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ABSTRACT

A now configuration capable of exciting anq interacting with the acoustic ·plane.
)

waves modes of a piping system is examined both experimentally and theoretically..The

acoustic source is generated by placing two standard geom~try odfice plate~ in the flow .....
Strong acoustic pressures exceeding 125 dB inside the pipe are generated with the orifice

plate separation distance small «2%) in compari~on to the wavelength of the lo":",est

frequency excited. The acoustic source is shown to excite those modes possessing an acoustic-- -
pressure node (acoustic velocity anti-node) at or near the source location. The Strouhal

number based on mean orifice velocity and orifice plate separation &nges from 0.5 to 1.0. and.
~

is sensitive to cavity diameter. Flow visualization photographs examining the fluid

mechanics of the phenomenon are provided. The photographs reveal the presence of an

oscillating sh~ar layer neaT the upstream orifice plate, and subsequent roll up into a l::i.rge

scale vortex and propagation to the downstream orifice plate. The effect of mean turbulence

levels at the upstream separation plane on the fluid dynamics and coupled acoustic

production is studied.

An acoustic model of the piping system is developed using the 4 pole method. The

acoustic model. as well as the modelling procedures. are examined and tested in detail. A

theoretical model of the coupled fluid/acoustic oscillator is dev.eloped by combining published

characteristics of separated inviscid sheared flows with the developed acoustic model. The

theoretical model predictions compare favorably, both qualitatively. and quantitatively with

the experimental results.
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CHAPTER 1

THESIS OUTLINE

\
1.0 Introduction

Significant problems in the field of flow induced vibrations (FIV) have been

examined by industry and academic investigators alike. Traditionally. FIV research was'

li1tited to the aeroelastic problem of classical flutter and divergence' of aircraft wings. YIore

recently, however, the field has expanded to encompass problems ranging from the vibration

of hydraulic gate ...·alves to the strumming and singing of overhead power transmission lines.

Unquestionably, the nuclear power industry has provided many interesting and important

FIV problems, and has been a major contributor (and beneficiary) of conferences concerned

solely with the field off1ow induced vibrations [1.1, 1.2,1.31.

Coupled fluid/elastic vibration is not restricted to problem~ involving s~ructural

motion. Dynamic fluid pressures, and periodic fluid, oscillations can arise throuRh the

interaction of the flow with the acoustic field. [n low damping situations the coincidence of

the acoustic resonating frequency with a structural natural frequency can cause-significant

structural vibration. Without structural motion, operator annoyance and fatigue may still be

a concern if only a small fraction of the available flow dynamic head is converted ~o acoustic

energy.

"
The work presented in this thesis is part of an on going study investigating the

fluid mechanics, acoustic source characteristics. and flui4Jacoustic interaction of a flow-

.excited resonance. A flow geometry is examined both experimentally and theoretically which ..

generates a periodic fluid oscillation inh~rentlycoupled with a stron~ acoustic resonance in a

pipeline.• Low frequency dynamic pressures can be produced where the characteristic

1

..

•
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dimensio';' of the flow geometry is much smaller than the wavelength of the. frequencies

excited. The ~ssibility for low frequency acoustic production makes this phenomenon a

potential problem for inducing stroctural·ribration. Included in the goals of the research

"-
program. and the work presente<i'in this thesis is the desire to provide futther insight into

resonators of this type, and lead to the development of design guidelines for resonance

avoidance.

1.2 Thesis overvi~w
...r

Figure 1.1 summarizes the areas of work and th! .2rganization of the research

presented in this thesis. The pheno.m_e!lon under investigation couples the fluid motiQn with

the pipe line acoustics to generate a strong acoustic resonance. For this reason measurements
;,;t

and theoretiCal model developments separatir:g the piping acoustic contributions and fluid

mechanics are required.

In chapter 2 a literature review of pr~us experimental and theoretical work

examining the generation of sound in ducts and pipes is presented. As~ctsof a flow geometry

capable of exciting the plane wave modes of a piping system which 'have not been fully. .
investigated by previous research are identified. The experimental facility designed and built

r

by the author for the work presented in this thesis is described. This facility was designed to

allow several fundamental aspects of the flow excited resonance 'to be examined. These

include identification of the basic acoustic source characteristics. as well as examination of

the efTect of cavity geometry on the frequency/velocity relationship. Also included are the,

results of a study examining the effect of mean turbulence on the acoustic production, as well,

as photographs from a flow visualization study identifying the main features of the fluid

dynamics.
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In chapter 3. fundamental measurement techniques necessary for accurate acoustic

modelling of the source environment are examined. A novel measurement technique suitable

for source impedance identification is also developed. Th~sibility of using a two channel

FFT analyser and correspondingly two passes of data acquisition in conjunction with the
"

source impedance identification method is tested in detail.

An acoustic model of the piping system, incorporating mddel parameters obtained

using the techniques.presented in chapter 3 is developed in chapter 4: Detailed experimental

testing of th~ model development is made which examines both the modelling approach as

well as the required 'measurements. An acoustic signature analysis is identified and applied

to the phenomenon understudy"

In chapter 5 the deyeloped acoustic model is utilized to generate a self-excited

m<?flel of the ~oupled fluid/acoustic system. The predicted results and general characteristics.

are compared with the measurements ofchapter 2,

Proposals for future wack as well as a detailed chapter wise summary of the results

and major contributions of the individual areas of study are pro.... ided in chapter 6. Also

included is a general discussion of the phenomenon under study, as well as conclusions

regarding the general applicability of the theoretical model for use in design.



CHAPTER 2

FUNDAMENTAL EXPERIMENTAL MEASUREMENTS

2.0 INTRODUCTION
0. ~.

Significant structural p.ipeline 'vibration'can be induced by plane wave' acoustic'

resonance inside the pipe as experienced, for example, by Ontario Hydro in the main steam

. line at their Bruce Nuclear Power'Station. The"details of this problem were .summ~rizcd by .

Hartlen and Jaster at Karlsruh~'1979[2.11. The acoustic sOurce,jnitially for:cing a ~eduction
, '

from 791 'MW to 625 MW, demonstrated a constant Strouhal number dependency between.. '

reactor load (flow Velocity} ~nd acoustic frequency. Qualitatively. the acoustic source

displayed many of the characteristics typically associated with a cavity type resonance, i.e. a

strong perioe.ic nuid oscillation reinforced by'a local acoustic resonance. However, the very

low frequency generation and intera~tion with the piping plane wave acoustic modes,

combined with the difficulty in identifying both the location of the acoustic source within the

main steam pipe line: jell as the appropriate solution <either structural modificati~nor"

now modification) demon~tr~t~ the need for further study, This chapter presents experi

mental results-'of a ruridamental study to examine the generation of plane wave acoustic
\

resonance in pipelines, A Qow field is generated which interacts strongly with the

longit~dinal acou~tic modes of the piping system. This interaction generajaCoustiC

- source capable of producing very low frequency sound necessary for significant structural

excitation ofpiping loops.

'. "
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. 2.1

.1' :

6

Selection ofacoustic source

. The generation of flow induced noise in pipelines (ducting systems1 can be br-oadly

categorized as: broad band noise sOurces which excite (with-out feedback) the plane wave

modes, pure tone sources which inter-act pr.imarily with local or- cross'modes to produce a lock-
. .

'in phenomenon, and finally pure tone soUrces which interact with the longitudinal modes of

the piping system and also produce IQC.lt~in (signifying strong acoustic feedback). It is

primarily the se~ond two categories which display h.ighly organized" fluid motions and can

generate the significant fluctuating pressures necessary to cause rapid structur-al failures.

Early experimental results by Parker [2.2,2.3,2.41 illustr-ated th~ possible
." .

excitation of ducting croSs modes by vortex shedding from a flat plate. Cumpsty and

Whitehead [2.5] examined the effect of wake length organization by forcing the trailing edge

.of the plate to vibrate. Archibald [2.6] examined the effect of sound on the vortex production

to develop a linea~ feedback type t?odel to !lccount for the main characteristics of the self

excitation. Welsh and Stokes [2.7) have.provided clear flow visualization pictures illustrating

the convection of large scale vortices from the trailing,eage of these type configurations. A

successful modelling of the sound production process was achieved in [2.7] which utilized the
~. j • •

formulation byHowe [2.8]. Essentially this formulation is based on the rate at which the flow

does work on the acoustic field, w~ich is ~venby:

,. ~.. ":'.~

" -

[2.1]

p

where:

P = work rate

(,) = vorticity

v = incompressible velocity

u = acoustic particle velocity'

air density I
j'
























































































































































































































































































































