15 OCTOBER 2004 - 1 Inprovenent Relating to Fluid Processing Devices This
invention is concerned with fluid processing devices, particularly but not
exclusively for use in the treatnent of sewage. By the term AsewageO as
used herein, we nean donmestic/nmunicipal and industrial wastewaters and

sl udges. It has been found that the application of ultrasonic energy to
sewage i nproves subsequent response of the sewage to €

exanpl e, in the specification of Eurqpean patent 0643%%1é§ﬁgggﬂis@ﬁd
described a fluid processing device conprising a chanmber through which
fluid to be processed may be fed, and an operating nenber having a
circular cross-section in the chanber, the operating nenber conprising a
plurality of sumpaoesment| Bdiagia ftea&stidnercoateingrDevicanferenti al
surface, the device conprising neans to cause said surfaces to vibrate it
an ultrasonic frequency. In use, the fluid to be treated is flowed
through thejehanrber-and querchhereucunter entiial psurkaseng waeieby,
ultrasonic energy is provided to the flowng flurd. It haS been now found
t han an a@®taftggesys ¥f Fuicd prrocessingg vadevilce, Pl tiedtlas | YreakmEhe

treat nent _of raw sewa Lse ngat e conveni, y of
circul ar Dgr6§§%%%%tigﬁyt g%ﬂg%kah?g%gﬁgéﬁdggo‘%ﬁﬁgﬁgggéggd $£ fgg, a

pl uralitydofcaxial/lnynipaped epedrankingtmenbenssicpwhherzpasdageydgash
operating nenber having an inner surface: defining an inner passage

t hrough which fluid flow ng

It has bkeen found that the application of ultrascrnic energy

to sewade improves subsequent response cof the sewage to
treatment. For example, 1in the specification of Buropean
patent 0643531 there is described a fluid processing devico
comprising & chamber through which fluid to be processed
may bke fed, and ar gperatirg member having a circular
cross-section in the  chamker, the opesrating member
comorising a pluraiity of surfaces including at least one
interiogr circumferentizl surface, the deviee comprising
rieans to causse said surfzces to vibrate st an ultrasonic
freguency. In use, the fluid to ke treated iz flowed
through the chamber and over the circumferentizl surface,

whereby ultrasonic energy is provided to the flowing fluid.

It has been now found that an advantageous fluid processing
device, particulariy for the treatment of raw sewage,
comprises an elongate passage converiently of circular
cross—section through which fiuid te be precessed is fed, a
plarality <f axially spaced gpesrating membsrs in the
passage, each operating member having an inner surface
défining an innar passage through which fluid flowing
through the device passes, and mezns Lo cause the inner

suarface of the operating menmbers to vibrate at uvltrasconic

fregquency generally radially cf the overating member. In




t hrough the device Passes, and neans to cause the inner surface of the
operating nenbers to vibrate at ultrasonic frequency generally radially of
the operating nmenmber. In - 2 15 OCTOBER 2004 use, sewage flow t hrough the
el ongat e passage flows through the innor passages wherein it is subjected
to ultrasonic energy derived fromthe vibrating inner surface of the
operating nenbers. It has, however, been found that deiﬁiéﬁfoﬁﬁﬂtfbﬁﬁd in
the raw sewage, such as rags, paper,_pjastics eta., tends'to accunul ate
in areas of low flow rate between the operating nenbers, (ie. Adead@
areas) which may eventually produce a reduction to the rate of flow of
fluid through the device, and possibly cause a bl ockage. This problemis
exacer bat gde,i arrapeeféovedhifbuiid proosksiqa deviscegawidnesnthooughr ease

t he annun%hof.ultrasonic energﬁgqgﬁliggeto th%,flqid,qthe fluid also flows
over out er Surfacds Bt 1HE Dp&ratThy “hedferd®IFarG% i r ty- thEdugh

gener al | yaanyhardpoassagesrohetinen, spid-ongerirsw.f agesrand the interior
surface defining the el ongate passage. An object of the present invention
is to ovePEBRELERE MGFEBEEms of the prior art. According to one aspect of
the present invention there is provided a fluid processing apparatus for
use in an elongate passage, the apparatus conprising: one or nore neans
for appl yiLhghaktr aseriverenergy tound that detritus contained in the

raw zewage, SUch a8 rags, paper, plastics eto., tends to
accurulare in arezs of low flow rate between the operating
members, (ie. Adezd® aveas) which may eventually produce a
reduction to the rate ¢f flow of fluid through the device,
and possiply cause a blockage. This problem is exacerbated
in a preferred fluid processing device, wherein to increasc
the amount of uitrasonic energy appliec tc the fiuid, the
fiuid also flows over oputer surfaces of the operating
memoers, particulsrly through generally annular passages
befween said cuter surfaces and the interisr surlace

devining the elongate paszage.

An object of the oresent inventien 1s o overcome the

prciblems of the prior arc.

According to cne aspect of tThe present invention there is
provided a fluid orocessing apvaratus for use In  an
elongate passage, =mhe apparatus corprising:-

gne or more means for applying ultraseonic energy to
fluid within the pessage:;

wherein the avparatus further comprises mearns for
constraining flow of fiaid towards the longitudinal axis of

the #lcngate passage.

In preferred embodiments the chne or more means for applying




fluid within the passage; wherein the apparatus further conprises neans for
constraining flow of fluid towards the | ongitudinal axis of the elongate
passage. To preferred enbodi nents the one or nore nmeans for applying 3 15
OCTOBER 20C4 ul trasonic energy have an inner passage through which fluid

fl ow ng through the apparatus passes. According to a further aspect of she
present invention there is provided a fluid processing appas@ipls,fof use
in an elongate passage, the fluid progessing apparatus conprising: one or
nore nmeans for applying ultrasonic energy to fluid wthin the passage, the
means for applying ultrasonic energy conprising a vibration nenber having
an i nner passage; fluid directing neans for directing fluid to fl ow towards
t he i nneruphszage.cByneongtrainiary omad rectdiayy ttheofizbi @hitbwiiowar ds t he
Iongitudi@al Qxis_Ff thg gLongatevggssa e or towards the inner passage, an
in crease’tR"tHe FIroQ ¢5t 575 TPRa" W8ge*F8*produced. By this nmeans a
greater proportion of solids contained in the sewage wll flow through The
device on or npre closely adjacent to the |ongitudinal axis or directly

t hr ough t HEGHiteM hdss aye tatidlahuir Fadw tthridifg b e o venitgher “disteasoni ¢

density than gthetiw.se ywoulyd,he Fggcﬁégﬁn Ad 'ﬁﬁ'\ﬁﬂﬂl.«!yf@f | peLeas] ”gnt he
fluid velocity, cavitation is produce ichallows the creation o
ul trasoni e lvirly=ats gassage, the fluid processing apparatus comprising: -
one or more neans for applying cltrasonic energy to fluid
within the passage, the means for applying ultrasonic energy
comprising a vipration memker heving arn inner passade;

fluid directing means for directing fiuld to flow towards

the inner passage.

By constraining cor directing the fluid flow towards the
longitudinal axis of the &longate passage or towards the irnner
passage, an increass 1n the flow rate of the =ewage 1is
produced. By this means a greater propcrticn of solids
cortained in the sewzge will Zlow through Zhe device on ox
more closely adjacent to the longitudinal axis or directly
through the inner passage ana thus flew through areas of

higher ultrascnic density thanr otherwisze woulc oe the case.

Additionally Ly increasing the fluld wveleocity, cavitation is
producec which allows the creation of ultrasonic vibrations in
those secticn cf the passage which are located between
adjacent operating mombers, increasing the officiency of the

devica,

In additicn, the increased velocity of flow alorng the passage
ensures that a mailority of detritus flows directly through the

pas=zaga: any detritus which has flowed from bhe axis or the

inner passags will ke pulled by the wventuri effect towards Lhe




those section of the passage which are | ocated between adjacent operating
menbers, increasing the efficiency of the device. in addition, the

i ncreased velocity of flow along the passage ensures that a majority of
detritus flows directly through the passage: any detritus which has flowed
fromthe axis or the inner passage will be pulled by the venturi effect

towards Lhe 4 longitudinal axis or inner passage. 15 O@EC%%@D%@%42h%4this
,canner in has been found that tendengy,for detritus to accunmulate in the

areas of low flow rate between adjacent operating nenbers is reduced.
Addi tionally, by increasing the proportion of detritus which flows
generally along the longitudinal axis directly through the device,
reducti on tenateidiow ofxi4 uid overr tdesader surfaces of the operating
menbers by the accumulation in the space between said outer surfaces and
the walls defining the elongate passage is mnimsed. The neans for

constrai nimg -fHiewaehridruid BEstBeef | fhithd diHRCH-RA=-RBANSH € af=bE Prnaduced
separately fromthe elongate passage and, therefore, can be nounted in
exi sting é}%ﬁ@{%’t%aé’éa%@? Preterabl yCYaitd et FoPSEBASEr &FRiERG T ow of

fluid or t Jui g i | ng; neRans.&pnprises a funnel ling device through
%?%ﬁgiﬁﬁqnégﬁééﬁé 5 &

whi ch fl ui l'ows into the device. The funnelling device can
be produced froma sheet of materi al

dditiovnally, by increzsing the proportion of dstrizas whicﬁ
flows generally aleong tae longitudiral axis directly through
the device, reduction teo the fiow of fluid eocver the outer
surfaces of the cperating menmbers by the accurclation in Lhe
space between said outer surfaces and the walls definirng the

ezlorgate passage 1s minimised.

The means for constraining flow cof f£fluid or the fiuic
direclbing mesns can be produced separately from the elongate
passage anhd, therefore, can ke rounted in existing elongate

pASSAGas.

Preferakbly said means for constraining flow of fluid or the
ftruid directing mears comprizes a funnelling device tThrough

which flu:id to be treatec fraows into the device.

The funnelling device can he produced from a sheet of mazerial
which is noi corrcsive irn the fluid, for cxample, stzinless

gtesl or plastics materials.

Conventently said funnclling device is cperative to reduce Lhe
cross—sectional area through which £luid flows by al least a
factor vf 4. In prefer-ed smboodiments said funnelling device

iz operative to reduce the cross-sectional area through which

fluid frows by at least a Zacior of &,




which is not corrosive in the fluid, for exanple, stainless steel or

pl astics materials. Conveniently said funnelling device is operative to
reduce he cross-sectional area through which fluid flows by at |east a
Actor of 4. In preferred enbodi nents said funnelling device is operative
to reduce the cross-sectional area through which fluid flows by at |east a
factor of 6. 15 OCTOBER 2004 Thus where the el ongate passage =% pok G, cul ar
cross-section, having a dianeter of 150m m the funnel device nmay reduce
the gross-sectional area of the passagé to approxi mately 50mm di aneter.
Preferably said el ongate passage is of circular cross-section. The
passage, therefore has no corners where detritus may build up.

Conveni entThug hevdnmndle=iaigndeviec eabsabecat edf wot hin. £ hecr®d orEpatte gpassage

upstream qf_the one or nore for _applying ultrasonic ene s

Abcor d: ol T 7 1 AT e 4o T RGHGr (o T b o5 dth SEAE s T or
applyi ng dAdd4-AsQnC GNET 9Y rokr efrerait Yplheahengid ughhab . axh 5o 0f thew nner
passage of the. or each neans for applying ultrasonic energy is

subst ant i aliareteinci dent with the |ongitudinal axis of the el ongate
passage. Conveniently there are provided a plurality of neans for applying
ul trasonic energy. The nore neans for applying ultrasonic energy that are
present thefleaagéry thecpedoponitemnadsddaniids athicdbowilkl beots-eated.on.

The passage, btherefore has no corners where dstritus may
build up.
Converiently the funneiling device 1is locakted wilhin ths
alongate passage upstream o©f the cne cr more means for
applying ultrasecnic enexgy. BAccordingly, the fliuid flow is
constrained befcre 1t  reaches the means for aoplyving

ultrasonic energy.

Praeferalkly the longitudinal axis of the inner passage of the
or each means for applying ultrascnic ernergy is substantially

colircident with the longitudinal azis of the elongate wassage.

Conveniently thare are provided a2 plurality of means for

applying ultrascnic energy.

The more means for aprplying ultrasonic encrgy that are present

Lhe larger Lhe proportion of fluids which will be treated.

Preferably theare are provided at ieast four means for apolying
ultrascnic energy, By =0 constraining the filow of fluid keing
treated towards bhe longitudinal axiszs of the elongate nassage,
it has been found that good flow characteristics of the fluid
through a significartiy larger number of sequential operating
members has besn pessible, than would otherwise have been the

cas=e. In particualar, it has been found by this mebthed that




Preferably where are provided an !cast four neans for applying ultrasonic
energy. By so constraining the flow of fluid being treated towards the
| ongi tudi nal axis of the elongate passage, it has been found that good
fl ow characteristics of the fluid through a significantly |arger nunber of
sequential operating nenbers has been possible, than woul d ot herw se have

been the <case. in particular, it :gas been found by tﬁﬁscﬁﬁkﬁﬁﬁ. g - O
15 OCTOBER 2009 five or nore operating devices may be containéd within the

sane el ongate passage, enabling a highly efficacious treatnent of the
fluid :0 be obtained over a relatively conpact distance. in preferred
enbodi nents each neans for applying ultrasonic energy conprises a
oper at i ng Terbe?r cBAnecOEd rad itlie detirats orey newberntéheedpedatiing tienber
bei ng connected to _a_source of ultrasonic .energy. _Preferably an inner
surface of The 1Hner passagadrs aria 4 t%%%?é‘?ﬁﬂf‘%f?yﬁ%%rr&i ng to
a yet. "uiot hemeenodiaent cofhd hepraasent boventson-etherels %@}:Ja@ehd a
met hod of treating fluids, the method conprising :- placing the fluid
processi ng sppHtEtus of any preceding claiminto an el ongate passage and
passing the fluid through the elongate passage. . Preferably the fluid is
sewage sludge. The invention will now be described, by way of illustration
only, wi thlir gfiex&ncecd octibec frobh o ageexasptie édnd thelving ultrascnic

Brersy comprises a operating memocs conrcctoed o the wvibration
rerker, the gperating member heing conrected to & scurce of

ultrascnic snergy.

FPreferabkly an inner surface of the inner passage is arranged

to vikbrate radially.

According to a yet further embodiment of the presaent iavertich
there 1z provided a method of treating fluids, the metihod
comprising - placing the fluid orocessing apparatus of any
preceding claim inte an elongate passage anc passing the fluic

throcugh the elongate passage.
Preferably the fiuid is sewage sludge.

The inventicn will now pe descriked, by way of Zlustration
ohily, wilth reference to the following examples and the
accompanyling figures.

Ir. the zccompzaznying figures:

FIGUREE 1 is a scheratic wiew iliustrating part of a flow
cilrcuil n whick thke fluid processing device whicn Zs a
preferred embodirent of this invention is insza’lco;

FIGJURE 2 is a secbtionzl view showing the mounting of Las

longitudinal merker, of a means fo aopnly ultfrasonic energy;

FICGUREZ 3 is a =ilds wview of the fluid processing device




acconpanying figures. in the acconpanying figures: FIGURE 1 is a scheratic
viewillustrating part of a flow circuit. in which the fluid processing
device which is a preferred enbodi nent of this invention is install ed;
FIGURE 2 is a sectional view show ng the nounting of the |ongitudinal
menber, of a nmeans to apply ultrasonic energy; FIGURE 3 is a side view of
the fluid processing device 7 15 OCTOBER 2004 which is.a& prel-gEredqn
gt

L.

enbodi ment of this invention; FIGURE 4 £s_an enlarged view show n ﬁe
nounting of the wultrasonic device to t he el ongate nmenbe}; and FIGURE, 5 i5
an enlarged view of a funnel nenber of a preferred enbodiment. The fluid
processi ng device which is a preferred enbodinent of this invention is
speci fi calvhyidori sise Amefdrred reamokimedf osvilsiewdge;eranidri;s adapted to be

located jr a fl.owli 5 affordin branch.t c a pain flowlineg flow
of "t bui i t her é RO el 15 eonerdrred By oaPyEed AR B itiing 4T $ie see
Figure 1) .uleiestiesd enhoth mentshe (i $aS aerliangi tad nal nenber af f or ded
by a pipe 10 of circular cross- section, throu%h whi ch in use raw sewage is
fed. Munted orf ¥H&H ongi Fudinan @it 10e%r 8a dplWHEIGt yreThe s hps§ a

exanpl e fi f%fégrégmgﬁgéﬁgﬁ%gyjces 12, each operating device 12

conprising an operating nenber _4,, andn ultrasonic device 16 ¢ nnected

thereto. Each ditevi ciellig! conprdssesiray  device which 1is a preferred
emoodiment of this invention is specifically for uwse i Lhe
treatment of raw sewage, and is adapted to he located irn a2
flow-line 5 affording a hranch o a main flow-line 4, flow of
fluid therethrough bheing contrelled by wvalves V1, V2, V3 and
V4 (ses Figure 1). A preferred enoodimsent, conprises a
leagitucinal member afforded by a pipe 10 of circular cross-

section, through which in use raw sewage 1z fed.

Mounted on the longitudinal mewber 10 are a plurality, in this
exanrple five, cf cperating devices 12, each cperating device
12 comprising an operating member 14, and an ultrascnic device
14 connected therets, Zach ultrasonic device 16 comprises a

trarsducer 24, and a flanged hoasler 26 and a exienceoe:s 28.

The operating member 24 is of substantially annular cross-
soacticn, comprising an outer surface 18, and an ‘nner surface
23, Provided on the cperating menmber 14 iz a tangsential flat
22, to which the extender 28 of the ultreseonic device 16 is
secured conveniently by means of z weld, the ultrasonic device
pa=sing through the wall of the pipe 10. Ailfternatively, the
extender Z% and the operating memoer 14 can be secured by a

SCrew.

In the present exanple, there are five coperating devices 12

mounted on the pipe 10, However, any regquired number of




transducer 24, and a flanged booster 26 and a exiender 28. The operating
menber 14 is of substantially annular cross- section, conprising an outer
surface 18, and an inner surface 20. Provided on the operating nenber 14
is atangential flat 22, to which the extender 28 of the ultrasonic device '
15 is secured conveniently by neans of a weld, the ultrasonic device
passing through the wall of the pipe 10. Alternatively, ¢ hgrgienggrs 28
and the operating nmenber 14 can be secuged by a screw. In the present
exanple, there are five operating devices 12 nounted on the pipe 10.
However, any required nunber of 15 OCTOBER 2004 - 8 - operating devices can
be present. The inner surface 20 o= each operating nenber defines an inner
passage ofopérzulan ceossssecanon:s tihwdeght which fluid f-owing through the
devi ce passes, and additionally the annul ar space between the outer
surface 18 of the operating nmenber 14 and the inner wall 11 of the pipe 10

provi des ap,Out @l Passaeel90 Lhr auoh whiedx fidinkrmey absonbhow: lmase,
the ultrasonic devices 16 are each energised cau3|ng, IongltudLnaL

Vi br at i onspa® s a4 rab onl koA EREp 156 e cap phiteddbf Khiarhhélexd ehdar- @8 t o
the flat f i icﬂﬁﬁﬂi t rati.ng- 4. cifically,
t he oper at ?ﬁg‘?’%’fwb‘%}?‘ﬂ icglé@ﬁas ansgi{:%t’e%ﬁ]gl %%gl&i%&gﬂ%iﬂgggﬁ%n&é%%ﬁa J radi us
R2, the rebatisashtpabeungrsauhfihat 1¢Rof £+hR2ppkr2lznQ weehe K liss zam

I nteger, aﬁﬁefiéﬁeéﬁwéff:ﬂ?%ﬁ%%ﬂ%}?u%k H epﬁhgﬁﬁégoﬁﬁ %BEé}eSaEthe 19

through which fluid may also flow.

In use, the wullrasoric devices 16 are each energised, causing
1ongitudjnal'vihrations at ullrascric freguaency tc be applied
from the extender 28 to the flat fare of its attechmert to the
operating member 14. Specifically, the operating memher 14
kas ar internal radiuas El1 zand an external radius RZ, the
relatianship being zuch that (R2 + R2) / 2 = KA, whers K is an
integer, and 4 1s the wavelencth of Lhoe vibrations applied by
the ultraszsoric cdevice Lo the cperating member 14, I this
configuration the outer surface 18 and the inner surface 20 of
the operating member alternatively radizlly expand and
contract in a pulsating manner at ulitrasonic Ireguancy, apoly

ultrasoric erergy to fluld flowing Througn the pipe 10.

Mounted In the upstrear end of the oipe 10 is a funnel device
30 {Figure 4) which is a sliding fit in tke end of the pipe
10, flanges 32 being provided to locate the funnsl member 30
in & desirea location within tne pipe. The tfannei has =2
frusto-conical surtface 34 which redaées the effestive radius
of pipe 10 typically from subsztartially 75mm to suhstantially
25mm, Le, approwimately equal o tae radius RI, reducing the

cross-secticnal area of the flow passage through the device by

a factor of 8 to 10.




the ultrasonic device to the operating nenber 1.4. in this configuration
the outer surface 18 .and the inner surface 20 of the operating nenber
alternatively radially expand and contract in a pul sating manner at
ultrasonic frequency, apply wultrasonic energy to fluid flow ng through the
pi pe 10. Mounted in the upstreamend of the pipe 10 is a funnel device 30

| (Figure 4) which is a sliding fit in the and of the pipe ~tGogd@nges 32

! being provided to locate the funnel nmenmger 30 in a desired location within
t he pipe. The funnel has a frusto-conical surface 34 which reduces the
effective radius of pipe 10 typically fromsubstantially 75mmto
substantially 25mm fie. approximtely equal, to the radios R, reducing
the cr ossItsetmLanalldIlalee“a dfaithef efd ownptats%lageh@ r daghc f'héSdé?\iif‘Cﬂ‘etW negd
factor of 8 to

004 hi f| f d h
vt o6 To Cotdrde nea L Bndr neihatl anarr ab e TERNg el | drl sl ity quah the

i ncreasi ngsithe thew,r ane, e&imhrﬂnﬁ;ura Ngr £a gt abevoPropont bﬁn.:@fllSIQ‘J lads= are
| ocat ed on or close to the | ongl tudi nal axi s. Addl tionall t he %her
flow rate +PeREAQeqn caVi FAPPBNTN ERE Nt ML TR AL 113648 - arftl e

effective Hﬂlérﬁiaﬁbe i DLALI NS WidbossOECUEyL Aak DG SREEHORS (9k TRy 4
el ongat e passage”|l ocated between adjacent operating nenbers. Further,

since the fluwd ksd,f|wmfcate,a @i Tverivel @&;tt@!Sf@hL@ug‘hﬂtt‘HémVﬁcef-than

would —otherw e, be fhe, &8s, I G ML UhakedBhELLYS [havs4iLastly.
adjaccent opsrating members, Further, since the fluid 2=
flowing at a higher wvelocity through the device than would
otherwisze be the casze, the majority of detritus Zlows cirectly
through the interral flow passage defined by the inleriox
surfzces 20 of ocerating members 14, In this way the flow of
detritus intc the relatively Rdeadl soaces bhetween acjacent
gperatirg merkers 14 is reduced, reducing the tendency of sach

detritus teo clog the cuter passage 19,

Further, such detritus as may flow from the longiztudinal axis
will tend teo ke palled kack irto the main fleow stream by the
venturi effect of the relatively high speed flow of the Zluid

through the device.

In this way it has bkeer fournd that a high density of
vitrascnic cdevices may bs atilised, applying a large amcunt of
Litrazonic energy to the fiuid fiew through Lhe cevice over a
relatively short longitudinal distanze, with significantliy

reduiced tendency for blockage tao occur.

It 1s to be appreciateﬂ That whilst this inventicn has been
devised specifically faor the zIreatment of raw sewage, the

inverticn may ba utilised in the treatment 2F other fluids,

where similzar or analcgous problems arise, and in particular




t hrough the internal flow passage defined by the interior surfaces 20 of
operating nenbers 14. In this way the flow of detritus into the relatively
Adead@ spaces between adjacent operating nenbers 14 is reduced, reducing
the tendency e f sacs detritus to clog the outer passage 19. Further, such
detritus as may flow fromthe longitudinal axis wll tend to be polled
back into the main glow streamby the venturi effect gfs (e dmlatineg y
high speed flow of the fluid through tf 1 device. In this way it has been
found that a high density of wultrasonic devices nmay be utilised, applying
a large amount of ultrasonic energy to the fluid flow through the device
over a relatively short |ongitudinal distance, with significantly reduced
t endency f@nebd aukalg.e dewicecuts Bpply to-beswappr edisaged trhatewhi s iThi s

i nvention has Pﬁg devised specifically for the treatnment of raw sewage,
the invent?ont ha§iR&" F1788d in the treatment of other fluids, where
simlar or anal ogous problens anise, and in particular 15 OCTCBER 2004 - 10
where it is desired to apply ultrasonic energy to the fluid in an efficient

manner. | tIti ¥ LbebanaeRsrabacthanaths NenBIRREAET LSt SShote " one
appl i catio Qf Tpg 1= 1BALIL0 nilé(ef%;&%l%rp@cefs prbusthabisen. 4

practice t i nvention nay ye applied many fefent configurations,
t he detalleﬁleﬂbndtnants Bei mg-acstircad ghitd ok wagdt fon nhpsecskibdlddd -2 he

art to |np$eg§ éifferent configuraticns, the detailed embodiments being

straightforward for those skilled in the art to implement.

The means for applying uvltrasonic energy can be of any shape,
for example with a rectangular cross-—secticon. Therse need not

be an inrmer passage provided therein.
The furnelling device can be integral with the pipe.

The funnelling device may ke feormed sucn that there s
provided an inner passage with a fruste-conical surface. The

outer surface of the device could be any desired shape.

There may be any suitable number of ultrasonic devices placed
in the elongate passage, for exaxple, 4, =, &, 7, 5, 9, 1%,

20,




L

The neans for applying ultrasonic energy can be of any shape, for exanple
with a rectangul ar cross-section. There need not be an inner passage
provi ded therein. The funnelling device can be integral with she pipe. The
funnel ling device may be formed such that there -.s provided an inner
passage with a frusto-conical surface. The outer surface of the device
coul d be any desired shape. There may be any suitabl e nuherr~fErulzamasoni c
devices placed in the elongate passage, for exanple, 4, 5 6, 7, 0, 9, 15,
20. 15 OCTOBER 2004 - 11 Caims Fluid processing apparatus for use in an
el ongate passage, the fluid processing apparatus conprising: one or nore
means for applying ultrasonic energy to fluid introduced into the el ongate
passage, the nmeans for applying ultr@somiz energy conprising at vibration
rnenber having an inner passage through which said fluid can flow, the

vi bration nenber being provided within the el ongate passage such that an

outer passage, Fiyfduigh congritcatdppnitds t fer noee passage adidijatrd he
el ongate passage, is forned between an inner surface of the elongate
passage an@a%ﬁd@@te?b%ufiﬁeﬁ PFOERRS 1Y bRRPF OAT MR nPere S hkelt i n f1 aw

constraining megns in the form. q_:% ggp;ghg%j%@pl@ peeyided Fnysaid

el ongat e passage upstrean1of ed from the inner passage, for

|ntrodu0|ngrsﬁmduiéﬂldﬁt@tbneheieh@mgatpapasgageth@dn¢@m3 for applying
zltrascnic energy comprising a vikration member having an
inner passage through which said fiuid can Ilow, the vioration
merber being provided within the eslongate passage such tnal an
cuter passage, in fluid communicaticn with the inrer passage
within the elongate psassage, is formed between an inner
surfage of =he elargate passage ard an outer surface of the
vibration member; wherein flow ccnslraining means in the form
of a taperirngs furnsl is orovided in seid elcﬂga:e passage
upstream of, zand spa&ed frem, the inner passage, for
introducing said fluid intoe the elongate passage and for

directing said flow of said fliuid towasrds the inner passage.

2. Apparatus according to ¢laim I, wnerein said [unnelling
geviecs i1z opersllive to redoce the cross-secticral area through

which fluid flows by at Ieast a factor ol £,

3. Apparatis according te ¢laim 2, wnerein said funnelling
device is operalive to reduce the cross-secticnal area through

which fluid flaows by at -east a Zactor of E.

4. Apparatus according to any preceding claim, wherein said

elongate passagse is of circular cross-secticon,

L Apparalbus accoxding to any preceding claim, wherein the

loengitudinal axis cof the inner passages ¢f the or sach means




-directing said flow of said fluid towards the inner passage. 2. Apparatus
according to claim1l, wherein said funnelling device is operative to
reduce the cross-sectional area through which fluid flaws by at |east a
factor of 4. 3. Apparatus according to claim2, wherein said funnelling
device is operative to reduce the cross-sectional area through which fluid
flowm by at'-east a factor of S. 4. Apparatus accordi ng d @ramsey ecsdi ng
claim, wherein said elongate passage js .of circular cross-section. 5.
Appar atus according to any preceding claim wherein the |ongitudinal axis
of Lhe inner passage of the or each neans 15 OCTOBER 2004 - 12 -. for
applying ultrasonic energy -s substantially coincident wth the

| ongi t udi netr axipplefinthellelremgatie passage. 16. sApparatus ldecordirg degitany

preceding claim wherein there, are provided lurality of neans for
appl yi ng LH%?%SB%?CfO%%%Fﬁﬁ?H%f %@p%r%fu%h%c%gﬁﬁﬁ?ﬁft%ﬁ%%?g%receding claim
wherein there are provided four neans for applying ultrasonic energy.
Appar atus according to any preceding claim wherein Lhe or each neans for
appl yi ng uft r astper BT GECEHNEsES anyY Bpefed i GrenBer YEERRELt BED t he

vibration ﬁggﬁgmg%g cagg ating; perher being fgpnsgpggjke allsf_loﬁq&qgliqj

ul trasonic: rg aratus according to any edi'ng claim,
wherei n t heneogyeach vibration nenber Q a substantially annul ar nenber

T, Apparatus accoerding to any preceding ciaiwm, wherelin there

are provided four means for apoliving ultrsscnic energy.

a. Aoparatus according to any preceding claim, wherein Lhe
or each means for applyirng altraschilc energy cComprises an
ocperating member connected to the wvibration member, the
operating member bkeing connscted to a source of ultrascnic

energy.

9. Lpparatus according to any preceding clair, whereir the
or esch vibration member is a substantlai.y annular wember

with an internal radias Rl and ar externa. radius RZ.

1. Apparatus according toe claim 9, whereir The or each
vibraticn member satisfies the relaticnship (RI+RZ2/2 = Kh)
where K 12 an integer and A 1z the wavelensgth of the

vibratiors applied to the vibralion member.

1. ARpparatus according to ciaim 9 or 10, wherein the cuater

Fassades comprises an annuiar Space.

12, Apparatus according te any preceding clair, wherein an

inner surface of the inner passage is arranged to wvibrate

radislly.




with an internal radios Rl and an external radius R 10. Apparatus
according to claim95 wherein the or each vibration nenber satisfies the
relationship ( | +8212 = K?.) where Kis an integer and }y is he wavel ength
0ol the vibrations applied to the vibration nmenber. J... Apparatus
according to claim9 or 10, wherein the outer pas’sage conprises an annul ar
space. 12. Apparatus according to any preceding claim -whef&idken 2 gmner
surface of the inner passage is arrangelh d;to vibrate radially. S OCTOBER
2004 13. A method of treating fluids, the nmethod conprising :- placing the
fluid processing apparatus of any preceding cfain into an el ongate passage
and passing the fluid through the elongate passage. 14. A nethod according
to claim 1B whexenathhé bifuittddirgpviagei$d udges ms‘rhﬁﬁuh@mprrd@églsf i g
apparatus s bsxantl aI | y. as, her ei nbef ore _des reference to,

and/ or il ISt T R R SHES &SRV IO GEEF AR Hﬁsgg Ll prEﬂed1ng cialm

ints &n elonga'e peagsage ard passing the fluid through tne

elecngate passage.

14, & method according to claim 13 wherseinn bhe fluid is

sewage 5.ucge.

15. Fluid »nrocessing apparatius substantially as hereinbefors

described with reference to, ardfor illustrated in the

accompanying drawings.




