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Correlation structure of random pressure fields
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Abstract

A random pressure field manifests different levels of load effects on structures and their
components. Information on local point-to-point variation of pressure is essential for the design
of cladding, or the building envelope system, whereas area averaged loads are important for the
overall structural loads. Fundamental to the characterizations of pressure fields is their
correlation structure which determines the resulting aerodynamic load effects. This paper
focuses on the correlation structure of the pressure field on prismatic bodies of finite height
immersed in turbulent boundary layer flows. Wind tunnel and numerical simulation data are
utilized to study the correlation structure. Both unconditional and conditional correlations, i.e.
correlation of unconditionally and conditionally sampled data, are discussed here in the light of
their sensitivity to the relative location on the surface, body geometry and the approach flow
characteristics.
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1. Introduction

Over the past several decades much attention has been focused on the aerodynam-
ics of streamlined bodies, however, our knowledge of the aerodynamics of sharp-
edged blufl bodies in turbulent boundary layer flows is far from complete. The
primary difficulty lies in the structure of the separating/reattaching flow features and
their sensitivity to the approach flow characteristics. These flow-structure interactions
pose difficult and interesting problems of practical interest to the aerodynamics of
civil infrastructure that requires further investigation. Historically, investigations in
this area have been related to the mean and fluctuating pressure fields around
two-dimensional bluff bodies exposed to uniform flows (e.g., Refs. [1-5]).

Three-dimensional bodies attached to a plane surface and exposed to turbulent
boundary layers experience significantly different flow conditions. Studies related to
this type of flows have been rather limited and a sample of these studies, which have
included correlation of the pressure field, can be found in Refs. [6-12]. Some of these
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studies also include analysis of conditionally sampled data. Computational
fluid dynamics is quickly emerging as another source of determining the
space—time distribution of pressure field over bluff bodies (e.g., Ref. [13]). Yu and
Kareem [14] utilizing the LES model have reported correlation of pressure around
bluff bodies.

This paper concerns local point pressures on prismatic bluff bodies based on
experimental data in a numerically generated flow field. Analysis includes correlation
structure of unconditionally and conditionally sampled data and a discussion of the
possible underlying mechanisms which offer some explanation of the observed
phenomena.

2. Model and flow conditions

The prisms employed in this study have width-to-breadth ratios of 1:1, 1:1.5 and
1.5:1. The aspect ratio of the height to the narrow face is 1 : 4 for these prisms. Most of
the results discussed in this study will concern the rectangular prisms. The pressure
tubing system was dynamically calibrated to determine the amplitude and phase
distortion. The measured data was digitally corrected by means of a transfer function
to recover the distorted signal. A total of 20 measurement configurations were
employed for each flow condition. For measurement configurations on or near the
front face, incident velocity fluctuations were simultaneously monitored, whereas for
other configurations, wake velocity was monitored.
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Fig. 1. Boundary layer and turbulence intensity profiles (- = I m; x = 0.16 and 0.35).






