
Reynolds number effects on wind loads on buildings.  

 

Roger Hoxey1*, Peter Richards2, Adam Robertson1 and Andrew Quinn1 

1University of Birmingham, UK, 2University of Auckland, New Zealand 

*Email: r.hoxey@bham.ac.uk 

Abstract 

Experimental evidence is presented of Reynolds number sensitivity in recirculating flows around bluff 

bodies. This has been observed in both stable and intermittent vortices generated by a building, and are 

particularly significant to wind loading where stable vortices occur, frequently at oblique flow 

directions. The evidence of Reynolds number sensitivity of vortex flows raises questions about coherent 

flow structures in boundary layer flows including the atmospheric boundary layer. 

1. Introduction 

Comparative studies at model and full-scale have raised issues about Reynolds number (Re) sensitivity. 

This paper explores two aspects of this sensitivity, although related as they both concern vortices but it 

is convenient to explore them separately. The first concerns vortices that are generated by the flow 

passing over/around a building: the experimental evidence of Re sensitivity is from both model and 

full-scale. The second aspect concerns the flow structures in turbulent boundary layers, but here we 

accept there is little direct evidence of Re sensitivity, as there are no measurements at full-scale that we 

can find. The discussion in this case looks at turbulent boundary layers in the wind tunnel with a Reτ 

(Reynolds number based on the boundary layer thickness δ, and the frictional velocity uτ ) less than 104 

compared to the ABL which is often greater than 5×107. This large difference in Reτ makes any 

extrapolation questionable: we are aware that work at higher Reτ is in progress elsewhere but still in 

wind-tunnels. It may be possible to explore Re sensitivity in numerical DNS models, but at present this 
is at no higher Re than the wind-tunnel.   

It is now accepted that vortical flow structures, which may be called coherent structures or eddies, are 

present in turbulent boundary layers including the atmospheric boundary layer (ABL) (N Hutchins, et 

al, 2012). This paper seeks to explore the evidence of Re sensitivity by comparison of the statistical 
properties of the full-scale ABL and the appropriately modelled ABL in wind tunnels. 

This paper discusses the implication to wind loading of Re sensitivity of vortices developed by the 

building and of coherent structures present in the ABL, and raises issues relating to modelling such 
flows in boundary layer wind tunnels.. 

2.  THE 6 m CUBE AT MODEL AND FULL SCALE 

Experiments were conducted at the University of Southampton (H C Lim, et al, 2007) in both the R J 

Mitchell wind tunnel (working section 3.4m x 2.5m x 8m long) and in the much smaller (0.9m x 0.6m 

x 4.5m) open-circuit tunnel. The full-scale cube (h = 6m) was scaled at 1:25 (h = 240mm) and 1:75 (h 

= 80 mm) in the large and small tunnels respectively with appropriately simulated boundary-layer flow. 

Full details are in H C Lim, et al, 2007, and only one result is extracted here of the mean pressure 

coefficient at a point on the top of the cube for a flow at 45 degrees. The tapping point is 0.069 h from 

the leading edge under the delta-wing type vortex and figure 1 shows the pattern of the mean Cp with 

respect to Re found in the three experiments. The mean pressure coefficients for the cube at 0 degrees 

showed no significant Re effect between the wind-tunnel and full-scale, and led to the observation that 

‘where strong concentrated vortices exist …. clear Re effects do exist in the mean-flow field’. There 

had been earlier work at Silsoe (R P Hoxey, et al, 1998) which reported Re effect on surface pressure 

within intermittent separated flows: this work was solely based on full-scale measurements over a range 
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of mean wind speeds. A further observation reported in H C Lim, et al, 2007,  and reproduced in figure 

2, shows spectral analysis of the measurement of surface pressure near the centre of the top of the cube 

in the small (ST) and large (LT) wind tunnels, and in the field. There is some evidence of the 4/3 

logarithmic decay rate at model scale but other factors are becoming evident at higher frequency.    

 

Figure 1  Mean surface static pressure under the 

vortex generated from the leading edge of a 

cube set at 45 degrees to the mean flow 

(position 0.069 h from leading edge, 0.356 h 

from side) 

 

Figure 2.  Surface pressure spectra 

measured near to the central point on the 

top of the cube. Extracted from H C Lim, et 

al, 2007. 

Further evidence of Re sensitivity from full 

scale, is on the pressure on the top of the cube, 

with flow normal to a face (P J Richards, et al, 

2001). It was found, by near-surface velocity 

measurements that the flow has intermittent 

separation, and that reattachment has extremes 

of distribution ranging from the leading edge to 

beyond the trailing edge. A regression analysis 

of mean Cp for a tap near the centre of the cube, 

presented in figure 3, shows a significant trend 

with Reynolds number based on cube height. 

This was observed over the limited Re possible 

at full-scale with mean wind speeds of 

approximately 6 to 15 m/s. 

 

 

 

 

 

 

 

Figure 3.  Measured mean pressure coefficients 

for a tap near centre on the top of the cube 

3.  The earlier indications from full scale 

The Silsoe Structures Building (figure 3), was constructed with the provision of having either a curved 

or sharp eaves detail (A P Robertson, 1991). The eaves detail was found to have a significant effect on 

the flow over the building, with the flow remaining attached over the curved eaves and separating over 

the sharp eaves as shown by smoke patterns in figure 3. The mean pressure coefficients (figure 4) show 

a corresponding pattern with the flow in the separated region having lower coefficients, whereas the 

attached flow over the curved eaves resulted in lower coefficients near the ridge of the building.
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Figure 3. The Silsoe Structures Building with curved eaves (top-right and bottom-left) and sharp 

eaves (top-left and bottom-right) 

 

Figure 4. Mean pressure coefficients (wind 

flow left to right). 

 

Figure 5.  Student t values for the regression of 

mean Cp with respect to Re 

These pressure coefficient differences were not unexpected as they follow from the flow pattern; further 

analysis of the mean coefficients was undertaken to explore any differences that may relate to mean 

wind speed. The experimental data of mean Cp were collected over a Re range from 2.5×106  to 6.3×106, 

and linear regression analysis yielded Student t values of the significance of the regression.  The Student 

t values are shown in figure 5 for both eaves details; although few of the values are significant (mod{t} 

> 3), their general pattern is of interest and higher modulus values can be seen to relate to separation of 

the flow and the presence of vorticity. 

4.  Application to wind engineering 

There are two distict aspects of this work that need to be considered in its application to wind 

engineering in general, and specifically to wind loads on buildings and structures and wind effects on 

the ventilation of buildings. 

The first aspect  of this work, as illustrated above, is the concern over Reynolds number effect on the 

core pressure within a vortex. This has direct bearing on recirculating regions around bluff bodies where 



stable or intermittent vortices occur. There is evidence from wind-tunnel/full-scale comparisons that 

the Re sensitivity shows a consistent pattern over the rangs of the experimental Reynolds number. This 

expectation follows from the work at Southampton (H C Lim, et al, 2007) where the flow over a cube 

showed significant Re dependency in regions of the flow where there were well developed vorticies. 

This Reynolds Number effect is also likely to reduce the vorticity in model scale simulated ABLs, and 

hence account for the frequently reported lower turbulence intensity in boundary-layer wind tunnels. 

(from typically 20% at full scale to 9 to 12% at model scale). The wind tunnel is therefore likely to 

moderate the static pressure in the centre of vorticies and hence underpredict extreme negative surface 

pressure. There are many examples from full-scale/model-scale studies that have shown 

underprediction of negative pressures; H W Tieleman, et al, 1996 and M Endo, et al, 2003 are two 

examples from the Texas Tech experimental building. 

Evidence has been presented that the coherent structures in the ABL produce ‘static’ pressure variations 

along with dynamic pressure fluctuations. The magnitude of these static pressure variations is not 

insignificant and they can exceed 50% of the dynamic pressure. No direct measurements have been 

made of how the passage of these coherent fluid structures are affected by a building. However, the 

ABL static pressure has a distinct spectral property, separating it from the wind dynamic pressure 

spectum, and results have been presented to show that the surface pressure on a building follows the 

same pattern as that of static pressure and not that of the wind dynamic pressure. This indicates that the 

higher frequency loading is dominated by static pressure variations and that small area loads on 

cladding, for example, should take account of this effect. There is considerable evidence of small-scale 

damage to cladding and gabel end walls where the load exceeds the expected wind load related to wind 

speed (squared) alone.  

 

6.  CONCLUDING REMARKS  

In regions of separated flow there is evidence of significant Re effect. It is speculated that coherent 

structures in the ABL are also Re sensitive as they consist of vortices whose rotational cores will be 

affected by viscosity, in a manner similar to that of the vortices found on the 6 m cube at both model 

and full-scale. 
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