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5The invention relates to the cleaning of high precision articles such as
hard disc drives in order to renove detritus prior to assenbly. In
particular, the invention relates to the renoval of such particles through
cl eaning and rinsing. Background 10 Pri;or to the assenbly of a hard disc
drive it is necessary for the disc to be cleaned so as to prevent
unnecessary danmage and |ncrease t he Iolﬁﬁilt of t he assenbl ed devi ce.

On conpl etion of the cleaningd Kust be rinsed so as to
remove any 15stray particles that may have adhered to thedisc. Gven the
hi gh vol une of discs to be cleaned and rinsed during the g
process, the cleaning and rinsing steps are performed in Mﬁ“\m‘m ‘“\m
bat ch prog@sdof tht Snveatoso pass through phase flow tanks p I nal
assenbly. As a result, the rinsing 20 medi um such as water -\ B retain in
suspensi on particles fron1preV|ous batches within the phase flow tank. It
is therefore necessary for the phase flow tank to have a conti nual
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121111111119& %r toGr%Pn%(\)/e detritus prior to assembly. In particular, the invention relates to the

removal of such particles through cleaning and rinsing.

Background

10
Prior to the assembly of a hard disc drive it is necessary for the disc to be cleaned so as

to prevent unnecessary damage and increase the longevity of the assembled device.

On completion of the cleaning process, the disc must be rinsed so as to remove any

15  stray particles that may have adhered to the disc.

Given the high volume of discs to be cleaned and rinsed during the manufacturing
process, ;the cleaning and rinsing steps are performed in continuous or batch process lots
and so pass through phase flow tanks prior to final assembly. As a result, the rinsing
20  medium, such as water, will retain in suspension particles from previous batches within
the phase flow tank. It is therefore necessary for the phase flow tank to have a continual
replacement of the rinsing medium in order to remove the suspended particles and so

avoid cross contamination with subsequent batches.
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"2 1t" has been found that for phase flow tanks, whilst renoving a
substantial proportion of the particles in suspension, there tends to be
"dead zones" within the tank through eddi es and ot her features of

di sconti nuous turbulent flow leading to the retention of particles within
the phase flow tank. It is therefore ngpessary to frequently change the
rinsing mediumw thin the phase flow tank to avoid cross contam nati on.

This can result in significant stage of the rinsing nediymas well as

| ost capailay besn fonpd ﬁlgattfﬂreﬁﬁﬁ%lﬁgwtﬁ%w PRt remeEmeqy Substaatia proppgtion of

repl acenent of the rinsing nedium Summary of Invention In a first aspect

t he i nventlicoparpielgy ite syspensibrathiereytends tie ec’slepd izohes) withiantkhe Hank thyowghnvash
area arranged to receive an article for cleaning; an inlet assenbly nounted
to a 15fi eddiecand ofhet feathiran lof dideootiglvuphindileat dloaaleadigg e dhe netbhtioasof nt o
the wash area; an outlet assenbly having a flow control plate nounted to a
second enda @ik REthiRNE phad fibw tapw control plate having a plurality of
apertures and arranged such that the cleaning mediumflows fromthe wash
area through said apertures; said flow control plate arranged such that a
total outlet area of said tank is equal to a sumof areas of the

‘20apertures; wherein the proportion of the total outlet.ar out, the flow
control pici SEore trsreantforasn Y oitet 1 Ailkmrtion wifla Fe fRRe g
introducing a flow control plate arranged with an array of apertures so as
to yield #&nk3joayeidegos contaatinatign W hineangfeslt ithyisniginanihyastege 196 the Basingg
~medium flows through the flow control plate unevenly distributed about the
pl at e, andhadome apawdll eullest Icgpacity endwivingptheparasé dload tanb telemt diffling dursng
possi ble to make the flow rate i ndependent of depth. For instance, having
nmost of theladesichtibhari@éing aredimi.r at ed near the top of the plate, where 5
the pressure head is |least, and | ess at the bottom where the pressure head
is lesg, a nore uniformdistribution of outlet flowis possible. Further,
it may be possible to achieve lamnar flow within the wash are of the tank
and so avqi h tfficulties associated with turbulent flow 10In a
further(ﬂ&iﬂﬁ%@ﬂ?h?ﬁg&y}om/control plate may be calibrated to provide a
particular flow at discreet depths of the rinsing nmediumw thin the tank.
For instance, the flow at a particular depth may be arranged to be within a
certain tolerance of a desired flowrate. Further, the outlet plate may be
arranged twoapirsasrist heiinenteR prwides astrahingsysthmswmpsising ajpgyhalenga
consistent flowrate within the tank independent of the depth. 15

wash area arranged to receive an article for cleaning; an inlet assembly mounted to a

15 first end of the tank, through which a cleaning medium flows into the wash area; an
outlet assembly having a flow control plate mounted to a second end of the tank; said
flow control plate having a plurality of apertures ahd arrangéd such that the cleaning
medium flows from the wash area through said apertures; said flow control plate
arranged such that a total outlet area of said tank is equal to a sum of areas of the

20  apertures; wherein the proportion of the total outlet area about the flow control plate is

inversely proportional to a depth of said tank.

By introducing a flow control plate arranged with an array of apertures so as to yield a

controlled outlet flow, the flow within the tank can be controlled and “dead zones” or



‘I't Will be appreciated that if the flowrate is relatively uniform

i ndependent of depth, then turbul ence may be m nim zed and possi bly | am nar
flowmay result. In a further enbodinment, the flow control plate nay be
manuf actured such that the 20 dianeter of the outlet holes varies with
depth. Alternatively, the nunber of hoges within a row may vary with depth.
Further, the nunber of rows of holes wi'thin the flow control plate may
provi de increnental chan%e inthe flowrate of each hole and arranged so as
to provi deddigeaymdedsWith [tasrarea ttroughy whithe thepdeqning gyedipm flgws ghigngh theon of
the total outlet area is a function of a flowrate at a specific depth of

t he flow 8onteontropplateeunevenly istribuied abdwe thgpplateu ped mony pirticaar v imysselyn
pre-determ ned nunber of horizontal rows at discreet depths along the flow
control pbadpertidndl td1@éptht Hds eusEiblatid \neaklel e flodt eat®findepeddenowr depthi Foi n 10
to 20% of an average 5Scunul ative flowrate. In a further enbodi nent, the

fl ow cont gkanBd AHaQinFBodt b¢ ki cRuieirka 8GhRStrited ABIMA&IdD JF HBYlFURMERPt h Of
the cl eaning medium™ 10 The inlet assenbly nmay include a diffusion

assenbly, with the diffusion senbl have .at | east,one flow

condi 1 ont ikt i iR RN R ARG RSP PSS morsy o
-apertures through ich the cleaning nediumflows. Alternatively, .the inlet
D el v HEJOTh SRR a0 T Rt FgWof BorShieo BHERE: Brinh Do PARNS Sadiitidui ng an
array of apertures through which the cleaning nmediumflows, said flow

condi t i oniamgng Bewswitliadhe vesie arsef the tapk ppévpdwoll thei diffisaltis essastitedcent

pl ates. The outlet assenbly may include an outlet box for collecting the

cl eani ng et turbutant fibewi ng t hrough the flow control plate, with the outlet
box positioned |lower than the tank, said outlet assenbly including an air
gap between the outlet box and flow control 20 plate to ensure gravity flow
of said cleaning nedium In another enbodi nent, the inlet assenbly may

[N Lde am, b e OB ent BRIASKABATARHO fral @ WA 1) QIR Pp&iular
Further, there may be an inflow at a base of said inlet chanber, such that
the inlet ﬂ%@vag%?gcrge?ﬁeeﬁtﬁse 3f &Q%n%fn%%‘e‘d?%n% lit rgﬂeftg A I:cr)]reinlstggcle?%e flow at
a particular depth may be arranged to be within a certain tolerance of a desired flow rate.
Further, the outlet plate may be arranged to provide uniform flow at each depth so as to
provide a consistent flow rate within the tank independent of the depth.
15

It will be appreciated that if the flow rate is relatively uniform, independent of depth,

then turbulence may be minimized and possibly laminar flow may result.

In a ﬁ.lrther embodiment, the flow control plate may be manufactured such that the
20  diameter of the outlet holes varies with depth. Alternatively, the number of holes within
a row may vary with depth. Further, the number of rows of holes within the flow
control plate may provide incremental change in the flow rate of each hole and arranged

so as to provide the uniform flow rate.



"5 prior to the cleaning nmediumexiting the inlet chanber through the flow
conditioning plate. As nentioned, in order to achieve the desired
distribution of the total aperture area, the 5 nunber of apertures in each
row may be the sanme, with the area of each aperture varying between at
| east some of the rows. Alternatively, the area of each aperture may be the
sane, and the nunber of apertures varying between at |east a portion of the

rows. 10 Brief Description of Drawings It will be convenient to further
descri be Mere spesslasaly the drenagtionpt the fefalautiet prsanha fupctisnphaflovyrads st ngs
that illustrate possible arrangenents of the invention. O her arrangenents

of the invegsifiodenth of gsBowlcentipicplatonte dhie endythe tahertyras miayHeaarrangedin t he
15acconpanyi ng drawi ngs is not to be understood as superseding the

gener al i t preodetéttingd aaabemof Hesnmitdtrons Bfdiddiet idep@Rtdiey thel owesnidl and 1B
are isonmetric and expl oded isonetric views of a phase flow tank accordi ng

to one enbpgl MaRheOthel gUMRIEw HY 6MdcR Fow 20wthBU €6 t@fﬁ%%@aﬁ'ﬂ@e&&: are
various isonmetric views of a diffuser assenbly according to a further

enbodigentﬁéL?Fggﬂg&Q%%pt invention; 6 Figures 3A and 3B are isonetric

views of t ow path of the phase flow tank according to a further

-enbodi nent of the present invention; Figure 4 is an elevation view of a
flow control plate according to a further enbodi ment 5of the present
invention; Figures 5A, 5B and 5C are various views of an outlet box

accor di ng 1 8 farthesremhodimensodF Mewt captrol platgymay dnaludena wigiri soras 4p draintain a

maximum depth of the cleaning medium.

10 The inlet assembly may include a diffusion assembly, with the diffusion assembly may
have at least one flow conditioning plate, such that the flow conditioning plate has an
array of apertures through which the cleaning medium flows. Alternatively, the inlet
assembly may include a plurality of flow conditioning plates each having an array of
apertures through which the cleaning medium flows, said ﬂo§v conditioning plates

15  separated so as to provide a void between adjacent plates.

The outlet assembly may include an outlet box for collecting the cleaning medium on
flowing through the flow control plate, with the outlet box positioned lower than the
tank, said outlet assembly including an air gap between the outlet box and flow control

20  plate to ensure gravity flow of said cleaning medium.

In another embodiment, the inlet assembly may include an inlet chamber upstream from
the flow conditioning plate. Further, there may be an inflow at a base of said inlet

chamber, such that the inlet chamber receives the cleaning medium from the inflow



"10 Figure 6 is a schematic view of a phase flow tank system according to a
further enbodi nent of the present invention. Detail ed Description 15For

| ow vi scosity inconpressible fluids such as water, the inconpressible
Bernoul |'i equation describes the flow Applying this equation to a
"stream ine" that starts at the top free surface and exits out the spout
yields, 1 rf 2 Pgz5urfixe + Pa-7n =Iflét Pgz.spout Patm 20Note that the
exiting fluid jet experiences the sane pressure as the free surface (patn).
Sol vi ng f 8710 Hethe|dlgagingsmedizmogxitine &W@@t chagberAbmough the flogpernditioning,e
non-zero viscosity of fluids will rob the flow of mechani cal energy
(convertiplptd.t into heat within boundary | ayers huggi ng the spout walls),
hence the fluid jet beyond the spout exit will have a slightly snaller

di aneter than that of the spout. This factor can be accounted for by a

di scharge coefficient C, whose value is typically between 0.90 and 50. 98.

The vol Umtsrrh&nifoheclw ih 3kder ® ﬁﬁﬁér\}ettﬁe deQradnaittibMo SOhE RGal HlertifR! K€L, e tlism%

the cross-sectional area, 2= Alef-7.1 et CAspoutrijet Figures 1A and

show acl i EM. 60 isin e W ccordin 10 to one
enbodi%en?ggkagﬂé¥%éeséhﬁl?%%bﬁ‘YOHS/$€g&%3%&85W%gﬁ%??%%%ggﬁg?nggpngésenbly
10, a wash area 40 and.an outl et assenb 20. The articles.to be cl eaned
andl or i NESEE L GRS A BREoTahspaivehn i ke Bh SRt P S

cl eaning nediumentering the inlet assenbly 10 passing through the wash
area 40 ahd the semsi #ngl tbe npinher ofgperereavanyilgdbetweaneaidsast ppartipe bétheever e
flowi ng through the outlet assenbly 20 with the particles in 15suspension
and entering the outlet box 35.

10  Brief Description of Drawings

It will be convenient to further describe the present invention with respect to the
accompanying drawings that illustrate possible arrangements of the invention. Other
arrangements of the invention are possible and consequently, the particularity of the
15 accompanying drawings is not to be understood as superseding the generality of the

preceding description of the invention.

Figures 1A and 1B are isometric and exploded isometric views of a phase flow tank
according to one embodiment of the present invention:

20
Figures 2A, 2B and 2C are various isometric views of a diffuser assembly according to

a further embodiment of the present invention;



"It will be appreciated that the cleaning systemmay be used for either
cleaning rinsing or both. To this end, the expression "cl eaning systent
refers to the use of the sane invention for either rinsing or cleaning.
Further, "cleaning mediunt and "rinsing 20 nedium wll| be used

i nterchangeably and is not intended toJimt the invention, but nerely show
the sanme invention is applicable to bot'h processes. Further still, as water
is a conmon nedium for _either process, this will also be used

i nt er chan§iBKesy 34 anbdB arer BeMichl viswssebpe 8pwt pathi ofy thet Please flav Aaney
conmponent of the phase flow tank 5 according to the present invention is

t he use ofceordingie &éntheobmppdimenpet thipresertgneantiamged in order to control
the flow of water through the outlet assenbly 20 i ndependent of the depth
of water. Thus, the flowrate of water exiting the flow control plate 25 at
the base is approximately equal to that of the 5 flow rate adjacent to the

top. In tR&G¥aYs af lRPARNMES F D HdvPUot ldtS a&%kdﬁ@lcﬁ@ﬂﬁlﬁr ERBodRRAe ar ea
40 which may prevent the formation of "dead zones"” and eddies wthin the

tank_agd ﬁ?ﬂﬂgﬁé%hﬁkoguﬁﬁg removal of particles by the rinsing medi um
flow ng throu The Wash area. In practice, it may not be possible to
‘precisely match the flowrate for each row, as the use of varying nunbers
of rows, nunbers of apertures or aperture area 10 will represent a step
function between the rows. To this end, a tolerance of 10 to 20% nay stil
be accept digues AAaOR avd 3§ BIgevariius origws lobvenwpetiit boxheccerdbnte tofa fusdiehr esent
i nventi on. Figure 1B further shows a diffusion assenbly 45 used to

cont rol t lembbdiovenobf thatpessedtSevintionragdt he t ank t hrough a series of flow
conditioning plates. Thus, ensuring water entering the wash area 40 is
uniformw th mni mum turbul ence. Further still, by providing an outlet box
35 in comunication as part of the outlet assenbly 20, the water flow ng

thr ougb' t gl QUL NChhatt! ey §? d PhAUPAKEaki0 sggtgl?(ioévc?éo%@ﬁgogqvgﬁg%% "

t heref ore non-pressure. By avoiding a pressurize tur
wi thin the h area.40 caused by the applied pressure is renoved. Figures
2A to 2C §ﬂ%§ﬁ%??%P?W@P”EﬁWBBY%E%P'of the present invention. The inlet

Detailed Description

15  For low-viscosity incompressible fluids such as water, the incompressible Bernoulli
equation describes the flow. Applying this equation to a "streamline" that starts at the

top free surface and exits out the spout yields,

1 2
°&surface * Patm = 5P Viet: *0&spout * Patm

20 Note that the exiting fluid jet experiences the same pressure as the free surface (patm).

Solving for the fluid jet velocity gives,:

P:F'Ef - \’zg(zsu:l:face _zspow) = .Jeghe




'9 plate, in this case there are four such plates. As nentioned, the

di ffuser plate assenbly 45 acts to "even out" the flow through passing the
inlet water through a series of the flow conditioning plates 55, 65, 70,
75. Any turbulence within the inlet flow 85 is renoved by passing the water
t hrough apertures in each plate. Each ate includes an 5 array of holes

di stributed about the "flow face" of the plate. That is, the flow face
being that portion of the plate which is exposed to the flow of the rinsing
medi um By D METZEHORG SRS HY QFﬂiﬂl@ﬂ wilbrpbothe Howeof mgchamiealtenergy (convettinggt at e,
"dead zones" are avoi ded by extending the holes to the peripheral edge of

t he flow fiztedeatiwithin bbulgkralapers biiggieg thespbueaalbs)dfentdithefluid fsbSmndGhe 70,
75 may be identical. Alternatively, the dianmeter of the 10 apertures nay

decrease whél cRRGI Phid £5IHAGBREENEIM @PWAR LKL 3FtheRPbutl TR FNGE cahlde first
plate 75 may have | arge apertures which are progressively smaller in the

next plat %cgogn%q'opﬁypgaﬁéﬁillg@lgyeﬁimm ) “)(l}asé\rb?ué 9 itWc.'clrl)llyat)te‘tew 2 g4 4dg the

final plate 55 has dperture a snmal T "diraneter. a-further "enbodi nent,

in the.casg0f,the di aneter of 1he rtures decreasing, .the concentration
of hol &s ?:9;53 ifrﬂ%?/(glop\glggécufi Wfﬁ%é rfsﬁgfas&gqr%fn RIGLEhe i5t VAagl HBeihst e i s
‘identical being the sumof the aperture areas for each plate. hi a further
enbodi nenffosf'ﬁ%tll‘??@raé‘iﬁ’i c porosity may be the same for each plate, that is,
the sum of the aperture areasﬂt aké__ng hyI%‘raEul ic losses into account are the
same. It wll be appreci o - he=s l.er .fhe _hol es/ apertures, the

hi gher the effective hyd?%ﬁl i c?%f) w | | b%%"gr J'tgftle sane total aperture
area. These hydraulic | osses may be accommpdated 20 by increasing the
nunber of apertures such that the total aperture area for each plate may

vary but tFigiréd DAVah@ti® dhdkox glléaxﬁ?% Q)i_sﬁérﬁ‘,t Sonii¥sifla bR&e SRRtk Woﬁfgﬁé"

hydraul ic | osses into account. e difflusion assenbly 45 includes

gaske 6 i: . ] fl of water includ a
Sl | Goi o SEPGARA AT, BTl ififlod, Phe biHEScoiRls MTREE pePSBECEen ¢ wo
frames 50, 80.so as,to forma unitar er. when assenb| ed, Assenbly may
further i AcYaTh&Te: g ‘H’r("?}lqtné‘?se?’itb& %Qggmé)émé Sttp bgclgpned g/ prefinsed are
assenbly of the 5phase flow tank 5. Figure 2C shows the flow path within
the inl et Psebiithin the wash areg 40 with an inflew jof jacleaningempdipm entering thd drletan
inl et chanber into which water flows 85 through an inflow in the base of
t he i nl et agsemibhe 1 0 passrg) thenughy thiei Whshnaret HO adactemiing dheinsiap ehohirtidlow 85 nmay
10 be gauged so as to naintain a full depth within the chanber whilst inlet
flow 90 i pémovehparticleX beforélonim teeughTidSoutleh8sséRbYTB0 QfithVBHeSFarMélENi t he
chanmber acts as a ready supply of water into the tank. In this enbodi nent,
t hreepsnl : ' bokkow, in the base of the chanber 15
perm t5m?%spgﬁ%&f?%ﬁ&%%ﬁ}i%nt?go%%bgﬁglisrber. In this enbodinent, it is desired
to allow sufficient water to flow through freely into the chanber to
mai ntain the source of water into the tank but not having the inlet flow so
hi gh as tﬁ) c.rle%te Si %%%caﬂt urbul ence within the chanber. Thus, whilst a
singl e i nfte¥illRs apREec ait ﬁﬁtﬁaﬁégﬁ&%‘?ﬂ%’,bq%%@rﬁﬁﬁ HeandpE/ ARRG | n
reduci ng turbulence. It would be appreciated that nore inlet ports 20 may
be used t Bothyrkontis cadiuthe expressionnsdeanifigesystenBtrefofs tohthedisef ofsthensaassenbl y
45 provides a regulated flow 90 into the tank. It woul d be appreciated that
the di f f usiventiars fenltierdfinsiny drnelkardeg. phaties, “Weatingmeediirn angdd fmify ovi de
a uniformflow rate independent of depth.

20  medium” will be used interchangeably and is not intended to limit the invention, but

merely show the same invention is applicable to both processes. Further still, as water is
a common medium for either process, this will also be used interchangeably without

affecting the scope of the invention.



"11 Figure 3A and 3B show the phase flow tank 5 and the desired result of a
regul ated flow 95 through the wash area 100. The desire is to include a
full flow throughout the wash area so as to avoid "dead zones" at the
corners of the wash area, for instance, where particles may build up. In a
further enbodi nment, the flow 95 may be sufficiently 5 regul ated by the

di ffuser assenbly or by the flom/contrgl plate or by the gravity flow as
the water drains fromthe sh area or. any conbination of these three, to
achi eve | Mwa@mnoeﬁﬁwfgh? RhasF dloaiaK SrAGS0rdINg tPSNeIBiGPons Bventien Sthe st have
very low turbulence within the wash area if lamnar flow is not achievable
for cert aph aaflpVviwatrpbpito 25 tweichhasoatgednin arder 4¢ contdlndret fhow Hd watersent
invention. 10 Figure 4A shows the flow control plate 25 acting as a barrier
to the fl dwotgf the euttettacsenttdy RO éndepéddent efthe dépty of hater NThs, Wi flovataté b t op
of the plate to ensure the rinsing mediumlevel within the wash area does

not exceeeafer BRifingURe @8Rt dbntroll PRitef 2 PNy tﬁ@'ﬁﬁé’eoi:s aPprok AndtAG| 40 ARATICWEE 105

which are arranged in a series of rows 110. It wll be appreciated 15 that
the distri j [ S pat-Pin .t . 25 ] anged
o ach e odgalbaiooRREIALIOES ISR #Rotd SHFAMAGE faPiAhBEhadiy e 278
'shows the effect of apertures havjng an.area.of .3.14 square.mllineters

Wi th each vrshawadl wbEh ey mgve the frmgtioh L. dead Fopss, 3 cddics wign e 1 r )
_----:-.; FLOWRATE OF ONE. (U S).-: ' FLOWRATE OF (LiM1: V TOTAL 110 _ OF
SPOUT. :' tank and so maximizing the removal of particles by the rinsing medium flowing through

the wash area. In practice, it may not be possible to precisely match the flow rate for
each row, as the use of varying numbers of rows, numbers of apertures or aperture area
10 will represent a step function between the rows. To this end, a tolerance of 10 to 20%
may still be acceptable in achieving the uniform flow within the scope of the present

invention.

Figure 1B further shows a diffusion assembly 45 used to control the flow of water
15  entering the tank through a series of flow conditioning plates. Thus, ensuring water

entering the wash area 40 is uniform with minimum turbulence.

Further still, by providing an outlet box 35 in communication as part of the outlet
assembly 20, the water flowing through the flow control plate 25 is subject to gravity
20  flow and therefore non-pressure. By avoiding a pressurized flow, turbulent flow within

the wash area 40 caused by the applied pressure is removed.

Figures 2A to 2C show a further embodiment of the present invention. The inlet

assembly 10 includes a diffuser plate assembly 45 having at least one flow conditioning



"FLOW Ft ATE OF OHE' ROW (LAM 1 13.92 0.0016073 0.096439428 16 1.543030854 2
33.76 0.0025031 0.150188344 10 1.50188344 3 53.60 0.0031540 0.189241946 8

9
plate, in this case there are four such plates. As mentioned, the diffuser plate assembly
45 acts to “even out” the flow through passing the inlet water through a series of the
flow conditioning plates 55, 65, 70, 75. Any turbulence within the inlet flow 85 is
removed by passing the water through épertures in each plate. Each plate includes an
5 array of holes distributed about the “flow face” of the plate. That is, the flow face being
that portion of the plate which is exposed to the flow of the rinsing medium. By
providing a distribution of holes or apertures in the plate, “dead zones™ are avoided by
extending the holes to the peripheral edge of the flow face. It will be appreciated that
each of the plates 55, 65, 70, 75 may be identical. Alternatively, the diameter of the
10  apertures may decrease with each plate progressively downstream. For instance, the
first plate 75 may have large apertures which are progressively smaller in the next plate
70 and progressively smaller in the third plate 65 until the final plate 55 has apertures of
a small diameter. In a further embodiment, in the case of the diameter of the apertures
decreasing, the concentration of holes may increase such that the total porosity of each
15 plate is identical being the sum of the aperture areas for each plate. In a further
embodiment, the hydraulic porosity may be the same for each plate, that is, the sum of
the aperture areas taking hydraulic losses into account are the same. It will be
appreciated that the smaller the holes/apertures, the higher the effective hydraulic loss
will be for the same total aperture area. These hydraulic losses may be accommodated
20 by increasing the number of apertures such that the total aperture area for each plate
may vary but the flow rate through each plate may be the same taking such hydraulic

losses into account.



"1.513935566 4 73.44 0.0036919 0.221514084 7 1.550598587 5 93.28 0.0041608
0. 249648683 6 1.497392095 6 113.12 0.0045820 0.27491897 6
10
The diffusion assembly 45 includes gaskets 60 separating each plate such that the flow
of water includes a small void in between each plate. The assembly is held together
between two frames 50, 80 so as to form a unitary member when assembled. Assembly

may further include screws or other fixtures so as to stay together for assembly of the

5  phase flow tank 5.

Figure 2C shows the flow path within the inlet assembly 10. In this case, the inlet
assembly 10 includes an inlet chamber into which water flows 85 through an inflow in
the base of the inlet chamber consequently filling the chamber. The rate of flow 85 may
10 be gauged so as to maintain a full depth within the chamber whilst inlet flow 90 into the
tank is maintained. Thus, the volume of water within the chamber acts as a ready

supply of water into the tank.

In this embodiment, three inlet ports, acting as the inflow, in the base of the chamber
15  permit water to flow 85 into the chamber. In this embodiment, it is desired to allow
sufficient water to flow through freely into the chamber to maintain the source of water
into the tank but not having the inlet flow so high as to create significant turbulence
within the chamber. Thus, whilst a single inlet to the chamber may be possible, three
provide advantage in reducing turbulence. It would be appreciated that more inlet ports

20  may be used to further reduce turbulence.

The effect of the diffusion assembly 45 provides a regulated flow 90 into the tank. It
would be appreciated that the diffusion assembly 45 may include plates which are

arranged to provide a uniform flow rate independent of depth.



1 64951382 7 132.96 0.0049676 0.298054383 5 1.490271916 8 152. 80 0. 0053253
0. 319518999 5 1.597594995 9 172.64 0. 0056605 0.339629748 4
11
Figure 3A and 3B show the phase flow té.nk 5 and the desired result of a fegulated flow
95 through the wash area 100. The desire is to include a full flow throughout the wash
area so as to avoid “dead zones” at the corners of the wash area, for instance, where
particles may build up. In a further embodiment, the flow 95 may be sufficiently
5 regulated by the diffuser assembly or by the flow control plate or by the gravity flow as
the water drains from the wash area or any combination of these three, to achieve
laminar flow within the wash area. It is desirable to at least have very low turbulence
within the wash area if laminar flow is not achievable for certain applications of the
phase flow tank according to the present invention.
10
Figure 4A shows the flow control plate 25 acting as a barrier to the flow before entering
the outlet assembly, having a weir at the top of the plate to ensure the rinsing medium
level within the wash area does not exceed a maximum depth.. The flow control plate
includes aperture 105 which are arranged in a series of rows 110. It will be appreciated
15  that the distribution of apertures within the flow control plate 25 is arranged to achieve
as uniform flow, independent of depth, és possible. Figure 4B shows the effect of

apertures having an area of 3.14 square millimeters with each row separated by 19.84

millimeters.

- |FLOW.RATE . . [FLOWRATE * % | - FLOW-RATE OF]

- 5| OF/OME'SPOT+ “|OF ONE'SPOT - +|TOTALNO. -»:|OHEROW: ;%

20 : |y (LM 7 iOFSPOUT|iLmmy 5

1 13.92 0.0016073 0.096439428 16 1.543030854

2 33.76 0.0025031 0.150188344 10 1.50188344

3 53.60 (.0031540 0.189241946 a] 1.513935566

4 73.44 0.0036919 0.221514084 7 1.550588587

5 93.28 0.0041608 0.2496486383 b 1.497892095

b 113.12 0.0045820 0.27491897 b 1.64951382

7 132.9b 0.0049676 (0.298054383 5 1.490271916

5] 152.80 0.0053253 0.319518939 5 1.697594995

9 172.64 0.0056605 0.339529748 4 1.358518994

10 192.48 0.0059769 0.358614475 4 1.434457898

11 212.32 0.0062774 0.376643488 4 1.50657 395

TOAL FLOW RATE (L/MIN): | 16.64427212




"1.358518994 10 192.48 0.0059769 0.358614475 4 1.434457898 11 212. 32
0. 0062774 0.376643488 4 1.50657395 TOAL FLOW RATE (L/M N): 16.64427212
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Table 1 — Flow Rate Results

5 Table 1 provides the data for the arrangement of the flow control plate 25 according to
an experiment conducted in a phase flow tank. As shown in Figure 4B, the flow is
relatively uniform independent of depth and so falling within the present invention, and
in fact, the flow rate for each row falls with £10% of the average flow being the total
flow through the flow control plate, divided by the number of rows (16.644 1/min / 11

10  rows = 1.513 I/min). It will be appreciated that beneficial results will also occur when

the tolerance of row flow rate to average row flow rate is within £20%.

It will be appreciated that the reduction in depth pitch between the rows or increasing
the number of apertures may more finely tune the flow control plate 25 to reduce the

15  wvariation in flow between each row.

Figures SA and 5B show the outlet assembly 115 comprising a chamber 135 into which
the rinsing medium flows through the flow control plate 25. The flow control plate 25
is mounted to a flange 120 of the outlet assembly 115. The outlet assembly further
20  includes an outlet box 130 which collects the rinsing medium 140 at a point below the
wash area. The outlet assembly 115 further includes an overflow point as well as a
drain 145 for removing the rinsing medium 140 from outlet box 130. Thus, the outlet
asserribly while providing a gravity flow system and further having the rinsing medium

collection point below the wash area effectively provides a gap 135 between the flow



"12 Table 1 - Flow Rate Results 5Table 1 provides the data for the
arrangenent of the flow control plate 25 according to an experi nent
conducted in a phase flow tank. As shown in Figure 4B, the flowis
relatively uniformindependent of depth and so falling within the present
invention, and in fact, the flowrate {fr each row falls with 10% of the
average flow being the total flow through the flow control plate, divided
by the nunber of rows 4&_{6.644 1/mn / ]éljd 10rows = 1.513 1/mn). It will be
appr eci at eentioh Rlatgénand teaellpaed ppgngmediva 460-0¥ith 2 sRRiiner e beontifce of
row flowrate to average row flow rate is wthin 20% It will be

appr eci at bex tdgat confan raglm%ft 1¢¥oi eppaeipt Bf prashingbanliesn thifearpurp gan be

i ncreasi ng the nunber of apertures may nore finely tune the flow control

pl ate 25 tenneewdae thdrBotld alraiatof @utlenbdd wplep wae waeaahd rdeliverFit duacles S5A and
5B show the outlet assenbly 115 conprising a chanber 135 into which the

rinsing nagbupexf tPPEdrhl Aestulbfien fih ¥ 6@ OThiBl At Bap? therdfbR preO¥MLE @Y 1 Ol
plate 25 is nounted to a flange 120 of the outlet assenbly 115. The outl et

assenbly Q] t L : t he rinsing
medi uré 14%%%%0@??)glg}ﬁ%rp%%%%&é%tﬁ’gn%gﬁsc’ﬁ%a?ggﬁlgﬁée%??%&%ﬁggﬁ%@y 115 further
‘includes an overflow point as well as a drain 145 for renoving the rinsing
medi um 140 from outl et box 130. Thus, the outlet assenbly while providing a
gravity flow system and further having the rinsing medi umcollection point
bel ow t he Figaish0 shews asehsamaticariow of dhg ehstemy 194 ior1tBE phase it tanke Herghe 13
control plate 25 and the collected rinsing nmedium 140. Wth a cont ai ner
area, theirdeft ¢hamblent 6@ aecetvmatani wpvedrddlw 109 %t dbg aivsing mé¢divms hTurhulenetk; so
that a punp can be connected to the bottomdrain of outlet box to punp out
wat er and wiglid ¥R rinsind@eHivhpis rRUeteddBiough Hasdih® bMeehhdigg! hidtivan throughhe
system This air gap therefore prevents the 5chance of a siphon effect

0CCUr 1 NG (NG f28erCAsSRABIPY 68 iREoCHE UWhdsh SfesS M. T PREBIG rGinOHHE Qv L3h HRQNE7 (R

schematic view of the system 150 for the phase flow tank. Here the inlet

chanber 199enr Sgsglesv?hsro@grh "tll?é’\@fogv fclogtr\’\é)llgﬁteml 75 r}gtor LS 'oﬁlt‘(lletmc:l%'m%rer:]r IEHr Qrw ence
subsequently drops into the outlet box 190. An overflow drain 185 ensures the outlet
chamber 180 remains empty through draining excess rinsing medium through the
overflow pipe 210 to an eventual drain 225. The outlet box 190 further includes a drain

15 215 for recycling the rinsing medium by pump 195 which passes the rinsing medium

through filters 200 before recycling 205 the rinsing medium into the inlet chamber 160.

Eventually the recycled rinsing medium will need to be replaced and so the wash area

170 further includes a drain 220 for disposing of the rinsing material.



‘Wi thHin the rinsing nmediumis reduced through passing of the rinsing nedium
through 10 the diffuser assenbly 165 into the wash area 170. The flow from
the wash area 170 then passes through the flow control plate 175 into the
outl et chanber 180 and subsequently drops into the outlet box 190. An
overflow drain 185 ensures the outl et E?anber 180 remai ns enpty through
drai ni ng excess rinsing nmediumthrough the overfl ow pipe 210 to an eventual
drain 225. The outlet box 190 further includes a drain 15 215 for recycling
the rinsi &d-A¥MSUm by punp 195 which passes the rinsing nedi umthrough
filters 200 before recycling 205 the rinsing nediuminto the inlet chanber

160. Eventually the recycled rinsing mnediumw ||l need to be replaced and so
the wash area 170 further includes a drain 220 for disposing of the rinsing
material. 1. 14 @ Abdimg systefh edm@priin Ssyst em conpri sing a tank having

a wash area arranged to receive an article for cleaning; 5an inlet assenbly
mounted to a fi rs&taﬁl@ﬁaﬂfl%ﬁ%sﬁ %Lé’anﬁﬁﬁéaqg?eéé’fve%lﬂ ARi@d ﬁﬁ"@lé&gm@ad' um f 1 ows

into the wash area; an ouflet assenb having a fl om1contro pl at e nmount ed
to a sgcond end of nt e hav lurality of
apertu?es and arréHé%§w§%?EbPﬁg?ﬂT£{ %ﬁ% eé%ﬁ#%gne 1%58 $0n1the wash

‘area t hrough sald ertugg ai d fI@M/control pl ate arranged such that a
total outlet ared %@ﬁﬁbW%‘ §WasRateds ym of areas of the apertures:

wherein the proportlon of the total outl et area about the flow control

pl ate is inverseldn gutlspensemblydiaving adflaye perirad plasainguntgd ke a s&ond emhef cl eani ng
system according to claim1l, wherein the proportion of the total outlet
area is a functi ghetdnka flow rate at a specific depth of the flow contro
plate. 3. The cl eaning systemaccording to claiml or 2, wherein the

apertures are said flow control plate having a plurality of apertures and arranged such that
10 the cleaning medium flows from the wash area through said apertures;
said flow control plate arranged such that a total outlet area of said tank is
equal to a sum of areas of the apertures;

wherein the proportion of the total outlet area about the flow control plate is

inversely proportional to a depth of said tank.

15
2. The cleaning system according to claim 1, wherein the proportion of the total
outlet area is a function of a flow rate at a specific depth of the flow control plate.
3. The cleaning system according to claim 1 or 2, wherein the apertures are
20 arranged in pre-determined number of horizontal rows at discreet depths along

the flow control plate.

4. The cleaning system according to claim 3, wherein the cumulative flow rate of

each row is within £20% of an average cumulative flow rate.



"20arranged in pre-determ ned nunber of horizontal rows at discreet depths
along the flow control plate. 4. The cl eaning system according to claim 3,
wherein the cunmulative flow rate of each rowis within 20% of an average
cumul ative flow rate. 15 5.The cl eaning system according to claim 4,
wherein the cunul ative flow rate of ea?§ rowis within 10% of an average
cunul ative flow rate. 56. The cl eani ng system according to any one of clains
1 to 5 wherein the flow control plate includes a weir so as to maintain a
maxi num dept h of the cleaning medium 7. The cl eaning system according to
any one of clains 1 to 6, wherein the inlet 1l0assenbly includes at |east
one flow &ondi tThesleaingsxstem asearding |t glain Adwhersii the cpnalave Howated arr ay
of apertures through which the cleaning mediumflows. 8. The cl eaning

syst em accor di rgch owciks afithin/+1 0 ef ah avdrhge ¢umhdativasBentdty. | ncl udes a
plurality of flow conditioning plates each having an array of apertures

t hrough 15whi ch the cl eaning nediumflows, said flow conditioning plates
separated so as to provide a void between adjacent plates. 9. The cl eaning

syst eny acgor di %etcféa%ilng ?gtgm_a@&ﬁ"aﬁ o Eu%eo +f|(§z§im§sist§'§bkv¥ﬁf-epﬁégg % & outlet

[
S .
box for collecting the“ctfeaning nmedi umon ow ng ‘t hroug ow

20control plate, said outlet box.positioned.l ower .than, the nk, said
out ot assombl ForaRirHS itk &R 0 PRn gt bR eriEe! BR rrTEh,
control plate todensure gravity flow of said cleaning nmedium

medium.

7. The cleaning system according to any one of claims 1 to 6, wherein the inlet
10 assembly includes at least one flow conditioning plate, said flow conditioning

plate having an array of apertures through which the cleaning medium flows.

8. The cleaning system according to claim 7, wherein the inlet assembly inciudes a
plurality of flow conditioning plates each having an array of apertures through
15 which the cleaning medium flows, said flow conditioning plates separated so as

to provide a void between adjacent plates.

9. The cleaning system according to claim 7, wherein the outlet assembly includes
a outlet box for collecting the cleaning medium on flowing through the flow
20 control plate, said outlet box positioned lower than the tank, said outlet
assembly including an air gap between the outlet box and flow control plate to

ensure gravity flow of said cleaning medium.



"16 10. The cleaning systemaccording to any one of clains 7 to 9, wherein
the inlet assenbly includes an inlet chanber upstreamfromthe at |east one
flow conditioning plate, and having an inflow at a base of said inlet
chanmber, such that the inlet chanber is arranged to receive the cleaning
medium fromthe S5inflow prior to the céeani ng nmediumexiting the inlet
chanber through the at | east one flow conditioning plate. 11. The cl eaning
system according to any one of claims 3 to 10, .wherein the nunber of
apertures!¥n e ABRCICaRNE VX ¥R Acopring fnens e éﬁéaaméﬁ t%QCWL%FﬁE‘rtgﬁ ety ar i es
10between at | east sonme of the rows. 12. The cl eaning system according to
any one of cl aksssmBlytiocludes anhiotet ichambes upstecamofromgbhatdpast poe Bows t he sane,
and the nunber of apertures varies between at |east a portion of the rows.
13. The cl eani sghdiyaiiegpacs afidhavdng an aflpwana base of saidimlel chambe?, sucher ei n t he
wash area is of prismatic shape with apertures in the inlet and outl et

assenbl i es di syfak feligR: eI RrahbOPR 1REGYd MR cRianinden MBS RPhe

5 inflow prior to the cleaning medium exiting the inlet chamber through the at

least one flow conditioning plate.

11. The cleaning system according to any one of claims 3 to 10, wherein the number
of apertures in each row is the same, and the area of each aperture varies

10 between at least some of the rows.

12.  The cleaning system according to any one of claims 3 to 10, wherein the area of
each aperture is the same, and the number of apertures varies between at least a

portion of the rows.

15
13. The cleaning system according to any one of claims 1 to 12, wherein the wash
area is of prismatic shape with apertures in the inlet and outlet assemblies
distributed through a cross-section of the wash area.
20

25



