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The gas cix-oulaton used in gas-cooled nuclear reactors to circulate me
high pressure primary coolant can generate a considerable amount of energy
at acoustic frequencies which is transmitted mindtbe gas circuit and can
cause vibration of the structural components.

To give struch integrity over the full reactor life, it is necessary to
ensure that the acoustically induced vibration levels are not sufficiently
high to cause fatigue failure. Estimates must therefore be made of noise
levels within the gas circuit am of the resulting response of structural
components.

The interaction between the noise field and the structure is extremely
complex and not amenable to analysis byvclassical methods. However, the
Statistical Energy Method which describes the interaction in terms or the
statistical mperties at the noise field and the stmoturs is available
and may be used, within its limitatim. to provide estimates of structural
response and to identity problem areas where acoustic teting may be
required. : '

We
In an advanced gas-cooled reactor, the coolant is typioally C03 at a
pressure of 30 bars and noise levels or over 160 dB may occur close to the
emulator. The spectrum associated with the miss depends upon the type
of simulator used. All emulators generate broad-bani noise caused by
changes in lift generated by the impeller blades in response to turbulence
in the inlet flow. m particular emulators used at the Dunseness '3'
Nuclear Power Station also generate considerable amounts of energy at
blade passing frequency and its harmonica. this being predominantly due to
rum-stator intemction. As the circulator- 1s a variable speed machine
driven m a fluid coupling. the blade passing frequency can vary over a
range from 155-]: to 1150 Hz. .

The noise output of the machine was quantified Iran tests on an 0.5 scale
mdel mnning at flame tines noml speed to give a representative tip
Mach mmberr The results were extrapolated to full size, reactor
conditions using the gone-11:5 expression bead upon the mmtlcal
expression for noise Why a blade moving in a twbulent flow:
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It is seen that the variation of mdiction efficiency is basically a nine-
tion of the ratin of the manual; mqumy of each nude to the critical
frequency. i.e. the frequency at which the holding Ian 1m equals the
acoustic wavelensfla (535 Hz rm- thc mat maple). Balm the critical
frequency (r/r )2 gives a seen fit "heme well above the critical-Mm
'a' apwmumty. The biggest vamticn com um flu critical
mummy.

1m secom example is that of: manual insulation cover plate; in.»
plates which are used'to retain the them}. lnsulctim lining the reactor
pressure Vessel are manly 2 fl: square {in thick mild steel plates
mounted on a single muster stud welded to the mam vessel liner.
The “claim loss factors far the first few nudes have been calculated
using the cfmnenticned camberm an: the msul’m are sham far
theccseaofcexmlammtshfllocnimsmflama. Heroine
radiation loss factor is seen to vary considerably fan made to mode “thin
the cam frequencyram and todepcnd stmnglgwcnaecwu-iqdmils such
as stud location.

Tneae two examples illustrate the men-latices in the use at the Statistical
EnamApxn-caeh. Porthelcrseplete,flaevahnotfl isawall‘dcfined
Motion of frequency and. use of Equation (2) inky-guinea:- a wide tre-

-quency range melding any nodes ILL]. lead to an acoustic calculation of
- response. (men is no nced to evaluate the nepcnac of each may
imividmllv. an aluminum! tom of mutian (2) M mm“ flu Mal
density affine mm my be used. i.e. - ‘

27,3C n I

3' - ' '.(55,'I N v “2M9 (1.“4. nu? i.

platecnd'lenct Wummflnamlwtnyct'flm
plate. Detailed calculations cfnndal tram-mice ru- inwguurly epaped
platosammunmtmm. -: 'L-‘

’hea‘tor.’ eh: response of an
blade cannbc "evaluated units a analogy/63mm
uua‘a’fio «tempura-cur: ‘ 'a‘muni

“itchy;

  

n . Wile.me it: 1.5; .92, unis W’mt
.a gem organs W§A¢.u.mm'

. for the-annex- Mill‘n’hm van-inflame at I)“ as Minxflam
2 warrant-cuntch an more difficult: to ,- manta. in»
uncles cram fu- upert rat-Won: bases-1m mcaldenaitypcjcnaed
m‘tbanfon mueQJcclculauma'otncda sham ancmm
mmaaudxmenchrmle.‘ This my be-cmdcd m tar.x'eln1vely:l;hlidxc'

‘ tame gown—immucnvca uncover plate.elaaplc at Plan 2.
«minimum. ls CWM by” M. Shut 13.3mm
.mmlnhhmammlflflmhmmmmhmfic
enamel-able anew. a gencnl male, thereto", it use b
mem-W Ilia; dimmlms,mller man an acouch lavc. 1m.
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vicinity at the structure an conversely. by the Principle of Reciprocity.
governs the reapensae or a structure to an incident mam me. i.e. it
isamsureetflzedegree cfcouplingbetueenfluammreandtha
acoustic field. - .

(nmwtnnd a Ema/unmareflm

impedenceatznaasseenbyetmmm.)

isthemlpartctuxaradistian

I’i'he problem of «tinting structural response theaters is basically that
ofdetiningnnandn . manuaathammaafiwdtoreswmting7| totem."‘mgdmpmgdemupmamoxmtomsm
“Manetle Joints. transndssim paths for enersyintoadJacent
shuwhms,ammcmemmtbamdetoexperiemaort¢damtaatam
exacted commute. his, or course, is net possible in the early stages
at design an! at this stage “mastic values or "Hmunlikelytcbaavail-
able.

 

new; ‘1 -'§: - an

A number of approximate females for eatimting radiation resistance on
regular structures under a limited ruse of conditions have been published
in the literature. Hauever, with the advent of readily available comput-
ing facilities more general calculations of radiation maiatanne can he
finds.

Itthencda shape cfthestmctureishamforagiventrequency, the
acoustic pressure at any point an an imaginary sphere of a radius, which is
large comma with the plate dimensions due to the plate vibration, may be
calculated. By integrating War the complete sphere surface, the Mal
energy radiated and hence Rm may be oalnulnted. The converse is that
the structure will respond to a certain degree due to an acoustic wave
passing through any point an the iminary sphere and impinging an the
plate with the appropriate angle of incidence. 111a total response is given
by inteth the effect for waves approaching from all mules, i.e. over
the whole of the sphere. A computer programs has been written to per-fem
the ixrhesntion using mmrioal integration techniques.

1319 results of this approach for two diffamt struawres are illustrated.
nematshminl’igm'eliafcra lofixéftlmflaiekateel flat
plate. simplx amputee at its edges. The gas is seemed to be 602 at '20
bars and 280 c. The radiation resistance for an resonant nodes with
wave lengths dawn to 1 foot have been calculated. Note that Figure 1 gives
the radiation efficiency 'a' which is related to radiation loss faoter by

. m '(‘U"fired u“

\n
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The Statisticalfinsrzy flatbed equation can mereforre serve a usaml inaction
"in excessively pessimistic being drawn from
atmospheric ‘tastink. " Hmeva'r. anc'e again there are lindtations. _ 'me
reduction in response will only app): if the stmtm-al modal frequencies
are not sufficiently affected by the Iinczease, of: mssure to be moved to a
frequency rates of hiya?!- noise laKrel or more efficient coupling beheen
istrqotmeandaccustieXieldw w I ' - - ‘

 

6-WW'- . - v
The theoretical asthma used toobtain the radiation loss factors

. illustrated in Figures 1 and 2 imply that'the structn-al surface receiving
the acoustic energy is baffled, i.e. no leakage to the back of the struts:
is possible. For the case of the symetric single stud insulation cover
plate (Figure 2). the fellatio; cmlusions my be drawn from theresults.
Porthefirs’tmmmds. fliefldlatimisminhdipolagivhgm
volume displacemm thus accounting for the low "M (4 105) and the low
response. For the first umbrella mode. the radiation is nmopnle
with a high volume displacemnt giving a lilac 1'm cm high response.
However, the symmetry ofthe plate gives no net bending accent am
therefore low andacceptable atud stresses as illustrated in Figure 5.

If the cover plate is offset on the stud, there is a monopole contribution
tome fimtrcokinsmodeaadastudhennnsfmthsfintumbrellamda.
both modes having high Vim. Initial calculations using the Statistical
Energy Method showed that the nmlting respomes were high and that

offset studs should beavoided. Hmever, practical considerath meant

that this was difficult to achieve in practice especially as nan-uniformitica

in the insulation boom could lead to asynmetry in the cover plate
response. '

A special test rig was therefore constructed in which high noise levels at
law fi'equcncy could be obtained. A cover platewith a high dame of stud
offset was tested and the response in the first rocking code was found to
bee facWrcflEdownmthatmedictedbytmcz-yardforthefirs‘l:
umbrella ends, the reduction was evenhigher being nearly a factor of 30.
It was thereforeapparent that the radiation parameters calculated were
mu pessimistic and that cancellation due to acoustic leakage rcurfl
the edge of the cover plate was mppressing the response of'the plate to a
considerable extent. , It should henoted that the plate in question was
highlydamped due_to the imulation and that n“; and giving rise‘ta a
situaticn'mre the response would be strongly dependent upon the
changes in coupling represented by'changes in the ndiaticn loss factor.
_ths overall dampingof the system being affected to on]: a minor extent.

An alternative situation could be envisaged where very lav mchsnical.

damping resulted ina system where for discrete frequency excitation the
response was effectivaly proportional to ( n m) V . The reduction in
1] m due to the effects of emanation ‘ . would thanby‘fiz'hle
of Equation (3) lead to an increase in {espcnsm As this would not
appear to be physically reasonable, some redefinition of the parameters
used in the equations seems necessary under these eircmstances axd imposes
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accurate estintes of respenss using the Statistical Energy Method are net

possible.

HWWOI'. the method can still mun a useful Motion by identifying eases

erpceentielhialrespense. “immeth andflmere

know and therefore it is useful to consider the sites! of those
parameters on the reagense. For the broad-bend case, response is

proportioneltohl) wheres]. = find/n rad +nM)end forms

discrede frequency ease to («2% uhereua an“ / (7‘ réd H1592

The variations oful em “a was fired and n“ are sham in muse '2'.

The maximum value of u. 1 tends to unity for increasing radiation less

recur whereas M2 reaches a peak of n m u n M and further increases in

radiation loss factor actually produce a deenass in response.

A maximum possible level of response may therefore be calculated in all

cases for bread-band excitation and for discrete frequency excitation in

those cases where damping levels are either lawn or can be estimted from

experience. If these minim levels arewithin acceptable limits, the

structure in question my be eliminated as a potential semantically-induced

vibration problem.

If The man cannot be eliminated in mis way. the designer has the

optian of either refining the analysis to provide better met!de of
estimtixu n or of building a unreseutstivs apeeim to be tested in
an accusiie smarter. The‘letter curse has fine advantage that the
unchsnical dampinswmld alsobe represented ant-he specimnanduauldnnt

need to be estimated or measured separately. if site commotion is
sufficiently tar advanced for damping mama‘s-ants ta be made on animal.

erected structures, than the farmer option my be use must sttnctive.

W
m large best specimens and'in particular mesa instemas when relssiveiy
1m frequency response is or interest, it is necessary to test in an

swam-is mrberaticn chamber. Forunntsly, the speed at max: of

statement: air is close to that at 002 et'the. auditions wailing in the

'usemmotmtmcmmmmmnnmipof
.mmi 'and somatic minute is comet. .Hewavsr. she as density,

whenmwatZS-fiommthstmminthemewsimum.

‘ 'nae radiation less factor is .direetly‘depsndent upon see densiw whish '»

-' also appears in the densndnstiuns of Equations (2) ani. (5).
-a amiwntioetZShssbeennel'eulnsd

who effect at

"ii-18 mum-(2} MILD) .fox' l' ‘ r.
10' which enemas the. rings o£_.lanimnn‘ Lia‘snd

Itisseentmu

nnse ’02 n -
damping-unmanned: mannered-2n reactor We.

- m~ummm«mm1mum.m.mmwmm.,

-hseinreducimsuucuu‘lreemse. Eur!) --1.0"\mderthsmad9hem
coudiuens.1hempmsemybevmedwa!aewrot5, mastu-
mmmmywiuummtacmmybeinmeasstaouhiehiu

mossesmemmvirwalmflcncfmmtnsmse.
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1. Smith, PM. Response and Radiation of Structural
Medea united by SNIIL J.A.S.A. 1962,
)4, Na. 5, 6m.

 

,. 2. Smith, PM. Sauna and Structural Vibration, NASA
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a further unitetion en the use or the Statistical may Method as
npreeented by equations (2) and (3% However, it met be emphasised
that his situation is unlikely to occur in practice men considering
melee:- neom mm.

7.. '. ..._,. .,.. r .y. H

It is beyond the scope or this paper to discuss the recent oomesioning
tests on lameness in any detail, ani it ishoped tbst'these will be
covered by c mun-e paper. answer. the fellatio; cbsemflons can be
nude:

For lugs plateuork stnm‘tm'es represented by the gas ducts closeto the
circa-tore. maximal: mourn mponses at onincidence at s resonance
with blade passing frequency were in good agreement, with Statistical
Energy Method predictions.

Gee «miss effects of 3 - It won neted on these large plateuerk structures
when censoring results or initial amphex‘lc circulstor tests with results
or mum-nod tests under ass coalitions representative of thcss occurring
durim ncrmel nectar opentim.

This is eminent with that predicted by Flame 1! taking into account the
relative values of radiation on! nachenioal loss factors expected on these
strum at the frequencies cmcemea.

anell plates Ihere edge cancellation oauld om shaved a men lower
response than similar plates were effective edge battling prevented
cancellation.

 

The peper hes discussed the situations in which the Statistical Ellery
Memoduybcusedtoestintemnsponsectnueleermotorcomponents
tothebidaneiee levels Minthecoolnntgas. Ithss been shown
that for lnrge lulu-modal pleteverk me, the method may be used to
eetimte acmticsm minced response. but forstructures which are small
ccmpendwiththeecmsticvmlength, filenathcd myonlybeusedte
provide upper-limit estimates.

Haunt. this may still be mm in that potential mes of big: response
can be identified for further investiation and areas, which one acceptable
svenetflaeupperlimtofrespensccelsuhted. csnbceliminetedfi'oman
somatic test mne- In addition. estimtes can be made of the
peninsus associated with acoustic cheater testing under etmsphsrio
conditions.

In ml. the Statistical mm Method provides e useful tool for the
satiation of smetunl mpcnse provided its limteticu are tahn into
aceoIInt. Initial experience from commissicning tests has inflected that.
Iithin these limitations, the medictions obtained using the nefltod have
been confirmed by mutants under operational soniiticns.
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