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1 Introduction

1.1 Background

When a normal shock wave travelling down a channel encounters a section of variable
area the strength and shape of the shock, as well as the flow behind the shock are
disturbed. Where a decrease in cross-sectional area exists the shock is expected to
strengthen and the average speed of the shock inercases. Aud conversely, for an
enlargement in cross-sectional arca the shock is weakened aud the average speed of
the shock decreases. This is of particular interest in engineering where internal pipe
flows with sudden or gradually varving sections of pipe diameter are common. In
such systems it becomes useful to understand and predict the transient behaviour
of a propagating shock and the subsequent flow characteristies in order to utilize or

minimize their ellects.

Tlh(\ field of shock wave dynamics is the study of shock wave phenomena such as prop-
agation. diffraction. reflection and refraction through means of theoretical analysis.
numerical caleulations or experimental methods. Han and Yin (1993) categorises
the various types of transient probleins into a shock wave propagating into a quies-
cent still” gas or a moviug gas. For the case of a shock propagating into a uniforn
quicscent gas Chester (1954). Chisnell (1957) and Whitham (1958) individually ol-
tained a similar relation using different methods to relate the shock Mach number
(M) and the cross-sectional area of a tube (A). The relation derived is commonly
referred to as the CCW relation and it provides a quasi onc-dimensional analysis
of the shock. Later. Whitham (1957, 1959) expanded the study and derived a more
generalized form of the CCW relation which relates ray tube’ area in a flow field
to the shock Mach number. Whitham also went on to develop a set of two- and
three dimensional equations which forn the basis for geometrical shock dynamics.
Whitham's theory, as it is known. is particularly successful at predicting shock char-
acteristios at higher MNach munbers (M > 2) but as nientioned by Skews and Kleine
(2010) can be unreliable at lower MNach nunibers. This highlights an importaut issue
with previons theoretical models in that the theory ignores the influence of the flow
behind the shock where the reflected and re-reflected disturbances nay interfere
with the shock front. In order to account for the re-refllected disturbauces several
authors liave studied this problem further and added correction terms to the CCW

relation.



From an experimental approach, Bird (1959) investigated the interaction between
normal shock waves and several syinmetrical converging nozzle designs. and Russell
(1967) investigated shock wave strengthening by arca convergence. Both Bird and
Russell conducted their experiments at relatively high MNach numbers of between
Mach 2.3 — 5.75. Bird showed that by optimising the wall shape. an arca reduction
can be used to increase the strength of a shock significantly without compromising on
the quality of the post-shock flow. Practically, this means an arca reduction can be
used in experimental shock tube set-ups to increase the strength of the initial shock
witlhiout incereasing energy requirements. More importantly, by analysing different
profiles nsing numerical studies. the technique could then potentially be general-
ized to examiue to what extent a shock may be manipulated to a certain shape.
Finally. from a numerical approach several authiors such as Igra et al. (1994, 1998)
and Henshaw et al. (1986) have studied this problem but Igra et al. (1998) notes
that an expanded understanding of Mach-arca relations still needs to be achieved
by combining more detailed one-/two dimensional computations with experimental

observations.

1}.2 Motivation

It is clear that experimental results agree well with theoretical predictions at rela-
tively Ligh Mach nunbers but further work is still required at lower Mach numbers
where the strength of rellected disturbances are comparable to that of the incident
shock. Furthiermore. fow papers exist analysing shock wave strengthening via grad-
ual area reductions utilizing clear experimental images and then comparing these to
theoretical and munerical caleulations. Work couducted by Khan and Skews (2009)
look at optimization of an arca reduction by minimizing losses, and will be used as
a basiy for this reseavcli, as well as recent advances in experimental techniques by
Skews and Kleine (2008) which provide a means in which to analyse the aflect of

the reflected disturbance waves {rom dilferent profile shapes.
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Appendix B - MATLAB Numerical
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