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Abstract

This thesis investigates low speed three-dimensional cavity flows. The flow past cavities,
gaps and steps is of interest to researchers because these features are found on nearly
all vehicles. Most past studies of cavity aerodynamics are of two-dimensional represen-
tations and although the literature provides valuable fundamental information on two-
dimensional models and flow descriptions, they are inadequate when it comes to defining

three-dimensional cavity flow.

The aim of this study is therefore to discover, by measurement and observation, the time-
averaged three-dimensional structure of incompressible flow in an open rectangular cavity
in a flat plate. Furthermore, the study will focus on asymmetries in the ensemble-averaged

and transient flow.

The above aims are addressed by experimental investigation. Experimental data are ob-
tained at low speed in both wind and water tunnels. The free stream Reynolds numbers
are 3.4 x 10° in air and 4.3 x 10* in water. The ratio of cavity length (in the direction of

the flow) to width to depth is l:w:d=6:2:1.

The first experiments are of flow visualisation in both a wind and water tunnel, followed by
measurements of surface pressure in air. Lastly, the velocity field in and near the cavity
is investigated using Particle Image Velocimetry (PIV) in water. The surface pressure
data are presented as pressure coeflicient distributions. PIV data are presented as two-

component velocity vector fields and streamline patterns in cross sections of the cavity.

The experimental results show that a thin shear layer forms at the upstream lip of the
cavity, and this grows and impinges on the downstream wall. The shear layer is subject
to oscillations causing quazi-periodic mass flow addition and removal. Results show that

close to the upstream cavity edge the shear layer maintains a laminar-like profile extending
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downstream from the point of separation. The growth rate of the shear layer is determined

and is characterised by the change in the vorticity thickness.

The time-averaged internal cavity flow patterns are in agreement with published observa-
tions of an open-type flow field. The flow was primarily characterised by a large region of
flow recirculation. Experimental results show that a 6:2:1 cavity flow contains additional
vortical features, all of which are three-dimensional in nature and more complex than
previously reported. The locations and behaviors of the vortices have been identified, as
have their role in transporting fluid throughout the cavity. Furthermore, the streamline

images obtained from PIV data show that a strong asymmetry is present in the flow.

In general, the experimental data are topologically self consistent, although a number of
anomalies and inconsistencies are identified. The inconsistencies between the flow features

indicate that the asymmetry and oscillations are important features of the flow.

Two tornado vortices are present in the front region of the cavity and are responsible
for transporting some of the reversed flow upwards into the shear layer. Their size and
location are highly variable and asymmetric. The rotation sense of these tornado vortices
for cavities with {/d >6 is opposite to the rotation of tornado vortices reported within

cavities with [/d <5.

Conditionally-averaged PIV data are used to investigate the unsteady, asymmetric flow
field. Two asymmetric fields and a symmetric field are identified and the streamline
patterns and velocity distributions are mostly enantiomorphic. It is shown that the flow
within the cavity is fundamentally unstable and asymmetric. The asymmetry appears to

be the result of a twisting instability of the shear layer.
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