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Abstract

Using a recently developed inflow generation approach (Kim et al., 2012), Large-Eddy Simulation
(LES) of the flow over the Commonwealth Advisory Aeronautical Council (CAARC) standard
tall building is performed in this present work. Previous research, e.g. Surry & Djakovich (1995)
and Huang et al. (2007), suggests a presence of periodicity in the lateral forces on tall buildings,
indicating a correlation of the surface pressures on the building’s lateral faces. This paper focuses
on the correlations of surface pressure, local wall-normal forces and cross-wind velocity.

1 Introduction

Flows over isolated square or rectangular buildings have been extensively studied. Analysis has
mainly focused on the use of wind tunnel testing but has more recently tended towards a numerical
approach. One of the more popular high rise building models is the one described by the Common-
wealth Advisory Aeronautical Council (CAARC, Moss & Wardlaw, 1970). The CAARC standard tall
building model has been extensively used to study wind loading on tall buildings in wind tunnel stud-
ies. Most of these studies use the CAARC building as a means of calibrating experimental techniques.
Only more recently has Computational Fluid Dynamics (CFD) been applied to the CAARC building;
similarly most of these studies focus on calibrating various CFD numerical methods. The main source
of fluid-structure induced vibrations is thought to be the pressure fluctuations on the building surfaces.
Recent studies of the CAARC building have focused on the flow patterns and the root-mean-squared
(rms) pressure fluctuation coefficients around the building perimeter. Obtaining an accurate calcula-
tion for the pressure fluctuations is critical when considering structural vibrations and resulting fatigue
concerns.

Kim et al. (2012) focused on a synthetic turbulence inflow generator for Wind Engineering appli-
cations, more specifically, for efficient and accurate calculation of pressure fluctuations. The efficacy
of this new inflow generator for flows around a tall building was discussed in Daniels et al. (2012).
This study was followed by a sensitivity study of the pressure fluctuations to the inlet turbulence pa-
rameters, domain size and mesh resolution, confirming observations in the literature, e.g. Huang et al.
(2007), that the lateral force on the CAARC building exhibits a clear periodicity. This suggests that
the surface pressure on one lateral face of the CAARC building must be in some (anti-phase) correla-
tion with that on the opposing side. Using conditional sampling in a wind tunnel, Surry & Djakovich
(1995) attempted to identify a correlation of pressure peaks on the two lateral faces of a tall building.
They found that the pressure peaks at corresponding taps on the opposite lateral faces are in anti-phase
(i.e. shifted by 180 deg). This is anticipated because of the antisymmetric nature of vortex shedding.
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The present study takes account of the effect of various inflow parameters and focuses on a systematic
analysis of these correlations, as well as those between local wall normal forces on the lateral faces,
and of the cross-wind velocity fluctuations in the wake.

2 Solution strategy

The chosen CAARC building for this study is the classical model having a flat-topped prismatic
shape, a rectangular cross-section and lateral flat walls with no parapets or other geometric details;
the dimensions are Length (D, streamwise) = 30m, Width = 45m, and Height (H, vertical) = 180m.
The Reynolds number based on the free stream velocity and the height of the CAARC building was
Re = 3×105, which is within the range used in several papers for the validation of wind-tunnel testing.
A structured mesh was chosen for this model. The y+1 values are in the range used in the comparative
papers of Huang et al. (2007), and Dagnew & Bitsuamlak (2009) (case 1A), with y+1 < 10. Another
calculation for comparison was run with 10 < y+1 < 20. The total number of cells used for the present
study was 7.2 million.

(a) (b)

Figure 1: a) Overall grid distribution, with coordinates x, y, z corresponding to stream- wise, vertical
and lateral respectively and a sketch of section partitions on the lateral faces. b) The root-mean-squared
pressure fluctuations around the perimeter of the CAARC building at y = 2/3H .

The inlet condition requires the user to define the integral length scale, turbulence intensity (TI),
Reynolds stresses and mean velocity profile. The velocity profile and streamwise velocity fluctuations
(u′u′) were calculated empirically from the mean velocity and turbulence intensity derived by the
Dagnew & Bitsuamlak (2009) wind tunnel results. The mean velocity was modelled using a power
law exponent of 0.16 with reference velocity 11.7m/s at the building height. The other Reynolds
stress components (v′v′, w′w′, and u′v′) were calculated using appropriate relations suggested by Xie
et al. (2009). The integral length scale of turbulence was obtained from the collected wind tunnel data
from Obasaju (1992). Figure 1b presents the normalised pressure fluctuations around the perimeter
of the CAARC building in comparison with data in the literature. Along with this, the turbulence
intensity was altered by both doubling and reducing to one hundredth of the original value. The
results are presented in Figure 1b. The presented results generally agree with the wind tunnel data.
However there is a slight contradiction concerning where the pressure fluctuations on the front face
are at a maximum, and there is debate about this in previous studies of the CAARC building. The
distribution of fluctuating pressure on a square-section cylinder (Bearman & Obasaju (1982)), which
shows a lowest pressure fluctuation at the centre of the windward face, provides some evidence to
support our numerical simulations.
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3 Results and discussion

For all simulations the initial durations were sufficiently long (e.g. greater than 500t∗, where
t∗ = UHt/D) to allow the flow to reach full development and the subsequent averaging durations
were about 500t∗ to obtain converged statistics and were used for further analysis, e.g. conditional
sampling. Each lateral face of the CAARC building was split up into 6 sections in the vertical direc-
tion, as shown in Figure 1a. The wall-normal force was sampled for each section. The sampled force
presented here is labelled as Fz′.

(a) A time series of the pressure
coefficients on both lateral faces
at y = 3D at the centre of the
section.

(b) A time series of the wall-
normal force on side 1 (as shown
in a) at height y = 3D.

(c) A time series of the spanwise ve-
locity w - D/2 from the leeward
side at y = 3D at the central
plane.

(d) The correlations between
the corresponding wall-normal
forces on the lateral face sections.

(e) The correlations between
the corresponding surface pressures
on the lateral faces.

Figure 2: Correlations of the wall-normal forces and pressures on the lateral faces.

The surface pressures on the two sections at y = 3D of the two lateral faces are in evident anti-
phase (i.e. shifted by 180 deg), as shown in Figure 2a. The wall-normal force on one section at y = 3D
(Figure 2b) and the spanwise velocity in the wake (Figure 2c) are either in phase or in anti-phase as
the surface pressures (Figure 2a). Figure 2a-c jointly shows the same dominant frequency. This is
consistent with the Strouhal number fD/UH ∼ 0.076, the dominant frequency of the total lateral
force on the CAARC building (Daniels et al., 2012). These again confirm that the vortex shedding
from the lateral faces is the genuine mechanism (Surry & Djakovich, 1995) for the oscillation of the
aerodynamic forces. The wall-normal forces on the corresponding face sections for y ≤ 3D shows a
high correlation in Figure 2d. Figure 2e shows a similar but oppositely signed correlation as Figure
2d. The effect of the first grid resolution, i.e. y+1 , was also investigated. It was found that this effect
is not significant. We also noticed that the correlation between the surface pressure and the local
wall-normal force on the same section is extremely high (i.e. greater than 0.9), which might not be
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surprising. Nevertheless, for y > 3D, the correlation parameter in Figure 2d increases to zero and
then to nearly 0.4 at the top of building. This may be due to the vortex shedding from the CAARC
building top generating in-phase pressure fluctuations on the both lateral faces.

4 Conclusions and future work

Large-Eddy Simulation (LES) with a recently developed synthetic inflow generator was used to
predict the pressure fluctuations over the CAARC building surfaces. High correlations were observed
between the surface pressures and the local wall-normal forces on the two lateral faces. The dominant
frequency of the surface pressures, the local-wall normal faces and the wake lateral velocity are almost
identical, and is in good agreement with that of the total lateral force. These again confirm that the
vortex shedding from the side faces is the genuine mechanism (Surry & Djakovich, 1995). Further
studies are being performed to quantify the upstream turbulence effects on vortex shedding and various
cross-correlations.
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