Fig. 4. Uniform flow: U component of freestream power spectrum at maximum flow 
through wind tunnel. 
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caused by changing Lx/D. D was the main parameter changed in the experi· ments and clearly both model Reynolds number and Lx/D are affected by this change. 
The second part of the investigation was carried out in a simulated atmospheric boundary layer. Details of the shear and turbulence intensity profiles are given in Figs. 1 and 2; variations in any of these parameters was on average less than 2.5%. The effects of varying the model Reynolds numb and ratio Lx/D on Cp are shown as points in Figs. 6 and 7. The trends are similar to those found for the nominally uniform flow case. 
Because the increase in turbulence intensity in these experiments is likely to decrease the wake blockage from the value for low-turbulence-intensity flow, where negligible blockage effects were observed, wind-tunnel blockage effects were assumed to be insignificant [10] . Furthermore, the observed effects were most pronounced when the wind-tunnel blockage was at its lowest value . 

4. Comparison with full-scale results and results from other model tests 

The wind directions for model and full scale do not exactly coincide, the difference being 8° for the nominally 0° case and 2° for the nominally 90° case. The comparison shows that the results for the 1/200 scale mouel in 
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term:; of the Cp distribution exhibit the closest match with the fuU-scale 
values. The differences are locally of the order of 0.1 in terms of the Cp 
value, and could weil be due to the smaU differences in wind directions, 
particularly for the 00 case (Figs. 9 and 10). The difference in Reynolds 
number between fuU scale and 1/200 scale is a factor of -200, while the 
normalised power spectra of the horizontal U component virtuaily coincide 
(Fig. 11), indicating a match between fuil and 1/200 scale in terms of the 
ratio Lx/D. Çomparison between the 1/80 scale U component spectrum and 
the full-scale spectrum suggests a difference in the ratio Lx/D of 2, while the 
Reynolds-number difference is only a factor of 80. Differences in shear profile 
and turbulence intensity profile are quite smail (Figs. 1 and 2). This suggests 
that the parameter responsible for the observed differences in the Cp distribu-· 
tion is the variation in the ratio of turbulence integrallength scale to body 
cross-sectional dimension. 

Comparing the results (Fig. 12) with those of Lee [11] for two-dimensional 
flow around square prisms, it is se en that a peak in the base pressure occurs at 
Lx/D = 1.6 for the uniform-flow results, rather than Lx/D = 1.0 as displayed by 
Lees results. In the simulated atmospheric boundary layer this peak occurs at 
Lx/D ~ 2.8. However, the figure of Lx/D = 1.6 is consistent with van der Hegge 
Zijnen's results [12] on scale effects on the cooling of cylinders in isotropie 
homogeneous turbulence. 

The results displayed here are different to those referred to for comparison 
in several ways. The turbulence is non-isotropic, the flow in general is three-
dimensional; and the model Reynolds number is not constant. Even so, it 
may be useful to consider the explanation of Lee's results. The theory of 
Hunt [13] indicates that the turbulence along the stagnation Hne is distorted. 
The nature of this distortion is dependent upon Lx/D. If Lx/D tends towards 
infinity the flow behaves in a quasi-statie manner and the turbulence intensity 
decreases. but when Lx/D tends to zero the intensity is amplified along the 
stagnation Hne. Laneville et al. [14] have shown that it is the turbulence along 
the stagnation Hne that is important for the development of the shear layers. 
The shear layers in a highly turbulent flow are thicker than in a smoother flow 
and this means higher entrainment of fluid in these layers and a different 
curvature. The shear-Iayer curvature is related to the surface pressures on the 
models and it is through this mechanism that the turbulence parameters affect 
the pressure distribution in the wake and separated-flow regions. 

This may explain the difference in surface pressure variation with the 
turbulence parameters between the short and the long surfaces found in both 
uniform flow and the simulated atmospherie boundary layer, as illustrated in 
Fig. 10. Wh en the flow direction is normal to the longer surface the change in 
shear-Iayer curvature will be large in the wake region and small where the flow 
has just separated. \\ hen the flow is normal to the short surface the change in 
curvature will affect the surface pressure on the longer surface, whieh is parallel 
to the mean approach-flow direction, and if Lx > D the observed effect may 
be due to bulk motion of the shear layer, by large eddies, causing temporary 
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Since the trends in the results are common for both uniform and simulated atmospheric boundary-layer flows and these trends may be explained by other observations and theories of turbulent flows, it is suggested that the variations in the present results are due to variation in Lx/D. 
In the non-homogeneous turbulence of the present experiments the integral length scale is an indication only of the magnitude of turbulence fluctuation. so that even if Lx/D is much greater than unity some increases in turbulence intensity m:ay take place along the stagnation line dependent on the distribu-tion of length scales in the approaching flow (Le., on the spectral distribution). This, together with inherent uncertainties in the estimation of length scales, could be the reason for the differences found between these results and those for homogeneous, isotropic turbulent flows. 
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5. Conclusions 

Comparison of the experimental findings with full-scale results has shown 
that the frequency distribution of the longitudinal velocity component is an 
important modelling parameter which should be matched with the full-scale 
frequency distribution. This parameter, expressed in terms of Lx/D, appears 
to be more important for bluff-body flows than is the Reynolds number in 
the range of turbulence intensities from 2% to 25% .. 

The variation of base pressure with the ratio Lx/D for bluff bodies in non-
homogeneous, non-isotropic turbulence appears to be similar to that for bluff 
bodies in homogeneous, isotropic turbulence. 

The change in base pressure with Lx/D indicates that certain ranges of this 
parameter are more important than others. Further work to establish these 
ranges would be valuable in order ~o assess the accuracy of this parameter 
required to obtain realistic results. 
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