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1.

Inotredugtilon

The gas circulators used in gas=cooled nuclear reactors to cirsulate the
high pressure primary coolant can generate a considerable amount of eneryy
at acoustic frequencles which is transmitted round the gas eircuit and can
cause vibration of the structural components.

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

The interaction between the noise field and the structure is extremely
complex and not amenable to analysis by.classicel methods. Howewer, the
Statistical Energy Method which describes the interaction in terms of the
statistical properties of the nolse field and the structure is availlable
and may be used, within its limitation, to provide estimates of structural
respongse and to identify problem areas where acoustic testing may be
requlred.

Defipition of Holse Levels

In an advanced gag-cooled reactor, the coolant is typioally CO: at a
pressure of 30 bars amnd noise levels of over 160 dB may ocour close to the
ecirculator. The speetrum assoclated with the nolse depernds upon the type
of circulator used. All ciroulators generate broad=band noise caused by
changes in lift generated by the impeller blades in response to turbulence
in the inlet flow. The partioular circulatoras used at the Dungeness 'B’
Kuclear Power Station also generate considerable amounts of energy at
blade passing frequency amd its harmonioes, this being predominantly due to
rotor=gtator interaction. As the circulator is a varisble speed machine
driven via a fluld coupling, the blade passing frequency can vary gver a
range from 1354z to 450 Hz.

The noise output of the machine was quantified from tests on an 0. scale
model running at three times normal speed 4o give a representative tip
Mach mumber. The results were extrapolated to full size, reactor
conditiens using the following expression based upon the theoretical
expression for nolse generated by a blade moving in a turbulent flow:
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It 19 seen that the vardation of radiastion efficiency is basically a funo~
tion of the ratio of the resonsnt frequency of each mode to the oritical
frequency, 1.e. the frequensy at which the bending wave length equals the
acoustic wave length (585 liz for the current example). Below the éritical
n'equency (f/tc }* gives a good 24t whereas well above the oritical -freguemoy

'a' approsches unity. The bigzest variation ocours arournd the oritical
frequency.

The second éxample is that of a thermal insulation cover plate.: These
plates which are used to retain the thermal insulation lining the reactor
pressure vessel are typically 2 £t square in thick wdld steel plates
mounted on a single ﬁ:ln diameter stud welded to the pressure vessel liner.
The radiation loss factors for the first few modes have been oaleulatod
using the aforementicned computer programme amd the results are shown for
the cases of central and offset stud locations in Figure 2. Here the
radietion loas factor is seen to vary considerably from mode to mode within

the same frequency range and to depend stmnglyupmgeowtﬁcdetailsmch
ag stud location.

Thege {Wo examples illustrate the restrictions in the use of the Statistical
- Energy Approach. For the large plate, the value of 7] is a wel)~defined
function of frequency and use of Equation (2) inteyauﬁaduver a wide fre~
- quenoy range including many modes will lead to an scoustio ecalculation of

' response. There 18 no need to evaluate tho respanas of each mode .
individually, an altermative form of Equaticn (2) which fnclhides tha modal
density of the struoture may be used, 1.e.
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plate. Detailed caleulations of modal frequencies for mn' ahaped
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2 mean-that. acourate estimates are more difficult to °  carry out. - The
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and therefore dehamq;oahuhum'.of; mode chape and redisticn reststance
are: needed . oy ench mode. This may be carried out for relatively stmight-
. forward geemetries, guch. mA the cover plate eximple of Figure 2. However,
_:even in, this case, the situation 1s cogplicated by the fact, that in practise
. the gover.plate hag an insulation backing which affeots the dynamios to a
considersble extent. . As a general .prule, therefare, it mast be assumed
that, forst:nwmmuﬂ: d.lmmim mnerﬂlantha acoustic wave. le:cth.
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vioinity of the structure and conversely, by the Principle of Reaiprooity,
governs the response of a2 structure to an incidepnt Fresgure wave, i.e. it
is a measure of the degrea of coupling betweon ths structure and the

- acoustio fleld.

{Note that Npaa = R I/mmuharanr mthemlpartor'u;a_;-adia_uan

rad
inpedance ef gas a5 seen by structure. )

' "I'he pmblérn of estimating structural responss therefore is basically that

4.

of defining N, and 7 __.. There 15 no theoretical method for estimating
M, for s stricture. “®MMhe danping depends upon a rumber of feotors sudh
as Hunbers of bolted jotnts, transmissten paths for enerey into adjscont
structures, and recourse must be mede to axperience or to damping tasts eon

-erected components. This, of course, 18 net possible in the early stages

of deslgn and at this stage sooustic values of ] p are unlikely to be avail=-
able. '

Btimation of Radis on _Logs Facto)

A number of appraximate £ 8 for estimating radiation resistance on
regular gtructures under o limited range of cenditions have been published
in the literature, However, with the advent of readily avallsble comput=
ing faoilities more general ecaloulations of radiatien resistange can be
made.

If the mode shape of the structure is lknown for e given frequency, the
aocoustic pressure at any point ¢n an Imaginary sphere of a radius, whiech is
large compared with the plate dimensions due to the plate vibration, may be
caleulated. By integrating over the complete sphere surface, the total
energy radlated and hence R may be caloulated. The converse 18 that
the strusture will respond to a certain degree due to en acoustic wave
passing through any point on the imaginary sphere and impinging on the
plate with the appropriate angle of inoidence. The total response is given
by integrating the effect for waves approaching from all angles, i.e. over
the whole of the sphere. A computer programme has been written to perform
the integration using mumerical integration techniques.

The results of this appreach for two different structures are illustrated.
The first shown in Figure 1 is for 2 10 £t x 6 £t 1in thick steel flat
plate, simply supported at its edges. The gas I1s assumed to be COs at =0
bars and 280 C. The radjation reslstance for all resonant modes with

wave lengths down to 1 foot have been caloulated. Note that Figwe 1 gives
the radiatien efficiency 'a' which is related to radiation loss Pactor by

- 9 )
Nrea = B : i
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The Statistical Energy Method equatlon can therefore serve a useful function

- in preventing excdssively pessimistic concluslons being drawn from
atmospherie tésting.  Howéver, once again there are limitatiocns. . The
reduction in response will only apply if the structural modal frequencles
are not sufficiently affected by the inoreage of, pressure to be moved to a
frequency range of higher noise lefel ar mure efficlent coupling between

- stmoture and aoccugtie fleld, - - St et . )
The theoretical methods used to obtain the radiatiaon loss factors

. illugtrated in Figures 1 and 2 imply that the structural surface resdelving
the acoustic energy is baffled, i.e. no leaikage to the back of the struocture
1s possible. For the case of the symmetxric aingle stud insulation cover
plate {Figure 2), the following conolusions may be drawn from the results.
For the first recking mode, the radiatlon is mainly dipole giving zero
volume displacement thus aceounting for the low . 10™9) and the low

respense. For the first umbrella mode, the radiation 1s memopole
with a high volume displacement giving a high §) rad and high response.
However, the symmetry of the plate gives no net bending coment and

therefore low and acceptable atud stresses as illustrated in Figure 5.

If the cover plate is offset on the stud, there is a monopole contribution
to the first rocking mode and & stud bending from the first umbrella mode,
both modes having high ﬂmd' Initial celcoulations using the Statistiocal
Energy Method showed that” ™ the resulting responses were high and that
offeet stils should be evoided., However, practical conslderatlons meant
that this was difficult to achieve in practice especially as non=uniformities
in the insulation backing could lead to asymmeiry in the cover plate
respanse. ’

A special test rig was therefore constructed in whioch high noise levels at
low frequency could be obtained. A cover plate with a high degree of stud
offset was tested and the response in the first rocking mode was fourd to
be a factor of 12 down on that predioted by thecry and for the first
umbrella mode, the reductlon was even higher being nearly a factor of 30.
It was therefore apparent that the rediation parameters calcuiated were
extremely pessimistic and that cancellation due ‘to acoustic leakage round
the edge of the cover plate was suppressing the responze of the plate to a
considerable extent. . It should be noted that the plate in question was
highly damped due to the insulation and that nn; N prad giving rise to a
situation where the response would be strongly . dependent upon the
echanges in coupling represented by-changes in the radiation loss factor,
.the overall damping of the system being affected to only a minor extent.

An alternative sltuation could be envisaged where very low mechanical
damping resulted in 8 system where for discrete frequensy exaitation the
response was effectively proporticnal to ( y rad)-é' The redusticon in

N rad due to the effects of cancellation - - would then by virtue
of Equation (3) lead to an inoreage in response. As this would not
appear to be physieally reascnable, some redefinition of the parameters
used in the equations seems necessary under thess cireumstences and imposes
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acourate estimates of response using the 3tatistical Energy Method are not
possible.

However, the method can still fulfil a useful funotlen by ldentifying cases
of potential high response. All parameters except 7 ani'l?mdare
known and therefore it iz useful to consider the effec'ﬂ those
parameters on the resgonsa For the broad=band case, response 1s

proportion.alto(« ¥: where 4 ¢ ’nrad/ﬂrad +nM)nndfortha

disorete frequency case to (u.a)%‘ waere w, =M./ (N 4 +nn) .
Theva;dat:lonsofularﬂ uawithn aulnuareshouninngure;.
The maximum value of & 1 temde to unit:r for inoreasing radiation leoss
factor whereas Aty reaches a peak of T} rad © n " and further inoreases in
radiation loss factor actually produce m decrease in response.

A maxigum possible level of response may therefore be oalsulated in all
cages for broad=band excitation and for discrete frequency excitation in
those cases where demping levels are either known or .can be egstimated from
experience, If these maximm levels are within agceptable limits, the
strueture in gueation may be eliminated as a potentlal acoustically—induced
vibration problem.

If the structure sannot be aliminated in this way, the designer has the
option of either refining the analysis to provide bettor methods of
estimating 1 or of building a representetive speoimen to be tested in
an acoustic oﬁ%ber. The latter course has the advantage that the
maochanical damping would also be represented on the specimen and would not
need to be estimated or measured separetely. I site construotion is
sufficiantly far advenced for damping measuremants to be made on actual
erectad struotures, than the farmey option may bo the moat attractive.

Gag Demning Effeots

For large test specimens and in particular these instances whare relatively
iow fregquency responas is of interest, it is necessary to test in an
atmoagheric reverberation chamber, Fortumataly, the speed of sound of
atnospherio air is close to that of COz at the comditions prevailing in the

" gas oirculator area of most resctors and therefore the relaticnship of

. gtructural and agcustic wave lengths is correct. . However, the pas dansity

may be 8 factor of 25 = 30 down on that ocowrring in the reastor situation.

‘. The radiation loss factor is directly dependent. upon ges density which -

also appears in the derominations of Equations {2) amd. (5). The effect of

- 8 density ratlo of 25 has been caloulated uging Equations- (2) and (3) for a- -

nnaeof amd for 7, =, .10 2 ant 107 uhiohemmasosthaﬂnseofu "
m?dmmmmmahmwm - It iz -geon from . ;.-

. me.hmmm”mmmmmmg. the more offect gas damping |, "..,.

. has in pedusing structurel respense. For ! . = 10 under the broad=band

copditions, the response may be redused W'ayaoturofS. whareaa for
diserete frequenoy exoltation the factor may be in excess of 20 which in
many ¢ases means the virtual elimination of tha resanant responeEe.
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Response and Radiation of Structural
Mpdea Excited by Sound. J.A.5.A. 1962,
34, No. 5, 640, .

Seund and -Structurel Vibration, NASA
CR=160 :
Mareh 1965.

NOMENCIATURE,

speed of sound in gas
impeller diameter

mass per unlt area of plate
generalised mass of structure
structural modal density

sound pressure ‘spectrel density '
(p* per rad/sec)

stiuctural velocity speotral density

struotural response veloclty
" 4ip veloeity '

sound power

gas density

frequency (rad/seec)

mechenical loss factor

radiation loss factor
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a further limttation cn the use of the Statistical Energy Method as
represented by equations (2) and (35). Yowever, it must be emphasised
that this situation is unlikely to ooour in practice when oonsidering
nuclear reactor strustures.

Experience From Compmisstionin:

It 18 beyord the scope of this paper to discuss the revent oomﬂ.ésicn.tns
tests an Dungeness in any detail, and it 13 hoped that these will be
covered by e future paper. However, the following cbservaticns can be
magde :

FPor large platework structures represented by the gag duots clese to the
eireulators, maxioum struotural responses at coincidence of a Tesonance
with blade pagsing frequensy were in good agreewent, with Statistieal
Energy Method predictions.

Gas damping effects of 3 = 4 were noted on these large platework structures
when comparing results of initial atmospherie oirculator tests with results
of pressurised tests under gas conditions representative of those ococwrring
during normal reactor operation.

This is conaistent with thet predicted by Flgure 4 taking into account the
reletive values of radiation and mechenical losa factors expected on thesa
structures at the frequencies concernad.

Small plates where edge oancellation oould oocur showed e much lower
response than gimilar plates where effective edge baffling prevented
cancellation.

The paper has disoussed the gitustions in which the Statistical Energy
Msﬂmdmybausedtoestimteﬂnmpmsaornmlearmotorcompmnts
to the high nolse levels prevailing in the coolant gas. It has been shown
that for large multi-modal platework structures, the method may be used to
estimate acoustically induced response, but for structures which are small
compared with the accustic wavelength, the method may only be used to
provide upper-limit estimates.

However, this may still be useful in that potential areas of bigh respense
can be identified for further investigation and -aress, which are acceptable
even at the upper limit of respanse calculated, can be eliminated from an
scoustic test programme. In sddition, estimates oan be made of the
pessimisms assooiated with acoustic chamber testing under atmospheric
conditions.

In general, the Statistical Epergy Method provides a useful tool for the
estimation of structursl respense provided its limitatiens are taken into
agcount. Initial experiendce from coammissioning tests has indicated that,
within these llmitations, the predictions obtained using the method have
been confirmed by meagurements under operstional canditiens.
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