V\AiL ‘CAVI TY M CROPHONE TURBULENCE SHI ELD It is known in the art of
~acoustic,sensing in duct active noise control (ANC) $YisBieemias BdehRdpiatde

rej ecti oh of pressure fluctuations due to turbul ence Iy [ error
m crophone(s) of the systemis critical to its ability |k Lse.

This so-call ed "fl ow noi se" reduces the coherence bet dHse and
error m crophones and the | evel of coherence is directly related to the

achi evabl e | evel of wiol 5 APMCe MRIROPHONE TURBWHDNEE SHEELD eedf orward ANC
system a sense-error m crophone coherence | evel of 0.99 is required to
achieve a 20 dB cancell ation | evel and a coherence value of 0.9 reduces
the cancellation level to 10 dB. For the coll ocated feedback approach (so-
cal | ed " TCM']; ifiglowhniig fe £osMRkedtiesasielie fudt Aetive nowe contsd (AN kystems he i nput
m crophone linmts the performance of the system because it represents the

| owest  souhet thevassction pEpressare Tustusdinnsediedo Bybuence 98 ReIAREIN §FP%n i f the
syst em wor ked. erfectd.y. addi.1] L hghe aml | I Tk ncy flow
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speaker not i ‘s ad1sk Sy dicedthe chitgdnebbbtivetithe séifse and driarinéiotoph@jesatd the of
turbul ence is not possible with a given w nd screen or shi ?ltfgh i;he only
C

recourse is lewelmboeheranse maidestsrelatsdindle schiswallo e velifmoise caficala °f egi on,

typically near the.fa 0 a qui e ) j i of 1N
effect, i ncrmge’ f%ae%se%%ﬁrfl %@%Yesﬂéﬁg‘ﬁ%,e@%‘ J(g?ph-gp %ggﬁg@%‘??&gﬁlﬁf si ze of
the duct S@.wssqfs%difea tf\RRiSX SRR Al iatbi velraaducbhdratceguiat 060.9si nce t he
m cr ophone cannot be | ocated in the vicini t¥mof t he fan discharge. A

typi cal fl owedtdceidioancedipiiorolsee] tais@dB; For the eelingaled foadeackiappieaciisty cat i ons

is th f f. Al d m j L der th
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and ef fecti vich®mBae lidits eleqetfotiaictl BLRS sydan bécauseriniepreseritiothe Varest under
extrenme turbul ence conditions, such as are encount ehed near the fan exit,
this approwend jeyel wikigh canchecashievarhpsactive pancelitioy 1 the &/sigt WPTEA requires a

great et VSt el AU ERRDRRER. B0 BRAF o BcThoRARBE L o ¢ he

fan exit. A6 I'nventl ere I's provided in a duct

active noi semiadieht adus®destyst@mignahplididispaakiepmstopranduystery fan and a fan
di scharge having flow turbul ence therein, air distrjbuting.means including

said fan di seHapijicandsErienaaeation daubuiepeegapet A5 Ble Hitt3 SHAVHYG a wal |
and an interi ol o’flslliigl'zipllﬁlta%Hﬁlereéot&\'s%ligto%(?\yqué BNESSeRYaway from the high

turbulence region, typically near the fan, to a more quiescent region. This approach,

in effect, increases the overall system length, and/or cross sectional size of the duct
size of the ANC system and limits product integration since the microphone cannot be
located in the vicinity of the fan discharge. A typical flow shielding approach used in
standard ANC, HVAC applications is the use of a flush-mounted microphone which is
located under the standard duct liner material. This configuration offers an .
inexpensive and effective means to reject the undesired flow noise. However, under
extreme turbulence conditions, such as are encountered near the fan exit, this
approach is insufficient. Thus, inherently this solution requires a greater system

fength duc to the need to space the microphone from the fan exit.

The present invention places a microphone in a cavity outside of the duct liner thereby
dramatically improving the performance such that the microphone can be located at
the fan outlet while avoiding turbulence related problems. Additionally, the

microphone can be located in a chamber whicl is located in a cavity which is divided




la means defining a cavity having an open end; sai d nmeans
defining a cavity being |ocated adjacent to said duct so that said open end

corresponds to an opening in said wall; fl ow attenuati on neans
| ocated between said interior and said cavity; said cavity being
partitioned into a pluarality of chanbers. at | east one sound

sensing neans | ocated so as to be responsive to acoustic pressure in said
cavity such t hato smintbes ofittdnbersdiynge BERDR gosois ppAitiahis dt leawonsaf whicht eri or
by said flow attenuati on neans. According to another aspect of the
pr esent |nvenﬁPBW“5@H§W6K$§m%rOV|ded a turbul ence shield for use in a duct
active noise cancellation systemincluding a noise producing fan and a fan
di scharge having flow turbul ence therein, air distributing nmeans includi ng
sai d fan di scHaisga objudt efthishednadn bogaahit the Igatibg bseAsod utitropidhkes béjuiong a
wal | and an interior, said turbulence shield conprisin means

defining a cavp ﬁ?%&ﬂ@xﬁ@“@ﬁuréb]éﬁpeéﬂﬁk m@ntalr@@dﬁ%tg%l@ipg%ﬁm%b%wm theict so

that said ope 0 an opening in said wall; flow
attenuati on ngans 88&@§§§ﬁﬂﬂ§n Setween said interior and sald cavity; and

at | east one sound sensing neans |ocated so as to be responsive to acoustic
pressure in said cavity such that said sound sensing neans is separated
from said i ntdfis@rothgr %baPCaOf fhisireiian iparpgde atipience shield fopmmi@pphossi d
cavity is partitioned into a plurality of chanbers. The present invention
pl aces a m crophone in a cavity outside of the duct l|iner thereby

dramati cal 'y ilnjsraduiting objeet ¢fakit QveRtisieo prsidd Malcrdphenduebupiosideidan be
| ocated at the fan outl et while avoiding turbul ence rel ated probl ens.
Addi ti onal Iy, seHbledos lesatiema tearseive of Seoutlef afis fan. cHssbebIesthaat ofhgrsiasc at ed

in a cavity m%ﬁri')e#o?ré%%:%%ﬁgh%vn%fh% a(x)? acr<T:8rF1811shedb éhe resen 11went10n

2 into a nunber por o artrtions, at |east one
of which contains a mcrophone. It is an object of this invention to
permt the locatjing of sensor m crophones adjacent to areas of extrene
t ur bul ence whidasicay RtsERSST AEcTPRNpRE Isgiased 1rb4€aéfém@ﬁt§ﬁié@f Berdnediner pka flyut  and

error mcrophQpesanc system. Baffles of porous material may be provided in the cavity to

reduce internal flow recirculation.

Figure 1 is a schematic representation showing an ANC system for ducted systems

employing an adaptive feedforward approach;

Figure 2 is a schematic representation showing an ANC system for ducted systems

employing a coliocated feedback approach;

Figure 3 is a sectional view of a first embodiment of the turbulence shield of the

present invention,
Figure 4 is a sectional view taken along line 4-4 of Figure 3;

Figure S is a sectional view of the Figure 3 embodiment rotated 90° with respect to

the duct;

Figure 6 s a sectional view of a second embodiment of the present invention;



It is another object of this invention to provide a turbulence shield for a
‘m crophone. It is a further object of this invention to provide a

m crophone turbul ence shield suitable for locating in the region of the
outlet of a fan. These objects, and others as will becone apparent

herei nafter, are acconplished by the preésent invention. Basically, a
sensor m crophone is placed in a cavity outside of the duct |iner of a duct
of an ANC system Baffles of porous naterial nay be provided in the cavity

to reduce ingernal. fl ow recirculatiqn. Figure 1 is a.schematic

represent at i-'08YE dﬁﬁﬁ%"“&ﬁaelﬂr\ﬁ' gb%ﬁgﬁeWPdmfgf%ﬁh%%fwvém%yi ng an
adapti ve feedforward approach; Figure 2 is a schenmatic representation
showi ng an ANC system for ducted systens enpl oying a collocated feedback
appr oach; FHegerdas 3 stasional veot o tmkrth embodifreat dfithspreenbmsentiont of t he
turbul ence shield of -the present invention; Figure 4 is a sectional view
taken along line 4-4 of Figure 3; Figure 5 is a sectional view of the

Figure 3 enbadjaent , cQkdhadiRPbE fikn Whbdki @:%Qa??ﬁe&r&eﬁhﬁy&hﬁ%ﬁJ Figure 6 is
ik i

a sectional view of a secon i'ment of the present invention:
3 Figure 7 is a sectional view of a third enbodi nent of the present
invention; _Figure 8 is ahsecti onajJ Vi ey of a fourth enbodi ment of the
present | nve?ﬁgiir@r{{)isagraphs owing the coherence between two microphones at the same

cross plane with different flow shielding;

- —

Figure 11 is a sectional view corresponding to Figure 5 but with two microphones;
Figure 12 is a sectional view corresponding to Figure 3, but with two microphones;
Figure 13 is a graph showing the coherence between faced and unfaced duct liner;
Figure 14 is a sectional view of a sixth embodiment of the present invention; and
Figure 15 is a sectional view taken along lines 15-15 of Figure 14.

In Figures I and 2, the numefal 10 generally designates a duct such as that used in the
distribution of conditioned air and is lined with a standard duct liner material such as
one inch thick fiber glass insulation. Preferably, the duct liner material is porous but
resistant to flow therethrough due to the presence of a facing such as a covering or
coating. One such suitable matenial is a plastic coated, mat faced fiber glass mat
available from Manville Fiber Glass Group under the trade name Linacoustic. The
upstream fan 12 produces noise, primarily dué to aerodynamically-driven noise
mechanisms, such as trailing-edge noise, which propagates down the duct. An
effective means to control the lowest frequencies of this noise, developed in recent
years, is active noise control, whereby a control speaker 14 is used to create an
opposite-sign pressure disturbance in order to “cancel” the undesired noise. This

cancellation is effected either by reflecting the sound back toward the source (i.c. a



Figure 9 is a sectional viewof a fifth enbodi nent of the present
.invention; Figure 10 is a graph show ng the coherence between two

m crophones at the sanme cross plane with different flow shiel ding; Fi gure
11 is a sectional view corresponding to Figure 5 but with two m crophones;
Figure 12 is a sectional view corresponging to Figure 3, but with two

m cr ophones; Figure 13 is,a graph show ng the coherence between faced and

unfaced duchufely@hctive s§itaH), Absbibihs thd se@ed dnenglby\thesunab! spesiiex t b, erbiyadi nent
of the present ‘invention; and Figure 15 is a sectional view taken al ong
| i nes 15- 15 combimaiun ef bbth such mrechriniamrse Figurembamg 2 shew the et arincipl gieaes al |y

desi gnat es duct such that used in,th i striduti J Ltioned air
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whi ch propa down the ct. An effective means to control the |owest
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control, whereby a control , speaker.14 is.used to create_an osi te-sign
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cancel | ati Oﬁo{gﬁst?efa}_rﬁﬁfc%%)hghé PE1s ubk toabihR e ddgfrichatsTuncDomek if eonkd the

source (i.e. _ . 4 purely
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by a conbinatjon of. both such nechani snms. .Fi gures. 1 d. .2 .show WO
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adaptive feedforward approach of Figure 1,” a sense mi crophone 16 detects
t he propagatién@hesiges famimieepimne B2 & ispujnathefanriogeentioicoifyiwhigh adaptive DSP

(digital si %Qﬁ%nu%{;ﬁ? ggjlsjgtg zheco%g}uli 8% éo%lérolls%ez\{@r (l"g' to Ml Ir%{]z%%eessfgnal detected
by microphone 22. In general, the adaptive feedforward approach of Figure 1 allows
higher performance than the feedback approach of Figure 2, but at the expense of

syster length and cost.

For either duct ANC system, it is advantageous to locate the system as close as
possible to the discharge of the fan, (i.e. minimize iength D), the distance between the
discharge of fan 12 and the nearest microphone 16 or 22, in order to minimize space
requirements for the system. However, the turbulence T in the nearfield of the fan
discharge is extreme and prevents fully employing this strategy. Such turbulence
fluctuations may exceed 50% of the average flow speed in the duct 10. The pressure
oscillations caused by the turbulent structures impinging on the microphones 16 and
22 generate a “fiow noise” signal that adds with the acoustic pressure oscillations.
The flow noise will limit the amount of noise cancellation which can be achieved by
the ANC system. For example, if the flow noise is lower than the acoustic noise, the
attenuation will be limited to that fraction of the acoustical signal which can be
detected above the flow noise floor. Moreover, if the flow noise is higher than the

acoustic noise, then the ANC system will broadcast the flow noise through the controi



the signal for tine delay, attenuation of the sound anplitude, duct nodes,
‘speaker dynam cs, etc. and supplies a signal to the control speaker 14

whi ch cancel s the noi se. A downstream error m crophone 20 detects the

resi dual noise. The signal fromthe downstream m crophone 20 is used to
adapt the coefficients of the DSP 18 in such a manner as to mnimze this
resi dual noise signal at the error -m crophone 20. The col |l ocated feedback
approach of Spegkargth@rebyrbéiog s noise paprhasreai®er thini choiseasnues. tToedneeaseed f an
noi se and speaker nagise, an analog controller 24, anoL&a control speaker 14.
The signal fFERIETRHBHAER Iilzszoﬁ?téegmywsl RieoPAIRBT &g SAEPEATED4 i ch
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turbulence T in the nearfield of the fan discharge is extrene and prevents
ful ly enpl oy Higbuleros supnressiogghiekl aspundunistapaenss 16 dtand2ite pelediglyexceed 50%

of the avera fl.ow speed in the.duct 10. .The pre i.l | at,.ons caused
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Moreover, if the flow noise is higher than the acoustic noise, then the ANC
systemw || broadcast the flow noise through the control

5 speaker, Thpretppt ineenipnacnoitsibe nsaengaioniciophensriGtin e 182i98icfe at t enuat or .
To i ncrease e.attenuati.on. c; bi 1.i f ~the AN - |.ons can
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m crophone 16 before it is input into the controller 18, or from m crophone
22 bef ore i tisic¥idenighat comeraneseher #B Hefdies thyee digiensienal eavityr3Rayitivin esise

m crophones w i i | L.ti-anin t.cal epar at e
the. {1 ow i nct s ASRLaP [ SRl e o dr A0 Bl bR Riglie SEPTLS
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sel ectively reduce the strength of the turbul ence ener at. the m crophone
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shi el di ng cowsep’O iosduehB). stdvpsahatatal BUimgidhry esrviriatin of the same material as

duct liner 11, and therefore faced or covered, divides cavity 32 into chamber32-1 and

32-2. Accordingly, liner 11 and partition defining porous material 34 provide flow

attenuation which is enhanced by the facing or covering. Microphone 16 is illustrated

as located in upstream chamber 32-1 but it may also be located in chamber 32-2.

Opening 10-1 is located in duct 10, at or near the outlet of fan 12, and is sized to

correspond to the open side of cover 30 and is overlain by duct liner 11 such that only

duct liner 11 separates the interior of duct 10 from cavity 32. Cover 30 is secured to

the outside of duct 10 by screws 38, or any other suitable attachment means. If

required, or desired, a gasket or seal may be located between the flanges of cover 30



The present invention permts the |ocating of m crophone 16 in the region
of turbulence T, associated with the discharge of fan 12 as well as

provi di ng additi onal shielding when used with m crophones 20 and 22.
Referring now to Figures 3 and 4 it is evident that cover nenber 30 defines
three di nensional cavity 32 with an openéide. The cavity is elongated in
the direction of flow, indicated by arrows in Figure 3, and in one

embodi ment handidyet mwwrdn&am meyessuly inf fieshaeise wdlxéﬁglﬁwsswﬁnat Hehes in
wi dth and three inches t.h.  Anot nbodi ment is ten inches by flve
i nches by thré eé’eri’ﬁé}@@.h %%135 ‘ﬁﬁﬂﬂ}gf"‘gb‘“ﬁ essoé{”%erl pheral flange 30-

permt securing of cover 30 to duct 10. Porous material 34 which |s
normal Iy of the sane material as duct liner 11, and therefore faced or
covered, divildepewtonttle B2 gﬁmﬂrﬁectmm@adzszaa&seaﬁdo@@ctmed;k@nt@gly, l'i ner
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| ocated in upgpfd ?ﬁg}&mw%sz&%oarawvelz& tmeﬁkw&@ngﬂﬁ@& tylza. chanber
32-2. Opening 10-1"1s located in O, at or near the ouflet of fan 12,

and is si zed Additarallg spood mﬂemdiécia{bmh ;thdmnsfzavctg\sénnte@hanbbrs 32-0wedl| ai n by
duct |iner ch that.only duct |inper e es I nt.e of duct
10 .from caV|t g'z‘“eﬂéa%w iflowgraeirruiatiop etf’%‘?%‘?‘gﬁ‘fr@’?@e% a‘lﬂﬂ@til’gh%y Screws
38, or any Otiﬂt%ﬁua'%ﬂdhTo%ﬁ!té’rnﬁ%%’é&%‘iatﬁﬁ%res Lif oﬂ'tﬁgléé;ldﬁ%gsh@&fﬂ@s' red, a

gasket or seal may be |ocated between the flanges cover
6 and duct Isigreficenesiad of dpemikgd6-1rtayvaragedut themofsbgmnanﬁe@ﬁ thmkinarlbyl s

h ) i i i,gh h
Sound. 1 n cpblERFeNCh Asd fa e E Ressage o e uiense iy HpciEsdte it Sugh duct
liner 11 intg ﬁlﬂmrﬁes?b%eﬁmg'??—13%0?%9&13@6?“& 84/ adkin M3 gﬁrthfon‘ SrReva§d by

m cr ophone 16 The duct [I'i ne 1 provides a réstricti relative to
t urbul ence T dohimeranty thdﬁiéectswflthqs@ﬂﬁcanﬁdzh dfiopaahg y0-1 pathoaspenttber i al 34

whi ch partitions %‘aw 32 .i.nto chanpers 32-1 and 32-2 attenuates internal
f1ow reci r cul SETYRIBBIRYSHIUR DfFEYY 25- 1 and 32-2. The attenuation of

internal flowrecirculationis aresult of the relationship of the
significant size of opening 10-1 to average out the noi se generated at the
| i ner by turBugenées thkiszhe ad tho dévdcs ¢fi Higitres3 aived passtdbya cofert3inbudtaete f1 ow

t hrough t he iner 11 whi c overlies opening 10-1 Por rial 34,
acting as a %m% ? ERnsceneRtitieiepotines At R ) et Ssamatha! duc

significant sjpg, ﬁgcéﬁ&%ﬂloﬂ%n@l()& eWeB& 4 §3RECisthe 1r?ﬁferd%ét?otn' Jtich) Wi thin
the cavity 32.

both chambers 32-1 and 32-2 are in the same position relative to the length of duct 10.
The operation of the device in the Figure 5 position would be the same as that of

Figures 3 and 4.

In the Figure 6 embodiment, the partition defined by porous material 34, has been
replaced with porous material partitions 134-1 and 134-2 so that cavity 32 is divided
into chambers 132-1, 132-2 and 132-3 which are smaller than corresponding
chambers 32-1 and 32-2. Microphone 16 can be satisfactorily located in any one of
chambers 132-1, 132-2 and 132-3 but by locating it in chamber 132-2 three of the six
sides of the chamber 132-2 are made up of porous material whereas only two of the
six sides of the chambers 132-2 and 132-3 are made up of porous material. The extra
side of porous material in chamber 132-2 provides an extra measure against

recirculating flow effects, as described above, as does the smaller chamber, as



Figure 5 is the sane as the device of Figures 3 and 4 except that cover 30
qis rotated 90[err]. The consequence of the repositioning is that cover 30
requires less length of duct 10 for placenent, opening 10-1 extends a
shorter distance in the direction of flow and both chanbers 32-1 and 32-2
are in the sane position relative to the’length of duct 10. The operation
of the device in the Figure 5 position would be the sane as that of Figures
3 and 4. . |¢preprecdipghrmabes digad dddt Othenwisgdra qperagian abthe degrre§ dgvieous

mat eri al 34,. has_been. r ced with,porous material partitions 134-1 and
134-2 so tha?q%EWFF Sgﬁgggﬁle?ﬁkﬁdﬁhto chanmbers 132-1, 132-2 and 132-3

whi ch are smaller than correspondi ng chanbers 32-1 and 32-2. M crophone 16
can be satisfactorily located in ang'one of chanbers 132-1, 132-2 and 132-3
but by | ocat inife Figura/ embediment1 @zt 20 sundisedoio thitepenirg §9-dewudd prowislechanber

132-2 are mage up of .porous. materi.al .whereas only._ t. of, t he,.si,x sides of

t he chanber Sgei%cf?rgm%ga%fg%gvegv eﬁ%‘ﬁ‘éortfg dB’?t lé)oalngié%&tﬁg{%ﬁcgp{dmﬁ% extra side
of porous nMeg&bihateRaldhaiPREatdBR-BvaT 30\l eRteddd iR Ich ity TERSIHsQ0 31aé et
recirculating flow effects, as descri bed above, as does.the smaller

chanber, as otherwise open side of cover 30 and provide a flush-surface with the inside of dugt conpar ed
to chanbers 32-1 and .32-2. O herw se the e Lon e Figure 6. device
is the same ‘é{éu hra aghy '@_&F’égl X\%ﬁﬂt%’. mg‘%}ﬁ&@ga?—‘? g{?rég?ipa??gam% . duct
10 is unli ne@zmhiah%mgﬁ%@hﬁan.lﬁmkem& g)cﬁfr%‘ghﬁﬁ)pﬁ&%el%fﬂwmiﬁﬂ' on between

the interior of duct 10 and cavity 32. Accordingly, porous nmaterial 111 is
| ocat ed i n cehambesZB2ahdt sxtandn thsotghtane silej spyeifcaliydhalsotiom, of oswer Bhesoasher wi se

i de of 0 ide a. h i th the inside of duct
T S0 coviot§ tan P B St bl a P SO bl 5 ' OV
nat eri al 234p1’é§bh9ﬁhv&ﬂfo’ﬁ§a§gs ﬂ%ﬁﬁérie@(ieﬁ&ingB@ﬂ@!‘opﬁb@ﬁni&ﬁ@&iﬁ?. %ﬁﬁ&?ﬁ@é’e 16

totally within chanber -1, it extends through one side, specifically the
bottom of coVenedssarsibattbe macrbghoht be respdnsives edoustinpresshiesn ithe qausg bl e in

any of the other enbadi nents.of the present .invention as .is further :
ot endi ng. t MO RSO e Qe o2 Bt EHErEorr g v R S ar y

that the m choRRONBeABs 18SPABE Mtchf 18G WREIE] REBBTYIE J0NaskirgingaNe ty 32 and
it can be located outside of the cavity 32 but in fluid conmunication via a

tube or the YamealimButanyoécovre 3pchamberndd®l and 23212 wils be sroaliesdhani t hi n cover
30, assumng,the s di i ons of . cover 30 C rs 232-1 and, 232-2 will
e’ sl | er | (HHAROERAAEER o7 18 Aerogst Beer BN o deRd (oeF SEUBRE of 1 he
Figure 7 devthe ol tHatf Figures 3 and 4. If desired, porous material 111 alone or in

combination with porous material 234 may fill most, or all, of cavity 32. This option

is enhanced by the flush placement of microphone 16.

In the Figure 8 embodiment, porous material 334 is located within cavity 32 parallel
to and spaced from duct liner 11 so as to form a partition in cavity 32 dividing it into
chambers 332-1 and 332-2. Chamber 332-1 and porous material partition 334 are
located between cavity chamber 332-2 and the interior of duct 10 thereby providing an
extra measure of reducing internal flow recirculation relative to chamber 332-2.
Accordingly, microphone 16 is preferably located in chamber 332-2. The operation of
the embodiment of Figure 8 is basically the same as that of the Figure 3 and 4

embodiment.

In the Figure 9 embodiment, cover 430 is of a three dimensional parabolic shape in

the illustrated scction. Because of the parabolic shape, the small wavelength (i.c.



the sane as that of Figures 3 and 4. If desired, porous material 111 al one
or in conbination with porous material 234 may fill nost, or all, of cavity
32. This option is enhanced by the flush placenent of m crophone 16. In
the Figure 8 enbodi nent, porous material 334 is |located within cavity 32
parallel to and spaced from duct |iner 18 so as to forma partition in

cavity 32 dividing it into chanbers 332-1 and 332-2 Chanher. 332-1 and
porous materi ‘Eglll“ﬁgrl’eﬁt?‘% Bxﬁblé@@g}ﬂcgsqrs@ 821t ¢ éﬁ?%@%@@% MFEPT 332-2 and
the interior Y/ el Igg@scxf educi ng
internal fl OW%%???%&%Q %SgﬁE)r e %ﬂs&gkﬁcﬁ%?g%bzﬁ%@%- . égeo%l{lgl Yy,

m crophone 16wheldge trtRiny plegsitd Bttiaioshdergredtert aderadihg tiepsdyat i on of the

enbodi nent of Figure 8 is basically the sane as that of the Figure 3 and 4
enbodi ment . Mimmizieg it ¢ffecs. derspvavaiensth seundencigp (i fngoisg) tomads

di nensi onal par e a in the ill r at-ed. sect. an, ..Becaus f the
par abol 1 ¢ shagsert e SoERE g s b (e AREK R SEic” BB AR 60

8 wal | - generptaed iurdibceeRhe fahisda RIAERIMNDIE Fithinbadddnidefiniah eeladn by the
interior surface of cover 430 to the focus of the parabola. This focusing

of the small megudlSdgtiich dvides eavity Ad2induehamberdBiddtandid2 4l |Adlough eat er
averagi ng therehy,mnim.zing.its .effects., Large ve | ength sound energy
(i e fan noi EEeoPE iR i ped B Pl raliia e acihe iEmes SHRS o et oo
reflective suhfed@@medddnaPilipsRehat Bad Side@rRt@ctpdoisc\eodi@Bel feflebied NBxdBE abol a
and, preferably within partition defining insulation material 434 which

di vi des cavi tpr dedogusing of Herthdrisndamise aad thedgeating ofthemoiawphencpldrailtied i ¢
shape is specifically illustrated ere .are ot her. shapes,sych as a,portion
of 5 three i et i pire P bR ET RN e b SARR AT B B3 ae Phe

reflected. ExeRRk réigfive tBeeduemigshiB@aofiow RRirkwsddsl ence noi se and the |ocating
of the m crophone 16 at the focus, the Figure 9 enbodinent will essentially

operate the sane as the Figure 3 and 4 device relative to reducing internal
flow recirculatio Figure .10 sho t he.performanc f..the..fl ush nounted
and present iapuRPshotft PERTE A MRS LR BstieabiBure ¥R oresen
invention in daefyRurBiiedcdehieR@hENE 6 the bweeH idveRtidrdaiérhe ) the cohérehdted

m crophones at the sanme cross plane obtained in a twenty five ton verti cal

packaged air hebiesintivendanticajiyAtueldsdimiciophanes aiihe samesarpwsfplankeobtaingd idRschar ge
and 90[ err] ttl\{/(egty(éx%rtgry wlzeergga? ﬁgc?égeéds 2t c%%ggtioggr, %?A%??{Bipﬁgte (gox%rs]trgal%rlx léf e’ aged
fan discharge and 90° turn (turbulence levels equal to 25-30% based on bulk averaged
velocity). The addition of the liner dramatically increases the coherence above 20Hz,
with little effect below 20Hz. The addition of the cover (20 inches x 10 inches x 3
inches) is seen to significantly improve the coherence over the entire band and with
three vertically oriented internal baffles or partitions of porous material to attenuate
internal flow recirculation, the coherence is ei'en further improved, particularly at low -

frequency.

One or more additional microphones can be added to the cavity 32 and summed to
improve the coherent sound energy measured from the fan 12. For example, coherent
sound energy will increase at a rate of 6 dB for each doubling of the number of
microphones/sensors whereas incoherent sound, 1.¢. turbulent noise, will add as 3 dB
for each doubling of the number of microphones/sensors. The microphones/sensors
would be spaced at a distance greater than the coherent length of the turbulence.

Referming now to Figure 11, it corresponds to Figure 5 except that microphone 16-1



velocity). The addition of the liner dramatically increases the coherence
above 20Hz, with little effect bel ow 20Hz. The addition of the cover (20
inches x 10 inches x 3 inches) is seen to significantly inprove the
coherence over the entire band and with three vertically oriented internal
baffles or partitions of porous material %o attenuate internal flow
recircul ation, the coherence is even further inproved, particularly at |ow
frequency. @sé&edradded énchkmqateénapaw&ﬁcﬂorﬁﬁ%@emﬁroahor@a&@am b5 ﬂﬁéﬁ cavity
32 and sunmme ner. S fan
dllhé Qanller@gtgnce ftnprg th 3hn§:l| ng%éj 'f?xlre X é:?-g%/l C{TEZ yc{d%g 5(§

12. For exa 1er ent” soun ara dB for
each doubl i nQnon totmglr@l!m%orﬁgspé’ﬂd‘é &@P@Q&eﬁ/ e‘i@éb?ﬂfa?cd’#&?l%@@sfoﬂaféﬁ@ber ent

sound, i.e. turbul ent noi se, add™as 3 dB'for each doubling of the
nunber of ni cﬁmklwmes’i?mansmssn de:ephmeriGﬁrundehdmlmn%ﬁsbemmo@/nbm&paﬁed at a
di stance great

Lo F Gur o L1, MEACREGHS LA GHIAnEE Fr b AR AeRATiAH FERHoRGTRD. 10
9 has been agfied ands e%n'nqgﬁgﬁ&[%%gmiélg A ferolIBHEYE B AALARNGNEELE and

16-1 are the sa di' s ance I rec connected to
adder 50. Ref%rvih figherioly 60 Whegids Bickd hohbwqrzgmea@l:smt&*l?mgwderﬁoI except
that cover 30 is rotated 90[err] clockvm se. This results in mcrophone 16-1
and chanber 32-2 bei ng downstream of m crophone 16 and chanber 32-1

relative to f t i el By r
m crophones 1 %nn&%d i@ggq{é%% 1%:{?01 Iggﬁgaqigoﬁssﬂdg%%gtit Z[ﬁ 3r angg% Vi a time
del ay 60 whereagrefdrsblpphine ealﬂ@m&tehﬁi 656 peaE ashigh is@@tduy vhm éifhdfhl’g op0. As

not ed above, the_ duct |iner 11 and partltlons 34, 134-1, 134-2, 234, 334
and 434 are pPEFERZMhigh Wk%ﬁbmgmsmméqa flaw theretheouglyl Bigyre hdshews the por ous,

wth a faci nQnt%Easg?ﬁ/ g%%ﬁé"@lﬂect? r se c':e of‘%am%gﬁilh%tf%@} glééjs flow

t her et hr ough P ReTEe erence”dué to the presence

of a facing on the fi ber glass. Ref erri ng now to Fi gures 14 and 15, the
housing or protrusion 110-1 defining the cavity %ﬁ e int egral W th
the duct or fRefersng pev th@dreAir’rapwiahmm@g@rafotrﬂlﬁpé dafmeaths s t he

degree of ai leolikOhiNEas,ShiAGe WA 0L BPERING SN R0 DS 0, A10-1 T

for the electrl eC|0nto m cr ophones are in
chanbers 532-einbadithen8 1R dégesirdiritighingss shildithid @Mabpening leguifkdus hogidgl0- 1 i s
of the sanme nmaterial as duct or fan outlet 110 and wll have the same

ability to cdidPdiiniarike desinen! sonnsetionrts aniciopberichah andlo-Evdighede 14 and 15
directly cor 0005349 L b o) NN d 90, the
Figure 11 errbo%&ren? 83{1 ﬁ%ﬂ?ﬁ%; g weynt‘;sddg#‘%fgt}?{@&%g@ 1clg)ull 8%9 hgo have
t heir cover s samt agxtemal ¥y dudt dhien dukddt 10 mmum Ievangisage bbidity tolkastath theinct i on.
Accordingly, the illustration of nopdifi

sound/noise. The embodiment of Flgures 14 and 15 directly corresponds to the

embodiment of Figure 12 and, if rotated 90°, the Figure 11 embodiment, but the

embodiments of Figures 3-9 could also have their covers integral with the duct

without changing their basic function. Accordingly, the illustration of modified

embodiments of the Figures 3-9 devices to show covers integral with the duct or fan

outlet is unnecessary as providing no additional information or teaching.

Although preferred embodiments of the present invention have been described and
tlustrated, other changes will occur to those skilled in the art. For example, more
chambers may be formed, the chambers may be of unequal size and/or of different
orientations. Also, the microphones need only be responsive to acoustic pressure in
said cavity so that it is not necessary to physically locate the microphone(s) in the

cavity. This will be helpful where the dimensions of the cavity are small relative to a



enbodi nents of the Figures 3-9 devices to show covers integral wth the
-duct or fan outlet is unnecessary as providing no additional information or
t eachi ng. Al t hough preferred enbodi nents of the present invention have
been described and illustrated, other changes will occur to those skilled
inthe art. For exanple, nore chanbers Way be formed. the chanbers may be

of unequal size and/or of different orientations. Al so, the mcrophones
need only baifeshmesingdafiling dbissherefopy iatesdrddhatihaseope efls PIESE® that it is
not necessar i - 1 -lp the cavity. This

wi || be hel 6¥V5bgﬁg¥§b%ﬁtﬂﬁgﬁi @&%&g%%sgg?%fﬁféé)%\g}?{e&%%arlﬁégs mal |l relative to a
10 mcrophone and baffling. It is therefore intended that the scope of the
present invention is to be limted only by the scope of the appended.

cl ai ns. ' CLAI M5 What is
Clainmed is: . 1. In a duct active noise cancellation
systemincluding a noi se producing fan (12) and a fan di scharge having fl ow
turbul ence therein, air distributing neans including said fan di scharge and
defined at least in part by a duct (10), having a wall and an interior, a

turbul ence shield characterized by: means defining a cayity
(32; 432; 532) having an open end; said neans defining a
cavity being | ocated adjacent to said duct so that said open end
corresponds to an opening in said wall; - flow attenuation
means (11; 111) located between said interior and said cavity; said cavity
being partitioned into a plurality of chanbers. at | east one

sound sensing neans (16; 16-1) |located so as to be responsive to acoustic
pressure in said cavity such that said sound sensing neans is separated
fromsaid interior by said flow attenuati on neans.



2. The turbul ence shield of claiml wherein said flow attenuati on neans
-is the only physical barrier between said interior and said at | east one

sound sensi ng neans. : 3. The turbul ence shield of claim
| wherein said flow attenuation nmeans at |east partially fills said cavity.
4. The turbul ence shield of claim1 Mherein said at |east one sound

sensing neans is at |least partially located in a first one (332-2) of said
plurality of chanbers and a second obk&AIM_1) of said plurality of
chanbers i sy ted bet.ween said first one of said plurality of chanbers
and said i nt%h%?%raglme% 5 5. The turbul ence shield of claim1l

wherein said at |eastjone mQUI@t £ERE hHige SRBEIRLiOD B)stdnd incREigathdige one of
said plurality of chanbers T

12 producing fan (§2) and aTfhe dischargs haning fiotw terhaleste tiersinnals disrbting

I ncludi ng a_secand .sound _.sensi.ng neans 6- which is,a st.partially
| ocated - FeOBOBHUITREHD G S U SR 2brest nprgamst aft (bl 11 2
The turbul epgf agdheltelRl, LoufjulBnbe WHEH hftadi@iAdd by st one of said plurality
of chanbers is | ocated upstream of said second one of said plurality of

chanbers. means defining a caVity BAr43aAL 239 dawhg et dpasfend! ai m 1 wherei n

id cavity h three, di ional bol i.c_shape. , 9.
The turbul ence shi el 45 PERRIHEOGREPENPHIEISPIRE AHTARY B AP U0 used t o

partition sgidof@VdndolrBipBnds BlaHbabdiky/in@bidGhagbers.
_ flow attenuation means {11; 111) located between said interior and said
cavity; '
at least one sound sensing mééns (16; 16-1) lecated so as to be
responsive to acoustic pressure in said cavity such that said sound sensing means is

separated from said interior by said flow attenuation means.

2. The turbulence shield of claim 1 wherein said flow attenuation
means is the only physical barrier between said interior and said at least one sound

sensing means.

3. The turbulence shield of claim | wherein said flow attenuation

means at least partiatly fills said cavity.

4. The turbulence shield of claim 1 wherein said cavity is.

partitioned into a plurality of chambers.

5. The turbulence shield of claim 4 wherein said at least one
sound sensing means is at least partially located in a first one (332-2) of said plurality
of chambers and a second one (332-1) of said plurality of chambers is located between

said first one of said plurality of chambers and said interior.

0. The turbulence shield of claim 4 wherein said at least one

sound sensing means {16) is located in one of said plurality of chambers.

[
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10. The turbul ence shield of claim9 wherein said at | east one sound
sensing neans is located in said flow attenuation neans which partitions
said cavity into a plurality of chanbers. 11. The

turbul ence shield of claim1l wherein said cover has a parabolic shape.

12. The turbul ence shield of claim1l wherein said at | east one sound
sensing neans is located in flow attenuati on neans which partitions said
cavity into a plurality of chanbers. 13. The turbul ence
shield of claim1l wherein said cover and said cavity forned thereby is
shaped so as to refl ect?-soundetterbylepescshield of claim 6 further including a secopie

t ur bul ence shj . ¢l aj -8l I . le e ensi:Ag neans
LTy e S éogglé 88{5161 R &%é’ﬁﬁ{& 9 a?%&s‘?pé‘&ligy_ %%&ti\é’[}nuar eﬁ(}:’@ocng apsaidd | for
use in a ductplaedityef demb&scancel | ati on system i ncludi ng a noi se producing
fan (12) and a fan di scharge having flow turbul ence therein, air

di stributing neans including said fan di scharge and defined at least in

part by a duct (10) havjng malg and an_jnteriqr,, said.tubul ence.shield
conpri si ng: rrearé de?lfhﬁiul’f m&ﬂ‘@a‘gieﬂ%ﬂé"g@?‘%‘ﬁ@mgﬁ%gﬂﬁ%\?ﬁﬁ@f%?ﬂf? open
end, for |ocafj :a(gj ' ' DERGiFQF I €sponds
to an openi n? !n[r%gt al &ﬁ%%s gsqoga?éd%g# %avtr\rll gfsta%gc{n?gdﬁgﬁg%ﬁgpf?%% 3Péﬁill) for
| ocating betwsembsai d interior and said cavity; and at | east one
sound sensing neans (16; 16-1) located so as to be responsive to acoustic
pressure in said ‘cavity such that said sound sensing neans is separated
fromsaid interior . by spai d f'ﬂh@%t@&la@é&"éﬂ&*@&cfﬁr?;l{a)x'l%herein said c%@"}%@tﬁt@éd
cavity is partitionéd into a plurality of chanbers.

dimensional parabolic shape.

10.  The turbulence shield of claim 4 wherein flow attenuation

means is used to partition said cavity into a plurality of chambers.

11.  The turbulence shield of claim 10 wherein said at least one
sound sensing means is located in said flow attenuation means which partitions said

cavity into a plurality of chambers.

12. The turbulence shieid of claim 1| wherein said cover has a

parabolic shape.

13. The turbulence shield of claim 12 wherein said at least one
sound sensing means is located in flow attenuation means which partitions said cavity

into a plurality of chambers.

14. The turbulence shield of claim 1 wherein said cover and said

cavity formed thereby is shaped so as to reflect sound to a focus.

15. The turbulence shield of claim 14 wherein said at least one

sound sensing means is located at said focus.

[l

o : This Sheet Has Been Replaced

[T i

¢ H S




