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FACOLTY OF ENGINEERING

Iy , SCIRICE,
DEPARTUENT OF ARRONAUTICS AND ASTRONAUTICS,
Poctor of PhilosSphy.

STRYCTURAY

by John Henvy Foxweui

Theoretioal atudies are. &eseribed on the regponse of certain stm““;
scoustie waves: The most genersl problem treated is the response of a
long oylindrical shell periodically atiffened both longitudinally and
circunferentially vhen excited by obliqely incident plam; sour& waves.
Numerical caloulations are given for a structure having iilax
charscteristics to an alreraft fuselege. Caleulations of the shell
vibration and internal scun& ﬁeld are given,

A sinplified mathematical modsl, related to the phasing of aircraft
propeliers; is used to show the effect on the internsl sonnd field due to

‘a 2?336 a&fferm between oppesite mmning plane waves incident on the
eh L

A pmcedtme ip deseribed for cslaulating the acoustic loading on a
: ar flat plate set in & rigid wall and vibrating in sinusoidal
m&em Results. m given of the scoustie radiation dampings

Yide fIecuency ban& space correlation measurenents of the pressure field
cloza to a twoeinch diameter cold air jet are deseribeds The results ere
shown 40 be consistent with the hypothesis that the pressure field close
to the jeb is convected at a speed related to the local speed in the jet,
Using the convection hypothesis a generalised nonsdimensional form of the
space correlation is derived and both model and full scale measurements
are shom %o conform.

The eonvectian rodel pm&icta the form of the narrow i‘requemy band
sPace-correlation function, This function is required for the calculation
of structursl response to jet noises An approzismate form of this function
is Utilised in a calculation of the. résgonse of a flat penel close to an
aiy jet.

Space correlation measursnménts in the region within five jet diameters

of the orifice of a full scale jet engine exhaust show the acoustic nature
of the radiated noise showing the pressure field propagating at the speed
of sound as opposed to the near pressure field of the jet turhulence

propagating downstream at about one half of the local jet speed.




Two of the many noise problems arising in the field of acronsutics

are the Patigue of structure situsted close to intense noise solirces
and the acoustical confort of passengers. This thesis presents a
théeretical approach to the %mnsmission of acoustic energy through
 adreraft structures anl a further exsnination of some of the pavameters
revealed by Powell (Refi16) as being of major importance in the assessment
of the stress levels experienced by structures subjected to acoustic
excitations | ] |

Before stating more explicitly the particuler problems which are
‘:{hv'e:stigaﬁe& in this work, it is vmthwhﬂe to conaider briefly the
ematins theory of acoustic ¢ransmission, In axchitectural acoustics
vhere wall structures are massiv-e, the acoustic transmission loss of a wall
can be éaﬁisfaetoﬁly calculated by the so called "mass law™. This
"law® is easily derived by mnsiaering the wall as & single degree of
t—‘reédem vibrating structure with one resonant frequency. In normal
tuilding construction; this resonant frequency is very low since the mass
of the wall is great in relation to its stiffness. At frequencies
above resonance the mass of the wall aprears as the factor which dictates
the amount of acoustic energy which the wall transmits. It has been
found by Cremer (Ref-.-:ﬁt)’ that for sound waves at oblique incidence
and sufficiently small wave~length the mass law is in exrror, This is
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because flexural waves can be excited: in the stmicture and when the

wave—length of these waves natches the tmea wave-length of sounﬁ-waves
across the structure the acoustie trensmission loss e@pears to bs much less
than the simple mass law would predie’@. This phenomenon is re,fema to.
as the coincidence princiyieﬁ this and the mass lew are well descnﬁl‘bea
by Richardson (Re@da)a These theories have been very briefly desciibed
in order that 1 éy can be aiscussea in rela'eﬁ.cn to aireraft sﬁmetum

The type of stmcture consiaered in tius work is. typica.l of that used
in present day adrcraft fusclage constructions This structure consiats
basically of a cylinﬁgﬁcai shell which is supported by circumferential
fromes and lengthwise stringers, This stme;ture is designed %o be as
1ight as possible whilst carrying the loads placed upon it. In
consequence of i‘is lightweight its acoustic transmission properties are
poor compared with traﬂitianal building structure, | 'coupleé‘!i'with the
gact that intense noise fields originating from the boundary layer over
the fuselage of the aircraft; the noise from the propeller or the jet
exhaust; & severe problem is posed; that of achieving an acceptablé noise
level in the aireraft cabin. This has been approached, principally in
the United States, by conducting experiments on meny types of sound.
pmﬁng in order to arrive at the most effective., To the author's
ynowledge 1o Satisfactory theory exists for predicting the acoustio
transmission pioperties of aircraft structiire. Eilla' has shown (Ref.h)
that the resonant frequencies of the many mode slie.pes in vhich a typical

aireraft structure ean vibbate are distriduted over a wide frequency range.
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This means that the simple mass law cannot de applied since the
fundsinental assumption of the mass ,13*‘7 is a onewdegree of freedom masse
aﬁit_‘fneéa system with a rescnant frequency 'beiew the fremxemy range of
interest, With the type of structure under consideration, it is
doubtful whether the coincidence principle is vma sincé fhis depends on
the transmission of flexural waves along the wall or fuselage skin, 1In
fact; these flesural waves will be reflected back at the frameeskin |
Junctions to form standing waves in the structure rather than free
flexural waves. In view of the inadequacy of these theories in the
special case of aircraft structure a theoretical aspproach is proposed.
The problem may be stated in the

ing wayi given an aircraft
structure snd a steady state external acoustic excitation, what is the
steady state response of the structure in each of its mode configurations
and what is the ratio of the acoustic pressure level at a given point
inside the fuselage to a given point outside 7 As a first step, the
cholce of the type of atructure and the form of the external acoustic
field was made as straightforwaéd as possible, whilst still retiining

the essential features of & practical case. Therefore, the most
general case treated in this work is‘\the response of a oylindri

structure perfodically stiffened with frames snd stringers and excited
by plane sound waves at oblique incidence to the cylinder axis. |
BExpressions are derived for the modal response and these have deen
programmed for slectronic digital computation. However, before this

general case was considered a series of progressively more complicated



problems were solved each of which gave useful ideas as to the course
vhich the investigation should follow. ' The work of Junger (Ref.3.),
Warburton and Arnold (Ref.B.) ami Millex. (Ref.!@) have proved very .
helpful in aefreloping thé type of'r pimblem described aboves
: ;»Plane- wave pericdic acoustic fields are considered ‘and unfortunately
- these are séldom met in practice. Even calculations with piane‘wavies
prove to be @n&p}iﬁa{;e&y but this is eased to some extent. ‘By: sutonatic
: mmﬁutaﬁon;? ‘howevery with representative sooustic fields such as those
@mémcea.by a propeller or by jet mixing, the calculation becoimes very
. fornidables The priniciple difficulty lies in the mathematical '
répﬁ-eseﬁtatien of the incident field. ' For the discrete fré@zency come
- ?@ﬁéﬁtﬁ- of propeller noise it would be possible by numerical methods to
obtain tae node response and hence the internsl acoustic ‘field, tut for

random m)is-ef fields such as are produced by jet mixing and ‘boundary

aé.oustic pressure fluctuations generated by the ae'B- nixing process

and the turbulent -boundary ‘layer are pandomn in naturés 'I‘h:i.ﬁ means that

-~ although the fluctuatifns are time &ependent it i8 not possible to write
‘aoim‘ an explicit function for this time &eﬁaiéemy.; ‘This ig an intrinsic
:praperty of the random process. Therefore, in the celmia’k—ian‘a? structural
response due to random loading it is only possible to obtain statistical
pwperties of the response which are related to the corresponding |
statistical properties of the random incident field through the dynamic
properties of the structure, These remarks lead to the work carried out

in the second part of this ihesigg which describes measurements made in
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the noise field close to an air jet exhausting into still air and then
considers a response calculation, ‘ | .

The course of the investigation was meinly motivated by the work
of Powell (Ref.16), who showed which were the most importent parameters
in predicting mesn square stress levels in structure subjected to random
loading. }Gn'e aim in 'ca‘jlculatin_g the atmétural response to random
loading is the assessment of the fatigué life of such structure; 'the
fatigue aspect is not considered in this work but, a knowladge of thé‘
méan square stress level, together with controlled laboratory fatigue
tests can give a designer a good idea of the likely fatigue life of a
given étmcf:urea For calculations of the mean guare é‘hr‘ess level at
a given point in a structure in a given mode,Fowell, (Ref.16) shows that
two functions describding the incident random field are requivred; these
are the power spectral density function vhich in effect gives the mean
square value of the pressure fluctuations as a function of frequency snd
the 'spage—wrrelaﬁi@n function of pressure fluctuations on the structure,
Many measurements have been made of power spectral densities at points in
noise fields produced ‘by jet mixing, but very few spacewﬁémiaﬁicn ,

‘measurements have been made. The space~correlation measurements

reported in this work were made in the noise fields of a small scale cold
air jet in the laboratory and on a full scale hot jet in the field; these
are considered in turn,




241
‘ tl‘m:s ehap'éer :&é c@n@eme& with m pxo‘blems which, whilst having
‘been simplified to a &egree wh:v.ch gives thém 1ittle pmctical application,
5 revesl the importent characteristics of the general end more complex
protlen of & multi-degree of freedon systen such e an aircr.## fuselage.

, Gans:&der first an infinite, rigic‘i,, flat plate situsted in an acoustic
medium density ¢ speed of sound C (see Fﬁ.galh - The plate has massmM per
unit ares and stmess S per unit area and divides the mediun into twa
regions. 'The plate is subjected to a simple hamanic mrcing funotion F(®
per unit area (which can be cans&:éém& a8 an ineiaent ‘planle'-waye sonn&
ﬁela) |

As the plate vibrates plane waves are generated which may be

represented by Pr © A, exp l L ut + t._;&'x | (2‘\) ,

Pr, = Poexp L19F - b (22)

andt) is the anguler frequency of the incident pressure field F(Y).

If continuity ':ié to be satisfied at the plate then the resultant
partiele velocity in the sound waves at the plate (i.ec at 4=0 ) must
equal the plate velocity. Now the particle velocity in the sound wave is

"obtained from the éequation of motion of the mediums

% < o £ -



. vhere § 3s the par%:l&la Bis,?hemeﬁt‘

ymicle valocify ‘/ is gim by

9 -
—5§; =Vv= «.wg'a%«

If st.is %ha ph-’ee a&aplacemm then fﬁe boundary con&:ttim m

--_C\SQ ( (2“9)?’2 = T lSe ( "> ?r =k (2,5)

L "?"\ o e - {2.6)
The equation of maﬁon ot ﬁhe plate ¢an now ‘be written |
e + S = F(E) ¥ Prn- P
= F(E) ~2pPn

Henos emit r2ecdc +Sx = FE o (20

¥his is the equation of motion of the plata taking into account the
presence of the surroinding fluid, It is seen ut once that there 1 a
‘*viscous® dhmping term in the equations Fhysically this danping arises
fron & loss of energy fron the vibrating plate due to' the rediation of the
 ‘plane sound wavesf, and f’r . ' Fig. (2) dhows the effect of this seoustio
&ampiﬁg on the magonsa oi‘ a plate with natural %qpemg)’ 5i 60{-{5

1\ Inthe pmmem of 4ho response of en alrcraft fuselege to sound waves
interest is centred on tmo aspécts; the response of the stxucture and the
tranamiasion of the sound waves to the inteﬁom ’ Bxi eﬁmﬁn of the
provlen in the above section %o mcmae *t‘ns effecﬁ 69 an *intéﬁﬁ:" sghould
thetefore praﬁae im:m&mtim ta the more complicated problems °
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‘This problem is the same as in (2.2) but with a rigid wall infinite
in extent placed aty:=d- (see Pig:3). There is now a reflected wave from
the wall § and en additionsl boundary condition at the wall(4=d) vhere the
'fesultant particle velocity of the incident and reflectéd waves %r, and ?rs
must be 200, All the soumi waves are plane and ?'. ﬁ_ are as before

'and?r’ may be 'written.

Pr = B wpl""" N ‘——%l (2.8)
The boundary conditions are
Q\k(PG*?r> SO | B o (209)
v At .“""“‘"‘ 29 = '-—l 2- Cc &~ > %
CERT T e 95):?0 g 3‘3(' K Ve =0 (2.10)
The first of these gives '
A: = Re expl — 2—-——-——"":_“\‘1 {2.1)

and the second

- _ - coe )
A~ _P\"’ Ae s.;cp twb (2.12)

The equation of motion of the p’iaﬁef is
me +Sx = Fle) + P +Pr —Pr
= F(6) + arplioe] huxhs —-R‘}
= F() reex (f.c.ob‘:ié -1)
C. om% vec (- Leck 965-)')90 «Sz= = F(© (2.13)
Gompering this equation with equation 2,7 it is seen that the
damping term 18 halved, this :i.s because the plate nove raﬁiates sound

energy from one side only Arm additional complex ternm has also appeatred




in the coefficient of X this arises fyom the combination of the sound

waves {r. . and. Pr, in the cavity. -
The solution of 2,13 for the amplitude of the plate motion is
- %f—-—r_é‘%)_‘l*r ge cobud 3t Aty (2.14)
[=N

Resonances occur when

- (S-wmwt) = gewdedt ‘-‘% (2.15)
and the amplitude at such a resonance is limited by the acoustic
damping €< . |

Exsmination of (2.15) shows that since cot%é is a cyclic function
‘there are an inﬁnite‘mm‘ber of resonant frequencies of the system. This
is due to the coupling of the fluid in the cavity to the plate. Figh
illustratega the effect where-CS‘m}) anaec.ucot %c\ are plotted againat
frequency, Also there are frequencies of anti-resonance, that is no
motion of the plate; these occur when

Cob% + oD
e wd o T, 2, .-
These correspond to the points &, B, € etc. in Fig.h.

Fig. 5 shows response curves for a plate with a natural fequency at
§80¢fs with and without a cavity behind the plate; &> has been chosen such
that en antiresonance occurs at 560¢fs . “

The physical ezplanation of this problem lies in the fact that
at the frequency corresponding to | |

cobtd =
[-=

the incident, transmitted and reflected sound waves combine to form a




standing wave syaiem with the plate situa.ted at a po:m'c of Zero pressure

gradient, hence the plaﬁe haa no net exeﬁ.ting force.

A physical exlalanat:.on using an electﬁeal analague .is given in
Ref. 1o . . | '
B The results 'in ‘the pmﬁaus twa sectiona give the fesponse of a
vexy simple structure "éa soun& waves ana show the reaction efi‘ecta of
the acoustic medium on the structure. They are such as to provide a
demping to the structure and also a reactance efi‘ec‘ﬁ (follawing electrical
term:i.mlc@r) whioh alters the resonant pxﬁperties of ehe systen &s o

‘whole. Fureher it is pcssz.'ble to campute the value cf the seund

field within the aavity and thus assess the ﬁransmitt:mg pmpertiés of this

svimple stmcture. . From the first pro‘blem (withwt the ca.vity) the.

'mass 1@' for soﬁn& tmsmission ¢an be aemvea. The usual situation
' ‘buil&ing acausticg' is that the mass of the stmctum is 1arge and

the s’éiﬁ‘nesa 1¢w so that the resonant i‘re@zm@y :ls low. i’herefore,

sbove resonance the wall ﬁisplaeementy and hence the‘ seunﬁ transmiss:laﬂ,
'is governed by the M term in (2.7) andm is the controlling factor.

In an airceraft structure resonances oceur ﬁamughmﬁ the audmble range
' and the mass law is no longer valide.
¥hilst the sbove tréatments ha;ven been idealistic they do reveal
the salient points of the problem of a stiffened cylinder which is
excited by a sound field; it is this problem vhich forms the subject of

the following chapters
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The Vibrations of a diffened thin-»] e&
cyliﬂaer in an Acoustic Pield « No axial

mo&es, , .
. ¥
3-1 g

When a cylindrical structure is in vibration under the action

. of gome forcing function the actual displacement of the structure at

a given point is the sum of many separate displacement modes (Ref. 2)

of differing amplitu&e end phase, He.nce in oﬁef to finad fhe dynamic dis-
placement of a given cylindrical structure it is hecessary to £ind the
displacemmta in a.l]. the modes, and sum their effect. For a finite

lmgth cylinder each mode tak:&s the form of a certain mmber of
simisoidal waves round the circunference combined with a mxmber of waves
"along the nggth, hence many mcc‘le cazﬁ:l)imtions must be :hwestiga%ed.
If the problem is restricted to waves in the aircumt‘erential direction
only with no modes in the axial dii‘ectioﬁ, the pi‘e‘blem‘_ iS:‘COnSiaera:bly
. simplified and may be considered a special case of the complete probiem.
The restricted two-dimensional problem to be dealt with is the
response of an infinitely long thin-walled ¢ylinder with periodic frame
stiffening to a plane-wave acoustic fields the wave fronts are in a
plane which is parallel to the plané formed by the cylinder axis and a
cylin&er generator, '
The method is the same as that used by Junger, that is,the dise

placements in the radial and circumferential directions are represented

by Fourier series each term corresponding to a mode of deformation and



A%

rian eoaoréﬂna“tes. The total

th@ cceﬁ'ieiantﬁ to ‘the generalised

strain (potenti&l) energies. Sean& kineti.c en@gies'\'; for the shell

and B‘E:i.ﬁ‘ming members may be m‘tﬁen in ﬁems of‘ the genéralﬁse& cow
ordinates; these have ‘beén c’leveloped for s‘eiffene& @ylimdars by Hiller
118 (Refs 54 6)s

(Réf‘; ) who has. mendeﬁ tha work on unifom sh

agranglan e@atien :?ns useé, vizgs . L
St . , o |
Aé( ) *ORE. T @4 e generalised force.

The f’bll i

3 work- extends. that of Junger by including 'the internsl

Pield effects and givecting the calculation to the §5Iu€ii6n“%£’o? the internal
sound field besides the modal resporiséss The generslised force is
developed for a general type of simply hamdxﬁ.e pmésui*e ﬁela ané, is then

specialised to aplane SOUnd waves - . oo enn
. . .i‘:.'._]_ ‘ ’
is.d W&Mw'

: Consider a cyliﬁ&ér radius @ centre: O the ordgin of mxﬁinaﬁes F,¢
{Fig. 6)« " The vadial snd tangential linear a:.splacements axe denof:ed by WV,

wsgectively with . :
R i‘_' i osT ¢ + b Sia c-<}> e
° .
R i

v Z’c,. Sm r4>+-drcesr4 - (3,1)
mm T term of these Fcum&r Serieg repmsents '&he 6ynamié aeﬂeeiion
in the r“‘moae. The eaeffmients, which are ﬁmeeions of time only,

{

in’:general are goﬁgpl@z, are the geners e& ce—ardinates whcse valuea are .
required. : " . o ,
'  The, cyunae:- i.s ezcite& ‘by an inc:ldent a&uaﬁia ﬁala ?,(r ¢ b)

On incidence there is a scattering of sound about the cylinder and a




transuission to the snterior; .these two ﬁelasa are, denoted by e(vndE),
R(r-%e} :The seattored an& ma,em _pressure fields combine linearly

(since the: 11near waire. equa‘!:ion mll b& assume&) 'bd fhe pressure. at a
Cr ¢, 3 - ?, +1>, L r7a . A3e2)
'U_.’,% b).fv-' I SO r'¢.a. SR ¢ 5.0
These axre ascoustic ﬂuutuations and for not too intense sound )
fields {i:h{z; linear wave equation g_ay,’bje_, assumed viz :-
V=L 2% 6w
The g&neml solution of this equation is; in polar co-ordinates
prowhI MR et
where st_%-‘ } TaYa, ore the golutions of ‘Bessél'*g'quratig‘sn and P
is exactly determined by the boundary: mnﬁiﬁé‘,ﬁs@ |
-Consider, in tarn, the acoustic fields. :
3:241 -~ The Tneident Bields
In practical aivoraft situstions the incident scoustic field will
be either a noise field arising from boundary layer turbulence or the
Jet efflux, or é-cumplicatéa‘ non-randon field fyom aircraft pzﬁp&ilérav

The mathematical represemtaﬁm of these ﬂel&g is mtsi&e the smpa of
this work al‘bheugh it is pcssi‘ble ‘to pmceed i‘or the non-»random fields.
" ror the present purp@se a plane sound wave i‘iela is chosen wh:’mh 13
defined (using the cosordinste systemof Fig. 6) by
) S o T B G '3 c‘b '
P = P exe &Lh(:x.-bc.t)l = 0, axp \_L-&U’“ $ + )]

ﬂ, % (To(&l’) x 2'(5-)“ :L, (Qr) césﬁé) Q-Ffl‘-“’tl (35)



- The scattered field is defined, through the boun condition
by the geometry of *Eheshell and its dynamic deflections:

sfied are te

¢ at the surfece of the cyiin&er@ -—a) nust eqzal the velocity of the

surface W s
(2) At snfinity the scattered wave mist have the form of a

- Averging wave. cme Sonmerfeld’ radiation condition)s.

Condition (2) is satisfied by the solulion of the wave equation

(3.5,
| | 2 (R cosm} B Sin nc})i-\n )(&ﬂ e i\“t] v (5.7)
| wheve \—\ (%) is the Hankel function = Ta-<tn Cend B

b, MU explivt] = [y 2t I_-Lﬁ(“ -c-t)] which has the

:E‘”om of a diverging wave.
' {eana;l;ﬁm (1) aeﬂemine's_ ‘the constants Ba B, in equation (3.7)«

v’!he Internal Pield
Again the internal field is defined by the shell geameﬁ‘y and its
. dynanmic deflection.
B The boundary eondi’ciam in this case are i=
(1) The partiele velocity in the inﬁernal field a‘t the cylinder
muxface(r=e) must equal the velocity of the surfacsee
(z) &t the origin (r= O)the pressure mist be finites

Condition {2) leads to the rejectien :ﬁ‘mm the solution (3.5) of the
function Y, (Re) which is infinite at (=0 . This means that the




wave system within the c}rlindw is S'hationary

The solution is therefora s- .

P. < Z[Cn cosng + Da sin n¢>3'n &Q t‘é?&""‘“’b] i (3.8)

| where Cn anab,. are determined by condition (1)s

The enerahsed forces,

an equations as

Where W is the work done through the displacement of the losding.
The loading/uni"&zma arises from the acoustic pressures and is, in the

L P - (?o * Ps}l rTza _ (3-10)

The forces acting in the tagential (V) direction are viscous forces

f which are very snall compared with the acoustic normal forces, therefore

Sw f(sa.- c.os\-¢ x Sbr sintd)| P - (Pe*?siler¢(3 11)

"' Pwo points were raised by Kafka (Ref. 33) in connection with this
equation’who suggests that in the particular case of a radially unifom
pressure £ie1d the work SW vanishes.  This is true for sll the none
zero modes but not true for the real moden=0, Since, from equation

3.1 there is slways an eéven mmber of halfswaves round the circumference

forn}0, the work done must always be zero except in the radiel displacement

mode,  The second point deals with the volume displacement under the
2w

loading. The work done is quoted as y-dV where in equation 3.11 dV=§an d#

o



| & more aceura:be expression f‘ord\l is givm involvimg seeona order terms
in products of the s:nall displaceuents. _ Iii shoulﬂ therefore ‘be noted
that eq;mtﬂon 3611 répresent's the namal linear appmxﬂnatien usually

" found ‘50 be adequate in problems of small vibra‘eions.

The genéralisea i‘orces per unit 1@3&1 ave

Qac = éﬁq{ = mJ &?u ..(9,.\.&\] cos T4 o\é
Qee' = %‘. = a& e "(?ows)x‘-:o?‘“"?d.'l’

(3.12)

. , : ,(3913)‘
. on substituting for P: and fy from e@xaﬁans (3.,7) these become

< 2a XW CaTalhe) - L Pl cos ng A -1, B (M] t)‘?i\ubt] )
3.3h

__5, ‘.qujn(% ~[ Sm n#d* - T8\ (ﬁ'él*ﬂ’ L‘-Mbca '15)

and Pns 80 5Cn s O, are found fronm the; boundery condition that the particle
velocity and oylinder surface velocity bve equal atV=a + The particle
velocﬁy(\vb in & sound wave is given by the equation of motion -
- ?—e = '2‘!"“ ' r
‘ or ¢ 2L (3016)
which for W= Flmﬁ)i‘fﬂ.i“t‘] gives |

¥

W otke 22 . - (3an)

Appl:leaticn of %:he boundary condition gives

'2 Arcosré +by Sinr¢ = "Lte 9‘.1?" rea

o LI-)C arf.P’*?’JNa

h\'\ =Q$P§.\‘°b1 “l(ﬂ(&éLq GQG *‘-——l _ﬁ} C»ﬂ¢d¢] (3.18)
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| 1y, on substituting these coefficients in equation (3.14) and
{3.15), the generalised forces are found to be

; Tn - W T
Qé“ = “L‘T&ecwé%: &‘3.': - —\-—\!‘:-‘-‘Q]q“ *F'\(.tx

o i
"= 2 [ -da  TBa + Gult
I vﬂ‘aecén i:m T—\;‘,‘."’S] : } (5.23)
where 2w
(O & -on.j ?, rsc:sm#dc} * H“' as %% rsﬁoSm} dg

i
2 ~2a% 3 + “n > Sin .
G‘n(t) = "'e—:.[ er“SInn¢d¢ nnf) w -55‘-["'-‘@ n¢d¢
The first terms in (3.22) and (3.23) can be written in a move
convenient forn by paking use of tha following properties of the Bessel
functions ’

BP0 = Tabd -t Yol
xﬂ\/h - Tv\Yn = T—\’."

vhence .
Q@,‘ = - ‘gk'\'i—\/\kl An ""Fv\(.b) :
- . (3.24)
Qbﬂ = e ‘_R& '\"LX&l \>n * G-"‘('b) 7
(3.25)
Re = B2 Tt
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together répresent the scoustic diiped

Rp. send Y ave the amusfia radia‘&ien an& reac@ian téms an& ara' e
analogous 'to the cosfficients ofxinquatiem (2413)

Ra rapﬁasem:s the amustie daﬂgsing of the stmeture ‘due’ fb ra&:ia‘bibn
of dbund erergy sway £rom ‘the systems X i3 the reactenice; Re +iXa

nce of the system at V=« .
’351“1 _The Tagrange equations.

" If the potential (sﬁmm} ang kinetie énergieg of the cylinder are

known in mode T tﬁgﬁther with ‘ehe goner: slised forees in that maae then by

mears a-f the I: range aqslaﬁién {:he diﬂ‘e:;*em;ial equations for the gener: lised

co~ordinates Ar 4 br ; C-rg;alr;, can be writteny the equations can then be

solved giving the displacements in mode e s These &isplacemén‘ﬁé ¢én then
e sunmed. over theW modes to give the total displacementswand Ve

pressions for the mhential and kinetic energies of a 1mifom P

cylindw (m s%if:f’emﬁg) sre given by wzrbimon and Ai*ml& (Refs 5} who

) usea eacpf'essiens derived by Love (Ref. 6) for the sﬁmseg in a shell
k& elemmﬁ-.,. & full discussion of the &erim‘bien of thaene fomiae and the

. validity of the assumptions invoived is given by Miller (Refy &)s W Tler

also derives more exact expyessions ami mﬁm&s the an

slysis to include
the effect of stiffening by frames and longeronss In the present

* eslénlabion the move spprozimateexpresdions of Refs 6 ave used and

etended to include feme stiffenings ..

‘i‘fsing the mécr&inate mﬁm défined by Fig.( 6 the strain ‘energy in

two dimensions.(that is no axaol zodes) is for the uniform shellq




S,  strein énergy/unit length

oo [ [ Ta0e) =B (vp -wiae)] dg e

(3.26)
whers E= Toung's Hodulus
V’ Poisson's ratioc

W = cylinder wall thickness (notete origin of cosordinates (vw).
is ahell niddle Mace)

‘Eh& Iﬁa&ti@ enerw is appm:dmately
T; % l:inetﬁw mgy/uniﬁ 1ength

f an p bh 2 ‘

= ¢ 2,58 ad 2

+ -w j a o

f A (v ) ¢ - £3.27)
, ° A

wheve (g shell density end a do® denotes Gifferentiation L8-NE . time,

Substituting for W and V (3.1) in (5.26) and (3.2), snd inﬁegra.tingac—»

5 (\‘)(\—o\) L(a., +ncn) -\-(\m —ndyb + n‘@i(cn -ma..)

(3.28)
‘l’ bq "A'!
‘mth Ptz (J ¢ )}]
ma T, =k Teoh[al vBl vl vaT] - G

In this two aimensional problen the shell is E‘hiffene& by framee
onlsfa Thia vas done to ease desk computa‘i:ion of results; the a&ﬁe&
éamplication of longemn stiffening not 'being ﬁzmght mrthwﬁ'xile. To
calevlate the additionsl teyms 4n Send[ arising from frame stiffening
the integrals (3.26) and (3.27) are used but the Z-integration now extends
" over the depth of the frame, Provided that the ratio frsme depth/cylinder
radius is small, it was felt that the approximations would be satisfactory.
Since there are no modes in the sxial direction in this calculation, it is

assuned that the fyame energies' ave distributed uniformly along the

length of the cylinder.
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If A is the fyome spacing then from {3+26)

‘ ¢e = -Ea -‘-J”j; Ve \w +z_»gg{[‘ol¢alz e
1 2(-0%) " a s - £3:30)
g ,_whereb.-.as ‘the wi.&th of the frame (a function of2.) m the term _ﬁ
} o is neglécted in ccsmparisén with ——é
; ot Substiwﬁng for (W) end integrating
Se = 2 B B wrled val) «(al+rbr)( £E, vo¥Te- nzA;zr)

2ad 2.3d  ard
x h‘ﬁnCn“bnA)%(\-;fﬂ)]

; )
| , where Ap be °\Z- frame area
d:t.é‘hancé of e&nﬁre m‘? frame
- AF 2r ‘j 2bed2 © 2F " grea fion sking
. second moment of frame ares
Te = [stbeda © S mens of frame eree

The kinetic energy is given by (3.27) with theZ- limits changed =

= & _“ A a DR N .2 P X N S o »L »
| e —%ﬁ—— Lqﬂ '\"b,—, +C "rd—\l (3‘32)

: tions of motion

| Having found the genez-alisea forces and the potential and kinetie
energies of the shell the Lagrange equations

;—E_X_%ﬂ(_'rs-\-TF)l n 3— (55+5F)
. nay be solved giving
Aa. + Baa +(€a+t¥p§an x Cen = Fa(®)
Rb, * Bbn+ (RariXm) b, = Can =Guly)
PgCn > Den xCan = 0
Adn + Ddn +Cbn = (343%)

(3433)
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The equations 3.34 can be solved when Tnlb) G CEBm known;  for

a gimple hayrmonic exciting field
Fale) = Fn explivt]

G (6) = Gnovp LLoEl o
P“%tim : Olnl(f:) . QYP Y..i-“b]
then
On = Ir :
(L wia) + OB
b = __Ga = )
" (K- WORAY + LwkA |
(__________C. 3 =8 (35-35)
Cn WP n :
. A"\ = _._':._-C-'-—-—-' b"
whers Aw® -D
L N
= - +B +~ &
* AQ D-Aw®

Yy 1s henceforth temea the mechenical reactance of the vibra%ing

cylinder. 1In the sbsence of the amust&c reactence XA resonsnce oceurs
when Yn=0, I‘(: will be noticed that t.'ne ccef‘ficzents B,C,D are

furictions of N , the node mumber, Thus there is one Xnfor each mode and the
zerois give the resonant f‘requemaies (in vacmo) of the cylin&&r in each

node. However, fb‘x‘:" vibr&tion in an acoustic me&im_, it can be seen -

that the total veactance is(Nn-<¥a)and that resonance occurs when this,

is zero.



26, ..

. : !
Exanination of Xarevesis that et the roots of I, (42) , Xa becomen

fnfinite, thus there is an gniisvesonance effecty I Xa becones lary

to & naturel (in vacuo) froguenty of the shell then the i

in the given mode will e quite different to the in vecuo cagos

Tha e Lofa represents the %acoustic Danping® of the cylinder
is@e; the energy loss due to the radiation of sound by the muface;
ghructural &mmbfmmmmeﬂa&aﬁmmoﬂm
moion. |

; sections equations have besn derived for the

3 type of periodic incident fislds To
carry the work a stage further the computation was dons for a pavticular
plm wove incident sound field.

responae of & oylinder € & gene

The pressuve in a plane wave travelling in the nagative < aimeﬁon

(#ig. 6) is expressed by 4
Po - Poaye liklx vet))

= ?° 9_1\? ‘_L k(rcos<l> +C.t\1

Lﬁ, T@RY) + 2 2 P :\n(a>cosn¢1we$m] (3.36)

in which the plane wave 8 now expressed as a sun of cylindrical waves.
. Putting @ into (3.22) and (3:23) a0
Fa L\:) F @bP {_uotl C(.) ?o"\'a \,__.(‘(3%25 3—0\ 92% Sn(‘&‘)]
Using th*}m and fron &;&a%:ian {3+34) the total radial displscenent ig given

- 2 lar] exp [ L(wE +S)|easrd  (3.38)

e cloge -,



whm' s o -&',‘;‘ »?
T st 30
| 1(‘(:\-«0)(&) + w‘ e\‘\ ]y,_
N \ brl =o (3.39)
e} L=V .‘Ir\ ' Un-«ﬂ(ﬂ - Ra °
' I‘ Sr (Ae-wXa) +aRa Yr * so(red|
: (s.zm)

lbr ) o L L |
‘The mmpu‘tation of\av\ has been cmn.ea mit fo? the mc&e n= (o for

8 frame stiffened oylinder details of wh:l.c}‘m are given :m ag:pen@;x B.

. "'r;;he; response curves are shown in Figss 7 and 8 |
Iﬁ‘ig& 7 shavm ﬂne méchamcal reactance Xn and the aeoustiéal

yeactance XA plotted m the sare scale for the moden= 10. From
(3:39) it will be seen that resonance ocours when the ﬁeapency(sf the

.mxdmmveismmﬂmt o o Lo
O(u uXa =0 .

P | S
it [N S L
54,,\;.1‘ . ,4“,, e . ¥

‘ Therefore the interseoﬁiom 4 6C. . af XN snd: uYgin Pige 7 dencte

: iéscﬁéii% points of the systems There are in fact an infinite runber of

‘regonant. paigﬁi‘:é since GXA ‘has a quasisperiodic form and there are thus an

*inity ‘of intersections. °
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Pig. 8 shows the msmnsa me f‘or the moae 0=10 ; the resonances
A6, C correspond to the ir;temec%imss in gy 7» The dashed curve .
shows the responsa in the sbsence of acoustic effects (in vacuo),
Consider, now, these éffects, - Acoustic damping ari@eg from the
radiation of sound energy fyom the vibrating system which represents to
the structure a damping of its motion; this damping is given by {3e28).

Re = & 'é',,\.s“""]l

Thus from this expression the mag)ituﬂe of the acoustic damping can
be &etemin‘eé for amf frequency and mode. . Junger (Rei‘q 8) gives curves
of Ra for N=0 (1) 10 plotted sginst &5 &

The acoustic resctance Ya is mainly "i?é:spamiﬁi@ for ‘the changes in
the respcnse curve fron the * in vacuo! condition (aashea me) There
are three consequences of the ei‘fec‘&. ‘ Firstly, tha‘ﬁ whereds in ‘che *in
vacuo' case there is _q_r_gg res@nant. frequency, in the present system there
g6 mony reééﬁan%'ﬁé@énéiééfg this is due to the coupling between the
‘structural vibration and the wave motion within the dylirder. Sécondly,
‘there sre points in the ¢urve whére the response is zero. These arise
from standing wave tﬁodeq vhich occur in the intérml fiel&. The frequency '

_ for a given mode 1 at which this anti-resonance occurs is deternined by

* Whilst Junger's paper does not consider the transpitted interior field
his function forfa is identical with the result here since there is no
energy loss in the internal field.




2% .

oy T S - .."1. o
. (8) =0 | , .
J ) e {see 3,25)

Under certain, conditions this gives rise to  the third consequence when
the 'in vacuoh resonant frequenocy of a particuler mode' lies close to the
4 frequency of antiwresonance due to the internal fieldi In this case .
the response curve becomes very different from its shape when acoustic
effects are ignoreds This last point is well illustrated in Fig. S.

A caloulation was carried out to find the response in each of the
first twenty modes to an incident plane ‘Wave of 160 aB(rela to 0.0002
dynes/em” ) intens:.ty and frequency of 5?7 ¢/5. . These results are shcwn
in Table 1. The total amplitude at$=0 (eunmation (2.38)) s 20 %30
inches. ‘The predomman-& mode at this f‘i‘equmy jan< 10 with'an
amplitude of 26 x 10 inches. e Ce |
'linaér.

' From the eﬁpressions already derived it is passible to- calmlate
the distrivution of sound within the cylinder. Equation (3:.8) givea the
¥alue of the interior soiind £1e1d P, where thé coerficients(. anal, are™
gwen ‘by (3.20) and (3._2‘1.)‘., For the case of plane wave excitation

: ‘.__% Lec T"%‘b cosro4>cm R o -
P - L T (%) 0 f3a3)

Fig. 9 shows the sound pressure level along the $=0 axis for an -
incident p‘laﬁe wove of 160db at 577 ¢/a; - also plotted is the level due

to the principal (N =\e ) mode alone.




Prom (3.7) and (3,18) the external £iéld pressure f,+P, nay de

computed, The expression for con‘t:ains two terms the decond of which
" represents the scattering when the cylinder is rigid and the first the
effect of the motion of i‘hev‘ oylinder surface, Wiéner (Ref. 9) shows
ﬁﬁhé Eﬁéﬁtm from a rigid cylis

er; for Ravto an&+—‘° there is pressure
doubling at the cylinder surface. MHotion of the surface csnseé‘ alleviation
of 'pmssure doubling' and in the example calculated there is a pressure
inci*ease of 5.8 db a3 opposed to 6 db in the rigid case. :

The nain points of the sbove analysis may be sumarised is
1) Assuming -vf:he linearity of the wave eq;tafion to holds
which is the case for not too-intense sound fields,then the reflected
and transmitted fields can be considered independently of the incident
field, - This means that the-acoustic damping and reactance are independent
of the inoident field and are inhevent properties of the system:s In
the nonslinear ¢ase the amplitude of the mode response is not directdy
proportional to the incident pressure; the independence noted above
. would not exist,
2) The method ensbles the response in any mode to be
coleulated for a given simple harmonic incident fielde
3) fThe interior sound field at any point may be calculated.
. &) The acoustic reactance tern due to the interior field nay
modify considersbly the 'in vacuo' response of the structure ond ’thex-éfore

should be included in any calculations. In particular at frequencies




5the responae is zexo fo:tf Me mac‘te consiaeraa %his :i.s temedanti« |

Sonancés » :

5) Glosa to and cuté*»ﬁe the cy"* ndey -bha sca%erea fmelﬁ Ps ‘

cﬁmSéﬁm en :merease af saund pressuré to a max:imxm of‘ de
The wrk in the follawing ehapter ez'bena;s the a‘bove analysis ta
:&nolude aatial mo&es.y

. . . s - . Ay
. )



The reslmﬁse of a cylmaer stiff‘ened with :E'rames

> ’lane gound waye.

h The 'pm’tﬂem on cyiin&er‘ Vi‘b’z‘a‘bﬁ.;m: in the preﬁéua dwpter was
lﬂ.mite& to modes mm& the cylin&er, in pﬁcﬁiee the vi‘bration will
malve mcaes in the aﬂal &irection also. 'l"he s;apmach to the .

| pmblem ig the same as before But gives :m.zéh nore mmplicatea expregsions
' ond requires mich computationi With the aid of the Pegasus digital

computer, it has been possible to develope a pmgramme to do the

he2

The problen analysed here is that of a cylinder - lengthZL , with
theavy * frame stiffening in the niddle and at each end which resists
. radial and circunferential motion but vhich is free in the axial
direction = vhich is subjected to an oblique plane wave whose axis is
at en angle 6 fo the cylin&émﬁﬁm "mght'frame and longeron
stlffemng is allowea between the theavy* fl‘ajﬂéSi The systan and co=
ozﬁinatés are shown in Figs 10s Agsin the Lagrange equa‘t.mn is useds
the potential and sﬁra;in energies are given by Willer (Ref. 4) and are
included in Appendix A  the aeﬂec*emns of the cyl:.néier surface are
defined by » |
axial deflection = 2‘4 ncesnd cos "‘“—:

%

- ,
¢ircunferential deflection = V = 2 Z Boan StA np s M’TL\:Z |
e ° (5.1)

[ ‘.‘.



f&ﬁiﬁl deflecﬁi@n = W= d’i.% Cmﬁ.ISIn ﬂl} s\ l!_\_‘!fcz\
[-Y L

1t is essumed that the incident exoiting field is symetric on$ =0 ;
this is not a limitation but merely makes for simplicmty in this particular
cases | |
To solve the Lagrange equetion the generalised force is required
in the WVW  girections; in the W,V directions the only force seting
ore viscous ones which can be assumed amail (for sir) in compardison with
the force in the.-radial {w) divection. |
One important spproximation is made in the ana;i.:rsm 5 this conceins
the seatiered :ﬁ‘;le’ald at the ends of the cylinders The scattering of the
incident field at the ends depends mainly on the shepe of the ends, for
exampley :ﬁhe ends can be flat discs; cones, hemispheres, éﬁe;i or
. combmatims of these. In alil cases the aﬂalyt:mai. difﬁcu&’éies of
coping with these would be greats The approximation made is therefore
that the effect of the end scattering is small and may be igroreds It
is felt that this will mean that results will not be relisble near the

ends but that away from the ends errors will be small.

o341 _The Acoustic Fiel
There are thres sound fields to be considered; the incident field
denoted Po 5 the scattered field fs and the transmitted snterior fieldf.

ps and P; must satisfy the wwe equation

Vz? c. —%“

the general golution of which is in cylindﬁcal cowordin

tess
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with

0") %

? and f, will be aetem%m& by ﬁha bmmaary canaitmns.

Iy o 12,; The Incldent jﬁ'iel&
@he same remarks spply here as in secﬁmn 3;2.1* the expresasion

3’1@6 howaver is modified - this will be treated laters

3, Jhe Scattered Field Fiél& ‘ ,
There are two bmmdary eon&itmns W apply on (14_.2)
1) atT=a the particle veloeity in the resultant sound field
( Po+B ) must equal the surface velocity of the cylinder
(W) |
2) the scatteved wave mst be emtgaing.
Condition 2) is satisfied by the function

'a) _ ' ' -7
S (ﬁmr} - Is' “'\/s . ) (1“3)
The first mn&ition is written .
- e L3 (f’*ﬂ] (hule)
%i‘meref‘ére
. | '(5
%%tmnv CoS n+ Stn m,!r:z. = :i’é 2‘2 Bs “S g?:( ¢) S(n (%)
o - c,uoe L rea. . (11-05)
from which it can be seen that | =
$En
Hence “y = !Er
giciels vy, o‘. S,'W’\"l
i = = Rl B (R OF

~he l j \ cosnp Sin w%z ol$ oz (8.6)

cEa




i ‘ . R ._-—L—-— ®
rﬁ w. O(g.. ,b e_.ﬂ,Lu»tl Y (ﬁ«&) Q‘f?&.‘,"’q '“'%va :

2+ 24

JJ [?'9%} coS ﬂc)smaﬂfzolwz

rea

(7 )

e " m ‘voundary ccnaitions apply in (442) for the internal ficld.

1) atT=& the particle veldeity in P; mist equal the surface
velocity of the cylindew (w y

) 2) The pressure field must be finite,

’ Condition 2) lea.ﬁs %o the rejeetion of -hhe ﬂmetion Ys (&..r)
which o0 as ¥ —» ° . ' '

Applying condition 1)

jii‘.(""“ cosng S vﬂr\;}

= :g’é‘ Zz Amn Jn('& °b 2?3,( ¢) san(Q'z)

S=n
a = r'n'n" '
Hence qr -
- - 7 Cmn )
o e °—ﬂ><~~““3 | T (89)

heb Thef 'feneralisa& :E‘brce.'

fhe generalised force in the Ia )

zian equations is defined as
PN : o
2 Yenn




this problem the generalised force is Pegquived for the.-zgd{&és described
by (4sl), therefore , 8 S
o 20

: | Sw:l I Y.?" (f°+9s):§ SCmn cosm} swa m‘tfl déd?'. ;{%m).

then la-u‘-n.': S
R < B -
Gme = 2 [ flﬂ ()] e e “"f"",‘ -
I T %, (lnll)

Using coefficients determined by the bmmﬂary cbn&itiens in ﬂ?e .;’gré‘v:i-ﬁuax

sections '
jol Cmn 3‘“(}“‘) c°5ﬂ+ smm'g'__
ﬂ...tf (imq> ‘ '

. .. | w2,
- g | (-—t‘g ﬁi‘&'{gm“)cm“ - .b3(3ma)§m1rl_j‘[{26:-,co$n+ smm‘lTZd?d)
) 7( ( \’(&m;) c‘,snme rﬁ_)}} o %Sn*.sm Q_’EA_Z d¢dz
. 10€a Cmn [ Tnlkma - BIOGLDT
...“ \——":b R T (&,,p.) “——-——“ (‘?.::,, .“—,L

e

'(1;.112)

ﬂ? a cesmf SinmuZ déo\z ¥ fp tTmv 'é%z‘b) %:“fﬂ c,osn¢> sm m’TZ d;dz

(2.33) o
The first term of this wpx‘essian for Q,,,,, contains Cm,\- 3 the

eoefﬁéient of Con represents the aéoustic :mpeziance oi‘ thé systema

The last *’W terns of (&513) 85~‘V" ‘bha*& part of the general:usa& farce &ue \ |
to the incident field A
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The acoustie impedanca s g:h‘en by the coaff:i:czent of C-vm in !1»-13

namelya

. (,)
=z ‘i.'o GLTTL :Tn(’lma - (&mﬁ}}
za —%.:— [ 56~ Fooos

(.e...n,)

'rhére are two cases te mnsider accarﬂing as &m is real or. imaginary
am W2 - (=)

1) ko real, L 5> er

 knowing that (Ref 12)

:rh\lh\ -Th‘Yh = ‘ﬁ‘aa-c

then o ‘
Zpn = - (RG "“-xb

where R
Re * 2ok [ T (8] G

3 Y“ “‘ a i o " Y " (4‘ “b
*a Ty 3 AL ()}

Ko and Kqare the scoustic demping and acoustic reactance terms discussed
in 3.5 and the ssme remarks apply.
2) B dmaginery L < &€ |
The arguments of the Bessel functions are now imsginary; knowing

that (Ref. 13) _
Tl = " Taliod)

Y @ T app | Mned] (o)

{
Z(\ = —l.Xﬁ



vhere _ o ,
X V. wea |\ S-lv\(‘%f*\“) * Xn "(\*Mbb
| k) L Tallkmtn) " en(®emled Lo

(4617)
| }]_ and \(.\are the m@diﬁea Bessel mn@tians which are alwaars real for

peal positive argumem;s § hence Zais purely reactive at' fraquemies
'be&aw ws= M‘KC Th&'a is no raﬂiatmn of s@aﬂa a&mv fmm the system
ané thua no acmusﬁia amging; thé shysical interpreta‘tion of this:

cut-saff effect is aismsseﬂ by Junger (Ref. 8)«

_ & pmbiem of some inﬁerest :ié the excitation of the stiff'ene& cylinder
by an oblique plane Wars, symmetriaal on 4>-O ﬂms& axis ig :inclme& at
angle B to the cylinder axis (Fig. 10). The wave, with wave fronts pere
pendiculer to the 7 exis is | o |
o= P oaye Uot- R

S (%.18)
How > = -r‘cos4> |
(Pige 11) m = ZcesO % ¢sin e
. Hence A :
Po = Pootp L’u.st] LYIp L——lk (‘Zc.ose *rcos¢ S\nb} (419)

il

?o ) 1 4 &m\:] erp|-ikZces 01135(&61 no)
* 2.% D" Tn (Brsin e)CoSn;s (4420).

'I'he gen@alise& farce is given by 1;..13 $ the integral
) 2L

_\.%Z. CASQ
e S\n ng_rg_o\z _
e (5.21)
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Tz 'ﬂg o | l _ e-..lz'&““se | '&mse * Q_\E
(Y- Reos™® | R | (4.22)

And the generslised force for this case of an oblique plane wave is

= Za € — W
an Za Cran _—_T_—:___—- Xl-— -cﬁﬁLcosjz_“_q? Q¥r&\wg %
. “ (TTY- R7%0s™®

(_:L)"&Tn(i“&g - \% (@—ndb % sin® Tn (qusmejx

“»(&ma) .

(he23)

tan equation for the generalised

2 (%) < 3% - o
Yr v (he2h)

where Scand T are the total potential and kinetic energies of the

vibrating system in texms of the generalised co-ordinates which in this
easaaz-e QAmn # Poon 3Cona '.-‘ mpressions fGi‘*_théSQla?@ given in Appendix A
vhence using %heée and equation 4.2h the following set of differential
equations are obbtained (using the notétian of Appendix A)e
Ham + Bomn = Bbmn = TEmn —CCmn =0 ’
"R amn + fbmn +'.D\=-m +Némn +E Cmn =0 (A-zs)

' -jamn + N bmn - G‘an +E bmc\ +QCWM "'FCmn = an

-

" Since the solution will be periodic in time £ , then

and putting this into 4.25




Ko

“ (F\ w “)q'm t D bmn + (WT~C) Comn <o
(‘ B) Qmn  + (D-wH) Yoan * (E-w0™N)Cma =0
(02T~ &) Temn +(E- ©*N) bon -‘-CF'-'»"CP - LWZRA) Tonn N
gl ‘9”""} o (4:26)

" where 3 Qe o is that part of the generalised force due to the incident
field,  From the first two of the eboveOmn andlo.., can be expressed
:lmté_ms.df Conn a04 using these in the thind equation the solution for Conn
is obtained e | |

E-mn = %QML ?o.
(Kn-wokd) + Lo Ra

T ‘ ‘ (&»i??)

There (T~ e)[ (T-)CD-*H) + B(E-w" N)}

Xn ~ +E-o"9[ (p-utH)(E- wiN) + B(*T-Q1J 4(F-uq)
. 2 (A_. ,A?.H)(B__ Q‘M} ‘ (I}.QB)

| Xniﬁ aepeh&enﬁ on the structural pmpertie:;g the frequency and the

. particular mode Mng  it-¢éah be considered as the mechanical impedance,

From (4.23) and (4.27)
&»l _ - t2tBeos ﬂﬂf{lat] *
c”’"> - R

Conn = [ (¥n- ~okR)-uake]
(e o (-0 T (Riasia) = Haliedy ot %sme T. (&asmﬁ)}

B (R } (4.29)

(¥n - B X" + w™ RA

The numerical computation of the sbove expression for the displacement
in the mn gode is clearly unmanageable other than by automatic computation.

A programme for computing C,,, , has been developed for the Perranti




"Pogamus® computer and dstadls sre contained in Appendix ‘
A stiffened oylinder was chosen having the followding dimensionsse
radlus = 5 8, ekl thiciness = O,040%
Tength (21) = 40 £t frane specing = 20°
Jongeron spacing I-E‘ {40 longsxona)
The frame and atiffener geonatey is shown in Pig. 11., the ﬂraues and
atiffenﬁra being ﬂ@i&y attached to the ghin,

The response to a plane wave at several angles of incidence was

' &mﬁe& for a & noy of 2h0 ofss  The pmma is arrarged so that

the accustic fopedances Ra and Ya , the magnitude of the response in the
Ma" 5688 Cmn » and the phase sngle Emn 5 are caleulsted, Teble 2 shows
the amplitudes in the first ons hundred modes for angles of plane wave
incddence © o Pig. 15 shows the amplitudes sgainst & for the move.
‘important modess Tt will be notdced that the curves peak quite sharply
indicating an angle of maximum acceptance (or gensralised force)s. 4t this
' oy (240 o/a) 1t is the modes N=3-b coupled with m=3-b that exe
. predominants At the higher values of n andm the smplitudes becons extrencs
oy sund, dndioating thet ‘pansl? modes are not important at this frequency.
o s unfortunately mot posaidla to nvestigate tis modal charnctar
: ‘is%ics at other frequencies hut it is felt that such work would y:lam inters
estﬂng information. A¢ higher frequencies it is possible that the higher
" mode mmbers will be sxoited, For propeller noiss caleulations interest
is centred in the Inw fremm:? region whers the incident pressures are

largest tut other types of exedtation, for example boundary layer fluctuse



G
tions,ﬁxehighfrequ@ncy Yegion is ym‘bably eqaallyar more important,
The a?buve éalculaﬁion ean be’ use& to investigaﬁe the éffééﬁ ‘of V‘
varyiﬁg thé mmm pai‘ame‘&em me ”%hesel can be mamy altere& in
:.’the progmmmé« : AR ‘ -
m ﬁsmsmu of the Mtaﬁions of the- ahmre ’cheorv ana possi‘ble

‘eitensions is deferred'until Chapter 7 - 1t

T




The propsilers & and B rotate at the sane speed but have é,:pl‘}asa

angle difference & sg.showns T8 15 leie that the, relative phase batween
_similsr components. of the field from eaca propeller at a ﬁypical point P
in the fuselege will depend, anong other things, on ©. - 1t 4o not the
puxpose hére o ae%enﬁmthis é@m&ma onosince this s a prodlen in

propeller ﬂﬁiﬁ& theorys Bub, by ta ing two &m@éﬁﬁ@?
. woves with phase angle € between theny to find the sound pressure level

at a gensral point Pe S . ?R—{-)ﬂ Nwﬁeﬂ ﬁ' " Q’Wb“ﬂ

Consider the plans waves, P P .

3 plane

, of squal m&iﬁuﬂaﬂ and fraquangy W

. but with a phase difference € ,
jopinging from oppeits gides onto
the fusclage structure. An expression is formulated for the sound pressure

at o point P inside the fuselage snd then ninimised with respect to& to
find the condition on€ + The twoedinensional theory of Chapter 3 is used




here although the prodlem could be gd?ﬂ,x‘fé& for the ‘thres dimensional case
but with more cémplica‘téa expressions; |

The general expression for the indernal sound field at poirxt p(rh¢)
is given by (Eg.w 303) -

i Z (Crncosnd +Dasin “‘t’)jﬂ(q“b ore Liwt]

(541)
The incident plane waves @, and P ore s;ymm@trj.cal on the ¢~° axis

-Ehemf‘ore the wholé syatem has s:mme%ry an& 5,1 beeomes

(I Z C.h Coanb In(&\'} Q*fﬁﬁ“bl
The coefficient Cais (Bqs 3020)

Cr; - -iec Qn ' o
| eve Liotl Ta Toth' {5¢3)
where & is the velocity amplitude in the o radis) mode of vibrations

Hence from 5.1 and 5,3

Bt mtee T An DD g (5.)

The radial velocities of the swrfaee in each mode due to the ineidenﬁ

- #ields YL and fp ave therefore reqmrea An . is given by (Eq. 3.35)

Fn _ ' .
(X - wXa) + L Ra ; CS.s)
P . oy
where ? is the gmeralised force in then made, ~this gena'alisea f‘ome

Qn =

will consisﬁ: of two parts arising fron the two appcsi‘ﬁe rumﬂ.ng plane waves.'

: From 3.6 a left mmng plane wave c¢an be written

e R[5 + 2T 5 aant] o]

(56)




and a right running wave with phase angle €-nC P is
= B X_«T.(ﬁé > 2 f(‘i)“sf\(ﬁr)cosn§l Q‘[{Ci“&:}ﬁ-%?&.“‘] {5.7)
The gmralise& force for the ﬂ mcfae is given by 1"7% 3437 which

forﬂ. is o e L
i) (&A o a a t . o
\ :r () - r,.ml& [ m_»c] (5’3) |
. and for ?« ' ) R
B F’,‘g = %'; ':_\: 33\ —-I }\( L) f’ o, Q\ﬁ?[_t@t *Cé)]] (559}.

thmfox*’& o
an _ Lw 4_'0“,“ K““ :Tn _j l\\(l.) +L L) Q 61 erf l" t_.! {5.10)

(Ra- un(a) * T Ra

(v, 9) = e_;\f&mt'_\zwgc_?.-m 2z __(1_ cosnp LT
' - R ° ,(_Xn an)+Lb°Ra
It is this which must be mininised w.CC € \

nn“’:rn =Tlwmed'e
l “&5.11) ]

Eqs 5.12 csn be rewritién in the following form

P.= -8t QC.‘Z 2.,\ g",ga cosr Cod ( o §(7 X
a(Ra) J e %(Xn-wxn)t*“"g: "

exp ] L (Wt -o¢tn - Fa +&3)]
80630, (r g cos (T S epLilos bt 8] Gia3)
with

n 4] . T an? "'lﬁ
0.6+ & FiR e flsa-and -6

(5.4)

o Ta' (Ra)
Vo' (Re)

w Ba.




It cen be seen from 513 that the effect of the even modes (n even)
on the intérnal field can be removed by pubting
by pubting €=0 .,

e €= and the odéd nodes

This arises because the generalized force in thesé modes is zero under
these values of € n general both the even and odd modes will nake
significent contributions and hence € will have some value between O

and T,  Retwmning to 5413

e o S .
P = Clzg“(':¢)¢°5(9g" e/,_BCOSC%—\(h)casob

e e ln)cos (T =52 s (Fam¥n)sn 98 (5425)

Cl - 3@‘-"?¢ ) La + Fn

Hence

10\

C. {29 (_r)cos("f‘f £)ees (% - ‘6)1
6t S ontndyes (-5 (-]

- C:%Ee . gs Ccs(%ﬂ - e/l> Co$<§.§r-r —%)@5(354 Xs> ‘

(5.16)
ow \(’;_\ the emplitude of the sound pressure at £(T, 4;) must be minimised
w.rt & v ‘ '

1d %L?:\ ggc B ws(‘&:--\%)l-‘- Sm%‘fié)r—e}] (su38)

‘ii | 95 cos(¥r- (Q\Stn(__}“‘cose C»S_'is)rﬂnéjw 18)

L]




A .o sor o st

O:8s CoS(\SP;KQ S!n(t_‘_-_\-é)-rr\
, tane = 22 De By cos (x;—-g,) c°$(::s29-1‘.

{5.19)

" this espression gives two values of € corvesponding to the maminm

and minimum values of \P;\ » In a mimerical exsmples it will be possible

to determine by inspection which is the correct value for a minimg

& calculation was done using the results of the vork in Chapter 3
The value obtained for€ depends on the point ¥ within the fuselsges &
caleulation was mede of the value of € slong the $=O axis and the

£51 jawj ing obtaineds L € |
o kadill
, X - ve | tos7’
' o3 1° 16
0-5 ‘10 33|
o4 2\° 42

Cor
A-value €*5° was arbitrarily chosen and the sound pressure plotted along '
the $=0 axis: for plane waves incident from the right end left.

Fige 12 shows the results obtaineds

Itz ¢an 'be seen fron Figa 12 that considerable attemuation is o’btaﬁne&

with alteration of the phase angle between the incident fields. 'Qhese




58,

R

¢alculations have been confine& to ﬁnﬂing a phase &if‘ference between .
the two incident waves which gi‘vrés a reazzé‘&ion :m sound pmésum level
along the ¢=0axis No caleulations have been done at other points
mﬁmtha cylinder spacé- |

 characteristics of struetures.
It shou].& be mphasmed that this is a very simplifie& ma‘hhematical

model of the sﬁa‘te of aﬁ'aira oceuring in a practical case; but neverthe-

less it indicates the benefit that can be odbtained fxom correct phasing.



It was seem in Chapter L that a wbratmg structure in an acoustic
‘me&:mm @pezﬁ.ences a demping due to the radiation of energy away from thé

- gystem in the_fom c;f’ diverging sound wavess ‘The damping was evaluated
for the special .case of a circular cylindrical structure vibrating in
loxffgitu&inal and circunferentisl modess A case of some importaneé is the

- ghape and finite size,

vibration of a plane elsstic plate of rectangula
. Problems conceming the sound transmission properties of such a plate
ana also the stresses axperienced by the plate have so far been extremely
hampered by the lack of numerical values for the demping in any particular
- nodes | Indeed; at resonance the damping is the predominant term end thus
the accuracy of any numerical result relating to the plate regpoﬁse depends
oritically on sccurate evaluation of the dampings |
The method usea. here to evaluate the radiation aamping is the well
known Rayleigh formulae The difficulty of this method lies in the
- evaluation of the resulting integral which has only been solved analytically
in xestﬁcte& casesy in particular ‘b@ the raﬂiation from. éLrig:i& eimulax“-
piston which 4s treated in Royleigh's becka Yhen the radiation oi‘ a -
surface which is free to vibrmate in modes in mj.x;ea it is‘ found fzhat the

resulting integrals ave vexry awkwards an analytic solution was sought but




an extensive search in several books of standard integrals was unsueccesaful,

The integrels are evalusted mmeri

11y end this has been done using the
tPegasus? eléctronic digital computer, |

A similar difficulty in this problem to that in Chepter A is
encountereds namely, acoustic seattering round the boundavies of ‘ﬁhqéaﬂéﬂfu

| ‘o obviate these, the pancl is set in a rigid flat baffle, . Sirge t’h‘é
edge effects are pmba‘bly not significant aﬂay ﬁmm the edges then f'or
nmal size panels, this mathmaﬁcal res%ﬁatim ié not sevm.

In the problen treated the ganel; radiates on one side only; 3if the
panel radisted %o btoth sides then the numerical answers for the &ampim
wmu& be twice the figures to be q;aote@w‘ | o |

The plaf_a length & ‘bx;éa&ﬁhb ‘:1_‘.9 ‘se_ﬁ' :inan infiniﬁen rigid wall, the

cowordinates are shown in Pig. 13. Consider a fluid in the region to the

right of the pi&te with densitye velocity of sound< and thé plate motion
perpendicular to snd measured from its median plane to be

WE TS Amn dalsd fanly) e¥pfiot] .

m A : . (6.1)
vhere An, fm are the mode shapes which depend on the boundary conditions
of the plate in the wall, that i@ the eage fixations For the ptﬁ'posés
of developing the thaory the eages have been taken as pinwjuin*ﬁed vmich is
equivalent o zero curvature snd therefam gero bending moment mund, the:
efges; this leads to

Z 2 Opn Sin NTX s\ nILY
% t a b (6.2)




B

Owen  Dericdic in'time, frequency « reel(s ,
The Rayleigh expression for the sound pressuve sbove an infinite
£iat plate at a general £isld point 17 is

p- -€ 3%
I

where ‘l‘he double in%egfal exténas over the pla‘te area arrﬂ —i:‘ is the

. e 3

L eppl-thilds (6.3)

normal plate v‘elaci‘ty \\l *

" Pron (6:2) and (643) there appears to be two methods of mmuatsm
the rad:i»aﬁian mmpcnén'b of‘ the amustie loading on the plate. Ei’cher
the souid pressure ca.n be evaluated a. 1crxgmayx:amy from th& plate anc‘t then
.'f;he acoustic intensity integmue& over & hemsphennal surface the real
part of the regulﬁing expression giving the dampingd ox the pressure at
one point on the piate can be f‘cmn@ ‘Que to the effect of all other ¢lemental
areas and then the préessure can b i&ntegiraﬁe& through the modal displacé=
ments to find the generslised foree which will give a rxeal part, the
dampings. It vms thought that the former method would lead to velid |
approximations and hence an anlytical result; this was the cebe with the
#4gia oiroular piston which gave a result identical.with the second method
(trested by Reyleigh) but no success was had with the problem 3n hand,

"

; to the second method; the generalised force Qma is

= oW | , o s
Q"‘"" 2 %mn vheraSwis the work done by the acoustic field

at the plate surface,




:‘ S\J = Ij gqm P(I,%)Slﬂﬂg} S\n Ty ?\x A%
‘ . R ° Co (6-15)
L Gan U Pl ) Sin 52 S0 T4 doc dy
(645)
Using equations (6.2) ang (6.3) and the fact that
3& = U
‘the following equation is obtained for ?('x-.qa)
X
?(- \8) Jj qumﬂ Sin rﬂTx $(n_ﬁ (..\-) Q*f& L&T] p\an (6.6)
where
(:c -2\ (y,- ')"

Hence J' ¥

| = LwQ Ra'ﬁi Qen St n‘lbc 5.,,.?‘ o.xé_—&r] 5'"'1M~$lﬂ0‘_m__3 o\zol:c'dxd‘-!’

The real part of the coefficient of qmv\ in this expression is ‘thé radiation

Y j -
R« Q J@Zﬁ A Sin n‘l‘z Sin :\E.W‘:s Sin Qr:rn nﬂxsm r%rs o\xo\3 ?6‘00; \)3

narg part of Qmna réprésants the reactive loading of the ﬂui& on
the pia-t& for sir: This is snall but for water, say, its effect should
be included and will slter the resonent frequencies of the modes.

An interesting aifference is noted here between the cylinder aamping
and the plate dampings. In the equation of motion for the displacement in

the mf"’ eylinder mode the only damping occuring was one teran proportional




t6 the Jvel@'ciﬁy’in that particuler mode; in the plate. pm’m;fem the équa%ion
c:ﬁ‘ mof.ion i‘ar the diaplacement in the mn*mde eoma:ms & set of damping
-eerms pmportiomal 40 the velacn.ﬁiés in all the other maaem m t.‘ne _

| .equatwns are eoiq;le& tagether thrmgh th@ aamping temse Physmcally th:r.a
means thaﬁ,. whéreas in the ¢jlinder problem raalate& pressure by eme node
combination does no work in any other mode; in the plate pmblem tha pressurea
set up by one mode do work in other m@des. '

- A
For the present pury “'sa @nly the aamping contributed by the™n mode

is éonsi&ere&; . _ v
" Denoting the cosfficient of A-m by Rv....., the demping coefficient in

the mn'k node becomes from (6.7)s

znmn : %JJ Sin Qf& x') +g I‘) Sin nm' SQﬂ -Ei’xnms'nm M%‘”‘d:“
an Ee=3wlgy T el

1t b

_g_ﬁ. g\-“'X\-h I l& Sin 27 Lﬁ;\l 'F)I'W') +(ﬁ~>(§ §) Stn n‘n"7 Sn m'rr_( Sin hﬂ'?-ﬂn mrj

ech (‘7 7) +(.§.§C§ 3'> # d?ddsal’
(6.9)

'Whére&zama of the plate = a b ‘
N= wavelength of the rediated sound field corresponding to the (%) frequencye
The fraction on the left hand side is the ratio of the plate' radiation

damping in mode mn to the rigld damping of the plate at high freq.xéﬁaiesa




This ratio ié- a ﬁmrr:;ian of %he: plate aspec% ratio £ » the mode mn,
and the ra'tio of a typical pla%a dsmension ‘&O the wavelength of the
.rad:a.ate& waves.g ) B‘or a given m&er mn & fam:i.ly of curves can be plotied
of the &amping aga:i.nst the mn"aimensional f‘requency perameter for' various

Cvalues of 2 . ’

A solution of the integral was sought wi%ﬁcut success; therefore
 recourse was made to the digital computation. The quadruple integral
'(619) can be reduced to & double integral ”by a Jacobian tmnsfarmation"
{see Appma:ix D) to the forme |

Ra o(pfj (u,\b[(l-v) cos NIV +-\-Sm n'rN] [@»u)cosrmr& -&;L“T.Smm'rrﬁd“dv
‘ iﬁ'.m)

ﬁfh A= % P = 2 Fl(a¥) = sunzjrok Jv"-up‘«.‘
' v v o+ F"}b".

The computation was cafrie& cui: i‘or the ﬂm&ammtal mde n-! M=l ,
for different aspect ratics over a range of the non-dimaasional frequency
paraneter %:;' . The aeoustic damping is plotted in F‘ig lln These
results are utilised 1a.ter (chapter 11) in the calculation of panel
strgs&iés;.. This progremme should be extended to consider higher mf‘i‘;e;
combinations. Appendix E gives details of the programne and method of
operations o ,

Concluding commenté are ga.vén in the folloving Chapter in which also

is discussed the work of earliez* éhapf:ers.

- 'I’he author ia maebted to Dr. 2}} Gléave f‘or pointing th:.s oﬁt.




5.

xt X of this mrk: has been concerned with theoretical methods for
caleulating the strvctursl response of progressively more complicated
- structures when excited by éimplg harmondc pla.ne sound wavess |

The s'barﬁizzg point was ~ﬁhe simple model of & plane ix;mmite single degree -
6f freedom plate spaced pafallel an infinite soundshard wall. The
model demonstrates the effecﬁ which the sound field in the vsﬁ:ace between
the plate and the wall hes on the plat@ yesponse (Fig. 5) and the transe
mission of sounds This model shows in a simple way the less obvious inter
nal sound ﬁela effects which have been found in the next structuiral model,
more complicated, but more fepresentaﬁi’va oi' maimrai‘ﬁ fuselage,
alled infinite circular

This model 4s the periodieally stiffened thinew
cylinder excited by plane wavess The caleulations show that meny modes
" of vibration are excited but in the particuler example token only a few
modes meke a significant contribution to the internal sound field (Table 1).
fhe results also show the internsl sound field to de far from uniform (Fige 9).
This model has olso been used to show the effect on the intermal sound
when plane sound waves are incident fiom opposite clireeticnss ~ The calculas
tions show that a ‘phase difference between these waves can be found v}ﬁich :
reduces the leval of the sound field at points within the fuselage s*pacé
(rig. 12)s
11y in this class of problem expressions have been formilated to



.
.

Gesl with the case of obliquely incldent phade sound waves allowing
longitudinal ‘as well as circumferéntisl modes of vibration of the sﬁiffénea
cylinders  Calculations have been done for a particular cylinder at é_me
frequency for a rangs of engles of incidence. Many modes (Table 2) arve
excited but usually a few predominate and these modes will be restnsi'ble
for the bulk of the sound transmission to the interior. |

 Results have also been obtained of the scoustic radiastion damping | : !
of & récfangular vibrating panel set in a rigid wall using R‘ayleigh"s '
theorys . These reeults (Rig. 14) will be found useful in a later section

of the mrk aeal.ng with panel response to acoustic noiseo

The present work hasbeen concerned with periodie vibrations of
various types of; structure: The work is restricted 'by the requirement of
linear vibrations which restricts the magnitude of the amplitudes. &
further restriction in the case of stiffened structures arises in that the
stif'feners must be clése‘ spaced; this is not Severe at low frequencies
where the lower order modes sre predominant. At high frequencies where
higher ovrder modes become important, the structural theory will %reak
domne The question of large smplitudes with consequent nonslinear stiff-
ness is a difficult one and does not appear to have been solved even for
& gimple beam. The nain difficulty lies in the solution of the differential
équation, However, with high acoustic¢ loading the ‘platé is cartainly

vibrating in a nonelinear manner and work in this field is needed.

Another assumption is that of meode shape, necessary for the Lagrange approach.
Again the question of deriving the mode shape from the differential equakidn



is the problem; probably here it is' specifying the boundary conditions
 that is aifficults Further no sccount has been taken of structural
 dsmping, ., The acoustic restrictions are those of lincarity and scattering

effects. The assump tioﬁ of linearity precludes ‘Vez'y ‘.!.nte:nse sonﬁ&

fields whils‘t: the latter is thought to be si only near the ends
of the structure aml daes not effect the gemralise& forées too @ea.%ly.

In the thme-&imensionai s‘tiffened cylin&ér pmblem, several interest-
namely t.

ing pﬂinﬁs could be purs |
1) the ﬂrxrestigaﬁon of the nodal response o the

1 obnque ;glane wave over & frequenéy range up tc the '
linit of the valiai'hy of the stmetuml *heary
(see Miller Ref, 1&)- N |
2) the iﬂvesﬁga‘bion, using the "’Eagam&“ programney
of structural changes such as frame and stiffener
sizes and Specing (bearing in mind the basic load
carrying requivements of these structures).

3) the cuestion of non-linesr stiffness at large
smplitudes.

4) the extension of the cylinder problem to that of
forward flight. This could be done by using the
solution to the wave equation in s moving set of

co=-ordinates for the i‘mﬁsﬁf&e' fislds This work
should lead to the supersonic flutter problem
investigated by Prof. J.W. Wiles and others.




5) from a practical aspect; the question of the effect
of aircraft cabin acoustic sbsorption on internal sound

fields, This work probedly 1ies s long way off,

'6) the spplication of more complicated sound fields such
as those from propellers and also. the question of
pmpellerw phasing discussed in Chapter 5.

7) the investigation of mode shepes in stiffened
structures,

Much of the above requires considerable analyticel and computational
work and careful practical justification would be needed before a project
~ #uch ag item 5 was attempted. In perticular, items 3 and L seem to be of

fundamental interest.
The acoustic damping m&iaﬁon of flat flexible plates needs further
x &) should be of value here, The

examination and the programme (Append:
question of damping coupling between the modes should also be considered.

. In conclusion 1ittle or no experimental work has ‘been done in the
work diseussed in Part 1§ such work is desirable to su'bstantiate the
theory although the ﬁfficulties appear to be formidable.
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So far; consideration has been given only to problems where the
incident sound fields are pe

jodic in time where it is possible to specify
the incident field completely as a function of times Such problems have
an important practical spplication; for instance in the solution of

response to propeller sound fieldss The sound field produced

structur:
by & propellsr is essentially complex consisting of Pourder geries of
harmonio frequencies with each o:ﬁ‘ which there is assoeiate& an amplitude
and phase which is depen&efrh on tha field point consiaered. Nevertheless

~each of these harmonics can be treated. ’,”

s

rately a5 a function vwhich is

completely known {that i@ at all instants of time) smd the summed total
effect of these hamord.mcamponenﬁs can be found on the structure, Two
1t-@ort~sm1 sources of time dejpen&erﬁ gresswe ﬂuc‘l;mticms are excluded from
the 'tres.tment sa fax‘ consiaerea; these are the fluctuations cansed by the
Jeb eiTlux of *&he ‘f:urba»;;et engina an& the flucﬁuatians cshused by the -
E turbulent boundary

layers These phemmena are mzt ahare;ctensg& by the
discrete frequency terms as in the propeller 1—3&3'&5‘»\ Indeed, it is ot .
- possible to write dmm an égpredsion for the pressure ﬂuetﬁatimns at a
given point as & function of times Such ﬂumaﬁons go under the heading
of noise or random pProcesses. |

In acoustics literature the word *noise’ sppears to have two distinect

and separate meanings under the broad headings of subjective and objective.




Subjectively 'noise! is defined as ‘unwanted sound¥s In this, as for
éammpie mstuﬂaance to & eonversation;, whe‘bher of fliserete frequmcy or
otherm.se; wml& be &&finea as miﬁ@i Z% :Ls not ﬁhﬁa &eﬁmﬁon of noise

Whieh is meant in this woxk, but rather the ob;]ec-biﬁ-e definitio:

the nathematieal one that - a misa ﬂu:r&ua‘t:lon is sne that ¢amnot be
expressed explicditly as a ﬁmction of time. The words ‘noise’ and

*random processt can be teken as synonimous.

In fact the difference Ee%ﬁeén %?xépeﬁc&i@ pmcess and the m&m
process is that, whereas in the former :it 1s possible to predict with |
cert:ainty what the sta‘te of the systen will be a‘h *&im@ :&, in the latter
gach preﬁic%ian is not possible but only a pmbability can be sﬁateﬁ that
the value of some characteristic flucﬁuating quantity will be wiﬁh:‘i.n some

‘pjg'es&‘ihed linitse As is stated by Waﬂg and Uhlerbeck (Refm 31&);» the random
process is defined by a set of pi@ﬁa’bmﬁy distributions: A Knowledge

of the (inﬂrﬂrk@ in the géneral ease) set of pmbability aisﬁri'butions would
define the pmcess complétely. Fron these all the average pmperﬁies of

the process could be obtained, The messurement of these pm‘babilit:tes does.

not seem to be a practmal pmpasition and the computation fmm Sayy an

© oseillosespe trace would be pivhi‘bitive in tmey. It is clear that whilst

mw hathematical theory existe which enables the pressure flucﬁzations to be
predicted, some practical form of meammenﬁ may be made in order ¢o YL
~determine the statisticsal properties of the process (e.g. the length scale h
of turbulence and spectra in various directions). 1t is precisely through




such measurenents that insight is gained into the physical processes.
which should then provide the ‘basip:f?ame‘work for a mathematical enalysis,
The work on turbulence theory and si;—mcﬁ;re vibration due to .mse has |
shown that ﬁher& are three meamea‘ble qusnﬁiﬁw of pa‘rticula;‘ impoﬂance
in the calculation of structural response; +these are the @aeé&wrrelation?
éu%q@rral@:ﬁbn and power spectral density functions |
_ Taking the last one first, it is clear that if a;ne has, %ays; a random
i:lucﬁmﬁing pressure, a knowledge of the energy distribution thmugh the
spectrum is of first importance. The power spectrum density function F(Q
of the random pressure is defined in the following way &=

o0
fo F(F).éF (8'1)

vhere E" is the time average value of the pregguz‘;q ¥ (F)has dimensions of
(Pi‘essure‘)b Joycle/sess  In the case of a set of @iscrete frequencies, £
would be a spectrum of lines. For a random process the power spectral

‘ density function is a continuous; function of F .

The sutoecorrelation function of the pressure p(t)is defined s =

. . +I .
R() = oD ecc*—‘c) L"" j ple) p(E+T)AL o
- 182)

where T is the separation in time between two parts of the same signal
PU:) » The product P (£) p(E+T) is aversged over sn integration time | 3

for R(f) to be accurate this integration time must be much lerger than "‘5:_

where €, 4is the limit delow which the power spectral density function




is considered to be insignmificant, So that for low frequency noise

processes, the integration time T must bve long in order that the auto- .

corvelation function RE) shall ve accurate, There is a well known

rela-t:iemship between ’che power density spectrun ﬁm::ﬁimF(F) and the sutoe

correlation functionRlD first noted by Weiner (Ref. 15)s It is that F(F)

and R[©) are Fourier transforms of each other viz te

- | |
Rl = j E(F) ces 2w FT df

&
F(F) = 4-J Q(-c) cos2r €T OL‘C‘
° (8,3)
Thus a knowledge of the fanction R(T) can be 'used ©w evaluate the

power spectral density ¥ . A further uge for R(‘l’) iS for th"

detection of a pericdic signsl buried in noise; this ht?weVer is beyond the

scope of the present discussion.

fhe above two functions give information about one signal PLY) j

they are éne-dimensmml quantxties relate& to the time domains In

electric circuit ﬂaeary this is usually adequate but in the phenomensa of

turbulence and random pressure fluctuation, spatial variations also play

a major role. The measuresble function which brings in the spatiasl dimens

sions is the space=co orrelation function, or more generally, the space-time

| - N
correlation function, Consider the pressures at points in space ¥\ and U

?‘(_?‘ ,Q ?‘(.;"‘“ \:) then the space timé correlation function is
) +I
R(r“ ”-c) L\m f ?. (rnt) ?t(r.“ +’C) ot
Cdx (8.4)



and the space=correlation functn.on is
R(ED =bo, [r@onEose
L : ‘ g5')

2
-

If statisticsl) homogensity in the region T i sssumed, T\ can be
teken as the origin of co-ordinates ard R isa ﬁiﬁéﬁi&n of the separation
between the signalsy {8+5) becomes

Teo

‘ - +1
R(E-T) = b J TR R(R,D4b |
= (8.6)

It is importmt to note here that not on;l;r the distance be‘hween the
points at which the signals are sveraged but ‘the airec‘t’ion also {through
the vector difference r= \" T ) is importante

The space~correlation function as shown by Powell (Ref. 16)5\ and as
will be shomn in & later section, plays a major role in the computation of
the generalised force due to random loading on a stmcm In turbulence
theories vhere a knowledge of the size and sﬁmcture\ of turbulent eddies
is required, the space=correlation function is a necessary measurement,

The space~time correlation function provis a powerful method for determin~
ing the direction of pmpa‘gation of random wave trainss
The technique of correlation measurement in ecoustic noise ﬁ;elas:;_

has only recently been developed; the experimenter is presented with a

wide field of investigation,




Allied to this, the time needed to accumulate a gensible amount of

information is long, even when one has availsble a continucus px-mary
. sourcés Nevertheless there is no doubt that if a better understanding of

randon fluctuating processes is to be obtained, such meéasurements mist be
made, The succeeding sections of this work. descyibe some. experiments
on model and full scale jets in which correlation measurements were mades
An interpretation is based on the yvesults from a furbulence viewspoint
and also some of the measurements are utilised in & calculation of the

stresses induced in a £lat panel.




Some t_:imé‘ before the suthor commenced his period of research at
the Uﬂivemtyaf Sbmhamp%ahf? it was sppreciated that a genexfal« PUYPOSS
space-time correlator would be an essentﬁ.al piece of equipment for a more
&é‘be:ilgz& study of random phenoména; in particular thoge created by jet
mixing but also more ganemlly in the fields of electronics and vibration
studles: During the period of the suthor's work at Southampton, the
spacmrmht;on equipment was completed and the author was able to assist
in ollaboration with Drs ReBEs Fmﬂzlm and Mre ‘K.R; HcLachlan in the
neasurenents, The work is geparately reported in Ref‘s. 17, 18 ana 19.

411 the measurements reported in this section were made in ‘the:_
inmediate neighbﬁurhma of a two inch dlameter coldsair je‘h Succeeding
sub-sections ééécﬁbé the equipment used and the measurements maée-. It
, that an investigation should be

was on the suggestion of Dr. Franklir
carried out clése to and parallel with the jet boundary. The results of

these messurements and a correspondence between Dr. Franklin and the anthor
tends to confirm that turbulence in the jet mixing region is, over small
tut significent distances at any rate convected with some mean velocity

downgtresn with only small cherges in the eddy structure of the turbulence.

This point is elucidated in 9.6,

The main items of equipment used in the experiments were t=
a) the two inch diameter air jet on which the measurements

were made .




b) the gr‘dbe micmphonesa_ :

c) tha ommle.tom

B 'l'he air 3et was pmviaéa by eschausﬁing high pressure air stam& in
| a eanve.ﬂte& Lamas}ure steam bollers The ‘boiler astored eompressed air
up to a mamimm pressure of 150 pag.:u. 'ma adr was wmpresse& by an
electric motoredriven air compmsscr taking asbout 75 mmtes to pump
'the ‘bo:ﬁﬁ ‘er up to full pressure. Gontml of the jet pressurs ratio and
‘hence the jet exit velocity was provided by & hand control throttling
valve, The vaive was confrolled to give a conatant up-streamn saﬁtling
chamber pressure recorded ‘by a mecury mammef.er.

To the exﬂ of the second chamber could be fitted a vax'lety of
g‘amexfgentx nogzles g:z.ving the m@imﬂ Jet eﬁit &iameﬁera ‘I‘he diameter
chosen for these experiments was two inches. This aiameter was influenced
by several considerations,

Firstly, for correlation press;uré measurements it is ﬁm&amemtal ‘

.‘that the pressure measur:lng aevice measures sans:i.‘bly at a pe:mﬁ in sPace
~ and not over an ares;y +to thm end a pair of matched probe miemthnea were
&é?elopea (Ref. 21); These mimphones were eﬁ‘ec‘biwly the standard .

1 incm tm:knate&: by a fine bore Waemic tn‘bes insi&e dlame‘&er B.OB“‘

iy a&dusted cavi'ty

The pmbe is matched to the micmphone thmugh & caref
ta give a frequency response which, mhilst falling cff with increased

frequency at 6 dv/octave, has no resonsnces or anti-yresonarxces in the



frequency range of inte@egﬁ (abésu‘b &ﬁc/s)\ | The two p‘m‘be .

miauphcnea were, matchéa over this fbeq;enay range 80 that nawhere 65.&

their responses differ ‘by more than 0.5 éb. _ _ ,

‘Wiﬁh‘ﬁ‘xe; fine bore mmphamg.ma the srpsctation that strong space
correlations would be present in the rangs of one jot diameter it was
eléar 'chat it would be quite praaﬁml t0 g9 *Eo ajet as small as .c:me_
inch a:i.ameters, . Howaver, two e%éeetimsw%re raised to thiay Livetly
that mth the snaller dismeter the spedtrum of the pressure fluctuations
vould move up the ﬁ*eqpency seale and possibly deyond the dimit of the
known response of. ﬂ»e mimphane probesy - secondly with the smeller jet
grea%m* care must be - aken in yasi*mming the microphonesy |

’I‘he othér nazzles aﬁfailable at the “'cime were a f:wa ind'x aiameter and
a fmx- inch alameterc ' 'fhe :i“aur ;mch aiameter was f*mm *!zha pdvs:ita.oning
' pom% of view fztm bas-t; ch@iae 'tmt with the. umz.«bsa wpply of“ air emilable
m:a the. Jet velec:wies mxicn wete to be asea, the much Jarger mass flow ag80=
~clated with the fz‘cur m‘ch jet would have maae the gnthermng cf suﬁ‘icien‘b
information pmhibi;tively slows The best eompmmise theréfore was the
two inch jebs

Fig‘ 17 shows a ph@togmph of the 361'; with the mﬂcmphoﬂes se% in
positions fhe movesble nicrophone is mounted on a screw thm:aded ﬁra.versing
gear and can tyaverse linearly past the fixed nﬁmyﬁ@ﬂea

 of the Erginesring
Blectronics Department of the University of Southampton as a general purpose

The correlator wes designed by ¥rs K.Re Molachliar




instrument covering the ﬁ"’éqiifém?,;j range O = m,ggg o/se. T8 35 fully
descrived elsewhere (Rofs 19) snd 30 only the smgn@ festures ave
described he:?eq o . | | ’

& Block dia,gz-m of the cbmputer is shown in Pig, 18. The signals
Rensrateﬁ by the pressure fluctuations on the aia;ghragnm firs-{: passed
“thmugh Y eathedéa-fallmér mounted wi%h the micxﬁphcne, the cathﬁ&eﬁ

i‘“ollawer ma%che% the mimphme to the long lé:ngth of cable the

sma:ml to the :ms’emmemi z‘oom me mﬂmphane fzaé@ency :cespﬁnsa falls
away at 6db/6ctave henée ‘h‘he f‘mt comporients in the coml&tm* are a pair‘ '

of ma‘hche& mﬁ.ﬁ‘oph@na 1&1‘9 which can be salec‘be& to g&% a f’lat

_ Tesponse curve or a response rising ab 6&b/oc£ave mmpansaﬁe for the
probe response. A mt mean square meﬁer and fine tontrol atﬁeﬁuaﬁoz‘s ,
are ‘buiit in at this atagé 62‘&91' fo g&aust the si@al strength at the
input to the eorrelatdr. fc,’hs cemputev eons‘.iSﬁs of a quartei%-sm.mre
mnl’cz.plier inccsxwmting a biase&-&iaae i“emétion generator; fallowe& by a
"pair of moaifiea booﬁ&stmp wﬁegratorss An ﬁniemtor eireuit 1ntegrates
| the Mtiplier output over an iﬁteﬂ’al oi‘ 1€} seccnds aﬁér which ﬁhe
integrator output is fed to an eaﬂogaestos&i@ltal ocmrﬁer snd thexn to a
aigxtal regisﬁém ' 'rhisa conversion process takeg mugmy two seconds and
during the next eight see.an&a the integrator is errorecorrected for drift
by & smﬁqéﬂzanisma At the end 'of a twenty secoﬁ@ period from the start
of the prwicms integration, the integrator sgain starts to integrate the
multiplier outputs. Thus each integrator works on a cycle of twenty-second

periods and the two are staggered so that the cutput of the multiplier is




contimuéusly immted and sgdded :i.n on tha digital register whi@h

mibits the teountt on amtmn tu‘besa, In tﬁis way an inteyation tine
of any multiple ‘of ten Beeanda up to & hun&re& secon&s and aﬁy nml‘biple of

a hundred seconds up %o one thousand seconds is possible awiﬂm ?‘W small

errors,

In these ememenﬁs *l&hree aperatﬁrs were requﬂre&, one epem.ting
the mn‘&ml valve for the jet and moving Q:he m:x.cmphane, and two' @perating
the computer and recording the resulis.

- As regards the jet, the main difficulty was in controlling the pressure
ratio and hence jet velocity; in fact it wes not possible to controlithe
upstrean pressurs to better than =+ O\ RSl at a pressure differentisl of
°l‘ pst » this represents a velocity fluctuation of S Bes at abcut 890 ft/aec.
This fluctuation was acceptable but at higher pressmfe ratios control fell
away ba&l& and some sort of servo~valve woui& be desirable.

The operation of the corputer prresfmte& 1ittle difficulty once the

instrument had warmed up and the servo mechanisms balanced. Thre ree basic

twenty seconas_a {(This allows for a ten aecond indegration time and time

to record the integrated count and switch to the next neasurenmmt). These

neasurenents were .
1) the integration of the cross product P, 6
2) = @ € » (pressure)‘z on one micxophone.

3. ¥ - .o T *  the other micyophone.



"6 is the correlation function which s normalised by BR to give

~ the corvelation coefficient | .7 . "
R < ?;?i

The questian of integration *kime was satf:le& by compuw R for se‘nrai
a&fi’eremﬁ :mtegmuicn times and 1% was esta‘blisheﬂa tha* in the present

| Lﬁesf:s ten sea@n&ﬁ m q:z:ﬁ*l:a adegzate, an& so a 'ten’ secén&s integmﬁmn time

iwasﬁ usee. fcr all m’bsequen% @perimemsu | -

¥

'l'n achiéve best ar:curaoy with the éampu%er care must be token in
se%ing the a.ttexmators in ordey tl‘mt *the sigml strength of each asignal
is abmt the sane ana g:hfe@ a mie.asc:aéle &ei‘lection on the R.!&Sa meter.
'xm two s:.gnals werse alsa mnitorea on 4 double-beam asam%mpe 85, that
overlaading or signal peculiarities could ‘be quicl»ly def:ecte&; It -isalso
possible w 'aisplay the correlation on the osc:r.lloscope by having one sigwl
‘on the z=plates and the othexr on the ysplates. This visual wpreeentatimn
is very useful for quick surveys %o es‘ba:blish the or&er of magmtuae ot‘
correlation 1&233&1@: in various directions..

‘ ‘em‘ﬁs.' R . . v .. r

. Doteils of ne 5
In the complicated pressure £ield associated with the turbulent mizing

oi‘ a free~jet, the mmber of correla‘%ién neasurenents one could take is
a‘lmst without limits To narrow thé ﬁela sonevhat tha: neasurenents were
limited to the near hyamaynandc'* f‘iela, no measurements were taken in
the far fiela; vhere the ﬂuctuaﬁwns are acoust:z.c. There is some Cons
jecture as to the limit of the near field but it is considered that the
region within three diameters is well within the limits of the near field.




A& further restriction can be ma&éx"?s‘y‘ limitnmg the meaéuremen‘ts % the
first ten disnmeters &owr;s%irwaam;. This decision has pmve& to be sound
in the light of Ribner's (Ref, 22) work on the aisi;.,ﬁh‘;’tim of sources
alang ‘#:’he Jets - Ribner concludes that the main scoustioc radiation emanates
fron a flat platesn of high intensity sources in the first few dlameters
and that beyond thm position the intensity of noise s:auréev strength £alls
off ag the seventh power of the distance from the jeteexit plane, Hence
it vould sppeer the region from zero to (at e meximum) ten dismeters
aowns’_hream: is the region of vm@sf importance, | |
Having restricted the messuvements to this region the question arose
as:to the traversing. directions, or in effect, the choice of co-ordinate
axes. ¥ight there not be some planes on which the éomlaﬁén would show
s&nmeﬁw‘? Poseidbly, such a traversing plane would be the coniecal surface
- with axls of symmetry coineident with the jet axis and vith *sides' parallel
%o the jet 'bmmdar'ya | This was rejected since at the time- the 4raversing
gear was néi: obtainablés ‘neﬁ;thé:c' wa.s %ﬁere: the tine {0 enter on s
ambititous a progranme of measurements

The traverses finally chosen were those parallel and perpendicular

(@utwaﬁs) to the jet boundsxy and also correlation over sn ares was measured;

this area being in a typical plane where possible structure night be in a

practical full scale caae,
Big. .19 shows the lateral correlation coefficient with iffeferen:;e to
the fixed miérophone 6.2 diameters downstream and 0.5 dismeters from the

jot boundary (the jJet boundary was determined as the 1/10th welocity line



L]
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making the total spreading sngle ebout 129”?).; * Some scatter in the
measurements is noticed for corrslations below 0.2; this. is probedbly
explained by Pige 21 where it is seen that the integrator ‘count! (vhich
13 proportionsl to the mesn square pressure fluctuation) falls off '~ ‘
extrenely rapidly over the first six inches outward from the jet. Under
thege conditions it was found difficult %o adjust the signal strengths
into the computer since at that time no fine atteruation adjustaent had
Yeen fitteds L o ‘ _

Pige 20 shows longitudinal traverses parailel to the je‘t: B

at a position 5 aiametem downstrean and 0.5 diameters away fyom the ;iet
btoundarys These curves show two interesting features. E*u‘stly there is
epparently no change with jet velocity and secondly there is a merked
difference between the longitudinal and lateral traveises, The
independence with jet velocity will be returned to later whilst the
difference between longitudinal and leteral traverses is further emphasised
in Figs 22.
- In Pig. 22 space-correlation with respect to a point 5 diameters downe
' a:tmam and 0.5 dlemeters out from the jet boundary has been carrvied out over
an amamenﬁing ehout 3 dtameters upatrean and 3 diameters vertically '
domnwaidsi It 1a seen that if we consider a downward lateral traverse
the correlation falls off slowly (as in the outward lateral traverse)-
coppared with the longitudinel traverse.




between the sutawcorrelation coefficient and the spacescorrclation
coefficient for traverses neor and gﬂréllel't@ the jet boundary. This
ves dased on the asmumpbion thet the microphones wrs sensing "hydrodynante®
incompreasible pressure flucmmlqm assnciate& with theé turbtulence washing
past them and that 1% was this convecﬂan of an e&&y contedning a random
wevestunber structure that wes cansing the major fluctuation; the change
in the eddy structure itself with +ime belng rvelotively slow. The gpace
and sutoseorrelations simuld then be.equivalent on scalizag with respect to
the convected velocity; since, if the changes in the e&ﬁies are small, thHen
& micm,:hane at position B distance ¥ downstresn from A shonld correlato |
strongly mth & if delayed din time by sn emount b ® 3 which is *xizsﬂ: amfficient
4o allow the eddies at & to arrive a% B subst am;iam unchanged. WL , the
mnvsction velocity was taken as half the local meorimum jet velocity and

. this value used in all cases.

At the time when this was propesed, the auto=correlation unit was not
yet available so that the sutowcorrelation curves were obtained by talking
the Fourler transform of the normalised power gpectras The power sepotia
were obteined using a fruel and Kjasr thitd octave band amalysers the

nicrophone signal being first fed to the correcting amplifier of the

correla“&or and then to the spectrum analyser. ‘The transformation was

achieved by = straightforward mmericsl process and normalised to give the
auto~correlation coefficient of unity for zero time delay. TFig. 23 shows
a typical spectrun and its transformation ¢ an suto-correlation coefficient,

" 1t was decided to investigate this relationship at the four positions



shown in Fig 24 2 and 5 dlameters dowhstresm and 1 and 2 Qismeters out
from the traverse line showns  Pigs, 26 « 28, show the gpace and aufomeors
velation curves plotted together af positions 1y 2, b in each case the
autoscorrelation curves have been scsled to the space correlation curves
using half the maximum local jet veloclity as the convection velocity., It
can be seen that for the imner positions, 1 snd 2, the agreement is good

but that for the auﬁe‘r" position {(4) this is pot the cases It was Jéoﬂclﬁ&ed‘
thevefore that this relationship of convection would only hold nesrer than

ahout ‘one dlameter away from the jet boundary,

About this time, Dr Franklin was conducting some full secale corrslation
| measurensnts on a 21" diametor hot Jet at Farmborough {R.8.8.) at the
mx'reég:anfling pogitions. Figss 30 « 32 show the model and fall scale measures
ments plotted together on a non-dimensional —% basise

As 8 result of some corpespondence beiwgen the author and Dy Franklin,
a simple theory based on the convection hypotheses was proposed vhich
vould cnpla:?.n some of the results noted above; nomaly -~ that the longs
titudinal correlation curves were iridependent of jet velocity snd hit the -
ron-dinensionsi correlation curves (Pigs. 30 '« 52} should coincide in regions!
where convection was occurings -~ This work also yielded some interesting
resuits on the effects of filtering and £ilter bandwidth,

Gonsider a frozen pattern of turbulence donvected at a velocity We 5
with a wavesriimber spectyun G(¥) , past a fixed point in spaces The *time’

or frequency fluctuations seen at this figed point will depend only on WU.
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parmmeter, It is often referred to as the Sin

het murbexs It hes boen

suggested by Ligh
constant for all jets and ho uses this es part of the basis for his now
famous sisdiarity law for noise production fyom & jete Thus $he function \r\('b
nay be regarded as a universal function for 2l jets (see Big. 29)s
The autowcorrelation coefficient is
N
j F(«) cos ST d»
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J,: F(w) el (9:3)
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This result, obtained by corsidering g a rigid pattern of turbulence

convected wii!_sh_v'aiigeity Ue confirms the obgervgaﬁi_@ns,nbﬁ:“ed in the previous

sections K(%) is seen to be independent of 7 and hencé independent of
Jet velocity (linearly related to Ue ) and jJet exit diameter D .. These

wore noted in relation to Figs. 26 and 30, ' '

H]

7+ For structural response calculations it is necessary to know the'

éor‘reiaficm coefficient in narrow f‘re-qaency ‘bands s Filr&eri;ngF(@ ina

frequenc}y band Ve~ Sw ‘bo u.*'s‘” is e@ivalm'& o selecting NA) from P.- __‘_'_2

to 7o (9;5) becones, assuning the bandwidth narrow so ﬂmﬁ“('ﬁis

flat over the range 25’? centred on '7,, P

, Smx |
2(%) = " Fo cus Vo2
e O Sm % D §
7—{9 ' ' : (9:6)

Stn SR o

R‘%(% = 20e cos WweX
EE R (5.2

Thus ‘Zu.(_%) is independent of jot diameter but in contrast to the overall

corvelation it is dependent on the jet velocity since ths distance to the

firat zero crossingX , is given by

We2X, = T
e =
e Qo . ,
’L\ 2.0 (908)

This result seems to contradict the observations of Gallaghang Howes:




and Goles sinde in their messurements the filtered curv "“éé were indépendent
of jet velacity (?igu 8; Réfa 21;.) meh is not in accar&ance W“?th {9:8)
shove, FNm physﬁ.cal mmaerations one gould exgeat '%h.a fesult wfe)

- above sinee f&l‘“ ‘

; mth mweasing §§ﬁ speedl means éamec*bion af
-pzwgressﬂﬂely largex: wave mnbers ‘Ba kaep the x‘requency thé samez ﬁais
meem pmgressively 1ai'gex eadies and hence larger mm.l&tz&n saale,
.iaee the aia tance %o firs‘t: ﬁm cmss}.ng inweasing m*&h sgeeﬂ as in {9 8)..

| ma to the faet %hat the turbulence in prac‘ﬁice is nevex‘ mlﬂzely
"ﬁ'@zen* equation (9s7) probebly anly ag:;;l;&es over & ais’éanca of 2 or 3
eomlatian "ngthsa The effect of bandwidth is shown in (9.7) I;:f the
factor | o o

' Sin 22 e

2U.
2Ue o £9.9)

New the first nepative peak occurs at

S x - | u"w . ¢ ) s 1
== Z e :
o 6,9.,1@)
. and, the factor (9.9) controls the maximum amplitude Af the banmam is
So .
larges fThe factor (9.9) is sensibly unity for Sy, "“'01 ding with
_(9.1@) 5;:3 9-3 ~ 2.5"{ .« This vould indicate tha-a 3

octeve band filters (ban&?d&th 23%) mlc‘i give sufficiently sccurate filtered

space correlation results. This c@u‘m ens

ily be checked experim entally




9.6 Ccmlusiom

The following are comia.red £0o be “&he main regults of the« limitea
space. eorr&latian mm@aems deseﬁbe& aibmre e

1) the limitea near field spacewcorrelation measuremm‘c's .
tend to support the m@ﬁhesis of a *frozen’ pattern of cone
vected turbulencéa The pressures 'méaﬁnre& are eonsi&ered to
be “hy&roé{ymic“" rather than acoustic since the pressure
field is convected a’c speeds related to the jet effiux and

- much lower than the speed of sounds  The préssures are
those asmcia‘ﬁe& with a group of turbulent eddies being cone
vected dowmstream with ® velooity of cne~half the local
maximm jet velocitye

2) the simple theory in 9.5.2 based on a convectio:

hypothesis indicates that the space~correlations plotted-on

a nonsdimensional basts should be the same for model and
ﬁxll—scale Jets; this is borne out f‘c}z‘"pdéitions within about
oneé Jet diameter Df ‘the Jet boundary. ;

3) the questiﬁn of filtering in a eonvective £icld s rained

although it ig felt that the results in 9.,“3 are of a ‘&enﬁa{:iva

nature requiring éxp&:z'tl:nemal evidence to veni‘y *hém or

otherwiae. .

The anthor's opinion on the basis of the above work is that the region
of most interest in the jet pressure field is the near fiecld and that a

detailed study of pressurs correlatilons in this region and hotiwire



{

correlotions of the turbulent eddies ﬁ?i_@mselvéa will y:_iei& basie information

in the jet study. Certainly there is a need for :Spaééﬁﬁiﬁé correlation
as well as spmé?ﬁomimim to f‘umh&r exanine the convection of the
pressure field associated with the turbulence eddiess |

A‘lm for s%mcmz'al responsa caleulaﬁbn@g {in{‘bm%ian ia required
of filtered space=-correlation messurements and much work is m*equ:z,md here:
& relation is requived too between nodel and fullescale worke 4 limited
number of fullescale measurenends are reporﬁed in the following chzq;téﬁ
al%hnugh it was not pcgu”ble, due t@ lapk of time; to pursue the work

further then messurements of overall Spacescorrelabions.




Space-scorrelation in the near field of a fullesesle
sty Dot Jete S OR—

Very 1itt1e woxk sppears to have been done on the meaéuf'emené of
Spaceacorrelations on a fun:-scale hot j’ei; 3 the only report avallable
to the author*s knowledge is one by Callaghan, Howes; and Coles (Rei‘- 24)e

It was felt that the right thing %o &0 at th:&s sﬁage was, :lf possible,

to take a set of full scale measurements with a view to comparing them with
s:.mnar model experiments ana also to gain some idea of the type of preasure
£1e1d to vhich a stmcture night be subjecteds

It wes fortunate that, at this time, Vickers-Atmstrongs Aircraft Ltd.,
had available their noise test rig at Chilbolton, nr. Andover, Hants. It
was agreed that a set of measurements: should be made and Vickers accordingly
put the rig at the disposal of Mr, K.R. Hclachlan and the anthw- vho
together conducted the experiments desoribed belows \

Thé Chilbolton noise rig consisted of a Rolls Royce R.A.: 24 turboejet
engine (see Figaf'jfv)a The jet was shielded on one aide by the aireraft
fuselage and the rig itself anclosed in a pen, The walls of the pen were
of the order of 20«30 dismeters distant from the points where the measure-
ments were taken. The walls were treated with ab;az%enﬁ: naterial in order
to reduce reverberation within the pen. From the measurement point of view

this was undesirable but was thought to be not too seriouse A short
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ealeulation indicates (see Bppendixz P} that the result of these éamstmnta
will give a value of the space-Correlation coefficient slightly low but
accurate to shout P which was consjdered adequate under the circumstances,
The traversing équipment ahc:m in Fig. 33 wes constructed from
. scaffslding materials and the microphone teped in position, - Since the
Jet was pointing slightly dowrwerdsy the traversing rig bad to be tilted
slightly., During the ruming it was found that the rig was sufficiently
rigide Radiel chalk lines wers dyswn on the ground and between each
measurement the traversing srm was rotated to its new positions In this
weyy with the microphones at a given sepavation dstance, the racial arm
was-rotated through ircrements of 134°%; a measurement taken at each position.
- The measuring eguipment was contained im a hut along witlh the cngine

- controls,

The correlator itself (briefly described in the previous chapter) is

. & falrly bulky piece of equipment and it wes not considered feasible to
transport it to Chilbolton. Alsc at Chilbolton there was nol & sufficiently
well stabliged power supply. It was therefore necessary to record the
nicrophone signals.  This was done on a twin charmmel %apeﬁmcamar which ‘
vecords similtaneously the signals fiom each microphone on magnetic tapes

In this particular recorder the recording heads were mounted side by side

and hence the two tracks were *stoggered' slightly: this means that the
seme tape recorder must be used on playsback of the signals since the 'head®

spacing is most critical {this latter point could possibly.be overcome when



a timesdelay system is a;vailable 80 ﬁ’l'a.“b"@?le" channel could be delayed |
_ in time relative to the other by an émom‘b thab could give a ﬁrevimaly
eatablished eorre'tatmn between the two m&s)a

The micmphones were a ma‘hdxea pair of Standard Telephone's, Type 4021F,
. "Ehese are moving coil micxophones which are not i&eal for low frequency
nessurementsy = However, a laboratery test was conducted with the padir
using tones generated by a loudspeaker, The ﬁ:tgnals were displayed as
a Iissajou's figure on an oscilloscope and with the microphones coincident
an investigation over the frequency range 50 = 1,000 ¢/s was conducted, _
It was found that the microphones showed little phase shift below 1,500 s
and on the Basi‘:s of this test it was felt that this pair would be adequate
for these full scale mwements where ai@ificaﬁﬁ sﬂgnals shove 1,500 o/s

would not be present,

LY, S

.The microphone i was consi&eréa sufficiently small compared
with the jet diameter (21 inches) and with the major proportion of the
pressure fluctuations below 500 o/a the directional characterisites of the
microphone would not effect the results significm‘bly. . ‘

‘ The microphone signals were amplifieﬂ through a pair of matched
osc¢illoscope amplifiers which were tested for relative phase shift and found
to be ééﬁigfac‘sa:w' over thefrequency range of interest. Tﬁe signals Wera

-monitered on the oscilloscope Yo check ageinst overloading and signal

The engine was adjusted to the required R.P.M. setting and sta¥iliséd.




The ampli;ﬂer a%témam were set fo _give the recgzire& signal level on to

the tepe (about 1 volt RMlS:)s The rundmumber and nicrophons position
recorded on the tape and also. mgea; the signals were then recorded
simaltaneously on each dxanml for 6@ secﬁnﬁs 'é’onzswad by a 25 seeond

breal :Ln wiich the traversing rig vas rotated to 11:3 new wsitiom The:

nmzt neasurement was then taken in the same mennery the engine conditions |
remaining constant all the *Eﬁ;mea’.. ﬁherp an sngular traverse Had been completed |
the engine was shut down to idling conditions and the microphohe separation
istance changed, the traversing rig retumed to its initisl angular

se%ihg and a %s;'ét» of measurements taken at the new aéparatiéng‘ |

The recorded tape was

alysed through the correlator using the same

tepe recorders Tests on integration time showed that' 10 seconds was quite
sufficients

. 20she3 ‘ .
| The following table shcws the pasitions a‘h which *neasui‘emmts weres
‘ maae‘ in order not to overload %he micmphane the engine R, Pite was get

. at 65‘7’5 of the maximum Ra?.ﬁ. for all the measurements; ' this corresponds

to a jet exit velocity of 825 :E't/@se. The 0% « 1800 line lives ,parallel

 fo the ae‘b 'bounﬁaty which was teken a8 7@ to Jet cemwelinec

o . _ ﬁicmpncme
Fixed Microphone Position - Angular Coverage - Separation
: (inches)
2 jet nozzle diemeters ' 4O

~ downstream and 5 jet 11,0




rozzle diameters perpers 0C( 11 )
dicular to the jet boundary - - ' 35.0

2 gEt rf&%él’& diametess : 475
dowhstrean &nd 3 det o 16,75
nozzle diameters perpene - 00(113%)«360° 29.0
dicular to the je'é bmmaa?y : : 1‘;1.0

e e i SR i i—— m_," iisiintiive

‘2 jet mozzle diameters . be5
downstream ard 1 jet o , 17.75
nozzle diameter perpens 0%(333°)-180° 28,75
dicular to the jet boundary , , hl.@»

The plane in which these measurements were tesken is a nearly horizontal

one containing the jet centreline but tilted slightly downwards becanse of
the engine mounting in the rig. A& plan view of the configurations is

For each angulaxr positian a correlation curve is obtaineds By
cross~plotting from each angular pdsition a contour-map can be drawn thus
displeying all the information ‘tegeiﬁhér. Pigse 35, 36 and 37 show the
contours of overall ,;péce correlation coefficient plotted at the three

reference poaitions.

5 Di a\ssion ofR ] 148

Due to the sparsity of experimental data, it is possi‘ble to compare
these results with other experiments at one position enly, tha'c is =



................

2 ﬁ.tameters ammsti"eam, 1 disneter out fmm the ;jeﬁ hminﬂary am‘u par&ﬂél

to the Jet bcwniary Figi 38 shcws a ecmgarison mm three separate
experimemta.l aataa 'ﬁ:ém is a wmi&erable uivergence of‘ results on this

| ~eviamce which is not casy 'aa f"" lsine It should e state& tha‘& the

j dimomion - 1 &iameber f'rcm the éet ’bcmnaary is x-ather a mmiml one aince
the Emnklin curve aamspoﬁas io posi.tion 1 (mga 219 which :15 cloger

han, Howes; and Gcles m:We is wi.th reference

than 1 dameter and the
to a point 2.16 aiameters &ewnstraam ana "aiox@ ﬂw Jet bmmﬁary" (taken as
s 9;5‘-‘-’ éemi—angle o the jet aﬁs) 14 may w:u. ‘be tha.t the eorrelation

w.wes ara ve?y smitive 'Ea pasiti@n .‘m these véry ciose mgicnsa This

f@m to be thg m:ly ai:t‘ferenca in between ﬂw f'f"f“ i mtsh

fhe’ ﬁnﬁe@mﬁaﬁion of the contourcmaps 16 not éadyi their most -
_ shﬁkﬁmg feaﬁure is the elémuea ghape vhich is indicative of & "'aomzd"

wave ﬁont. In i:he casa of A pemaio mustie plana wa?e ﬁ‘he constant

comiatien mnﬁaurs waula be stmight :unes pexpendicmlar to tha wave
.. .@irection; the. space eerrela.tion would be. gero. ot . a- quazr‘&er wavﬁleﬁgﬂm
o, +l @mufs woula Yo at qua;rﬁer waveléngth

5 ppﬁcﬂjxg  In the csse of a spherieal wava fmnﬁ the. correlatmn mnpﬁm
would be curved, concave towards the soume,) to eonﬁm with the curved
wavefronts. e e e

In the presenﬁ case of jet nolse Mgh spatial cormlatiaﬁ would not

be expected because the noise can be regarded as smenating fron a aistriduted

set of random sources in the jet mixing region, However, it can be seen

in Pigs. 35-37 that lines of conatent correlation are curved; the



curvature roughly corresponding to miae sources posiﬁonea in the Jet
nixing regions I*E will ’be mﬁce‘c‘l that ‘th& matuw aéﬁféaééé m
noving from pési‘ﬁi@nﬂ (mg. 35) ¢loss %o the Jet %o p@si%i.on B (Pig. 36)
and then the outernost posiﬁaﬂ e €Fi§ ;57)‘,

The distance o, ‘zem gqﬁegga?ignfm ”ﬁhgwme‘*""‘“"f, f1ch also has an
intoresting fraatures These apa%iafz correlations are widebands the

 peak acoustic, /Antenslty is known to be in the regiofi of 822, e
distance to zero crossing may be expecte& to be approximately onéequa |
wavelengti: of ‘this pealt frequency; {hts gmgb “T=D  uin for the value

of € and Us in the pregent tests gives%: O . An m{;j@n af Pigs 35-37

shops that 4ndeed the sero correlation contour is in the region of 1 jet
diameter spacing in '%ha wave direction from the mference peints This lends
i‘urﬁher wgight to the mtion ‘that these lso-correlation contours represent
the aeoustic noise x‘aﬁiated 'by the jets ’

!mex’e m%liua much noxYe infomatien w be extracted from the rwozﬂings

before thev, overall pi"'_'-j re is obtaineds ‘Sudm inf’omajbian as tha contour-
maps 4% filtered bands would be most useful from the structurel point of
_view arﬂ a eemparisen of thegse meamments with model experiments in the

same pﬁéiﬁian m:lght inaiea%e scaling

pmpeﬂiw. The q.iestidn as to how
these wntmﬂ‘s change with .je% s;aeed is also mteresting and again could
be detemine& by moael iesting.

10.6 Cbmlusions. o .

Na firn cénclusions can ‘be dramm i‘xom the amaunt of informatian sa far
extracted fmia the recondings. However, for stmctural cazmla.tions, the
filtered eontourbmaya are é'ssentiaﬂ:... A comparison with moael experiments
with these measurements would be most valusble. It is possible that a much
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wider relationship exists beﬁéeﬁ.mé&é; and mllsscsale correlation
measutements than that found in'the previous chapter.

' fhe experimental diffienlties of sitesvorking and alao the high cost
tmigh heavily against fullescale measurementss The main use of these

experiments fiay well be es’ea lishing & model=full-scale relationship
meking f'urther de%aile& mnnsc@e work umeeesam oy at any rate
reéﬁﬂetea ‘Eo isola:teﬂ checking of model w@rka

~ The lack of ggraanent at ‘the one point considered gﬁg. 38) naeds
looking :mto with a posmbié inaﬂ;.ca*he& that microphone positioning is
‘eritical at any. rate when ane is close to the jete & point slso to be
congidered here is the velcczi'ty of the :_’;e‘& sincé at high speeds the jet

L

furbulent structure mey rzat be Btablec ' Ihdeea, J‘oharmesen (Refa au)
suggests that there are very low frequensy la:'ge s,cale turhzlent
ﬁucﬁuatmns of the jet sﬁ'uc'&ure of‘ a period of about one-mmte. This

coula be oﬁ' gt*ea’a importance veiy alcse to the jeta

»
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The response of a rectanguler panel to
2182 _pressure loadings .

One of the main purposes of spacescorrelation measurements is 0
ﬁelp in the éssessmarh of the streeses .in‘c"uced in a light structura sumtted
to intense noise pressure fluctuationss Fowell (Refs 16) has used the
Legrangiasn - normal mpaa gpproach and odtaing e@mamm for panel
responses This method, of course, involves the generalised force of the
noise pressure field acting in each modes, Fowell shows that this
generalised force is dependent on the spacescorrelatisn of pressure at avery
point of the atructures The nunber of spacewcorrelation meaéumenﬁs
required in one partioular ‘éase is, in theory, enormous and therefore some
Justifiable simplifying essumptions must be made mgarding the eormiaﬁon
fieda, ‘ |

It is .pxﬁposea; in the f@llmm section to discuss Powell's method and
to outline the nain difficulties of nmeasurement involved é.vﬁ theoretical
limi%aticnsé‘ : Seci;ion 113 ‘wége*sts a simplification of the correlation
fields and llah gives a mmericsl calculation of the rcot mean square panel
sﬁress in the ﬁm&ame.ntm moaeu
1.2

Fanel responsge.

For the problems considered in ?arﬁ I, the generalised force could ‘be
eﬁprésseaaasv a function of time but .i‘or problens of noise excitation this ,
is not possible; it 4a only possible to obtain average propertiss of the

panel motion or stresses and therefore one looks for the spectrum of the
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generalised Porce instead of the foroe i%gelf. Now Fowell shows that the

gpectrun of the generalised fome: in the moaa mn g

-

Lan(®) = =(f) f f elF, r.-n}anm(r\)am(mdsds

'cn. 1)

where C(P b *RB is the SPaceﬁcorrelatian between the px‘essms on the
panel at T v and '?-. . Q(F) is the power spectral density of the préssure'
on the 93:131;- an assumptim is made here that wl§)does not change over the
panels The double inﬁegratim ié; mrer the penel area .S s Powell terms
the double integral the node acceptance of the panela

Idepmann (Refs 26) shows that for a single degree of freedon system
- excited by a Molse™ foree it is possible to relate the input and output
spectra by ' ‘

e(F)

WO gy

{11.2)

wvhere '3(%) is *‘cﬁe power spectral density of the output ﬂﬁs@l&é%@ﬁ s stress,
stes) and 2(F) is '&1@ impedance of the gystem containing the demping tetm

and the massespring forces. Bquetion (11.2) is velid only for linear systems
and this.pléees & further restriction on the method. For a systen with

meny degrees of freedom (1142) can be generalised to

Comn (H
o (€ —
T {Zod (31.3)

Now the mean em;siare regponse in the e rode is given By g«

P f Amn (FYAE (22.4)




Hence Powell obtaini (through cquations 13s3s 34 4)

> ‘ |
;‘&. 3 f WLF) Amn (F_\_d AF . : ) ' ‘ .
- Zon (PO ‘ (13:5)

It should be noted tha‘t squation (1143) depends ipon the Pact that

the mn squations obtained by the Lagrange method are independent and

uncoupleds It was geen in Chapter 6 that theres is a possibility of a

damping coupling between modess The extent of this coupling is unknown

at present; Powell discusses this in a later paper (Refi 27) and there is

e&r%alnly inly need to in‘vesﬁigaﬁe this points

It is ingtructive to ook at esch of the terms under the integral sign

in equation (1105}**

a) wlf) . w(F) is the power spectral density of this presyure

field at the plate surfaces. Two difficulties are presented

by this‘; quandity; firstly the accepted practice in

acoustic measurenents is an accuracy in pressureé level

of sbout = one decibel. This represents a possible

pressure atvor of * 1 % and-aecepting this the fival

answer csnnot have a better accuradys. Secondly; and

probebly nore- serious, is the pressure doubling effect

_at a reflecting surfaoces It was seen in Chapter 3 that the

preésure is ineressed by something spproaching bde ot a.

semi-rigiad surface (1t is not bdb Gue to the Pinite dm-

pedance of the surface itselfys Thus the free field

pressurée measurements should be factored by somethi
1ike bab (o nearly 2008 inoresse) tut the uncertainty




here produces a further source of eyrors.
e hainhal-

1) |Zemalf)l . For the purpose of discuseion consider

a flat panel length L, Breadth d, vibrating in simise

oidal modes. The mechanical impedence of

pansl is shown by Timoshenko (Refe 28) and reproduced
ﬁm!ggéﬂmﬁﬁc&

AT .\ 2 p2

|Zan (U2 S L("%:Q R

: (12.6)

where S48 the generalised stiffness, f.. 15 the mode

resonant frequency and co is the damping ratio
S = -

Yanrt
where b is the coefficient of the velocity term in the

equation of motion and

The difficult tern in eguation (11.6) is the damping
ratic § . In the case of acoustic loading the damping

is due to two effects, structural and acoustic; much work
remains to be done on evaluating these terms aince at
resonance the amplitude is éritically dependent on then.
It is considered that the results of Chapter 6 throw some
1ight on the acoustic demping and these will be used for a
Another difficulty associated with \Zwm(““ban& also
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curves.

Arenl) is the mode shape; simsoidal modes only are

. considered in this work, that is free rotation at the plate
Cele Boundaries; one’ could equally well consider cosine modes with

no fotation at the plate boundaries, However, in practice
the boundaries will have some intermediate condition which
‘will mean wmpiicate& node shapes which are probsbly difficult
to deternins, - - ‘

6) M6 # the modal acceptance, The modal acceptance

contains the spacescorrelation coafficient in narrow frequency
bands and a awMe integratim: of this over the panel, .Ma
in principle mesns a mmericsl integration of the pressures |
correlations with reference to a lattice of points on the .
panels such a process would mean a large muber of eﬁ;@?mmmta
but if the correlation : .

over the panel then this would have o be done. A
simplifying assumption is made in the following section which
is that the spacescorrelation at ons point on the panel can be
referred to all other points, that is the field is homogenecus
over the small region occupied by the panel. The author
considers this jJustifiable on the basis of correlation
memma so far made and it enables a semi~analytic
function for Rmdlf) to be derived.

For P\,L?) one requires experimental data of filtered space correlation
Experiments to date indicate that a very fair spproximation o



thess curves is given by | S
TS R,

‘m L ﬁa a typical amm (u;zq fmmi fm et &iaﬁai-). :

| &a mto &pm& on %he ﬁmmﬁtm e ﬁg a»cﬁﬁ‘ba

 fixing the mm@wﬁmmmsma@\? mabﬁmﬂawask

with aépazaﬁm m—«J » n 19 maai&mma ﬂm’& %68& two charscteristics

sre the most departant fron the lcadin viewpmt s ond b of course

will aqma on ﬂm ﬂm@ mqnmﬁw o g}ib‘ﬁam meh ssm strongly than b,

it is aama that expsrinents eviﬂm at mmiﬁt on the panel will de

mﬁ’ﬁoﬁm’a for ali gom%é, w m. tha ﬂaﬁ m hmgémﬁ ovey the area

oceapied by the pansls  Assuning (nﬂ)@ m iﬁﬁmﬂm in (11.1) con be

carried thitugh Hre a chcsan mﬁe s’hage; fox-aimssm modes in the

%3 Camgit 1§ a0 48 | divections, and ﬁm ths correlation to be

wwmwsy ﬂ%ﬂg&moﬁ%ﬁm |

 Banl®) = 28 [[(ferp [ - "’Tlxa"‘\\] cos 5 ( t'zt)sm B2 Sim Y,

o6od

Stn pl=a Sin Y-&"&* é*eé‘m dy Qe

(11.8)
shich on integration gives; vASh d AR

413 ()] b (1+ 0+¢‘~> _
emn (F) g “ "5 ) (tt+d3"+P">Q"“3"-\-(3 )

I T

— (-1 - %) 4otp. e ® m(a-n)'rrz] (rr 04d)
= 0 Crn Qcm\)

Thds @i&esim 48 plottad in Pig. 39 for b =0ba thia gives a first

.2_ ,, ) -
() -3 )




n@a‘&i@é ovemhoot of B.Illa

B Theabwe expression (11.9) is well suited to digitel computation

a8 is the integral (11.5) giving the mean squere responses If the
&cwétié damping digital programme af mxapﬁ‘g‘:'f; 6 is uged then the vhole
Pf@blﬁﬂ‘m'he computed automatically; the pov |
and a and b (found by ex

v spectral density w(F)
eriment) are :tnaeﬁé& along with the initial

datas It was not possible in the time available to develope such a
, pﬂame but a rough caleulation based on the nethod is presented in the

 following sections

eonsiﬁer a panel length L 3 'brea&th aL thicmess lv\ simply

supported so that it vibrates in sinusoidal modes. ’z‘he panel ig situated
in a "noise” pressure field with power spectral density w(F) and modal
acceptance &,;(F) given ’by(nﬁg)- -Then the mean squars response in the

. fundamental mode (1.1) is |

= -.fb w(€) Au(e) 4F ~
Co LSOy g ]

R

| | (11.20)
Rovw if the damping ratio ds amm the nain cén#tri&zﬁm t6 this integral
| will cone from the neiﬂzbmzhood - Fu\ thus the effects of w(F) ana An(F)
outaide this region will make liﬁtle difference unless they have very
sharp peaks; Pige 39 shows that this is not the case forf(F) ; (F) may
be more pesky but if the pesk is well removed from F=fi it wild make

v




25, .

only a emsll contridution to the integiel, < WAth Hhiis assumption (€ An(F)

" can be taken outside the integral sign, ~ The solution of the definite
‘integral remaining is given by Havdy (Ref. 29) giving

__ dm o e T L E
7yt +($T D+l 25 > 7 L

and (11.10) bécomes
oo eE@ME) A
" S 2% o N

end the maximui psnel stress st the centre of the panel in the outermost

fibres (Ref. 28 and Kppim&&x: 6) is

~ ¥ YW L_‘-“ , L¢&d
th% ) Lz(\_a‘>-l I ' J.:"E Qa ..

za- °>] L o

(11.33)
This is a gemralisatim of the work by l&iles« (Ref. 30) to a panel rather

than a eneéélegree of freeﬁoxﬁ system.
c‘onsiaar a typicai practical example of an alum:’.nium alloy panel

‘sitﬁated pmllél to the baundary of the jet, about 2 dismeters dctnstream.

panel dimenaions ‘L = 12"’, & = 6" h &= 0.0&8“’; giving a resonant frequency
(see Appendiz 6)

y kS W
-1‘5( el = +—t—.;} T \&¢cls
2 lzg(\-—b“)
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Prom g 11; Ref. 24 the distance to first zevo crossing of the filtered
space~correlation is estimated to be 0465 sosale dansters on about 14"
at this frequencys From equation (11;7) ‘the distance to firat zero
crossing is given by -

alt2e =TT
v =

G ° o

p?

and for the fundamental mode n =1, # = 6°43
From Fig. 39 this gives for Au(Fw)

A\; = &orq l.ﬂq'

As regardas W(6\) the mean square level in the § octave band centred
‘on 160 o/s i3 requis 3 a typiecal value close to the jet might be W0 @
(allowing 6 db for pressurs doudbling). The filter bendwidth is allowed for
by substracting 15.6 db= \0163, '(mma%n) in the 160 ©/s band giving a
_power spectral density 1evel of 12h.4 &/¢/s (r& 0.0002 dyne/cn?), this
eorresponds to a pressure of about O'Tkb o

« The power spectral density

is - ,
237 % 1o ® W in Tsac
The acoustic damping is obtained from Fige 143 at this frequency
&\ = Ra. = ©'q05
'_é_ = _b_ = O g
giving - *

| -3 -\
e - o o128 | b = |'33xle “kbsacn



Sn = 215 L\pin-\'(; ' T .
Mu R O\o\\b ‘.~«'5~, o

bc' e 6233 \Jo s.ac.m .

| f&%@ 8 o OOL& l

Putz'hing these values in equation (11.12)

an = o23n

This is the root mean square smplitude in the fundamental mode igroring

structural dampinge It has been caloulated on a linear theory which,
 strictly; only spplied for amph.tufles smaller than the skin thickness
(in this case 0.01;8“) thus this 18 really a

\
‘

hence the desirability of investmgatmgmn-nnear plate vibration,

'biem in nonelinear vidrations

. One can compute the mesn stresa level from equation (11.13).

Y

Oy .2 Q600 ‘},\;'\n“

-
>

This is ﬁhe maﬁmum stress in the ﬁmﬁemental moae. . A stress of

this value woul&, on theapeﬁmental eviaenee of Hess, I sifch and Hubberd

il

s (Ref, 31) pmauce a t’atigue fejalure in a‘caut 5 mﬁmtea. in this caleulas

' ftion the whole 53% sPeetm has not been Wsﬁr only the fundamental
v mcae has been ealmlate&; thus the abcve va;lue is eptimistic and the

Ty

failure time wwlcl pmba‘.bly ‘be much 1@59 f;han this




Whilst the a‘bave ﬁalwlatién 15 not: emma ‘Ea be aecuz-ate, it has
been maém te get the order of magﬁ.tude of “&hé eompénams eantﬁbuting

V

tathepamlvﬁ.braﬁam‘ I ' Lo
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- pressure field czﬁSe to the S

hieries ‘of subgonic alr jets; both cold

mllﬁéﬂa m@aai 56‘&&&1'1& h@‘l: ﬁzel teale jetss ?{h’é i‘bllovﬁng éﬁﬂélusioxis
1) The spaem comlaﬁisn of the preasure field in a direotion

@araliel to the Jet

y is shawn to be consistent with the hypathesﬁs |
with:m Qiié B

that the pmsgum ﬁel& close -ta the jeﬁ bwn&ai'y (
3et diameter) is a eonveete& ﬂelag the convection velac;tty being

spproxinately one half of the local maxinun vexocity in the jet. (Pig. 27)

2) Measurenents of the biy:ag_bqi@ pressure- spatisl correlation shows
that the eomlatién;cpeffi‘eiems‘ for model and full scale jets plot close
to a common curve (I«‘.tga 31) if the sepmﬁon &istanee is nomalﬁse& with
respect to the Jet dismeters A convectichvelocity hypotheses is used |
to show thaﬁ this should ‘be the case if' the local ronedimensional power
Ls;;»eeml density of the pressure £ield is dopendent only on the Strouhal
‘mm‘bér-"-‘-‘? . Measwemmts on a 2 inches diameter jet and a 22 mQhes
alareter hot jJet are consistent with this supposition. (Pig. 29)

+ 3) The simple aéﬁéé‘&ién model also shows that the droadband

corrélation function is inaepen&énﬁ of jet speed; for a local universal
Strouhal mnber spectyu; and ehe messurenents again gupport the nodal.

4) The convection model also preddots the forn of the filtered
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@aﬁe eomlaﬁon ﬁ'unction and mggests that the &istance to the fiyrat.
zem mseing shmla be "" w'%'-_ i Information of the filtered space

eoxrelation f’tmc‘ﬁiﬁn partﬂ.w.larly useful in the ¢aleulation of structural

response £o ,these pressure fields,. | .
"""8) 'The work on the fuld scale hot jet (Chapter 10) on space
correlation in the pressure field at points moving éway from the je;k shows
‘a space correlation field having the characteristios of an acoustic pressure
fields The carmlation@ntm (Figss 35 = 37') are shown to have the
characteristios of an acoustic field and have a curvature consistent with
sound sources located in the jet, |

K simplified caloulation has been carried out of the response in-

the fundsmental mode of vibration of a f£lat rectangular panel, The

celeulation illustrates soms of the difficulties in the way of accurate
estination of panel gtrestes under rendom noise loadings In partioular
the calculations show = -
' &) the need for space correlation data of the pressure field. |
D) the need for data on modal damping - in the present
caleulation no sccount was taken of atructural
damping (the scoustic damping calculated in
Chepter 6 was used)«
ar vibration theory in

¢) the need o use nonelir
intense noise fields.
Riture works

The meagurements: reported here are among the first of this type of a
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.Eﬁtmﬁm nature and have given knowledge which perhaps only acratches
the surface of the problens, Much more work cowld profitebly be done in
the pressure £icld close to the ;iet. |
The pressube field elose to the jet is of ;paﬂﬁ;eular interest for
tm Amportant reasons =
a) 4t is the region in the inmediate mi.ghbourhcaa. of the
noige generating @mes; a more aMe& unders
étarﬂm.ef.the noise generation mechanisn is requived
and invesaigatim of the neaxr pressure field should
aid this understanding.
b)"_ the most devere structursl vidration problems coccur
when gtructure is in the intense near field region.
Future work on measurezﬁem.af the spacestime correlation function in
the near field would be valusbley This work would further eluoidate the
validity of the convection hypothesis discussed in Chepter 9, Measurements
of the filtered spece correlation fimction are also required for the
structural response calculationse
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'pla*&e atiffnsas/unit area
plate mass/unit ares

Tr totad Enetic énergy

e
w
t .
. d t&istaﬁee betwaen plate and z-ig:m Backwall
< -
m

St total stealn énergy o
W radisl’ cplinder sheil dleplacenent’

jer shell displacement

a1 éylinder ahéll aisplacm o
‘T2 ‘gylindér cowordinates |

P, ‘incideat pressure fisdd =

P internal pressure fieid

L.  seattered pressure field

imferential mode number

i41 mode mmber

< velcc:x:ﬁy of sound
InJn Bessed’ i\mcmns .
& Qb/a PR
: a‘:” = -oylinder raﬂfms, panel length (Chapter 6)
b‘ o ‘panel breadth (Chapter(6)

amn, bmti, Crn generalised co-ordinates
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6.-\ﬁ1 e
€n = 2 n 1

An, Baate.
Ra
Y
h
P ,
2L
0
a,,.,\'
Yo
hgC. Q
Rule Lol N
Qrn

aaefﬁcﬁeuts

acausﬁi& z'a&iation ﬁamping
acoustic maﬁ‘tivé impe‘ mpedance -

shell thickness -

B &Y

length of cylindexr

angle of glane wave axis to cylin&er axis
generalised co~ordinate

mechanical impedance
see Appendix A
ses Appenaix A, |

_ gmenﬁise& force

phase difference between plens waves

see equation S.lh
see equation 5315

frequency o/@ - -:;%?
correletion function
wavelength |

wave mmber
convection velocity
Jet exit aiameter

wb

Ue
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gth of paneld
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In order to set up the Lagrange equations it is necéssary to know
the total kinetic and strain ensrgies of the sfructuve (including the

skin, franes and stringers) when vibrating in the form
'u,'= zg ‘a_,M‘ cos m#) cos w__\_-r_r‘__:_z ‘
\[.'-‘- 22 »mn Slnnf Sin '21_:}‘

Q-. ‘Z%CMQ‘:"”"?SM N__"_E_z- |
. . . (A.1)

where 4, v; W are the akial, tengential and radial ﬁspiaema;%é and
a(..:,.,’,, Bean sCean oYe periodic functions of time.
uiller (Ref’, 4) has extended the theory of cylindrical shell

wivrations (Ref. 5, 6) to indlude the effects of stiffenings The method
consists of represmting the:pﬂneatpal direct strains and shear strain for
a;m elemént ef the stiucture in terms of u, ¥, w and their dexrivatives; the
displacemenﬁ of a genheral element is also found, R is then possible to
find the stresses in the struct

© and hence the poténtial energy (strain
enetgy) in térms of the generalised co-ordinates; the kinetic energy is

 easily found since the displacement (and therefore the velocity for simple

" Havwonie motion) is kmm for a general element. A full development on
the above lines i given in Ref. 4 and it is proposed to quote only the
final vesults for the atrain and kinetic ensergies of the sﬁ:in, firane

and stringers. The following notation is used t-




Toung's modulus,
Skdn mm» -
Cylinder redius.
. Poigson's ratios

mhia

F 't"a.C""‘

(4,-) Tumber of frames in Length Bu -

> o » = M

2

Pe Cross sectional avea of frame,

Q)

AL Pirst moment of area 6f frame about skin (note 2 (Fig.1)

is measured +ve cutwards).
. A Second moment of area of frame about skin.
f F? Third moment of arca of frame about skin,
A _G:‘.foss sectional area of strmger. _

R..') l‘.irss noment of area of stﬁnger about altin,
AL Third moment of avea of stringer about skin,
P. Density of skin material.

¢ Density of frame maﬁeﬁa‘i;,'

0. Density of stringer material,

The total strain énergles and kinetic energies fbr a stiffened cylinder
of length 2L with (q = 1) frames in length L and.p stringers ave given by
Total strain energy St = Ss * S¢ + Si |
Total kinetic energy Tv = s * V¢ +Tu
shere Sy strain energy of skin faé deflection (A.1) over length ZL.




. Ebw (b a%a§ Nt leD2 —amn bean An( 1)
2(\ 0'&>( >Lq z g
- QAran Cmnzo)\ -\-bmn%h +&$}+2nbm"cm“ +CM“ 5
X 1222 G T
+§3amn(\"‘)>h‘+7\qcmﬂc'wn( (‘-0) 2)\>+b" (SL. A)

-\»\mncm,h}x (- "‘C"‘"‘(( ) "2 -H\)}I
(A)

SP e strain energy. of a(q_“l) frames over lazg'éh 22»

E‘WI_»M w§ he e ? + 2 bmn o E Ae + 7 ““"1{

R e e At a® N
4CTA S e - _&e v 420 (B,_:f -Og --..)

B -
| ’ “3 @ 97
% ( | R . >}] 5
- Su - s’m ‘mex‘&? of ?. ldngerons over length 2b
\ , oL . " \i)' e .
= Elp AL Qo _z_g‘_i’ N3 @ Conn + A A"fcm,‘]
20 . a (A.é’)

And for the kingtic energiss.
- N, 2 kinetse eaezwofm:zeverlaxg&h i

fa n‘ﬂ'kLLqm ~ \,.,MA- Come

? 33 +4—A\>,M Comn Comer (M) = 2N cwig]

(Aw?) '
Ve = kinetic energy of 2(@&-‘-'?3*) franes over length 2b -
(M <3
* fesm &(mg NI i 2n(BF 8%)

( ")

on
+ Cmn XL( 'ef v [ & ‘3)
“'3{2 (Pn:«-B_&e 3 f' 4-99 )4(.,,“ (P' “’-"E

+ Qe *%;\) * 20 bmn Emn (ﬁe ¥ &'j +'—£)}X (4.8)
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T\ = kinetic energy of P longerons over length g, |
s | ey
= g.?:.}.'_f_ 1 Ay A ‘\‘bm'v\"(pu." -y.iﬁ\ * P\u;) L
(B (N )+ A) B cw. 28055

- The above expressions sre not valid when
) m> o4, ’“‘V’ R (£.20)
t;ﬁi”vx—o"f?
This is not a. serious. Jimitation in thq iigh'e of the calculations
presented in Chapter 4 whers it will be seen that it ia the Jower modal
dgirations whith ppear to.be importsnt in practices The (0,0) mode

wes not investigated in these cel@ulations but slight modifications of the
‘Pegasus programne wotld ensble this to be donei
The reader is referved to Miller (Ref, 4) for an appraissl of the

nethod he uses when stiffening is taken into account, One of the gore

important ¢onclusions is in fact that the sbove expressions sre only velid
when the stiffener spocing is small compared with the mode spading and this
again restricts the problem to the lower onder modes.

The derivatives of f.hestra:m and Einetic (with respect to the
generalised cosordinates Ama ybmn s Cons s) Energles are required in the
Lagrange equations. Differentiating equations A.2 « 9 the following

results are obtained s«
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%%m = P‘a.;.,, ——_.B;\omn‘ - Cemn o
_ (a.22)
A ; O °‘> G’B&’\" an __():_3.‘.€n'- =3) | EL ? >0, (a2)
B= (\-ax) (5 >‘—'—‘L‘-"-> ‘ (4.13)
[ (\%‘% (f?)i_\?ﬁ" ‘@3“;(..\-;5.‘”“2 _% ?;&I&h?\t (.18)
%_%'M = D\,W\ -—qun *E.C.mn | | | (8.15)
"S- Bl o]
- B h)b»«pn)s_(_?.»_:)] 4—51“1/&\(“9 . m)l wan
| %i ) F‘f*“ "E‘””‘" - G’é‘“" ‘ O (aag)

t e
+E"mv &2(“6 &em —f\:) RPRIL. add ﬂé‘\) -\-n‘*‘( &\ u\)l
(8.19)
B[N -g2 m-:b 2R AS)S
SIGIAL S b3 L.
2_-_‘3: = y — & rmmn :
go-wm \'\‘Gsmn T . | (&an)

ho= esahmh + € am(f-) (ke ) +ekphe  (h22)
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T nheh (A ) edeaty
BT o MG rNEn

S )

where .
&’ .

M= ﬁsa\'m-LS_H-SF] + ?t qwq,Ln,_.-v.?_&Q “\. )
o o al® | . L
Yebe LR.. 4-‘2.‘_\4-\-»’P.*..'-5 ' | -

. - . G D Ay
M= e’em'kL‘l‘sn .-\- Cpamz nL%{-» Qe . + fe J

a* a’

- £n “L P\L 1. S g R

+¢ L v ) ] . (&n?.&)
T. . . . . .

%C::n T :r%ﬂ *Nbwm + @ Comn (a.27)

& Pm—rrkLI\—rﬁU\"*“')] reem(y-) N (B & ) o
O T S

Q)
se.kef B (xw) -m..]




Details of the ealmle:eion fox- the plane—ﬁave
Lo wﬂ:&h no

exaitatian of the ﬁ-ama atifgmea cy

i&m cyiinaer constants m -

peddns = & = 60 dng |
‘thickness 2 h = 54381107 3 in
density = p = 0.117 11:/1::3
o tﬂmia ) ' 2
. Hodulus = E = 10Mp/in
Foisson's oY '

ratio =3 = 03

‘rhe frame section chesan was fe
.__.’ o- ‘5 P_

whence = obo pes
.Areaof the frame = Be = 0,153 152

Secon&mmmtabmtsldn .
s T = 6.56011’:"

Distame of centre of frame
ﬁ'ﬁm Qﬁsﬂ = 105 i‘ﬂ.i

The calmla‘&ion wos camed out for the mode n = 10,
Using the sbove values the constants in the expression for (eqn. (3.35))

A = 2,688 x 1070 1b sea?




B = 5:393 x 20h
¢ = 2149 x10°

Other constants used were -
7 epeetof soma

| dénsi *”%y'?af sy

. e = 1l ﬁ:/mi
- '(, = 238 x 103 sluge/£t

W/and - o -
1v/1n2
/s

‘The fimctinns:l' aﬁ& \(,\ were o‘btainea mm Ref. 1@ anﬂ :1',\ s Yn

oscmpu'l‘.ed from i‘ecuﬁ‘e!we Nlatiansh:lp@.

-
-

3 13..-.-
‘ * J:'. LY“' \I‘m-u-.x

IM.] |
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The numerical evaluation of Z..... (5:+29) dnvolves a wide range of
mmerical values which makes the sealing Iof minbers (necessary for normal
fixed point working on *Pegasus®) fmpractical; also since the sub-routine
for the Bessel function evaluation works in floating point arithmetic the
‘whole programme for finding Em.‘has been written in floating point formi

*.mis unfortu

1ately mekes the computation rather slows
. The mein programme computes Xn and separate subsroutines compute €a »
%oy ondQ : s allows for incident fields other than the oblique plane

wave considered in this worke

o (1) The main programme requires a data tape; this is assembled
£‘roms deta obtained from the DATA CALC. programmes
The tdata calat programme is fed into

ﬁhé nachine with the ﬂaa%iﬂg point Mbmry containing the subsyoutines 101,
610, 11, The inidial dats hss then to Bé fed inj this data tape is
_punched in the following Wy

0.2

o OO0 ; Note: 80 signifies the address

where the first piece of data is
atored and 27 derotes the mumber
of the data,




E = Young's Modulus | -
= Poisson's ratio - (1n/ee2)

1 b cylinder length = 2h (£¢)

o7 4 q + 3 = mmber of
' frands in leﬁgth ) A

£3 P rimber of longerons |
2 A,_u) 18¢ moment of area of (£¢3)
/ . longeron sbout skin

(positive outwazaé)

O N

Y A EF maof ﬁ'ame

R 1 (1)  1st mamen‘b of -
AtV 25 2 Feane ahout skin (£42)
(positive outwards) |

.

5.(2) & 203 moment of
afea of freme sbout skin . (£29)
(positive outwarda) '

42

An(z) s 2nd moment of (£¢2) |
area of longeron etce o




O A3 K3 = 3anoment,  (£82)
a0 e . density of materisl
3 . B2
S5 e 220 . f N ;
o7 , 4+ Y0
0 ) ﬂgl)/a ' (ﬁ )
2 - 4 20
B + 2,0
5 |
This data tape 1s then fed through the tape recorders
B 2,0, inhibit optional stop, START and RUN will then do the calculation
resulting in the processed dats being punched out. This data is used to
~ form a data tape for the main progremme which is made up as follows §=
(3) ®.P. data tape <The data éape for the main programme is writien 3
P 0.0 |
¢ 101
0.2 5 00
b 3 152
o K72
QO 0 60
128 “ 000

P 3 0.0




This is followed by the 24 mumbers obtained from the DATA GALC.

pfogramﬁee’ Then the i‘dﬂ@wihg is pﬁnche& e

+0

s ! ar ﬂ
a2 ¢ speed of sound (1120) £4/5ec,
3 L .

b L Helf length of cylinder £t

5 + 0,0025 -

+6 a? & = yadius of cylinder £t.

7 . % & 0.63661977 |

+0 2ule f = density of air gl_ggg

W = 2wf ft. sec.

s2

o2 cos B
o3 sin b
ok -2nafolz Lb/ft.
35 ™A /P,
16 1ecosY =2Lkoos |
-7 l3 :-“»sy
0 + 180
el + 90 .
B 1.5

£

&l

. frequency

}

o/s

This data tape is fed in after the main programme tape and floating
point iibrary tapes Operation of the start key will run the progrenmme.
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The print will be &
Cne m

gt - K o m
a s e

R ol

When the cut off point is reached®y i.é. kn? £ 0, the programme
prints O > KMA AN, and m is returned fo unitys n advenced by one,

n=2

MO

n s advanced by unity each time.
To investigate a particular m and n; ssy m ; 14 the following
short data tape is used -

T ' 1.5

1.80

2.4 110 "’

23 | 210 -~ .
s B

0.0 . - 060

B o 35

Then run, - unless the programme is stopped, n will be advenced on
each cycle of the range of me




s of the panel radiation problen in Chapter 6 required
 4he evaluation of an integral of the type (eqn. 6:10) s=

U '
ffe-(ﬁa,«;\n,«,‘@,u,nmav
o0 ' C DEI

A Pegosus programme has ‘been developed to evnluate this integral over the
- frequency range (l&*) for mode combinations m, n and panel sspect ratio ﬁ .
_The programme is in fixed point working and will work to any required

- -Qegree of eccuracy by altering element size AaAvy

Briefly the progremme works by dﬂav:laing the “aqtm-e’uv into N2
elements; wﬂuaﬁwg-@(‘M) at each cowordinate (teken as the midwpoint
. of each element) and summing the resultsa I  is thus obtained by

ng the sum by the area of the elenent Aulv vhere
Au= Ave N .

Set N, my ny £ . and A = Vm
Set ka o N |
Set u = A/z  ama counter Ku
Set v = Afa and counter v

Bvaluate G using sine, casf.r) S/Ra




—> —+Bvalusts G using sine, cos,), S/Rs
Add-A to ug m‘btraem\l‘ from fa
If rot oS . 8 sero net u =D /2

eubtrast X fron Ne; sst ffu
ald N 6 v & -
.

s, msa  BaB (s1)2s1 ()

nodes Qﬁﬁ;x"ﬂﬁnlz : §

© By = 8 ot/ b ihe short side, For
3 k\a- b = & put By 5 ¢ 0.99999,

HUEW LI EBEEN

slaa ne will svaluste e?ﬂ at the points
2,0 klﬁm@kiﬁim—-@“)k.a

Ths function unfer the intep
oscillatory terms of the fom
| sin Rav ( Ra = 2wa)
Sin TR ale.

ol sign in equation 6410 containg the
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In the method of computation; the Me‘ﬁiﬁn is Mua‘&e& sver a lattice
of elements thus it is assumed that the gradient of the function is slowly
g over the arvea of an elements Thus for higher' ¥a; m; n the lattice

becomes finer and finer with corﬁ’spﬁnéing inarease in computaﬁim tine,
diﬁ'émt fmmber of B‘u‘badimiam N. ‘J!he vaiue oe N chosen in the come

putation presented in’ g i 19 10 this shoul& be suiﬁci"i‘ ¥ sccurate

for my ng 2;, s < 53 ﬁh@ mmcy fauing amy forlaxger k&w
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The transformation Gf‘éthe quadruple integral
oo o £63DF

'E:‘F S then from (6.9)

SRR NS B
. ' [“,5 ot (§-¢") —cos mrr(§+3 )] Ampdy °‘5°'§

v’ 5-5) = _Sm\;mol J (m-g)* + g=[§ -5 (2.1)
P AN S } 3 -
Change the variadles to SAS RN NGNS '
ws= 7 +7’ :
ve 7- 7'
- 2 (7 \ = =3
T l 9(“_ V> 2.
This naps the interior of the sguare :kn thé”?’, plane into the mﬁeﬁor of
the dismond in the u & v plane formed by the lines V=-U 3 V=-U+2,V=U 4

Veu-2 & This is obtained by considering the limits of integration,

Looking now at thé 99 integration in (Bi1) the inner integral is
I = fj‘: v, §-§' Co§nﬂ“f-cosn'ﬂ‘u-] \I\dud\/ )
The W integration may now be done keeping V fixed; the limits ore
n=sv & 22-v v>o
z-v b 2%V . YZ%e

Integrating co.rtu ond roting that F(-v) = F(V)

/F(V\ ;-;912(5-\/) COSNRY -\';;2—;’ SmnTV|dy (?.3)




*3‘20 -

Y

i

BE__'*!‘ = SEIJF(u v)&ZQ uu)coswﬂ‘ru '\—9- S'nmru} v 7
eenr. 4 k[' 9) cos TV -\- Sm m"rvl Audy
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.:...)w

Consider the mise préasuw at points. ? ' ,? distant T, ,T. from the
asource which is situated- in & mer*bemt fields The pmssuﬁ@ at B

&% of cﬁrecﬁ 2.5 pmﬂsures ahd Yreflected® pressures

will be |

»

rrelation éaeﬁ‘iciem between the points [

R(ﬁ""‘i} = ) (?' *TG)(P;.*'WD
‘ ﬁﬁ.}" r (P ¥y~

wheve T indicates a time averages Now since this 4s a noise source T,
and . will be the result of yandom reflections from the walls of the
enclosure and if one is a long wey from the wall it can be sald that s-

oy T, and Th will be uncorrslated ives Trm. = O

b) W, Th and P

i be uncorrelated iies TP, = O =Tuk,
¢) T,, T and P will be uncorrelated i.es Tp, =© =Tt
hence Fﬂ,’ becones ‘

N T
J (ft""ﬁ)" J' (?;.ﬁr‘_) R

as againgt the true free £ield value

(r.2)

‘n-_ ‘{:z_' = ?\?'- “w,
(¥ ‘. ) == J-;:—- | T E(Es3)

Close to the source and a long way from the-wells of the enclosure

the pressure will be predominated by the direct component P . If T’—%

then the error inR would be sbout 6% too low. :En the Chilbolton fullegeale




tests it is considered that the reflected pressure would not agproach
this value of § and that the insccuracy of R due to the reverberation
is at worst 9% and probebly much better since the “hyazvaa:yimicﬁ pressures

in the near fiend are much greéater than the "acoustic® reflections

game applies to the near field model measurementss



135,

ar simply Sﬁpporﬁé&(ﬁmx& thb*éé!ges) pla%a.
Thﬁ plate Mspiacémen‘t is spéeiﬁe& 'bye

W= 22 SLM Sm__'_r_cec sm_-:r_r;g . (@ix)

Expressions are derived far the strains in an elément asmme A fmm ﬁw

o Timoskemka (Réfa. 28) &eﬁves expmsiana for thé mo

and - sﬁ‘esses in a%; o

mid plane of the plate, total thielmess \\ « From thés‘éw; the ‘direct and’

]

Shear amsses follow tﬁ»

_Es m 2w |
- E‘ 9‘“’ > Q Q-N
3 (-9 ]

T .= (l-—ot) 3,;32 ) -. " o
Us&ng 3.2; the sfrain enexgy of the plate may be found} *Eher kinetie energy
. fanm £rom |

RE = € U W el e

and the Lagrange equations then give’
“m-\ +~\n an ¢~m + S""" %Mﬂ = Omn (t>
4 (@ofb)
' where |3m. ia the damping term and
- e»\e\\p

4 2 the generalised mass.
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3 2 S A o .
- o Trab ER | M. R, N
S " Tlab = -K_a.‘!- +%‘.] = the generalised stiffness,
From Gl the meeﬁaxﬂcal impedmwe ﬂs

2ol - s -8 s (]
where
Lf‘ ]mn Fcu’b = m ’ “"_“"” . @

From G.1 and G.2 the mean square stress can be related to the mean square

displacement in any mode, viz:

—a e “' e Qr\ ™

wvhich 18 & maximun at
z-%
This theory assumés that the displacement W is small compared with
the plate iﬁicﬁess; in the case of thin panels under intense acoustic loading,
this will not Ye the @é, hence the need for non-linear terms %o be
included. ' "
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F1G14.
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m=1,0=1
| Ty

o2 o3| 1 p
. zaspect ]
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,o.z o2
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Ist.
FIG.IS. - |
P.,the amplitude of incident plank wave (Lb/\‘n?)»vf

[N

J
NE

o° 'S 30 48 | 75
' : s angle ot ncidence 8°
RESPONSE OF ST\?FENED C.’{L.INDE.R To ABRLIQUVE
PLANE sooND WAVE, E= '2.+o=ls 50ME\M PORTANT

MODES ( SEE ALSO TABLE 2).
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FIG.18.
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FIG.19.
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