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Chapter 1 Introduction

BN A E S

The axisymmetric groove carved in a circular pipe is as the most popular structure of gate valve in pipe

systems. The occurrence o
important problem in the

f cavitation always causes a serious erosive damage in this structure that becomes very
safety of engineering systems, especially at downstream of high-head dam, in pipe

system of nuclei power plant, etc. But up to now, the cavitation occurrence in this structure is still not researched

yet. Therefore, this study will intend to clarify the cavitation characteristics systematically in the series of

axisymmetric groove models. The total 10 models with the variety of dimension scale and several irregular
structures have been experimented for considering the characteristics of cavitation. The outline of the study is
shown in Fig.1. In constitution, the thesis concludes of 8 chapters. The Chapter 1 introduces the related
backgrounds and problems of cavitation study. The main content of experimental study is shown from Chapter 2

to Chapter 7. Chapter 8 is t

he general conclusion of present study.
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Fig.1 Outline of Present Study
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Chapter 2 Visualization of Cavitation in Axisymmetric Grooves

The occurrence of cavitation in axisymmetric rectangular groove is as the string of various types of
cavitation phenomena in 2 zones, central area in groove space and groove downstream part. Depending on
geometrical scale of groove, the cavitation process can be classified in 2 manners as followings:

(i) Cavitation process in the deep and square grooves;
Incipient bubble cavitation — Cavitating vortex ring + Downstream traveling cavity— Groove
supercavitating ring + Downstream sheet cavitation
(ii) Cavitation process in the shallow grooves;
Incipient bubble cavitation — Foggy cavity — Cloud cavity + Shear layer cavitation + Downstream
sheet cavitation.
The incipient cavitation is caused by the decreasing of local pressure at the core of vortices which driven by
the shear layer flow separated from the upstream mouth of the groove.

In subcavitation state, the cavitating vortex ring (CVR) developed from initial bubble cavitation will appear
at the central area of groove space when groove dimensional ratio D/B is in the range from 1 to 2. The shape
of CVR is unaxisymmetric because of gravity force effect. The instability of vortex ring causes the shape of
CVR having several waves. In shallow groove with dimensional ratio D/B < 1, CVR will does not appear,
instead of that, the bubble cavitation is propagated in the form of foggy cavity. The traveling cavity is also
appeared in the flow from groove cavitation zone to downstream.

In the most development of cavitation in ARG, the supercavitating vortex ring will occur to occupy entire
groove space with a bulk of cloud cavity surrounding in the deep groove (D/B =1 - 2). Respectively, the cloud
cavity and erosive shear layer vortex cavitation will occur at this stage of cavitation. Also in the developed
cavitation stage, the high turbulent- and unstable- sheet cavity will be propagated in groove downstream from
groove downstream edge. The cavity length much depends on the cavitation number ¢ in a power law. For the
case of ARG with D/B = 1, the maximum cavity length L. can be predicted by the following formula:

Linax/B =371 X(A o)
In scale effect, the cavity length is proportional with the depth D and reversed with the width B of groove.

Chapter 3 Some Hydraulic Characteristics of Axisymmetric Grooves

The induced vortex flow pattern inside the groove much depends on groove dimensional ratio. In the D/B
= 1 groove, the flow pattern inside the groove is the vortex ring as a string of Rankine vortex. The structure
of vortex flow is much affected by shear layer flow. The vortex-core velocity is direct proportional with
friction velocity while the vortex circulation is a power function of shear flow Reynolds number R.z.

In deep and shallow grooves, the vortex ring will be distorted in the type of 4- and 6-big-wave torus
because the unstable of vortex core in vortex ring. The large shallow groove (D/B = 2) can leads to the
turbulent flow that makes the vortex ring very unstable and easy to be broken. On plane of circumference of
distorted vortex ring in groove with D/B# 1, the vortex flow is in the type of several vortex pair which
induced by wall jet flow as the result of impingement between shear layer flow and the downstream side wall
of groove.

The generation of the vortex flow inside the groove causes a type of high fluctuation wall static pressure
distribution along the wall of the groove. The stagnation zone is at the 4 corners of the groove. At
downstream of the groove, the separation flow causes an inversed gradient pressure that leads the occurrence
of sheet cavitation at this part.
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Chapter 4 Cavitation Inception in Axisymmetric Grooves

The incipient vortex cavitation caused by the low pressure at vortex core is much effected by gas content
of water. While the incipient sheet cavitation is caused by separation flow at groove downstream edge. The
law for the case of groove with geometric scale D/B = 1 is predicted by the following formula:

Where, gas diffusion coefficient £ ;= 0.85 determined by the experiment in the air content of water a/o; = 1.1.
The semi-empirical formula is also introduced for both type of cavitation inception as below:

(a) For incipient vortex cavitation of the cavitating vortex ring:

Ko
o, =3.036x10* R, +—ﬂ
l U?
5 PUs

here, K= 0.131(logRes) * - 0.412 log Reg + 0.586

(b) For incipient sheet cavitation at the back groove edge:

0, =T06R;" + ==
2
=pU,
2
Here, K,=0.017(logRe)’.
In the change of groove dimensional ratio in the range of D/B = 0.5 to 2, the incipient vortex cavitation
performance is not changed significantly, but the sheet cavitation inception is much effected by dimension

scale. The scaling law has been made for prediction of this inception as following:

e (8 0

with F(Re) is a power function of Reynolds number that may depend on the effect of water temperature. At
temperature around 7 = 21°C, the law can be written as in the formula:

0.38 0.29
o, =9.16x 106[5) (5 R
D R ‘

The effect of temperature is predicted that the inception cavitation number will increase in the high temperature.

Chapter 5 Acoustic Emission of Cavitation in Axisymmetric Grooves

The acoustic emission (AE) signal can be used as the effective tool for indirect detection and control of
cavitation. The range of AE frequency of cavitating flow in ARG is from 4 to 20 kHz. The typical spectra is a
2 main peak curve with the sagging point around 7 kHz for the sensor position located at the top groove and
8.6 kHz for 2 sensors at near groove up- and downstream.

In tendency, the relationship between impulsive pressure and cavitation number o is alike power
function in the same trend of AE RMS measurement that confirms the possibility of AE detection in
cavitation damage. Only the high amplitude AE signal may relate to erosion intensity of cavitating flow.
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Chapter 6 Erosion Damage of Cavitation in Axisymmetric Grooves

The concentrated collapse area of cavitation on wall surface in axisymmetric grooves is concluded 3
main parts, such as, (i) Downstream side wall of groove; (ii) Groove bed and (iii) Groove downstream.

The impulsive collapse area (i) on the downstream side wall of groove is much related to the strength of
shear layer vortex cavitation. The decreasing of groove width can reduce and omit the appearance of this
impact area in both aspects of pressure intensity and geometric scale. The relationship between the width W
of impact area and Reynolds number R, is linear in the detectable range of R, = 4x10° to 10° and # is also in
linear proportion with the relative groove width B/R. The highest erosion damage is at the widest shallow
groove S3 (D/B=0.5), and this damage seem to be disappeared in the deep groove D2 (D/B=2).

The concentrated impact area (ii) on groove bed is intermittent in 3 main types, such as, (1) single line;
(2) double line and (3) “V” shape. The distance between impulsive lines depends on the Reynolds number
that the number of impulsive lines is increasing when R is increasing. This number N is expected to relate
with the waves induced by the vortex ring flow in the effects of groove wall, especially the impingement of
shear layer flow on the downstream side wall of groove.

Chapter 7 Cavitation Characteristics in Axisymmetric Groove with Some Irregularities of Structure

The irregular structure can make some remarkable changes in the intensity of cavitation as well as the
cavitation phenomenon.

In groove with upstream offset structure, the break-off of CVR may eliminate erosion damage on groove
at high Reynolds number but the formation of cavitating jet with the super-sheet cavitation can cause severe
erosion in groove far downstream.

The conical downstream structure shows a good cavitation performance, at least is the best structure in 4
detected grooves. By this structure, sheet cavitation is eliminated. The impulsive pressure intensity on groove
wall and downstream part is lowest in 4 models.

The vortex flow pattern in grooves with upstream off-set and conical downstream pipe is similar to the
case of groove D/B = 1, that is the string of Rankine vortex, but these structure cause a higher vortex
intensity. The cavitation inception in these 2 case is also experienced in good agreement by the same law of
gas diffusion coefficient k; by 0.85.

In serration models, the upstream serrated edge does not make significant change in performance of
cavitation. But the downstream serrated edge makes a significant change the type of attached cavitation at
groove downstream with the appearance of streak cavitation. The attached cavity is generated from the
hollow-angle edge of serration and fluctuating at downstream. The interaction of streak cavities causes a high
erosive pressure concentration along downstream surface.

Chapter 8 General Conclusion

The carried out characteristics of cavitation of these cases upgrades the knowledge in the mechanism of
cavitating flow as well as cavitation control and for optimization in design of axisymmetric groove structure,
especially in gate vale. The axisymmetric deep groove with the downstream conical structure is considered
as the best solution for avoiding cavitation damage.
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