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INTRODUCTION

When designing a pipeline for the transport of a liquid one of the problems

to be considered ~ s the provision of a device to guard against low pressures.

These low pressures can be caused, for example, by a sudden pump failure.

The failure creates a negative pressure wave which travels in the downstream

direction. Vapor pressure may be reached at a particular point, after which

cavitation may occur ~ p a long part of the pipeline. After a certain time

the cavitation vanishes c a u s ~ n g a very high pressure which may damage the

pipeline. In order to prevent the development of cavities and consequently

the development of high p r e s s u r ~ s , a device like an air vessel or surge tank

is built. The presence of these devices decreases the pressure waves con

siderably and increases the time scale af the system. This general

procedure for designing a pipeline is greatly influenced by the fact that

the phenomenon of cavitation in a long pipeline is badly understood and

experiments in this field are rare.

In the past, for a sudden pump failure or valve closure at the beginning of

a pipeline the relevant pressures and velocities were determined by intro

ducing into the computation a cavity behind the pump or valve. The formation

of the cavity was governed by the continuity condition while in the pipeline

itself the celerity of a pressure wave was not disturbed (Ref. I).

The first authors who developed a more realistic model of the phenomenon,

were de HaIler and Bedue (Ref. 5). They pointed out that a negative

pressure wave can give rise to cavities which occur along a great length

of the pipeline. An important feature of the cavity was that its vertical

cross-section remained small with respect to the total area of the cross

section. For an inclined pipeline the movement of the cavity and the liquid

were greatly influenced by gravity. Siemons (Ref. 7), studying the

cavitation in a horizontal pipe, used the idea of an extensive cavity to

describe the formation and collapse of a long cavity in the top of the pipe.

In his numerical solution to the problem, he applied the same grid for

both the cavitation and the water hammer region and arrived in this way

at fairly extensive cavities. However, a simple check of the results of

his solution shows that the balance of mass at the boundary of the cavity

is not fulfilled. Consequently the conclusion that no high pressures will

occur after the collapse is not justified.
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