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PREFACE

The territory of computational fluid mechanics has recent-
ly been much enlarged by its annexation of two-phase-flow phe-
nomena. This enlargement has resulted, in part, from the
necessity to predict realistically the accident-situation
flows which may arise in nuclear power plants cooled by
pressurised water; for breaks in vessels or pipe-lines can
give rise to the formation of steam; and how the steam and
water flow out, and how the injected emergency coolant flows
in, affect crucially whether the acecident will develop into
a disaster.

The main characteristics of such flows, and the ones which
preate the special diffieulties which the numerical analyst
must overcome, are:-

'] Two Tluids are dispersed within, and so "share", the
same space: egch thus denies to the other the volume
which it occupies itself.

® These fluids engage in frictional, thermal and mass-
transfer interactions with each other, at rates which
depend upon the local relative velocity, temperature
difference etc,

® There are twice the usual number of egquations to solve for
momentum and for temperature; and the volume fractions
of the two phases must also be computed at each point
within the field.

The increase in the number of equations affects the
difficulty of solution qualitatively as well as quantitatively;
for it invalidates solution algorithms which are satisfactory
for single-phase flows. Indeed, so troublesome did the aug-
mented interconnectedness of the mathematical problem first
prove to be that, for a time, it was thought to be inherently
intractable; and many publications during the period 1974-
1979 discussed the so-called "ill-posedness' of the problem
presented by the gpoverning differential equations. Experience
proved, however, that the equations do present "well-posed”
problems: the solutions do exist, and can be found numerically;
the task is just that of devising a reliable means of finding
out what they are.

The present lectures are largely concerned with a par-
ticular means, the so-called IPSA algorithm.#*

*IPSA stands for interphase-slip algorithm,

Contd. ..
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It has been used by the present writer and his colleagues since
1976; and it has proved to be satisfactory for use in all the
situations to which it has been applied. These include both
steady and unsteady flows, whether in one, two or three space
dimensions: and the presence or absence of heat transfer, mass
transfer and chemical reaction appear not to make any difference
to its reliability.

The lectures were first presented at a Course held at
Purdue University iom the Spring of 1978, which was when the
two-phase computer code GENMIX 2P first saw the light of day.
Since that time, they have been altered in detail, and aug-
mented: but their mailn structure has not appeared to neces-
gsitate change.

The phenomena which IPSA can help to predict are very
numercus; and they are by no means confined to the nuclear-
power industry. For example, the combustion of eoal in a
pulverized-fuel furnace, or in a fluidized bed, is a two-
phase phenomenon, in which the two phases (i.e. gas and coal
particles) slip relative to one another. IPSA has been used
for the computer modelling of the whole process, with allowance
for effects of radiation and of chemical reactions.

O0f the same essential kind are the phenomena which
goccur in a gun barrel, when an inflammation wave passes
through the compressed bed of =zolid-propellant pellets,
causing the evolution of hot gases which raise the pressure,
set the projectile in motion, and then flow through the bed
in pursuit. TFriction between the gas and the particles sets
the latter in motion also; so the result is a two-phase flow
with slip. Here, too, IPSA has been helpful in procuring
solutions to the relevant partial differential eguations,
and =so in aiding those who wish to understand quantitatively
what happens,

For a final example of how IPSA has been used, the flow
of natural gas in under-ccean pipelines can be mentioned. In
these pipelines, there is often a flow of liquid condensate
also; and, because the diameters of the pipes are large, this
liquid usually forms a '"stratified" layer at the bottom of the
pipe. Stratification of this kind can give rise to gravity-wave
processes, some of which have important (amnd even damaging)
consequences. The stratification option also appears in IP3A;
and it will be discussed in the present lecture series.

Computer codes which will predict phenomena of the kind
which have just been described are necessarily large and
complex: and prospective users require extensive documentation,
and prolonged periods of instruction, before their use can be
successful. It is far from being possible to provide such codes,
documentation, or instruction within the framework of the present
lecture series,

Nevertheless, in order that participants in the lecture
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course should attain some insight into how such codes work,

and some practical experience of using them, a listing is
provided of the GENMIX 2P computer program; and lectures 4 and
8 provide an introduction to the use of this program.

Full documentation for GENMIX 2P is not provided; but
it is also not needed; for GENMIX 2P is simply a two-phase
version of a program which has been available to the public
for many yvears, and about which a full written description
has been published.

Numercous colleagues, students and assistants deserve
eredit for their contributions to the present work. Some have
contributed by using earlier versions of IPSA, and experienc-
ing the results of their shortcomings; others have helped me,
by questions or comments, to clarify either the basic ideas
or their implementation in detail; others yet again have
assisted in the production of the present document. Since the
names of those who have made technical contributions will
appear at various places in the reference lists, or elsewhere
in the lectures, I here express my thanks only to those in the
last-named category, namely Ms. Colleen King, who typed the
first version, and Miss Susan Farmiloe, Mrs. Maggie Dean and
Mrs. Frith Oliver, who have successively improved or augmented
1t

Improvements and augmentations will certainly be needed
in the future. Suggestions will be greatly welcomed.

D. Brian Spalding
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DISCUSSTION OF THE PIPE-BEMD RESULTS

nse-friction
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