-1- UNI NTERRUPTED ABRASI VE FLU D SUPPLY FIELD OF I NVENTION 5 The present
invention relates to apparatus and nethods for the control of a fluid flow,
and nore particularly to the provision of a substantially uninterrupted fl ow
of a pressurised carrier fluid jn mh[ﬁh abrasive particles are suspended.

In one application the uninterrupted flowis supplied to one or nore

nozzl es, each producin cutting jet. Abrasive particles are
suspended in a carri ek PEEDABRASIVE EELH) SUPPLY) t hen applied at

hi gh pressure through the nozzle(s) to formthe cutting jet(s). BACKGROUND
The invention has application to the control of fluid flow and particularly
t he cont r BIEDD OEINMENTEONONt ai ni ng abrasive material which can cause
undesi rabl e wear and erosion of control valve parts. The use of abrasive
materials in a fluid jet is well known, for exanple for nachining

oper at§ ongy S YeteSinfdtioh Molared i btk Bl ARG Sorf ISR 4 RuBPoisnOwn
arrangement, “a I gh pressure carrier urd, Tor exanple water or’air, is
punped i nhmd anorespaeticulay ab nthegpratisiasi v apabkiaalifll ufint@fupeeda flswxofire of the
abrasive particles entrained in the carrier fluid as a slurry through a
nozzl e whPEpsWisedgaenduid mevhish abrasiva flaiticlgsedre spgpendadn olinong #npigatittht a
vessel is : i . V. rti t er rised
supply of th%ta}rﬁ‘{llgtggu %?189‘{1‘3332‘%‘? é|deé(°9 ?‘}% c%rhrgb'lj\?ggogé vﬁ%é}lrl gk{d#@ngga?l r@égﬁﬁjui d and
abrasi ve omtiggijal Abrasitopirtcles are algpasled én & lchiriiey flokd, 6hich & @hieghetiigeds t hr ough
the jet- formng nozzle. However, the duration of the supply of the abrasive
sl urry0i sthen@pplicd agyugh pressuredhrquel thernazple(s) tasem theeutingifds)-cont i nue wi t hout
an interruption while the vessel is being refilled with abrasive material.
30 To maintain as near as possible a continuous abrasive flow fromthe jet
nozzl e, I BAGKGROUNDLO provide a pair of vessels in parallel or series so

t hat one vessel can be de -2-

an abr asi ve
RRIIPTRF

The invention has application to the control of fluid flow and particularly the control of
15 fluids containing abrasive material which can cause undesirable wear and erosion of

control valve parts.

The use of abrasive materials in a fluid jet is well known, for example for machining
operations such as cutting, drilling and surface finishing. In one known arrangement, a
20  high pressure carrier fluid, for example water or air, is pumped into a vessel containing
abrasive particles to force a mixture of the abrasive particles entrained in the carrier

fluid as a slurry through a nozzle which forms a well-defined abrasive jet.

In a known arrangement a vessel is charged with an abrasive particulate material. A
25  pressurised supply of carrier fluid is applied to the vessel where the carrier fluid and
abrasive material mix to form an abrasive slurry which is discharged through the jet-
forming nozzle. However, the duration of the supply of the abrasive slurry is limited by
the capacity of the vessel and cannot continue without an interruption while the vessel is
being refilled with abrasive material.
30
To maintain as near as possible a continuous abrasive flow from the jet nozzle, it is

known to provide a pair of vessels in parallel or series so that one vessel can be de-



pressurised and re-charged with abrasive while the other vessel, being
pressurised with a carrier fluid, provides the abrasive supply to the

nozzl e. European patent application No. 313,700 (Krasnoff) describes a water
jet cutting system 5 using an abrasive slurry. The inlets and outlets of a
pair of vessels are connected to a pair of changeover valves. The val ves

are coupl ed to,get%e}({ tQ alternately connect the vessels for recharging by
i nduct i onPrEFsuEsed and xe-ghapged vithy alasive while fasrother vessedskeing prgsuriged ®alr ge of

t he sIurrycgﬁe¢§a§éékgwgggmbgggﬁg%hhﬁ?g%mggﬁgﬂg application No. WO 90/15694

(Saunders et a es a device Irvering abrasive liquid slurry
to a cutting jet. There is a pair of pressure vessels connected in parallel

bet ween supply of pressurised nd nozzJ e. One vessel supplies an
abr asi ve 'rﬁpgﬂn&%épplrﬁagﬂn e3 50 laimodd Hesaibes aiples tatiBEsHCes ol 1 s
replen s j ' f ; 1.9l qui d
(vt or) 1 S RN ESLS, | T ot A B BPE pai TR L PA0 e leiiond

first vespat ofcngesrienyatvke dhe aalves ara odupted togethar toeal@hragdy venisdctitlrey from

t he vessel nd via an.outlet, valve.to, the _jet nozzle. The_.inlet valve is
cl osed ton‘§§<‘3i>?%relfq0b%rswg3#y inuction, ph a; S 19 # Feservids bam, fo Bressupssdy val ve

i's Openedﬁiits&af%e"%fhhé %lﬁﬂgg{éﬁ%%yél ve with a 20 clean liquid flow allow ng the
e clos W

outlet valve t out abrasive particles causing undue wear of
the nmoving parts. The flushing causes variations in the abrasive
concentration of the abrasive mxture which are énnoth d, by a vesse

downstt ealptesrationglpaient appligatiopeaNo oW Q904 a9 Sauaderg et ahedes@ibepat deyiceno
5, 800, 246 i i ; | : . .
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of vessels in pa a conmon Ing an
abrasi ve cminectediin piraliél heewsal a alpdy nhpekyurised hateg@ad i idzzkbr@sd vesself rom t he
hopper and then discharges the abrasive via the nozzle., 30 Werever . val ves
are used wpﬂem rastKe KT WHoR BIRAGTSS Redp ShS Iéﬂzzfet\n@lq/fiw%hqrgfesw ISner abl e

7 "2 MR B SR gl el sunfnces: 11 e ebeence
abrasive flows can ,
A clean carrier liquid (water) is fed at a high pressure via an inlet valve into the top of
the first vessel containing the abrasive mixture to force abrasive slurry from the vessel
and via an outlet valve to the jet nozzle. The inlet valve is closed to stop delivery of the
abrasive from that vessel. A flushing valve is opened to flush the outlet valve with a
20  clean liquid flow allowing the outlet valve to be closed without abrasive particles
causing undue wear of the moving parts. The flushing causes variations in the abrasive

concentration of the abrasive mixture which are smoothed by a vessel downstream of

the outlet valve.

25  United States of America Patent No. 5,800,246 (Naoyoshi Tomioka) describes a
blasting apparatus having a pair of vessels in parallel between a nozzle and a common
hopper holding an abrasive material. Each vessel alternately recharges with abrasive

from the hopper and then discharges the abrasive via the nozzle.

30 Wherever valves are used to control the flow of abrasive material, the valve is
vulnerable to rapid wear and deterioration of the valve seal surfaces. In the absence of

special techniques to avoid this deterioration, valves used to control abrasive flows can



- 3 be expected to have a short operating |lifespan. Many val ves are

unsui table for use in the presence of a high-pressure abrasive flow
SUMVARY OF I NVENTION 5 An object of at |east one enbodi ment of the
invention is to provide a substantially wuninterrupted flow of an abrasive
fluid. An object of at |east one enbodi'ment of the invention is to reduce
the wear of valves 10 used for the control of a substantially_ uninterrupted

fl ow of ahe&KPesIdt® havaiagshoprprsEtivgtlifesran Manysyalvssere ppgtahienior gse the

i nventi Ontﬁe%r@eﬂgé&ealﬁgﬁ-ﬁpéglﬁgta. AkivY flouni nterrupted fl ow of abrasive fluid
whi | e reduci'ng sone of "the problens associated wth the prior art, or at

| east to provide the public with a useful choice. 15 In a first aspect the
i nvention_may b r j o be a nmethod of maintaining a substantially
uni nt erru§p@éM‘§e%§/(g€%g¥’M&U§i sed abrasive slurry, the nethod including
the steps of: 20 (a) discharging abrasive slurry fromone vessel of a
plurality of vessels while <charging another of the plurality of vessels
with an abmashjeet ofaiteleasi|gne(dmbslimerssli thel ivvertjoeaat itagpretidp a sjbstaatialchar ge
each vessel in tur &ﬁw tE brasiye material while alternately discharging
abr asi ve Spigterppieddlavegicn AbIsiNeElWd) in turn, and (c) passing the abrasive
slurry discharged fromthe vessels through respective flowcontrolling

outl et valves to a conmon outlet at which the substantially uninterrupted
flow i s nannitdected at Bastrer @nbodeactt @ftht reveotion &t tovelwesthe sveanbf epleaed or

cl osed unl ess there | ubstantially. no ressure differeptial across the
val ve 1&ndussdrer @ﬁtcP%tI“?l)&ﬁéu Sft%‘Waﬁﬁ W&WUPEF@ @3”’9&‘“ abjasive Huid

An object of at least one embodiment of the invention to provide a substantially
uninterrupted flow of abrasive fluid while reducing some of the problems associated

with the prior art, or at least to provide the public with a useful choice.

15
In a first aspect the invention may be broadly said to be a method of maintaining a
substantially uninterrupted flow of a pressurised abrasive slurry, the method including
the steps of:
20 (a) discharging abrasive slurry from one vessel of a plurality of vessels while
charging another of the plurality of vessels with an abrasive material,
(b) successively repeating step (a) to recharge each vessel in turn with
abrasive material while alternately discharging abrasive slurry from each
25 vessel in turn, and
(c) passing the abrasive slurry discharged from the vessels through respective
flow-controlling outlet valves to a common outlet at which the
substantially uninterrupted flow is maintained,
30

wherein each of the outlet valves is not opened or closed unless there is substantially no

pressure differential across the valve and substantially no flow through the valve.



Preferably the outlet valve of the vessel being recharged with abrasive
material is closed to isolate that vessel fromthe comopn outlet while that
vessel is being recharged but is subsequently open to allow that vessel to
di scharge abrasive slurry. 5 The vesselys may be fed froma conmmon source of
pressurised carrier fluid via respective flowcontrolling inlet valves, so
that the carrier fluid is introduced to each vessel and conbined with the
abrasive material to formthe abrasive slurry. to Preferably, after each

vessel i SP%?&Q@WE%NM& a3k BFﬁIe‘%ﬁMB&ﬁé ?échmtgb&“ﬁtﬁ%?gs%qn%gﬁﬁqé cloSed

pressurised and then, after swmtching wth a previously-di schargi ng vessel,
is di schargeldte thyt teheel i theicoginsegoelet whié st epsel 6 dpingrrestmngadshiunds t he

recharged vessel by openin he inlet.valve of the 15 recharged vessel
whil e nai it Pweﬁﬂyf\;ﬂﬁp@@glpg't&’%ta‘fwllg*dlf EEAORIGSH ™ essel closed, (e)
closing the inlet valve of the recharged vessel, 20 (f) opening the outlet

val ve of the recharged vessel, (g) sw tching the previously-discharging
vessel wi The vissels avlydeded fromsseimingn sapenoigresshasddrdasdervhiid giaotspebtive

recharged_vessel and .closing the inlet valve.  of. th r.evi ousl y-dj schar gi ng
Vessel o aREmaBAlng) lsF R EneodRt b comiey Hoist B OBIEd6SH) YHPELHE o1 ng
vessel . Péﬁﬁﬁ%l@@{wi’thttﬁ@aﬁ?ﬁﬁ%’é REEhYr @ S HeAbRGiaRRR). 1S depressurised,
recharged wth abrasive mterial, and re-pressurised in readiness for a

| ater di scharge of abrasive slurry fromthe 30 previously-discharging

vessel , by f.ollow st.e ). wih the.follow ng sequence of steps:. -5- (i)

oponi . aPERETRRES I SPG ST bt TS e o g ReEISeSE 5 () )

rechar gi ngregéaﬁis&! eé‘rido,l’tﬁéﬁf‘th&CWi&hiﬁg Vaisel pheviBudRuReh#BingRLEEkLR! is 5 (K)

cl osing the depressurising valve of The previously-dischargirng vessel,
discharged, by the following sequence of steps;

(d)  pressurising the recharged vessel by opening the inlet valve of the
15 recharged vessel while maintaining the outlet valve of the recharged

vessel closed,
(e) closing the inlet valve of the recharged vessel,
20 §3) opening the outlet valve of the recharged vessel,

(2 switching the previously-discharging vessel with the recharged vessel by
opening the inlet valve of the recharged vessel and closing the inlet valve
of the previously-discharging vessel, and

25

(h)  closing the outlet valve of the previously-discharging vessel.

Preferably the previously-discharging vessel is depressurised, recharged with abrasive
material, and re-pressurised in readiness for a later discharge of abrasive slurry from the
30  previously-discharging vessel, by following step (h) with the following sequence of

steps:



(1) pressurising the previously-dischargi ng vessel by opening the inlet

val ve of the previously-discharging vessel while naintaining the outlet

val ve of the previously-discharging vessel closed, 10 (n) closing the inlet
val ve of the previously-discharging ve%§el and (n) opening the outlet

val ve of the previously-discharging vessel. 15 Optionally, each vessel has
an inlet conduit for feeding pressurised carrier fluid into the vessel and
an outlet cond@t qu‘rn%@émgssawa&lvza«léegfthlﬁﬂopevv%lﬁ fipehayging ¥essely i ts outl et
val ve, and each vessel is fed fromthe conmon source of pressurised carrier
fluid via a respective pair of flowcontrolling inlet valves, a first valve
of the pair be(hg shabingshy previcusiy-diwhbrpilg wasel evithhubedsiveanmedils t he
pressurised carrier fluid supply to the inlet 20 conduit for pressurising

t he vessel and forcing abrasive material fromthe vessel via the outlet
conduit, and t ' control

val ve %/\/ni ch c¢ nect((\j %Hg ﬁﬁéeadp)sgess g‘%ﬁ@?ﬁ% aéfrt?ﬁn%? 10%513%&11&{%/&\/‘?&396%
intermedi ate conduit to the outlet <conduit where the carrier fluid mxes
with the abrasive materjal to fonnu%hg brasive slurry. 25 The common

outl et may be Bhe BESTHEIFBENHS Preadoushsdine afﬁmg dP?ﬁehB}’PH@lln&ﬂ}m Bfetiyed 1 ow
of pressurised abr tem

t he nunber of vessgfglgﬁggl%ﬂydt glﬁ%%%gﬁp%;ﬁ/ﬂ%gﬁ |t£sllghr%rt%§)fllﬁ%{)%q\ééggo first
of the two vessel sthe/rpré\eoﬂslyedlselm@gldgv&ssl&ﬂosied, char ged vvlth t he abrasive
material, and abrasive slurry is discharged fromthe second vessel while
the fi®st vessel is charged wth the abrasive material. -6- In a second
aspect the inv . o A 1Us,d or neintaining
a substantially %n.n?Hgyﬁﬁﬁﬁgcﬁﬁgéy%?%gg%%§1§§??@3§&§gé§éi§% slurry, the
appar at us includlng a plurallty of vessels, each vessel being connected via
a respective o tl et n outI each vessei bei ng

B tﬁo co
connectabl e to né s‘ERfPE@t ¢ opfdyatyeio prev1ousy -discharging vesse

15  Optionally, each vessel has an inlet conduit for feeding pressurised carrier fluid into the
vessel and an outlet conduit for feeding abrasive slurry from the vessel to its outlet
valve, and each vessel is fed from the common source of pressurised carrier fluid via a
respective pair of flow-controlling inlet valves, a first valve of the pair being an abrasive
flow control valve which connects the pressurised carrier fluid supply to the inlet

20  conduit for pressurising the vessel and forcing abrasive material from the vessel via the
outlet conduit, and the second valve of the pair being a carrier fluid control valve which
connects the pressurised carrier fluid supply via an intermediate conduit to the outlet
conduit where the carrier fluid mixes with the abrasive material to form the abrasive
slurry.

25
The common outlet may be one or more nozzles, each for forming the uninterrupted

flow of pressurised abrasive slurry into a defined jet.

In a preferred system, the number of vessels is two, abrasive slurry is discharged from a
30  first of the two vessels while the second vessel is charged with the abrasive material,
and abrasive slurry is discharged from the second vessel while the first vessel is charged

with the abrasive material.



carrier fluid, the apparatus being arranged so that each vessel in turn,
havi ng previously been recharged with abrasive material, can be pressurised
fromthe source of the carrier fluid to discharge an abrasive slurry at the
common outl et while another of the vessels is being depressurised and
recharged with an abrasive material, wierein each of the outlet 10 valves is
not opened or closed unless there is substantially no pressure differential
acr oss the val ve and substantially no flow through the valve. Preferably
each vess 1. i Lrier. LU|d via a
respectiv $mﬁ835§:fﬁgé§gﬁﬁeég§,%%ﬁg%ﬁg?%%QEégg?@gﬁ%%mﬁggsu it aﬁﬂn%alve
and the é%u@@tﬁﬂﬂiailyuiinin&rﬁlpt@ln@edl 96 4 hﬁéssﬁms&dl hbﬂﬁ@l@ﬂséh}l’rrf ajhet Bﬁpdrﬁth@t and
outl et val ves of one vessel are open, t he depressurising valve of the
one vesseincjugling agdgralityoof (*"é%selﬁhéaqhn‘i’eéﬁe M%G?F@Cte\dﬂl@e% respeciiyst mlet of t he
vessel a e r th r ssel is
open. 25 SIS HymADf cuhel, chilE vESPY BERL CL GRS Bhrde G PleRTLIE)

press ur i S&ﬂrlélaﬂlﬁlﬂeihefabpardtus (b&ﬁllgfalmamged‘ddlh‘aﬂ@cb ness¢tistin, thavitip pravibk] he
abrasive material and discharge via the respective outlet valve at the
common oub¢eatrechargad with abrayixe gatarials opibe @rftsmnw@rf&m Vesssoairce qighe earpigr

depr essur the

appar at us TR GARHEE IR B Ay A o kIR il e Mo RECHERE el

mat erial Béihg Ge;ﬁes‘s&ﬁgu’dkhndaﬁslﬁﬂrgddswﬂh ag hbragive gnapenmu whatir-@abRogad afleasi ve
material in the formof a slurry, after whi -7- (e) the first vessel is
pressift i sealvesyisopinPReged i qlossA wlessi thgret lﬁes‘-‘gf'ﬂaéﬁlau)’apﬂ) epregsure; gidferqntial

vessel , | is opened, (g) the inlet
val ve of ?%%%ﬁ§$519€%é5§¥%@§%§1 ned&gl§bﬁ 5? val ve of the second

vessel is closed, and 10 (h) the outl et valve of the second vessel is

cl osed.

Preferably each vessel is connectable to the source of pressurised carrier fluid via a
respective inlet valve, each vessel has a respective depressurising valve, and the

15  apparatus is arranged so that simultaneously

(a) the inlet and outlet valves of one vessel are open,

(b) the depressurising valve of the one vessel is closed,
20

(c) the inlet and outlet valves of another of the vessels are closed, and

(d) the depressurising valve of the other vessel is open,

25  so that when the one vessel is charged with abrasive material, pressurised carrier fluid
can flow into the one vessel to mix with the abrasive material and discharge via the
respective outlet valve at the common outlet as an abrasive slurry while the other vessel

is being depressurised and recharged with abrasive material.

30  Preferably the apparatus is arranged to recharge a first of the vessels with abrasive
material while a second vessel is discharging previously-charged abrasive material in

the form of a slurry, after which:



Preferably the apparatus is arranged so that the second vessel is
depressurised, recharged with abrasive material, and re-pressurised in
readi ness for a later discharge of abrasive slurry fromthe second vessel
by following step (h) with the followirg 15 sequence of steps: (i) opening
a depressurising valve of the second vessel, (j) recharging the second
vessel wth abrasive material, 20 (k) closing the depressurising val ve of

t he second vessel, (1) pressurising the second vessel by opening the inlet
val ve of the sggon ' ' A l: second
vessel closed, " 25 ?ﬁfﬁgﬁgg%%gh?ﬁﬁuﬁﬁﬁgﬁqggbega%?%¥ﬁgﬁggg%%%l%§%§%Y%and (n)
openi ng the outl etthedirstevessel,t he second vessel. 30 Preferably each vessel has
an inlet conduit for feeding pressurised carrier fluid into the vessel and
an. outlet conduit for feeding abrasive slurry fromthe vessel to its outlet
val ve,s and eacfy veggehibsvalRbihofst i&sae egource of pressurised carrier
fluid via a -8-"respective pair of flowcontrolling inlet valves, a first

val ve of the pair being an abrasive flow control valve which connects the

pressurised carrier fluid su to the .inlet conduit for pressurisjng the
vessel and for & ngthgplgtyalee %éﬁr%weqsiﬂdﬁpgﬁ}gd@gg 1n té(alt"ﬁéfﬁ‘&FFF%f

condui t, and the sggoNqs Matedeaf the pair being a carrier fluid control
val ve which 5 connects the pressurised carrier fluid supply via an
intermedi ate conduit to the outlet <conduit where the carrier fluid m xes
wi th the abrasive nategial to forn1t&£ abrasive slurry. In a preferred

appar & us the HUmblF ogfetyaleqtihg secongvessglisdossd i urry is di scharged from

10 a first of the two vessels while the second vessel is charged with the
abrasive nmaterial, and abrasive slurry is discharged fromthe second vessel
whi | e t hePrefarally vibs s apparatus harageadgedniso hthah ghareagridy evessal as i depressurised,

recharged with abrasive material, and re-pressurised in readiness for a later discharge of
abrasive slurry from the second vessel, by following step (h) with the following

15  sequence of steps:
(i)  opening a depressurising valve of the second vessel,

(j)  recharging the second vessel with abrasive material,

20
(k) closing the depressurising valve of the second vessel,
()  pressurising the second vessel by opening the inlet valve of the second
vessel while maintaining the outlet valve of the second vessel closed,
25

(m) closing the inlet valve of the second vessel, and
(n) opening the outlet valve of the second vessel.
30  Preferably each vessel has an inlet conduit for feeding pressurised carrier fluid into the

vessel and an. outlet conduit for feeding abrasive slurry from the vessel to its outlet

valve, and each vessel is fed from the common source of pressurised carrier fluid via a



In general terns at | east one enbodi nent of the invention relates to a
substantially 15 uninterrupted flow of a pressurised abrasive slurry which
i s mai ntained by successively charging each of a plurality of vessels with
an abrasive material while discharginggan abrasive slurry from another of
the vessels at a common outlet. The vessels connect to the conmon outl et

via respective outl et _val ves ich are closed to isolate vessels not
di schar gi FgPEHYF P Oﬁ'ﬂgwéi?frfr%ﬁ\ggé‘_ﬂ@te‘éa?‘éﬁse? ﬁfvﬁﬁgﬂgﬁleé’ﬁlr(ﬁem fS8Ss there
is 20 subgtgnidngbl YaRe mﬁ:ﬁs(ﬁfnﬁeﬁé fihe pedbiriled aGHRF STt supBlY B M inlet

substantially no flow through the valve. In a preferred arrangenment, a high
pressur e gudpitffercpressarisiag theevess¢luind forgoty absasivganaterialdrorh éhe/vessellga thea

respective jnlet, val ves. Befare,an tlet,valve is ened, o cl osed, any
fFow ¢ hr ol erelfpiEhe sfod L RRealiuel biife  perfr BBE{iRau] yatks Shih,
acrosss thgn¥ab ke bresffidad cadidr 318id fadply PR Alink@he¥Rtesordal BanoRapad or
cl osed without any 25 abrasive flow'through the valve. The invention may

further bengaitdviiere densarser fluidanixealwith thatdbvasiveombienialt iooformf thp abtasiver
features rTenti oned herein or shown in the acconpanyi ng draw ngs. Known

equi val ent'¥™Y-of these parts or features which are not expressly set out are
nevert hel ess deened to be 30 included. -9- BRI EF DESCRI PTI ON OF THE

DRAW NGS Preferred enbodi ments and net hods of the invention will be further
descri bedn apreferred @pparatns thet wmbes of yewelp antyion gbfasiye skasry ipdisolkaygest fremanpl e
only and wi.t ho i nt endi 0o be limting,, wherein;, Figure 1 sho

schentlh 1 TS Shthe Pl aRn i eegd Pisneira et Flsae aitSifs maleslipt e
flow of ahygamiaseveldutis dricHbepes frbh the sdddnd RewebwhdBiei fiad Ve¥se] ecHatw contr ol
systemof Figure 1 at various stages of control, 10 Figure 2 shows

schenat i caith heabgastvsrmiatetiddw control system for providing an wuninterrupted
flow of abrasive fluid, and Figures 2A to 2H show schematically the second
fl ow control system at various

In general terms at least one embodiment of the invention relates to a substantially
15  uninterrupted flow of a pressurised abrasive slurry which is maintained by successively
charging each of a plurality of vessels with an abrasive material while discharging an
abrasive slurry from another of the vessels at a common outlet. The vessels connect to
the common outlet via respective outlet valves which are closed to isolate vessels not
discharging slurry. The outlet valves are not opened or closed unless there is
20  substantially no pressure differential across the valve and substantially no flow through
the valve. In a preferred arrangement, a high pressure pump feeds a carrier fluid such as
water to the vessels via respective inlet valves. Before an outlet valve is opened or
closed, any flow through the outlet valve is stopped and the pressure differential across
the valve is equalised so that the outlet valve can be opened or closed without any

25  abrasive flow through the valve.

The invention may further be said to consist in any alternative combination of parts or
features mentioned herein or shown in the accompanying drawings. Known equivalents

of these parts or features which are not expressly set out are nevertheless deemed to be

30  included.



stages of control. 15 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS
Referring to the figures it will be appreciated that the invention may be

i npl enented in various forns and nodes. The foll ow ng description of
preferred enbodi nents of the inventiog.is given by way of exanple only. 20
Ref erences in this description and in the acconpanying clains to pressurised

el ements i i ] i ich the flowis blocked, and the
i ke, ar eBﬁEwﬁggm&jgé)ggéﬂéWWnci pally to a steady-state
condition applying after initial pressurisation of a conduit, vessel,
val ve, or other elenent in the system Such 25 references to blocked flow or

no flow, BW@&%emb@e&ﬁséllﬂde@o%ﬂﬁﬂ?t woentipn Wit be dtharddaseribeds wdith ons in
e AL 3Lt SO S BAR, YGRS, O

el ement breelf%'?e t n pr IS practice of
the i nyenid wlidimgswhéteinni tial flows are usually negligible or relatively
mnor, particularly when the carrier fluidis aliquid. 30 Simlarly,

ref erences in Figue deshovwspsshematicallyi A finse flove sppedlysvstgne fer providing an

substanti al. i r upted. fl are to be understood as referring to a flow
which is grglhﬁéi%gie?mt@ﬁf %lfgabg%é\tsei@wg’ substantially continuous and has no

i nterruptions Bigufs 14astliHhasovRtematicalty e flowHongbbbwtdn o€ Migiptiloas, and
are to be understood as including, but are not to be limted to, an
absol ut el yarifys stages foeHOk | ow, 5 Figure 1 shows a fluid flow control

U a0 such act Sty AoPd B Rlehy Acd 100, o BT S GnoP Bdhafine a Ty

and vi a ausierengteddlostuoftabiitedldid,smdond inl et valve 1V2. The two inlet

val ves respectively feed a first vessel V 1 and second vessel V2 via third

condui t 13 andFiguessZAntac i ghew sebematically the sseanddilay gprirql sypiamiat yariqus

connect ed t?{% Eicgﬁt jconduit 15 and to sixth conduit 16 to first outlet valve
ond ou

oV 1 and Sse r(l) et valve OV2. The outl et

15 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to the figures it will be appreciated that the invention may be implemented in
various forms and modes. The following description of preferred embodiments of the
invention is given by way of example only.

20
References in this description and in the accompanying claims to pressurised elements
in which there is no flow or in which the flow is blocked, and the like, are to be
understood as referring principally to a steady-state condition applying after initial
pressurisation of a conduit, vessel, valve, or other element in the system. Such

25 references to blocked flow or no flow, and the like, are to be understood as not
excluding situations in which a relatively brief initial flow may occur upon
pressurisation of an element before the steady-state no flow condition prevails. In
practice of the invention any such initial flows are usually negligible or relatively minor,
particularly when the carrier fluid is a liquid.

30
Similarly, references in this description and in the accompanying claims to a

substantially uninterrupted flow are to be understood as referring to a flow which is as



val ves are respectively connected via seventh conduit 17 and ei ghth conduit
18 to a comon outlet 2. Each vessel VI, V2 is also respectively connected
via a ninth conduit 19 and a tenth conduit 20 to a first depressurising
valve DV I and a second depressurisipg%yalve DV2. These depressurising

val ves are opened when pressure in 15 e respective vessel is to be | owered

i n readi ness_ for rechar _ihr;e vessel , $ . froma hopper or other source
at a | owePUchd PRSHRIE A1 59 @ §awérrlroesap bas e anterryptions 9f aklepst hag oply vari ous

el ements L& ortd¥ grarkdﬁar%gﬁ,p pow f a?enﬁi) B/eeéxﬁﬂsg ok gérpgr?rghgw %rggspgﬁo' nuous

bold lines to rep ent t pressuri se

respect i viee Bindted d, in absatutebrinmtednmpkdfiowol d | i nes represent ot her el enents
in which there is pressurised fluid without fluid flow El enments not
pressurised are shown by continuous thin lines. Furthernore, the valves

that changfusd 3w b fuiqidts SREAAbripgeribR S hinidh o SARLY 31208080 & thapel | ed

in bold in correspondi ng figure n Figure | |rst ves

has been pressureuspply ©Iﬁar<gaemlervﬁlmd mheﬂsrwﬁexverlmtﬁastr @induit dlcth aafirsa 1n1et
partrculat t shown Thi.s frrst vessel V res rised with water
from the'Hy 55&8 i G aerr?adfor)ﬁ%rttﬂ 19 sespnd gL VEVa 1V2¢ g Fradnlehy et

val ve 'Vlvar%y &Bpécﬁverg»@@éa 2 ARAVERE ¥ Nhidls&BRdVLSe v vmﬁu@'caﬁdh t 19 of
the first vessel is pressurised wth high pressure water but fll ow t hrough
t hi s ni nt fourthneboideit i14. HThedwedvebsels dre réspc@tvelﬁ@ndepcésaﬁﬁﬂsr:mtgiuwta]i/mdjv 1,

which is cl gsed - The first tI S open oW n

oressilt | sSUTREREIIGTS 19 Dot R vHIEE DHOAR SCior out T oL . tho et 11,
the firstyhptehreVid V&seeubé{%,coﬁlk&tédhrlacgecamlébﬁd&@r7 ahnd ethtH cbhéuit fiBrt5ta vessel
VI where it m xes th the abrasive material to forma slurry (not shown).

The sl urr yordineo atlgels Eachrmesded Vil V3tis arlerssﬁepemwel\yrcanndmdf\naalmrrtbndmimt 15, the
first out

common oulﬁte"’ln%Z\é‘aI Vel's Cprlé%é% sf%del‘ffliré{?\/ec{]éreé%’r’g\%l’i’%g% Pi%ﬁﬂdu. t%(l)glzﬁoa’}n ntegei n
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15  the respective vessel is to be lowered in readiness for recharging the vessel, e.g. from a

hopper or other source at a lower, and typically atmospheric, pressure.

In Figures 1A to 1H various elements (i.e. the conduits, valves and vessels) are shown
with continuous bold lines to represent the flow of pressurised fluid through the
20  respective elements. Similarly, broken bold lines represent other elements in which
there is pressurised fluid without fluid flow. Elements not pressurised are shown by
continuous thin lines. Furthermore, the valves that change status, i.e. are opened or

closed, at each stage are labelled in bold in the corresponding figure.

25 In Figure 1A, the first vessel V1 has been previously charged with an abrasive material,
such as a particulate, (not shown). This first vessel V1 is pressurised with water from
the high pressure pump 1 via the first conduit 11, the first inlet valve IV1, which is
open, and the third conduit 13. The ninth conduit 19 of the first vessel is pressurised
with high pressure water but flow through this ninth conduit is blocked by the first

30  depressurising valve DV1, which is closed.



The second conduit 12 |eading to the second vessel V2 is pressurised with
carrier fluid by the punp 1, but flow through this second conduit 12 is
bl ocked by the second inlet valve I1V2, which is closed. Accordingly, this
second conduit 12 is shown in Figure |/ _by a broken bold Iine. 15 The
eighth conduit 18 (in the output path of the second vessel V2) is

pressuris i th sl urr omthe . seventh conduit 17. -However, fluid flow
Phrough ¢ At SryRpREC PV T o R b RR el &0 RER ORI dhe DR - v

whi ch is elreg@dthe AxsiodoRdingl1Y, the Hirst igleghilRe I'vONdHuithird SoridwitSIBoWhad fifto khgure 1 A
by a broken bold line. 20 Wil e abrasive slurry fromthe first vessel V1 is
di schar gi figst yesseh¥ | guigre it mixes pathstbe ghsive angienal o formn p sbirat @at shaym).

pressuris fluid th econd._ i l.ve )V d the cond out] et

et ve Ove gl phosolirdsn T T b Ge b Y e B Sl 3 SBE T Bkl
initiablyvalepoasispliged opynp et bendaRgndd depioaaton bsildQ. val ve DV2.

After the 25 second vessel is depressurised, it is recharged wth abrasive
material (not shown). The second depressurising valve DV2 is then cl osed,
as shown . Fi I ' I | . e-pre [] iLon . ge. In
Thi s ot agdisrseisyo,ChatpRoy? SHEHTLS KERRRS i PR ERR T il E

mat eri al , tHroughethe 8%spds o egeration pleowmih Fipares elo dgoudD 1 Drdsadxplathadefuktier
(labelled in bold in Figure 1B). This operation connects pressurised carrier
fluid frohelpwe punmp 1, via the second conduit 12 and the second inlet valve
V2, o the fourth conduit 14, the second vessel V2, the sixth conduit 16
and the tenth conduit -12- 20. However, fluid flow through these elenents is

bl ocked byhé becosiéeondhioll leatlingab Vi secHizd adseeltVRisSgresat saiewits saniet Sluny val ve
DV2, both of which are closed. It is to be noted that there is no

subst ant i bY thsy euapd ebe; flov trnughithineqcaad cenivitskecisriloarad 1byithe seoped e and no
flow throygl. ify e Y 858" '%%gfcfeh}xéﬁr‘:fttﬂfs%%o%‘d%n{luﬁ b g%ﬂgg\}nsiﬁgvi\%drg;wﬁef Irst

5 vessel and™’it's assocl at e S, 1S mal ntal ned,
cont i nuouby hdtaken bolddénel N Fi gure 1B.

15
The eighth conduit 18 (in the output path of the second vessel V2) is pressurised with
slurry from the seventh conduit 17. However, fluid flow through the eighth conduit 18
is blocked by the second outlet valve OV2, which is closed. Accordingly, this eighth
conduit 18 is shown in Figure 1A by a broken bold line.

20

While abrasive slurry from the first vessel V1 is discharging at the outlet 2, the second
vessel V2 is isolated from pressurised fluids by the second inlet valve IV2 and the
second outlet valve OV2, both of which are closed. The isolated second vessel V2 is
initially depressurised by opening the second depressurising valve DV2. After the
25  second vessel is depressurised, it is recharged with abrasive material (not shown). The

second depressurising valve DV2 is then closed, as shown in Figure 1A.

Figure 1B shows a vessel re-pressurisation stage. In this stage the second vessel V2,
having been recharged with abrasive material, is repressurised by opening the second
30 inlet valve IV2 (labelled in bold in Figure 1B). This operation connects pressurised
carrier fluid from the pump 1, via the second conduit 12 and the second inlet valve IV2,

to the fourth conduit 14, the second vessel V2, the sixth conduit 16 and the tenth conduit



Figure I C shows a vessel isolation stage. After re-pressurisation of the
second vessel V2, the second inlet valve 1V2, labelled in bold in Figure
1C, is closed. The second to vessel V2 is now isolated but pressurised to
substantially the same pressure as that, of the pressurised flow through the
first vessel VI. There is substanti aIIy no pressure differenti al across t he

second outlet val ve ressurised flo 0 np ut | Vi a
the firstZ4eslodeve, iluaﬁﬂorrtt g%&&seeéale@rselﬁgm% ‘ET}’?éu}r*FafeﬁP’é‘f ABet v ves hovvn by
the Contlakeﬂzua% bdedd préas&rs%geahl@m@ bﬁpggf;e«hilc@ SBQRAN (PRt he val Ve

openi ng stage. e secon outlet valve OV2 I'l'ed 1n boldin Figure 1D,
i s now opssted thdttthers ik mobmbat]apm:ﬂqmrai'sed: dltﬁ&ren,uabacrbsf the esetdrel omtmm\ragve of the

second ou t vaIv 2t no substant sure differ nt acr oss
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openi ng, %&Eéle\/l §n(§ it's 'aEso@ﬁté&%l&ﬁ@rﬁ§ ys ‘?na%t&h@& eRtshawn 35 RS %oﬁtﬂﬁm\ﬂé"b&ﬁl and

there i1s stil | ow through the val ve because there is no flow path
t hr ough thmesse&gmde VBssel V2 and its associated el enents because t he second
inlet valve V2 and the second depressurising valve DV2 are both closed, as
shown in Figure 1D. Therefore, the second outlet valve is opened w thout

any subst 3 ] C RRYGEB VesRf 1s%l%!'t1%ﬁ's%ﬁ%es|Aﬁé’r3fe-tp'f€s§lﬁiklat16ﬁ‘%f‘ﬂél ¥Bondl Pegev oI ds
the high 25 wear situation that woul'd occur if abrasive material started to

f 1 ow t hr oM@hthelsecoral indet \Lap@nl\@péarheﬂgd of boldanvagure. 1Mus ichgednd hafsbermdopenr ng
of the secon tlet valve B t he ssuri sed w from punp | ut | et
i e O s Bl e Sicpierr Sl o @Rl e HreBu s thag

mai nt ai nege eﬁéssﬁﬂ?é&“ﬂ@x\(r gﬁOcHé IRONS IOV 1THRRS jd §th{aQH£l?y AR-presstre  When

the abrasive material in thé first vessel V1 is al nost Iy di scharged t he
supply odiffelentisl aczoss|the sgcoad outlet vabvm@?v&orjlfheeme@unsadnﬂmmfmpulrnbyl ®wi t chi ng

the 111 ot ol oringhy 73 ieReL 00 ond 87 BTt BmgH R enlibR® oCeBR Y. This
changeov efheicanfiides BhldNRidt ifFigslen@.or 5 openi ng any val ves conducting
abrasive material. In particular, the first and second
15
Figure 1D shows an outlet valve opening stage. The second outlet valve OV2, labelled
in bold in Figure 1D, is now opened. It is to be appreciated that just before the opening
of the second outlet valve OV2 there is no substantial pressure differential across the
valve and, being closed, there is no flow through the valve. After opening, there is still
20 no pressure differential across the valve and there is still no flow through the valve
because there is no flow path through the second vessel V2 and its associated elements
because the second inlet valve IV2 and the second depressurising valve DV2 are both
closed, as shown in Figure 1D. Therefore, the second outlet valve is opened without
any substantial movement of abrasive slurry through the valve. This avoids the high-
25  wear situation that would occur if abrasive material started to flow through the valve

upon opening of the valve.

During and after opening of the second outlet valve OVB the pressurised flow from
pump 1 to outlet 2, via the first vessel V1 and its associated elements, is still

30  maintained, as shown by the continuous bold lines in Figure 1D.



outlet valves OVI, OV2 which convey the abrasive slurry are not opened or
closed to achieve the changeover. Figure | E shows the changeover of between
the fluid flow paths. This changeover is 10 effected by opening second
inlet valve V2 and, substantially simHtaneously, closing first inlet
valve IV 1. These first and second inlet valves IV 1, 1V2 are labelled in

bold in iLgure 1E It i to.b reci at.ed. t hat these.two i pnlet val ves
contr ol p%&}ﬁga&ﬁav? mﬁwaﬁm ﬁ}%ﬁg‘g‘i Yegse?k@tls 9/“5@&3( gls I_Paéﬁ ’(t,léer?quy fluid.
Little orophababivasing aethecotimdn oWt RhisHgiftaided aseswitehing Rt préstuyiesd SO
t hese val ves can open and cl ose without being subjected to 15 excessive
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1 to outl Visa .t fir 1 |t Lated.. el egent s, has now
ceased (bOvald U bR bESbeRiRSid £ IS ehdRe AR EN G Pl STE NS "Deen
repl aced byening ey Sulves eonductmg faberive ufiitedalt OlnOpHrtiilar? the/ figsttahd ze6nd
vessel V2 20 and its associ ated el enents, as shown by the conti nuous bol d
lines in PRgiralves OVh QY2 whieh convisy dhs ehgasive slnayw 4t nefensapd er sloged {0 at
outlet 2 h n [ ined while the changeover between the first and
second ve%%’é?vge[ﬁ%gﬁ%égén‘%%ade. As is shown by the broken bold lines in Figure
1E, the first conduit 11, the first inlet 25 valve IV1l, the third conduit
13, the first vessel VI, the fifth conduit 15, the first outlet valve OVl
t he sevenFigusohlshews theaehengenyenphbetweetn the fluid glova pathg.e Rllinchisngessigr ised but
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first depfipssied wilvedwal Tese Dt add secohd it vals P31, INQwie iabeliéDinrdld in t he
first outlet valve OV1 is now closed. It is to be appreciated that just
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still no flow through the valve and there is still no pressure
15  excessive wear normally associated with abrasive flows.

The pressurised flow from pump 1 to outlet 2, via the first vessel V1 and its associated
elements, has now ceased (because of the closing of the first inlet valve IV1) and has
been replaced by a pressurised flow from pump 1 to outlet 2, via the second vessel V2
20 and its associated elements, as shown by the continuous bold lines in Figure 1E. Thus,
the uninterrupted flow of abrasive slurry at outlet 2 has been maintained while the

changeover between the first and second vessels has been made.

As is shown by the broken bold lines in Figure 1E, the first conduit 11, the first inlet
25  valve IV1, the third conduit 13, the first vessel V1, the fifth conduit 15, the first outlet
valve OV1, the seventh conduit 17 and the ninth conduit 19, all remain pressurised but
no fluid flows through any of these elements. In particular there is no flow through first
outlet valve OV1 because both the first inlet valve IV1 and first depressurising valve
DV1 are closed.
30
As shown in Figure 1F, the first outlet valve OV1 is now closed. It is to be appreciated

that just before the closing of the first outlet valve OV1, there is no flow through the



differential across the valve. The first outlet valve is closed w thout any
substantial 5 novenent of abrasive slurry through the valve. This avoids the
hi gh-wear situation that would occur if a flow of abrasive material had to
be throttled and stopped upon closing ;,0of the valve. Wth the first inlet

valve IV1l, the first outlet valve 0\/1 and the first depressur|5| ng 10 val ve

DV I all fl osed, the first Vﬁssel and its assg_lm eI enents are now
i sol at ed HShOUHEAYe presausarthe dust inlet sAlRAd yandhthe HP%%@HSW Y8&ei n
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out | et 2 woild deber i§ edbrvdof/atwseve muriahbhd tosheahsoitsdodreicstepredripbs clasing

mai nt ai ned as shovvn by the continuous bold lines in 20 Figure 1 G Figure
1H shows PHBEFRIVEL vessel V1 which, havi ng been recharged with abrasive
material, is repressurised by cl osi ng the first depressurising valve DV 1
(labelled in bold in Figure I H and opening the first inlet valve IV I

(1 abel | edWitln thel firsi mldti giveeIV H)the Tinstsou2lbt vglee 2V biand olmn et siepresssisinigs ed
carrier fI o] via the first conduif 11 and the first inlet
val velQ v ‘i Qf\)’lh@ FE’?‘F‘E tﬂ%ﬁbﬁﬁlvfssfls t3nd it %Sé?m%iggmems arg pev isplatedc ondui t
15 and t bbidnfid t nts is
bl ocked Bgutr}blﬂgﬁfﬁ‘%gghgggt%% lx’gVt‘ﬁlvtﬁ\éOl\)/ollBzll)ncl((1 pits® I rs gelgr' e@jﬁ}a%#ﬁ%%val ve
DV1, bot hflow fwlm cpbm@rleto outles dvialthe secohd vbﬂehb’ﬂeaddhtsadssddirﬁecbe]lememswsno

substantl al . differential the 30 fi st outl et valve OV1 and
no flow t WAl ?F f‘ss [’ §§9Ht}‘§‘835€(ﬁ§j&nFsr‘6‘rﬁ3%‘Hﬁﬂ 1 to outlet 2, via the

second vessel V2 and its associated elenments, is naintained, as shown by
t he continuous bold lines in Figure 1H -15- The further sequence of
oper atd onBigufeot Gt shews rranesed vdaprdsswisinghstage c dhd noms selatdshbkst tvessel V1 is

depressurised by opening first depressurising valve DV 1, labelled in bold in Figure 1G.
After the first vessel V1 is depressurised, it is recharged with abrasive material. During
the depressurisation, the pressurised flow from pump 1 to outlet 2, via the second vessel
V2 and its associated elements, is maintained, as shown by the continuous bold lines in

20  Figure 1G.

Figure 1H shows the first vessel V1 which, having been recharged with abrasive
material, is repressurised by closing the first depressurising valve DV1 (labelled in bold
in Figure 1H) and opening the first inlet valve [V1 (labelled in bold in Figure 1H). This
25  operation connects pressurised carrier fluid from the pump 1, via the first conduit 11
and the first inlet valve IV1, to the third conduit 13, the first vessel V1, the fifth conduit
15 and the ninth conduit 19. However, fluid flow through these elements is blocked by
the first outlet valve OV1 and the first depressurising valve DV1, both of which are
closed. It is to be noted that there is now no substantial pressure differential across the
30 first outlet valve OV1 and no flow through it. The pressurised flow from pump 1 to
outlet 2, via the second vessel V2 and its associated elements, is maintained, as shown

by the continuous bold lines in Figure 1H.



the first vessel as the supplier of abrasive material to the common outlet,
corresponds to the description provided above for changeover fromthe first
vessel to the second vessel. 5 In particular, it is to be noted that the
source of the abrasive slurry being supplied to the comon outlet 2 is
alternately and successively swi tched between the two vessels V1, V2 by
operation of the two inlet valves IVl |1V2 which are opened and cl osed on
relatively clean and substantially abrasive-free carrier fluid. This

swi t ching he ?sécﬁ.xe}’l\@ J)ieo %tﬂ)n?,ufol“ e é’é?)%elq{&n t%/ %do%ﬁ%@w?%& toBy using
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when there is no pressure differential across the valve and no flow through
15 the valve, and nore particularly when there is no abrasive flow through
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respectiv water to near the bottomo
15 the valve, and more particularly when there is no abrasive flow through the valve. This

reduces the wear normally associated with valves operated in conduits carrying abrasive

slurry.

Figure 2 shows schematically an alternative fluid flow control arrangement having a
20  high pressure pump 21 which supplies high pressure water, as a carrier fluid, to a first
abrasive control valve ACA, a first water control valve WCA, a second abrasive control
valve ACB and a second water control valve WCB. The two abrasive control valves
ACA, ACB are respectively connected to first and second inlet conduits 31, 32 which
feed water to near the bottom of respective first and second vessels VA, VB. When the
25  vessels VA, VB are charged with abrasive material and then fed with pressurised water
via the first and second inlet conduits 31, 32, the water mixes with the abrasive material

to form a slurry which is forced from the vessel via first and second outlet conduits 33,
34.

30 Two water control valves WCA, WCB are respectively connected to third and fourth

inlet conduits 35, 36 which respectively feed water to near the bottom of inlet ends of



the first and second outlet conduits 33, 34. This water mxes with the
slurry formed in the vessels to increase the fluidity of the slurry being
di scharged fromthe vessels. The first and second outlet conduits 33, 34
respectively connect the inlet ports of the 5 two vessels VA, VB to first
and second outlet valves OVA, OVB. The outlet ports of the outlet valves
are respectively connected, via. first and second, outl et valve condU|ts 37,

38, to a GHRAdUerend Quslehaprduiis 33n34 h ThisrpieraBixss Wit the shupry fopned in
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AH by continuous thin |1nes urthernore, the val ves that change status,
i.e. are opened or closed, at each stage are labelled in bold in the

corresponding fi gure 2A, the flrst vessel VA has been. previously
charg cﬁ‘ %%%’S‘I\,@els @EPe‘F?PfFUV% corqissted ada Hrsh apd |S%‘i§’|n§tdépreﬁﬂ§lsg}£r aS| ve

mat er i al &oildq§§'§9r40t t'&%sﬁe@ﬁvecﬁ’{s b sefcbﬁq ge;&%ﬁﬁglﬂ%}lav%ﬁD F\e DARS S §h

therefore ten to rest ‘on the otton1 e vess I'rst vessel VA is
pr essuri sésprevstfisingvaved aro optted wheglprgpseredn tlee gespeptiPl vassd i$ toebd lomgtedabr asi ve

control valve ACA, ich is open, and the first inlet conduit 31. The first
depr essurinsqeﬂ(gnesggﬂrdﬁﬁ Fhargige ithe %rséesls%glfé% A OPRETHAT PSS SQUEE LA &randr om t he
top of the,fhfish ? gh:?'SQQyt flow through this depressurising conduit is
bl ocked byt he |rs ptressurising valve 30 DVA, which is closed. -17-

15
As in Figures 1, Figures 2A to 2H show various elements (i.e. the conduits, valves and
vessels) with continuous bold lines to represent the flow of pressurised fluid through the
respective elements, and with broken bold lines to represent other elements in which
there is pressurised fluid without fluid flow. Elements not pressurised are shown in
20  Figures 2A to AH by continuous thin lines. Furthermore, the valves that change status,

i.e. are opened or closed, at each stage are labelled in bold in the corresponding figure.

In Figure 2A, the first vessel VA has been previously charged with an abrasive material
45, such as a particulate. The abrasive material is denser than the carrier fluid (water) in
25  the vessel and therefore tends to rest on the bottom of the vessel. The first vessel VA is
pressurised with water from the high pressure pump 21 via the first abrasive control
valve ACA, which is open, and the first inlet conduit 31. The first depressurising
conduit 39 is pressurised with high pressure water from the top of the first vessel VA
but flow through this depressurising conduit is blocked by the first depressurising valve

30 DVA, which is closed.



The first outlet valve OVA is open allowing water to flow fromthe punp 21,
through the first abrasive control valve ACA and the first inlet conduit 31
into the first vessel VA where it mxes with the abrasive material 45 to
forma thick slurry. The slurry enter@the |l ower inlet end of the first
outlet conduit 33 where it is thinned by the 5 introduction of high pressure

wat er delivered fromthe 21 via the first_water control ve WCA
whi ch is Bbeeﬁrst SHCK YV AN S e al PBHRELVECE S O drom thBime 2 &f&wugh

di scharg ﬁrgh‘?vé( b6n°t1tovl v\éPv%S&tAVa(i\d t§1@ firfiGnie {Eéﬁquﬁuil' ﬂalfto BRI Lesddy _the
first out et v i S open first outlet valve conduirt 37,
comon o uVIAewheI(ernd lmn1kes43/,1thj the abcasme rrnbtesial 45 tdPoranal tinok zlvery4 4 Thd lshusry

d fl h t bol d. t i F 2A and
i nt a1 netERrOBdRvEnaTe: bl S R RREDRORA NP duiscbiitsd Bhiigugh 20
as_exp ai hﬁfédﬁarohh@ﬂ’ iR beulOA: il o i [EOBUERC PUP IRLALR kil Second

vessel VB are pressurised by the punp wth carrier fluid (water) t flow
of fluid d:dntmhgbﬂvb HEEA, ordndwst@ensarhi the Klidd h;let c:b!ﬁdhﬂt:éSséldmrtmmbd akirmye

control v | ve A e sec ontr bot h _of ich are
cl osed. E}Wﬁeﬁ fQm t %%&Ev%ﬁ t'da g’leefc %ﬁ?t con “g}ﬁ 62@559‘1%&6’%‘%% bol d
l'i ne. The W@Hmﬁ%'@ﬁen)’aﬁr‘é@oﬁ@éﬁd&éﬁe @tﬁldﬁ&tﬁ %#F}H&PHE 1808 dndfi 43h§ second
outl et valve Is pressurised wth slurry eflrst ou Fet val ve
condui t 3@ontﬂdbmlwerPV fahdingz4le ddh.  This poegburised fb&ccsnsho&mtib;ebonmiumes boldduit 38
i s bl ocke cond out | .e which is cl.osed. Accardingly

thi s Sooolrsdnimes da) ot BoeaisinedahuEt R, o6 SEOgERHoT S0 WY T8 PiERen bol d
l'ine. 25 Mltmugbﬁgsalsgg 18inkd Fftder BELEhe first vessel VA is discharging at
the outlet nozzle ]he second vessel VB is isolated from pressurised
fluids by the two inlet valves (i.e. the second abrasive control valve ACB

and the sgco ontrol valv ond outl et vaI ve OVB,

all thr ee88’i“ﬂ{vaa?fF%$ gro(t’rr géeeau r?g f\/%aﬁeéﬂldsg‘?ﬁﬂd e AresyriseddY fis i ar |y
depr essur bﬁﬁﬁ wWith QRSS! Meld 8aRAY bIERER T YIui P Hﬂ&u@h&h&& éB\{&msA‘fstt%cHeh%y%
second vessel VB is depressurised, it is recharged with abrasive material 46

and t ke thecermhddbprsessamirs] h@valG}barm/&esleostwatascqmrot Nalxe WEBFbgir e 2A.

of which are closed. Accordingly, these conduits are shown in Figure 2A by a broken

bold line.

The second outlet valve conduit 38 (at the output port of the second outlet valve OVB)
20  is pressurised with slurry from the first outlet valve conduit 37. However, fluid flow
through the second outlet valve conduit 38 is blocked by the second outlet valve OVB
which is closed. Accordingly, this second outlet valve conduit 38 is shown in Figure

2A by a broken bold line.

25  While abrasive slurry from the first vessel VA is discharging at the outlet nozzle 44, the
second vessel VB is isolated from pressurised fluids by the two inlet valves (i.e. the
second abrasive control valve ACB and the second water control valve WCB) and the
second outlet valve OVB, all three of which are closed. The isolated second vessel VB
is initially depressurised by opening second depressurising valve DVB. After the

30 second vessel VB is depressurised, it is recharged with abrasive material 46 and the

second depressurising valve DVB closed, as is shown in Figure 2A.



-18- Figure 2B shows the second vessel VB which, having been recharged with
abrasive material 46, is re-pressurised by opening the second water control
valve WCB, labelled in bold in Figure 2B. This operation connects
pressurised carrier fluid delivered frgm the punp 21 via the fourth inlet
conduit 36 to the second vessel VB, the second outlet 5 conduit 34, the

second depressyrisin ondui 40 e cond inlet conduit. 3 However ,
fluid fl oWeH gﬁi\ %éﬁ% Sgqo r{gB HHB Vg ‘%‘?@Bdﬁ@%@% @fthvaizrwa
second deﬁl@éaam 5 P@P&%uvﬁepyﬁomgw@%e&namﬁéa eb?ltl{apo&lfv@wﬁ' MBeifaB. al |

three of which are closed. It"is to be noted that there is no substanti al
pressure bhbdlénekigua¢ 2BcrBss optrators ewrmmacts pudskaised ahareer Bl deldvenesl frbmw

th h Th I
e 1 b rst et PURAHE Pt i SondiChE b Bieet Y3t by Aend ulelnown by
the conti giiaus i@'tﬂe'ée&ﬁﬁl tEprEdsadifig %@ndlﬁ@ 48 a[n%sth!e se%n& heC OBRduRUSS.

di scharge of abrasive slurry at the nozzle 44, the level of abrasive
mat eri al H&wevert Aaidf ﬂowtthmnghsth«tse\ébeldempss blbekddnbyFseponé oddet decs&}\bﬁi,d vessel

is isolated t - ti f th d I d
wat o7 conteeBM JGEBTERE BT BT Te IR Gl SRve ACTH AR Sho
second Vveghgh aMBclbsed"IWs!ts BE abed 1Rk thepd RIDWubstitjal ?re%élfﬁ R fal Xch&e sane

pressure as that of the pressurised flow through first vessel VA There
i's no subtheaatand oytlebvaue ©VRInfd 2o dowi thfougbitsthd presssisahfowtdretpumpl ve OVB.

Th fI f 1t t f t
vossolt Ve hiouiel e AR T RrE hervel TR ks et e h BiBipete
conti nuougs bidveh |b§r/f‘cﬁ§ cbﬂtnﬁloﬁib”b%ldzﬁnes-rhﬁFlgﬁY €bBOf AQDS Bk ML RohBhudd 1 N
the first vessel VA has dropped even further as a result of supplying the

abr asi ve dischrarge ofcibsasharsiirty attthe hezzhoik the 14vel of Bbrabize seewiali4din thetfirstval ve
OvB, | abel | e bold in Figure 2D, is now opened. It is to be appreciated
that just Pat o\?& 45 openi ng of the second outlet valve OVB there is no
substantial pressure differential across the valve and, being closed, there
is no flow through the valve. After opening, there is still no pressure

di f f ei®ent InaFigaxsr s thet feeondaveseel isirdlateve r Aftersreqirgdsirisation|ofthe sacondytessele val ve

because a{]h tthrg*,rseé\%‘or?df wt Qre contror v glvg1 Q{’éﬁ iaBelled in bold in Figure 2C, is closed. The

second vessel VB is now isolated but pressurised to substantially the same pressure as
that of the pressurised 'ﬂow through the first vessel VA. There is no substantial pressure
differential across the second outlet valve OVB. The pressurised flow from pump 21 to

20 outlet nozzle 44, via the first vessel VA and its associated elements, is maintained, as
shown by the continuous bold lines in Figure 2C. The level of abrasive material 45 in
the first vessel VA has dropped even further as a result of supplying the abrasive slurry
discharged at the nozzle 44.

25  The second outlet valve OVB, labelled in bold in Figure 2D, is now opened. It is to be
appreciated that just before the opening of the second outlet valve OVB there is no
substantial pressure differential across the valve and, being closed, there is no flow
through the valve. After opening, there is still no pressure differential across the valve
and there is still no flow through the valve because all three of the second abrasive

30 control valve ACB, the second water control valve WCB and the second depressurising
valve DVB are closed, as shown in Figure 2D. Therefore, the second outlet valve OVB

is opened without any substantial movement of abrasive slurry through the valve. This



30 control valve ACB, the second water control valve WB and the second
depressurising valve DVB are closed, as shown in Figure 2D. Therefore, the
second outlet valve O/B is opened without any substantial novenent of
abrasive slurry through the valve. Th|]§ 19- avoi ds the high-wear situation
that would occur if abrasive material started to flow through the valve
upon openi ng of the valve, The tpressurl sed flow frompunp 21 to outl et

nozzl e 44avoldsathenkighivest sipuativa) thoawonld pear it ahmsiyeimatedalestasiashios flows st | |

mai nt ai ne %]51%’\9«{'1'? bold Iines in Figure 2D. Meanwhil e,
the | evel ~0 b;ﬁgg%eeggnﬁ%% %%rbi ih {he first vessel VA has dropped still

further as a result of supplying the discharge of abrasive slurry at the
nozzl e 44. \Wen the abrasive material jn the first vessel VAis alnost fully

di schar getihe pressusisgrhflgw from grmpnd It Qusles pegaly 44 vie the gt vesselnboAnd ity i s
mai nt aj negsfsgéiaté feﬁﬂ:h 91st%§1r éﬁlﬂ%@(gﬁ:‘é ?sosrh%%% tﬁ?? x{}l&‘ﬁ' ﬂog('élﬁq?n%'{mf %ﬂrﬁ bath

nozzl € 44 rom oug ITst vesse e para

through tom. mwﬂllv&hst&vel\t&abirdm& méterie) d6\ig the firsthanse] MA hawdropsddagiling or
openi ng any val ves passi ng abrtagl ve material. In partjcular, the first and

second oufriBer 34 et AAPRVS the dispharenoicaprasive %‘Bﬁé%tltb%n%zlzlﬁ 44 are not

opened or 15 closed to achieve the changeover. As shown in Figure 2E, this
changeover is effected by opening both the second abrasive control valve
ACB and t Wehea eloslstasiod matemiahinrnhh fivstlvesselWB, isahdostIfoly digclongdd, tlhﬂsubplyst
abrasive control valve ACA and the first, water control val ve WCA. The
respetd i vef Qbfa%‘ﬁ%rﬁlw ghdhe IOBQ?tnﬁo@le i s enpintainede BY; switchmgt the ollew #f val ves

is perfor t I brasi ve
and wat er %fhglgl fir/(g[é %&%lﬁﬁgwfrmﬁgﬁgﬁlt%@*t r§§g§) d\II% Fi gure
2E. It i stot melmreﬂ}eppeml thteghtthatedond sessed VB. iThisthangtores 1§ddilid’ glithpitessur e

and flow in conduits that only carry relatively clean water. Little or no
abr asi ve 1B j0F| OPENBHLNY h‘faé)‘{fékpaﬁﬁ%%é‘ Fagiye matpial. vHl paticdyr the distvandves can

25 open 2%@0&1 Biiffet WalRQUbVRE NGB %}E&IFE&RQ itk %§?€ &[yr om tEef)%%lrrp 21 to

associ at W th “abrasive ffows. e pres uri
t he nozzl dodbd, to dtldetdhhe thampgtowessel VA and its

As shown in Figure 2E, this changeover is effected by opening both the second abrasive
control valve ACB and the second water control valve WCB, and closing both the first
abrasive control valve ACA and the first water control valve WCA. The respective
20  opening and closing of these four vessel inlet control valves is performed substantially
simultaneously. These first and second abrasive and water control valves ACA, ACB,
WCA, WCB are labelled in bold in Figure 2E. It is to be appreciated that these four
inlet valves control pressure and flow in conduits that only carry relatively clean water.
Little or no abrasive material flows through these four inlet valves so these valves can
25 open and close without being subjected to excessive wear normally associated with

abrasive flows.

The pressurised flow from the pump 21 to the nozzle 44, via the first vessel VA and its
associated elements, has now ceased (because of the closing of the first abrasive control
30 valve ACA and the first water control valve WCA) and has been replaced by a
pressurised flow from the pump 21 to the nozzle 44, via the second vessel VB and its

associated elements, as shown by the continuous bold lines in Figure 2E. Thus, the



associ ated el enents, has now ceased (because of the closing of the first
abrasive control 30 valve ACA and the first water control valve WCA) and
has been replaced by a pressurised flow fromthe punp 21 to the nozzle 44,
via the second vessel VB and its assogjated el enments, as shown by the
continuous bold Iines in Figure 2E. Thus, the zO wuninterrupted fl ow of

abrasive slurr t, the nozzl e 44 has. heen i ined while.th h eover
bet ween tﬁ@qﬁrﬁ@&daﬂ%l‘vsog@é’m“@e g@'?‘_ St n@ngﬁ%geeﬂsmﬁ@%"éﬂ%ﬁﬂhﬁﬁa‘ﬁ%e

br oken bolghrgb&R$ betvebh e Brsdnd sebéhdivebsls RRbA&L Madgont rol valve ACA, 5 the
first water control valve WCA, the first and third inlet conduits 31, 35,

the first vessel VA, the first outlet conduit 33, the first outlet val ve

OVA, the fiirst, out|e al,ve dui.t 37 he first. depr.essufyi sj condui t
30." al |+ &t shepiALetle SRR o ke E ghE sy B EROFI Al ACA

el ement s. tHeNfild@hatdiUWontrol RANE WEANQhd gy ablirtRi@inlbi ESdduaytaiets, Wl fgt OVA
because all three of the other val ves &s&e the first abrasive control valve

10 ACA, t Wesseli V4t theafiest owtdmitcpoduit 33.1tke catlet vabee OVistthelfipst estletr valvg val ve

DVA) associ ated, W the f.irst vessel VA e.closed. At fhe,next .stage,
ohoun 1 EEHESL A el Bt RE8 Sondh Moh e PREE reStieisR e BOFR AFAEES oo e
2F) is nOWoﬁﬂsQﬁr@th hhy 0f tHeSe BlemeRMR! 86 ipaitRdlat Adre isUsd 18RI tBFRIgh MRstcdudigt Ng of
the first 15 outlet valve OVA, there is no flow through the val ve (because

the first valye 43V Aebesauserall threg of thaGtherayalvashig ef thesfirshvabrasive gnntrell valeg ve WCA

and t fir epLessurisin al ye 1 agr | . ¢l osed). and the kS no
pressE&e éi@#’e&’gn{hi's IVaLd, %%rgroyﬁéﬁ/v\yal\&% %ﬁt@? atléﬁngiFWS?Sll}lﬁlﬁgrv tlYessz‘lb‘fl no
fl ow t hr oyglciatea wie the fRfidelREVA dré clobéd.| no pressure differential across
the valve. Therefore, the first outlet valve OVA is closed w thout any

substantial 20 novenent of abrasive slurry through the valve. This avoids

t he hi gh- situation that Lwoul cur if flow b i,v.e erial had
Lo be o At b Bedtiibeel ol Rk . A6E Bt bt VAR 0V AR R oL
abrasi ve ggikd oF) aloveclbbel. It hetofberapbreomutedr thgGast teifore ahy/ oM\ of tHeefidst r st 25

outl et valve OVA and the first pressurising valve DVA all closed, the first
vessells VAoutlgialvesO ¥ s theraaisa &ow traugh theahisvbeeaybaathe dirgabraseieedontrol

pressuri S%gl\w %Cg,h al tht%yﬁrts{1 Water control valve WCA and the first depressurising valve
DV1 are all closed) and there is no pressure differential across the valve. After closing,

there is still no flow through the valve and there is still no pressure differential across

the valve. Therefore, the first outlet valve OVA is closed without any substantial

20 movement of abrasive slurry through the valve. This avoids the high-wear situation that

would occur if a flow of abrasive material had to be throttled and stopped by closing of

the valve.

With the first abrasive control valve ACA, the first water control valve WCA, the first
25  outlet valve OVA and the first pressurising valve DVA all closed, the first vessel VA
and its associated elements are now isolated but remain pressurised, as shown by the
bold broken lines in Figure 2F. The pressurised flow from pump 21 to outlet nozzle 44,
via the second vessel VB and its associated elements, is maintained, as shown by the
continuous bold lines in Figure 2F.
30
Figure 2G shows depressurisation of the first vessel VA. The now isolated first vessel

VA is depressurised by opening first depressurising valve DVA, labelled in bold in



bol d broken lines in Figure 2F. The pressurised flow frompunp 21 to outlet
nozzle 44, via the second vessel VB and its associated el enents, is

mai nt ai ned, as shown by the continuous bold lines in Figure 2F. 30 Figure
2G shows depressurisation of the first,vessel VA, The now isolated first

vessel VA is depressurised by openindzk1rst depressuri si ng val ve DVA,
| abelled in bold in -21- Figure 2G After the first vessel is depressurised,

it is rechignedGwidter tsrfist vessahis dapressurisediié ipneekasgad withl abiasiwe fraterigbunp 21
to outl etyotal e, & ol A ASAREONT: NRRGL PR b R BRTRELR! B Hlement s

IS maintainé as sho e cont1 nuous li'nes in Fi gure
2H shows #tdessbeiaet ck@sad, idvhaittiiadd, abahdvwg b @8 contiahieusdedd Wnkhinabigas ve
material 47, is re-pressurised by closing the first depressurising val ve DVA
(1 abel | ed?$n bold in Figure 2H) and opening the first water control valve
WCA (labelled in bold in Figure 2H). This latter operation connects
pressurised carrier fluid fromthe punp 21 to 10 the third inlet conduit 35,

the firstFigasseH Mows the fiist SiesdenlVeA winiokluhdvimd beéh@edhiafaetl with | Brasiveondui t
33 and the first depressurising conduit 39. However, fluid flow through
these el BaErek47.9s K-perwEses by plosing the fist densessursioe vaya DY Adlabeled ingbr asi ve

trol [ . i Si whi ch
COnt oy A, 2R Snd o R AP ESE LA N Y (BRI S5 10
di f f er ent Fighrea@H 0 SEhié [aétef bpesdtionitonaécty pleysariedd caariét Mad Hond thewukdpy pugh it .
The pressurised flow from punp_ 21 to outlet nozzle 44, via the second
vessel0 vEthghird ineteonduit 35 ethedlitainigsse) |V Asthedirsitinleh senduits3 ks HeswArss putleie

ti . ) . oy | . . 46 i
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at the nogzmentd4s bldbkelts the firdi@ntlSORNOV AQ theofxst radisScont@l vilke Actrangeover
fromthe second vessel VB back to the first vessel VA as the supplier of

abrasi ve #h@rst depressutisiag yalivmbly duall Greepizvhich awalosedr deisgohasioted thate
descripti 1P %X{qu%dsu%}gr\{t?al fp?JSSlﬁ‘Q AP aérg)é)srﬂlé EFst fohﬁéttvaYv%séG!Ax and no

15  flow through it. The pressurised flow from pump 21 to outlet nozzle 44, via the second
vessel VB and its‘associated elements, is maintained, as shown by the continuous bold
lines in Figure 2H. The level of abrasive material 46 in the second vessel VB drops as a

result of supplying the discharge of slurry at the nozzle 44.

20  The further sequence of operations, for the changeover from the second vessel VB back
to the first vessel VA as the supplier of abrasive material to the common outlet nozzle
44, corresponds to the description provided above for changeover from the first vessel

VA to the second vessel VB,

25  In particular, it is to be noted that the source of the abrasive slurry being supplied to the
common outlet nozzle 44 is switched between the two vessels VA, VB by operation of
the four inlet valves (i.e. the first and second abrasive control valves ACA, ACB and the
first and second water control valves WCA, WCB) which are opened and closed on
relatively clean and substantially abrasive-free carrier water. This switching is done

30  while both outlet valves OVA, OVB remain open. Each outlet valve is closed and
opened only when there is no pressure differential across the valve and no flow through

the valve, and more particularly when there is no abrasive flow through the valve.



VA to the second vessel VB. 25 In particular, it is to be noted that the
source of the abrasive slurry being supplied to the common outlet nozzle 44
is switched between the two vessels VA, VB by operation of the four inlet
valves (i.e. the first and second abrasj ve control valves ACA, ACB and the
first and second water control valves , WCB) which are opened and cl osed
on relatively clean and substantially abrasive-free carrier water. This
switching is done 30 while both outlet valves OVA, OVB renmai n open. Each
outl et vakiei sf MrATRIARY doWREREHn Wlike WAGHVE REfSeel Tesils RIESHHTIRA b
differentFaISacroés th%aggléé and no f%%m1tﬁ¥0u9ﬁ8¥%ﬁg v%lve, an na}e

parti cul acdnyroflirencledrenpstiesmritoveshofas caraief liguidt Ahisugdssdl bvavitehingds aeld@vedFl ows of
abrasive slurry downstream of the abrasive stprage vessels e.sw tched by
controlIi W&H%‘I‘t_e}é?ﬁ’l%g‘i PRAPF P78 2BY Vgl the oy ﬂ%w SlecbeIvabGa 1 chi ng
I's achi eveghiciht BRI B RHiRIhd Cal E%xpéseﬁk&éﬁre\%ﬂﬁf Wite¥éntial! the downstream
flow while the valvé 5 carries the sturry o Ile the valve is exposed to a
pressure differential. In both enbodi ments descri bed above, any wear of the

val ves ( rticylarly wear of the outlet valyes whjch carry abrasive

mat er i al ?fngﬁﬁs@bpﬁw _d%%alﬁfé‘e@%?ﬁ_%i“}‘?ﬁf\ﬂéﬁ‘re-v é%r%?arvgﬁ%r&we%ﬁs val ves
having a fiafuyseldivdARRicAS raﬂﬁgfvg'rﬁzﬁt%l)/@zlnvﬁe R fer WHE wugﬁﬁg%&apﬁw and
forth across a wear plate. wever, the present Invention I's no confi ned
to the uswlaintavejvesaelgl valvas hedhy e flatt setfadapyging spruapddased vajvet eas whichwhi ch

val ves carryig agécﬁ}i ve flow are not opened or closed under conditions of
f1ui di%1 oRoyes %‘rke thyjaptoss @ne| Plates o Veletthe) Rrgserds vARIqH{se Rt on i s

the incl usi@heflo o &% o AR pkiclal Yave BulaPhaBel SOOMR in Whifi] GHIES 2

This valve may be used to contro e Jjet, or to sw e Jjet on or off,
by di ver tdarrying labrasive nfl@er ranptned obbmmd of chbedande sinditionsadf flhid fleownman out | et
conduit 43 to ? al ternative di scharge conduit and thereby bypass the

out | et noErfFSé“eﬁf&‘. feslithe foregoi ng describes the invention including
preferred fornms thereof. Alterations and nodifications as will be obvious
to those skilled in the art are intended to be incorporated within the
scopelher Ao mas pate bf thednvemtibh & the awhganyifragedcmtnkvalve, e.g. valve PV shown

in Figures 2. This valve may be used to control the jet, or to switch the jet on or off, by
diverting the uninterrupted flow of abrasive slurry at the common outlet conduit 43 to

an alternative discharge conduit and thereby bypass the outlet nozzle 44.

20 The foregoing describes the invention including preferred forms thereof. Alterations
and modifications as will be obvious to those skilled in the art are intended to be

incorporated within the scope hereof as defined in the accompanying claims.

For example, the number of vessels that are successively recharged with abrasive
25  material for subsequent supply of abrasive slurry can be more than the two shown in the
figures. A greater number of vessels will be appropriate in cases where the maximum
duration of a continuous discharge of abrasive slurry from a single vessel is shorter than
the time required to recharge the vessel, or where the reliability of the continuous
supply of slurry must not be compromised if a vessel and its associated elements need to

30  be taken out of the normal succession, e.g. for maintenance or repair.



For exanpl e, the nunmber of vessels that are successively recharged with
abrasive 25 material for subsequent supply of abrasive slurry can be nore
than the two shown in the figures. A greater nunber of vessels will be
appropriate in cases where the maxi mumj; duration of a continuous discharge
of abrasive slurry froma single vessel is shorter than the tine required

to recharge the vessel, . or where the reliabilit f the continuous. supply
of S\ ur ryPRISEIRG ABeoNsBile SRTEREH AT EEBetesSbrd 3678 ST Fo et Brigiment s
need to #RidRidAaRr, Qs t9he Li@eriobdat SHef B§Si199nd Bads nfa9 beREALERRNCE OF
repair. - 23 Furthernore, although the preferred enbodi ments described
above r ef earri¢roflviddfor amxing rwitlf hnd entbraning thealasivé mataial ¢o benmuthdeabstsomd t hat
ot her 1iquyids d .gases ..be used.as the carrier fluid for mxing with
and entr aéim.g?'ﬁ%%lggw%g%éﬂ}%gwgfpraqlryt o formthe abrasive slurry. The
slurrys can be either wet or dry. 5 The term"slurry" used in this
description and in the following clains is to be understood as i ncluding
suspensi ofbe ¢gérm rislirmyB| esedaint thi$ elesdriptian candr irerthd |follawvingecleimshés td lhei d can
be liquid o asegous., Water and.air .are itabl e carrier fluids for many
appl i cati Wfiﬂrsg?o FelTe iR USRS Af Rolgile PRECKR D & BT 4 el th

' ef erencentig FhOE Giglid Br Zhlcbic! UfiaRr AndiAOLR aIABR! Sarftd ALME fBRRLANCT ALY

uni nt errupt ed ow can be“supplied to nore than one nozzle so that "each
nozzl e praglicasormanf deriagénsiencutting jet. -24- LI ST OF FEATURES LABELLED I N
FIGURES 1 TO 1H 1 punp 2 conmmon outlet 5 11 first conduit 12 second
condui® 13 third conduit

Although the embodiment described with reference to Figure 2 to 2H includes a single
nozzle 44, the substantially uninterrupted flow can be supplied to more than one nozzle

so that each nozzle produces an abrasive cutting jet.



14 fourth conduit 15 fifth conduit 10 16 sixth conduit 17 seventh conduit
18 eighth conduit 19 ninth conduit 20 tenth conduit 15 DV I first
depressurising valve DV2 second depressurising valve |V 1 first inlet
valve I'V2 second inlet valve OV 1 fir outlet valve 20 OV2 second outl et
valve VI first vessel V2 second vesséf L1 ST OF FEATURES LABELLED I N FI GURES
2 TO2H 25 21 hi%h ressure punp 31 first inlet conduit 32 second inlet
conduit BESTIOEF MFUBESJMELLEQDIPBEIGHMI d@Q k8Bt conduit 35 third inlet
conduit 36 fourth inlet conduit -25- 37 first outlet valve conduit 38 second
outlet valve conduit 39 first depressurising conduit

1 pump
2 common outlet
5 11 first conduit

12 second conduit
13 third conduit
14 fourth conduit
15 fifth conduit

10 16 sixth conduit
17 seventh conduit
18 eighth conduit
19 ninth conduit
20 tenth conduit

15 DV1 first depressurising valve
DV2 second depressurising valve
IV1  first inlet valve
IV2  second inlet valve
OV1 first outlet valve

20 OV2 second outlet valve
V1 first vessel

V2 second vessel

LIST OF FEATURES LABELLED IN FIGURES 2 TO 2H

25
21 high pressure pump
31 first inlet conduit
32 second inlet conduit
33 first outlet conduit

30 34 second outlet conduit

35 third inlet conduit
36 fourth inlet conduit



40 second depressurising conduit 5 43 common outl et conduit 44 nozzle 45
abrasive material 46 abrasive material 47 abrasive naterial 10 ACA first
abrasive control valve ACB second abrasive control valve DVA first
depressurising valve DVB second deprggﬁprising valve OVA first outlet

val ve 15 OVB second outlet valve PV j&t control valve VA first vessel VB
second vessel WCA first water control valve 20 WCB second wat er control
val ve - 2637 cLafitoutiet xalygcoriilof mai nt ai ni ng a substantial ly uninterrupted

flow of a3§res§£5ﬁfggkgpgggk¥£hn§lurry froman apparatus conprising a
plurality of vessels, each having an associated 5 outlet conduit al ong

whi ch i s 3B spofistddépesasssing edrelditout | et val ve, each outl et val ve being
noveabl e between a, cl osed position and an open position, the respective

outl et cHhdui $esonbdsmessHisngend¥8 muni cation with a common outlet, the

met hod, in%iudi BHSmﬁ&%B&hﬁ{ a) charging a first vessel with an abrasive
mat er i al or conbination with a carrier 10 fluid to form an abrasi ve

slurry; b34 di sgdwategi ng the abrasive slurry through the outlet associated
wth the ii r Stabrasive material |
46 abrasive material
47 abrasive material
10 ACA first abrasive control valve
ACB second abrasive control valve
DVA first depressurising valve
DVB second depressurising valve
OVA first outlet valve
15 OVB second outlet valve
PV jet control valve
VA  first vessel
VB  second vessel

WCA first water control valve

20 WCB second water control valve



vessel, to the common outlet, while charging a second vessel with an
abrasive material; c) successively repeating step (a) and (b) to recharge
each vessel with abrasive 15 material and discharge each vessel in turn
while alternately recharging an alternate vessel in turn to maintain a
substantially uninterrupted flow of atPasive sl urry; wherein the outl et

val ves associated with the vessels are only opened or closed if there is
subst anti al GLABMSr essure differential across that outlet valve, thereby
substantially reducing flow through the outlet valve when the outlet valve
is being opened or 20 closed. 2) A nethod as clainmed in claim1, wherein

t he outl eU) VA& Invegh calssfaaiatagihgd idbsﬁahﬁllyvlﬁmseefuphﬁliﬂtgv bee bagsgrdeditrisivabr asi ve
mat eri al | osed to isolate that vessel from the commpn outlet while that
vessel is be?& Wy %W&r@@ﬁabﬁﬁoﬁ’@nméé digy P vestren 2 baymeam assciatedt vessel

to di sghar ge, af asidve aﬁlrg hmgﬁo@& DO sBSatEh %w&dvaiv@ &l dude Qlivec! @i m 2,

wherein the vessels are from conmon source of pressurised carrier
fluid via rd&p@uﬁumbh%@memh@hbséd pwitoanhd ah bpargpositine thewadpeetve omdett hat t he

carrier fluid is introduced to each. vessel and comji ned w t he

Dr asive mt @RI T O R SGIVATE] fFgmon R BEHBH S e | n
claim 3, whepek@paifer each vessel is recharged with abrasive slurry the
rechar ged vessel is pressurised and then is discharged, by the follow ng
sequence of Bt epeging 27hrsdyesml ogtuar slhragve tmetenelcﬂoalcg@bmegtsedlthbycqnp@m ng the

i nlet 1Mal ve as? i At erd W t r} Stlheslurrechar ged vessel while maintaining the
out | et¥val ve al¥8dP P WA NHMT; echar ged vessel closed, e) closing the

inlet valve tgsagehaaglﬁgl the tabrdshve ﬂ@?hamegh \méss)auet aBofiktc@PEith NP tg Out | et
val ve associated with the recharged vessel switchin

previ ousl y- di sekaflgitaghe esmatonyputlst, tvd@erCéeﬂgmgeﬁcv@%g@F%wtmemrwe t he
inlet valve asgoe enaf ed with the recharged vessel and closing the inlet valve
¢) successively repeating step (a) and (b) to recharge each vessel with abrasive
15 matetial and dischatge each vessel in turn while alternately recharging an alternate
vessel in tutn to maintain a substantially uninterrupted flow of abrasive slutry;
whetein the outlet valves associated with the vessels are only opened or closed if thete is
substantially no pressure differential across that outlet valve, thereby substantially
reducing flow through the outlet valve when the outlet valve is being opened ot

20 closed.

2) A method as claimed in claim 1, wherein the outlet valve associated with the
vessel being recharged with abrasive material is closed to isolate that vessel from
the common outlet while that vessel is being recharged but is subsequently open to

25 allow that vessel to discharge abrasive slurry.

3) A method as claimed in claim 1 or claim 2, wherein the vessels are fed from a
common soutce of pressurised carrier fluid via respective associated flow-controlling
inlet valves, so that the catrier fluid is introduced to each vessel and combined with

30 the abrasive material to form the abrasive slurry.

4) A method as claimed in claim 3, wherein after each vessel is recharged with abrasive
slurry the recharged vessel is pressurised and then is discharged, by the following

sequence of steps;



associated wth the previously-discharging vessel, and h) closing the outl et
val ve associated with the previously-discharging vessel. 10 5) A nethod as
claimed in claim4, wherein the previously-discharging vessel is
depressurised, recharged with abrasivg material, and re-pressurised in
readiness for a later discharge of a {asi ve slurry fromthe

previ ousl y-di schargi ng vessel, b followng step (h) with the follow ng
sequence of Bt apgsurising )heoﬁéh4rﬂg<_¥ gedebbrepenpgithyinell vdvassedited séthwi th t he
D ey pust Y. O SBIABhRG SRSE] wiyk mfiRENAROLNO o6 PUGYLANSa Jiachar of O
vessel wth abrasive faterrial, closing”the depressurising valve
associ at ed w t kechhgepvesselodissey,- di schar gi ng vessel, 1) pressurising the
previ ousl y-di schar gi.ng vessel by. opening the inlet valve associated with
the previ ousVy<@rs H&%@‘F%ﬁv@%_}ﬂ@%ﬁw#’egﬁﬁ PP he outl et 20 val ve
associ ated vt Boddag; dBE BUIRYAL Y2 SAORL AL BE V@SSR v&kQsed, m) closing the
inlet val ve of ?he previ ousl y-di schargi ng vessel, and n) opening the outlet

val ve associgt editghing atfrevippgyidodsitginglveset avithi thg rechgpefl vesdl by openingd as
claimed in claiym3, 4 or 5 wherein . each vessel has.ap inlet.condyit for 25
feeding pressufisB 8’51?’? & C’}Q@ui‘ﬁl&f ﬁ}feorehlﬁaégeve‘éegsee? aﬁ%ﬁgélﬁg&gf I“glft @odui t for

feeding abrashyscistedivith the pivicnsy MREE)ind Rsid,sn@ut | et val ve, and each
vessel is fed fromthe comon source of pressurised carrier fluid via a

respective pai elogng theontlebralrerAstaciaged wigh the pyeyiapels-dissh4tgipgvessedl ve of the pair
bei ng ,an abrasive flow control valve which connects the pressurised carrier
fluid supply to the inlet conduit for pressurising the 30 vessel and forcing
abrasi ve Bat&mehol noridifhed s 4/ivhdrb@ thdtgretioasindliidhargng vediel issecond
val ve of the pair bejng a carrier fluid conptrol valve which connects the
pressuri sed ¥RFSTEIH Ir%ﬁhélfg§€ﬁ’b‘lhy‘bﬁ”é(eé‘ﬁ“‘?rﬁ{’éfl PigpWriEsigURdiness {95é out | et

condul t 28 suchnBI&a 0o PABELRE Shidh b ES Wletlbubbeahianly et gl al to

formthe abrasive slurry. 7 met hod as clainmed I h any t he "precedi ng
cl ai ns, wherfellowinpstep dmnuith baifdlsiwing qamee of stepr e nozzl es, each of which is
for formng at |east a portion of the

15 1) opening a depressurising valve associated with the previously-discharging vessel,
j)) recharging the previously-discharging vessel with abrasive material,
k) closing the depressurising valve associated with the previously-discharging vessel,
) pressurising the previously-discharging vessel by opening the inlet valve
associated with the previously-discharging vessel while maintaining the outlet
20 valve associated with the previously-discharging vessel closed,
m) closing the inlet valve of the previously-discharging vessel, and

n) opening the outlet valve associated with the previously-discharging vessel.

6) A method as claimed in claim 3, 4 or 5, wherein each vessel has an inlet conduit for

25 feeding pressurised carrier fluid into the vessel and an outlet conduit for feeding
abrasive slurry from the vessel to its outlet valve, and each vessel is fed from the
common soutce of pressurised carrier fluid via a respective pair of flow-controlling

inlet valves, a first valve of the pair being an abrasive flow control valve which
connects the pressutised carrier fluid supply to the inlet conduit for pressurising the

30 vessel and forcing abrasive material from ‘the vessel via the outlet conduit, and the
second valve of the pair being a carrier fluid control valve which connects the

pressurised carrier fluid supply via an intermediate conduit to the outlet conduit



5 uninterrupted flow of pressurised abrasive slurry into a defined jet. 8) A
nmet hod as clainmed in any one of the preceding clains, wherein the nunber of
vessels is two, abrasive slurry is discharged froma first of the two
vessels while the second vessel is chgrged with the abrasive material, and
abrasive slurry is 10 discharged from®he second vessel while the first
vessel is charged with the abrasive material. 9) A flow control systemfor
mai nt ai ni ng Ehee Hstcarier pridymiges Withthe apragitic matswalgp ferm Preabasive sleey-abr asi ve
slurry, the flow control systemincluding 15 a plurality of vessels, each
vessel being connected via an associated outlet valve to a common outl et,
each vess€) haeratigpdsrhéotdinl ay boe af 8o praediof clpiesswherematle canmiospuflétui d,

wherein the flow control systemis cgnhi.?gre and ar[anged so that each
vessel in tHrHRe HalPHg rasi 68 of BBEA ¥ dehirguee ai (A b PREiPeCiiter i al |

can bespr essyliheRbpted Qob P PrdsiBis PR eQlurfyNBoGadhihed jef.| Ui d to di scharge an
abrasive slurry at" the common outlet while another of the vessels is being

depressurised and recharged with an abrasive material, and wherein the flow
control systemi onfigured to onl en or. cl pse egch.of, the ., respective
outl et varbed Tyt samacCingey itk B PresSipe sleiie SR Tl oss the
25 outl et valeals it bes albyasivedlghyng dfstimsddni o ATt Mt thetl@besidl vBilvaRN t he
outlet valve is being opened or closed. 10) An flow control system as

claimed in clearnd gessrhdy ethargsdcwith edserbrpyve gpatedtlalbped thpasithelusBuisce of
pressypl SEde%}?J&é%rEB feb il HheVid@oR &?&P%ﬁ%eﬂe' AR Ysthagg&f] \x){t%.sgh%l has 30

an associ at essuri sing valve, an he flTow contro stemi

configured adidasareramged. to actuate the inlet valves, outlet valves and
depressurising valves so that the following conditions are net at one point
intine: a) the inlet valve and outlet valve of one vessel are open, -29- b)

the depr €9$ URI ﬁ’(g\QQo}{ﬁl)ygys?Jm tge n%ﬁa%ﬁ@?%ui)ﬁarﬁlaﬁ? Qﬁllinterrupted flow of a
ptessutised abrasive slurry, the flow control system including
15 a plurality of vessels,
each vessel being connected via an associated outlet valve to a common outlet,
each vessel being connectable to a source of pressurised catrier fluid,
wherein the flow control system is configured and arranged so that each vessel in
turn, having previously been recharged with abrasive material, can be pressurised
20 from the soutce of the carrier fluid to discharge an abrasive slurry at the common
outlet while another of the vessels is being depressurised and recharged with an
abrasive material, and
wherein the flow control system is configured to only open or close each of the
respective outlet valves if there is substantially no pressure differential across the
25 outlet valve, thereby reducing flow through the outlet valve when the outlet valve is

being opened or closed.

10) An flow control system as claimed in claim 9, wherein each vessel is connectable to

the source of pressurised carrier fluid via an associated inlet valve, each vessel has

30 an associated depressutising valve, and the flow control system is configured and
arranged to actuate the inlet valves, outlet valves and depressurising valves so that the

following conditions are met at one point in time:

a) the inlet valve and outlet valve of one vessel are open,



c) the inlet and outlet valves of another of the vessels are closed, and d)
the depressurising valve of the other vessel is open, 5 so that when the one
vessel is charged with abrasive nmaterial, pressurised carrier fluid can
flowinto the one vessel to mx wth e abrasive material and discharge via
the respective outlet valve at the confron outlet as an abrasive slurry while
the other vessel_ is being depressurised and recharged wth abrasive
material . 10 1Me deprepyugHng SHYT of the pae gerd s <ossdned in claim 9 or 10, wherein

the flow congrgle ;5¥siRiBdds: HivedBOR R of BRARIGR afk dibdedlandf the vessels with
abrasive matérial while a second vessel iIs discharging previously-charged

abrasi ve nud)etliealepiessuriiog fralven Dihe atled uessgl is gred, t he fl ow control systemiis:
configured and arranged to actuate the inlet valves and 15 outlet valves of
the respective vessels to carry out the following steps: e) the first vessel

IS pressuri s@thRywRAE MeNthandsdl h@ﬁha@%e@s&ﬂg abN6vE Bl 8driaY aﬂrgé%uﬁgedt O@rierf 1 1St
vessel, the outlet valve of the first vessel is opened, 20 3) the inlet

val ve of theluid can flowe ggelthd enecoyressbtd mixavitththejahfasive yaatarial ofd difvhagerisnd vessel
is closed, apd h) the oythﬁeégkve of the second vessel is,ql iﬁqhalz) An
I'me

€ res ve outlet valv ¢ CO Oon o etas,an abraslv c
flow control "systém as C in 6W31n1ff, wherein e f NOW control system

is 25 configwebd baing dapreangad aha réldpized Gith hbRsith@ageglond vessel , recharge
the second vessel wth abrasive material, and re-pressurise the second
vessel in readiness for a later discharge of abrasive slurry fromthe

secongy vespely Ay, AGLHAL] Mnt 0Bk R REGLEYS HRPr SRAUL ST ng valves, in et

val ves and ‘outl et valves'to carry ou oW ng sequence of steps: 30
i) opening ahdefovessuriobispgemalsvaraiged he sebage i éssebf th¢ vessebhaithi ng t he

second vessel wi.th abrasi mat eri al, | osi.ng the depressurising valve
of the sec Orﬁ?r%%%@latergf W\(Ele a seconcf1 vesselkl)s dJCschargmg previous y—% argeciJ abrasiveg

material in the form of a slurty, and '

the flow control system is: configured and atranged to actuate the inlet valves and

15 outlet valves of the respective vessels to carty out the following steps:

e) the first vessel is pressurised by opening and then closing the inlet valve of the
first vessel,
f) the outlet valve of the first vessel is opened,
20 g) the inlet valve of the fitst vessel is opened and the inlet valve of the second vessel
is closed, and

h) the outlet valve of the second vessel is closed.

12) An flow control system as claimed in claim 11, wherein the flow control system is
25 configured and arranged to depressurise the second vessel, recharge the second
vessel with abrasive material, and re-pressurise the second vessel in readiness for
a later discharge of abrasive slurry from the second vessel, by actuating the
respective depressurising valves, inlet valves and outlet valves to carry out the
following sequence of steps:
30
) opening a depressutising valve of the second vessel,
i) techarging the second vessel with abrasive material,
k) closing the depressurising valve of the second vessel,

) pressurising the second vessel by opening the inlet valve of the second vessel



1) pressurising the second vessel by opening the inlet valve of the second
vessel -30- while maintaining the outlet valve of the second vessel closed,
m closing the inlet valve of the second vessel, and n) opening the outl et
val ve of the second vessel. 5 13) An féOMICOHtrO| system as clainmed in any
one of clains 9 to 12, wherein each V8ssel has an inlet conduit for f eedi ng
pressurised carrier fluid into the vessel and an outlet conduit for feeding
abr asi ve sl ur r yWhil¢ gaintaping e et yalve afghggeqndivessgl desed, and 10 each vessel is

fed fron1thqnfgggagw§gﬂaggwﬁgf@égﬁﬁgﬁ@éggfg@rrier fluid via an associ ated
I a

pair of flowTontr Ing rnlet valves, Irst valve of the pair being an
abrasive fl ow opatitigthe watleteralwhio€ thecervmdotselt he pressurised carrier fluid
supply to the inlet conduit for pressurising the vessel and forcing

abrasive material fromthe vessel via the outlet conduit, and the second

val ve of theadabl BRIrIGsysems/clafthed i oho oE QMK toV2] WRetH Ch connects the
pressurised carrier fluird supply via an internediate conduit to the outl et

conduit wherg.it baesgankier fluid mxes with the abrasive material to form
the abrasive slurry. 14) An flow control systemas clained in any one of

claims 9 to 133nm rc%h@m{ Pﬁtf%"ea ? ressggsegfcaﬁfﬁﬁ;ﬁﬁqun!osthg\GQs’selaa HaSi ve slurry is

di scharged froma first o vessel s the second vessel is

charged with the afrasive materi.al,, and abrasive.slurry i di scharged from
The Second ves ot ot d%% EHufe Bl AR BRI YRSl 6 BB AR e
material. 25 1%)dA nethod of mmintaining a substantially uninterrupted fl ow
of a pressurised abrasive slurry froman apparatus conprising a plurality

of vesggels, QakRehaVisngdaBoRUtHeetommondYiice HfoRgssiht@ncdrsied AGAt @4 .an out | et
val ve, the outlet val ves each bei ng noveabl e etween a cl osed position and

an open posiastasitted peir pédssreqnpoliingt inlst velserdai st BEvngf thapir beigg an
conmuni cat | ofg .M COMTRN R BEL SOGABLDQTLOELY LA, WG &HERSOT

the inlet conduit for pressurising the vessel and forcing abrasive matetial from the
vessel via the outlet conduit, and the second valve of the pair being a carrier fluid
15 control valve which connects the pressurised carrier fluid supply via an
intermediate conduit to the outlet conduit where the cartier fluid mixes with the

abrasive material to form the abrasive slurry.

14) An flow control system as claimed in any one of claims 9 to 13, wherein the number

20 of vessels is two, abrasive slurry is discharged from a fitst of the two vessels while
the second vessel is charged with the abrasive material, and abrasive slurry is
dischatged from the second vessel while the first vessel is charged with the abrasive

material.

25  15) A method of maintaining a substantially uninterrupted flow of a pressurised abrasive
slurry from an apparatus comprising a plurality of vessels, each having an outlet
conduit along which is located an outlet valve, the outlet valves each being moveable
between a closed position and an open position, the respective outlet conduits being
in fluid communication with a common outlet, the method including the steps of:

30 a) charging a first of the plurality of vessels with a mixture of carrier fluid and

abrasive material to form an abrasive slurry in the vessel;

b) dischatging slurry from the charged first vessel though its associated outlet



30 a) charging a first of the plurality of vessels with a m xture of carrier
fluid and abrasive nmaterial to forman abrasive slurry in the vessel; b)

di scharging slurry fromthe charged first vessel though its associ ated
outlet -31- conduit and past its assogjated outlet valve, while charging an
alternate vessel wth a mxture of carrier fluid and abrasive material to

forman abrasive slurry in the alternate vessel;. c).opening the oytlet
val ve associ at E‘H’C@}ftt”r’i‘dﬁﬁét 145 puprated Qrdelsalve Wi’ﬁﬁicgﬁtﬁﬁ‘ﬁgﬁ“ﬂt}m?%e VeS&br asi ve

slurry from thg;alatSlxRat & \EaReNudNsl IRRKR rhiteR 111625 Yh abdikikE slapt i al
across the associated outlet valve of the alternate vessel; d) discharging

slurry from t hin tbhaltgeeteakssek nat e vessel through its associated outl et

conduit to intai.n an uni nterrupte C{I w . of slurry: ) .cl osi t he
Corr e var D LBhG B SN S MRS WO Rl Yarn @0 ShORRS PR LT 10
vessel swhen t h@§siveSslafy Bfods Shey gtcdhafid @eetwidn heleOs ot PRssass Oigfeaths out | et

valve of the first vessel.
across the associated outlet valve of the alternate vessel;
d) discharging slurry from the charged alternate vessel through its associated outlet
conduit to maintain an uninterrupted flow of slurry; and
e) closing the outlet valve associated with the first vessel for recharging the first

10 vessel when there is no pressure differential across the associated outlet valve of

the first vessel.





