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4a) Marks will be obtained for a clear description, preferably with diagrams, of the
convection cells for hurricanes (with winds spiralling inwards towards the centre and
rising up alongside the eye wall), contrasted with the downwards-and-outwards “first
gust” phenomenon in thunderstorms. Additional marks will be obtained for further
descriptions of secondary flows and causative processes in the two cases.

b) D’Alembert’s paradox arises from the inviscid flow theory prediction that there
this no drag on any solid body immersed in a flowing fluid. Drag however arises from
two sources not covered by inviscid theory — form drag and friction drag. Form drag is
the most important in wind engineering, and arises due to boundary layer separation.
Marks will be awarded for a clear explanation of this, preferably with explanatory
diagrams.

C) Galloping is an aeroelastic instability which arises as a sharp-cornered structure
oscillates across-wind, its motions changing the apparent angle of attack of the incident
wind leading to the switching of separation points and consequent dynamic alterations to
the pressures felt. The resulting feedback between cross-wind forces and motion can
result in an oscillatory divergent cross-wind response. Structures susceptible to galloping
include those with hexagonal and octagonal sections, roughly-hemispherical radio
telescopes, cables consisting of bundles of wires and cables whose cylindrical cross-
sections are augmented by ice accumulation or by rivulets of rain running along their
underside.

d) Full marks will be obtained for a clear description of the sharp positive pressure
spike followed by a longer negative suction for explosive blasts, contrasted with the
longer duration positive pressures of a gas blast.

e) Full marks will be obtained for a clear description of how aerodynamic
admittance, a concept in the statistical theory of buffeting, essentially acts as an “areal-
averaging” reduction factor as local pressures are integrated to obtain total (possibly
mode-generalised) forces. Wind pressure fluctuations across the face of a structure are
de-correlated, and thus do not act in dynamic synchrony. The aerodynamic admittance is
thus a form of reduction factor that takes account of this decorrelation, and the frequency-
dependent admittance depends on the size of the structure compared to the size of gusts at
a particular frequency.

) Marks will be obtained for recognising that a suspension bridge is a tension
structure which gains much of its stiffness from tension stiffening due to dead loads.
Finite element analysis to obtain mode shapes and frequencies should thus proceed in
stages. First a static model should be created with dead loads applied to determine the
static tensions in cables. This should be a nonlinear model, with some form of path-
following to determine the nonlinear equilibrium. Only then should eigenvalues and
eigenvectors be extracted from a linearization (which includes geometric stiffness effects
due to tension stiffening) around the previously computed equilibrium.



