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ABSTRACT

Various aspects relating to basics, theory, model-
ling and field studies are reviewed as reported in
the last Round Table on Water Column Separation.
Water hammer being an engineering interest tends
to overshadow the rather complex fundamental fluid
mechanic problems associated with transient flows.
The conference revealed the nature of the velocity
profile behaviour in the presence of transients
which poses new problems of unsteady friction sim-
ulation. The shape of developing cavities and the
complex two-phase shock interaction tend to expose
the falacy of the assumptions made in the numeric-
al modelling techniques in use. Advances, however
have been made in the simple horizontal pipe solu-
tion where the reality of the larger pressures af-
ter the first cavity collapse were again well il-
lustrated. Field studies supported the value of
simple modelling of water column separation but
research on this phenomenon has not reduced even
with 20 years of activity by this group.

INTRODUCTION

A working group of IAHR on Transients with Water
Column Separation ended its work with the 9th and
final Round Table at Valencia in September 1991.

The activity began in 1971 and therefore 20
years have elapsed with many fine papers contri-
buting to this topic. To a certain extent

this meeting indicated the significant outstand-
ing research areas still to be confronted and
showed the state of the art, when new analytical
methods are continuing to emerge and problems as-
sociated with the results of case studies abound.

The group was international in support but has
seen a turnover of the participants and this re-
quires a greater responsibility to ensure that new
ideas are not ignoring much that has already been
explared. The growing power of computational re-
source and technique has much to do with the di-
rection of solutions and those able to contribute.

This review for the southern cuntinent may help to
indicate how far we have advanced, how well the
table has been cleared and whether the last course
has indeed been served to our satisfaction.

RANGE OF TOPICS

The Valencia meeting had papers dealing with the
Basics, theoretical developments, numerical simu-
lations and case studies and incidents.
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BASICS

It appeared somewhat as a revelation that water
hammer pressures greater than the Joukowsky value
of C, v/g would be possible with valve closure in
a simple system. In fact the development of bet-
ter apparatus and measuring techniques merely have
confirmed that which is well known during water
column separation and due to the fact that the
caollapse of the first cavity does not occur exact-
ly at a multiple of ZL/CG.

There was a valuable comparison by Anderson, for
the simple valve closure level pipe case, of vari-
ous northern hemisphere contributors, which only
tended to emphasise the problems of modelling cav-
ities that might be regarded as severe as opposed
to mild.

The basic problem remains of establishing repeat-
ability of experiments having regard for the ef-
fect that small amounts of gas have on cavity in-
ception and the subsequent wave peaks.

The 'discrete free gas' model was tested and pro-
vided the initial void fraction is assumed tec be
a value of 10”7 the reproduction of the first
phase features is good, and satisfactory to a de-
gree, for subsequent pressures. These conclus-
ions as yet do not encompass the pipe slope or
length as parameters at this stage.

Two contributions highlight the continuing diffi-
culties of modelling these transient phenomena.

Jonsson, showed in commendable detail the velocity
profiles during transients. His most valuable
contribution involved the results of measurements
of transient velocity profiles where a laser dop-
pler velocity meter with dual beam forward scat-
tering was used. An interesting conclusion was the
fact, that with the passage of the pressure wave,
there was a general shift of the mean velocity
profile, without a significant change in shape
(except close to the wall). At times the mean of
the velocity profile was zero, but near the wall
there was a significant flow reversal, indicating
a considerable wall shear stress. The velocity
transients also decayed more rapidly than the pres-
sure transients in the 49m long pipeline; negligi-
ble after about 5 cycles.

In Figure 1 is shown a sample of the velocity
profiles observed.

The other contribution by Fuentes and Aguirre, de-
scribed the nature of the cavity shape as it deve-
lops and becomes an elongated 2 phase separation.




Historical work by Sharp, was again cited and em-
phasised the need to understand the basics of
growth and collapse of a single cavity.

THEORETICAL METHODS

A serious attempt was made by Anderson et al.,to

develop new methods which do not require a total

restructuring of the basic and powerful Method of
Characteristic methods already widely in use.

To cope with the non-linear effects of differing
signs for the V and the local acceleration 2V/ ot
at any instant and to comprehend the Coriolis ef-
fect of the velocity distributions in unsteady flow
a somevhat empiric expression for the friction has
been developed by Brunone et al.,

J = -(1)

Jg + k3 /g (1 -Cy/w, )0V/Ot
where Jg is the steady state friction, k
ficient, w, =3V/2t + dV/Ds
speed of a velocity V).

a coef-
, (a propagation

In this development, the concept of combining an
effect of the difference in uniform flow and un-
steady flow as a function of 2V/ 3t with the Cor-
iolis effect as a constant term was abandoned.
Nevertheless, the dilemma faced by these different
considerations has been exposed.

The existence of very non-uniform velocity distri-
butions was highlighted by Nonoshita et al., in the
case of large hydroelectric power plant draft tubes.
There, the possibility of large swirling 'rope' type
motions pose great problems of 3D modelling and the
idea of localised water column separation or the
suggestion of significant high pressure rejoin are
difficult to visualise and quantify in theoretical
models.

NUMERICAL SIMULATIONS

The clear message is that a good system designer
must be familiar with numerical simulation tech-
niques, but that an absolute trust in such models
must not become habit and that often there is im-
proper use of these facilities. In.fact young
engineers are being coached in the proper approach
to hydraulic transient analysis in places such as
Italy, Portugal, Mexico and Brazil.

The strongly non-linear phenomenon of water column
separation is highly sensitive to initial condi-
tions, leading to divergent results after a finite
time from very similar starting conditions. Hence
the predcitability of models may be limited.

There was a concensus that modelling is not univer-
sally successful for the extreme cases of severe
cavitation and the modest or light cavitation
(discrete small cavities).

Methods have been developed using variable wave
speed, rigid column components and allowances for
unsteady friction that increase the complexity of
the algorithms.

In particular there is a dissatisfaction with the
ability to predict the magnitude and timing of the
excessive spikes of pressure for cavities occurring
after the first, even for simple single pipe/valve
systems.

Therefore, despite the prevailing need for engine-
ering solutions for complex pipe systems, we are
unable with precision to solve the simple type of
system referred to above.

938

These problems suggest that the transition from

the simple 1D modelling to the two and three dimen-
sions to properly represent the transients with and
without cavity separation is going to require more
and more time consuming and complex history type
algorithms which may be counter productive for

most field problems. That is, one will always be
plagued with the choice of approximate (near 1D)
solutions or the more exact forms which are very
demanding of computer resources.

It may be that we will always be forced to use the
less detailed analysis for situations which involve
the additional complexities of the many types of
boundary conditions which are part of pipe systems,
namely, pumps, valves, pipe junctions and transi-
tions. It may be prudent not to abandon concepts
and physics revealed by the use of the classical
graphical analysis of Schnyder and Bergeron.

In the discussion of numerical techniques, some
interesting comparisons were presented by Brunone
et al., between the usual Method of Characteristics
(steady state friction), a modified M. of C. (with
a modified friction term) and an implicit method
of solution. The study incorporated the new semi-

empiric unsteady friction term indicated in equa-
tion (1) above.

Numerically, for the modified M. of C. solution,
this is handled as previously, plus an explicit
evaluation of the additional term at time t. The
additional term is shown below in the modified
differential equation.

C | - i _
dh+ _ﬁi.\thJS ds + c—;(u V&t - CD-')V/a‘ s)ds = 0..(2)

The results with and without cavitation were very
successful and the case with cavitation is shown in
Figure 2.

The implicit method was discarded as computational-
ly complex - no significant improvement in accuracy.

Another perspective involved the study of a model
incorporating an air pocket at a closed end. This
problem of transient behaviour lent itself to rigid
column theory analysis, but the object was to test
the validity of such modelling in relation to an
elastic model.

It was shown by Abreu et al., that the rigid column
theory was adequate (and computationally much less
demanding) for,
¢ 10 (3)
where ¢ is a form
expressing inertia
scale (L/C. ), but

of the dimensionless parameter
time scale (VL/gH) / wave time
in terms of the air bubble
length relative to the liquid length and parameters
for the air bubble behaviour, and v is the ratio
of the energy stored in the bubble to the kinetic
energy of the liquid column.

As more sophisticated models of cavities are devel-
oped and the presence of air is allowed for, there
is no doubt the time scales will be essential in
defining the different phases and the above ideas
would be relevant.




The use of varying wave speeds has been one method
of handling the existence of cavities, and was
raised in the proceedings. The motion of the cav-
ity interface introduces differing time scales so
that wave speeds reduced in proportion to cavity
extent may be used with the standard Method of
Characteristics solution.

In reality the times for transient passage between
points which include some form of cavity will ap-
pear longer, but there is only ONE wave speed in a
conduit full of liquid and although it may be ex-
pedient to vary the wave speed this should not be
at the sacrifice of correct physical representation
of cavity behaviour.

CASE STUDIES

The need to address real problems in enginering
practice poses special problems for the study and
evaluation of the effects of water column separa-
tion.

In one example by Wang and Locher, the presence of
entrapped air was believed to play a role in the

field tests of a pumping system involving about

48 km of pumping main, where there was fair agree-
ment between the test results and the numerical
simulation of events, see Figure 3.

The installation of air inlet valves along the pipe-
line and a two-step valve operation at the pump dis-
charge provide factors which would require proper
analytical treatment and the airvalves particularly
introduce quantities of air as vacumm conditions oc-
cur which suggest a complex vapour/air cavity per-
formance must be understood.

Further examples by Verhoeven and Van Pouche, dis-
cussed the problems of large air admissions during
low pressures.

Given the difficulties of modelling simple (horiz-
ontal pipe) systems with water column separation,
it is perhaps fortuitous when there is significant
agreement between field tests and analysis. It
must be presumed that the simulations involving
discrete cavity modelling are reasonably productive
for field design and analysis.
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CONCLUSION

Some fundamental problems of fluid mechanics are
associated with waterhammer. The transient fluid
friction associated with complex unsteady flow pro-
files are challenging enough, quite apart from the
two-phase interface (shock) effects which need to
be defined as boundary conditions for wave reflec-
tions, so that we have still much to rationalise in
the compromise between research and enginering need.
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