- 1 UNI NTERRUPTED ABRASI VE FLUI D SUPPLY FI ELD OF | NVENTI ON 5 The present

I nvention relates to apparatus and nethods for the control of a fluid flow,
and nore particularly to the provision of a substantially uninterrupted
flow of a pressurised carrier fluid in which abrasive particles are
suspended. In one application the uninterrupted flowis supplied to one or
nore nozzl es, each prool ng..an abrashve cuttlno jet, Abrasive particles
are suspended in a calNINTERRURTED ABRASIVE: ELUIDSURP 10 then appl i ed
at high pressure through the nozzle(s) to formthe cuttlng jet(s).
BACKGROUND The i nvention has application to the control of fluid flow and
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abrasive materials in a fluid jet is well known, for exanple for machining
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abrasive nmaterial. 30 To naintain as near as possible a continuous abrasive
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parallel or series so that one vessel can be de

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-




-2 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 val ves.

The val ves_are. coupl ed togeth o alter. el y connect the vessels for
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No. WD 90/ 15694 (Saunders et al) describes a device for delivering

abrasive liquid slurry to a cutting jet. There is a pair of pressure

vessel s ' p f pressurised water and a
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hopper. 15 -A.Oil ean carrier liquid (water) is fed at a high pressure via an
i
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abr asi ve flisclmrghaf the shsiylat a Aofdleishi ng val ve is opened to flush the outl et
- valve with a 20 clean liquid flow allowing the outlet valve to be cl osed
wi t hout abrasive particles causing undue wear of the noving parts. The
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m xture which are snoothed by a vessel downstream of t'he outlet valve. 25
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via the nozzle. 30 Wherever valves are used to control the flow of abrasive

mat er i al , repianishgd withj abrasive from a common hopper.
15

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




vul nerable to rapid wear and deterioration of the valve seal surfaces. In

t he absence of special techniques to avoid this deterioration, valves used
to control abrasive flows can -3 5 be expected to have a short operating

| i fespan. Many val ves are unsuitable foyf use in the presence of a

hi gh- pressure abrasive flow. SUMVARY | NVENTI ON An obj ect of at |east one
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substantially uninterrupted fl ow of an abrasive fluid. An object of at

| east one enbodi nent of the invention to provide a substantially

uni nterru ﬂRéﬁé' fluid while reducing sone of the probl ens
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(b) successively repeating step (a) to recharge each vessel in turn with
abr asi ve terial ile alterpately discharging abrasive slurry from each
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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 ecach 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.




30 wherein each of the outlet valves is not opened or closed unless there
I's substantially no pressure differential across the valve and
substantially no flow through the valve. 4 Preferably the outlet val ve of
the vessel being recharged with abrasive material is closed to isolate
that vessel fromthe common outlet while that vessel is being recharged but
I's subsequently open to allow that vessel to discharge abrasive slurry. 5
The vessels may be fed froma conmon source of pressurised carrier fluid
Vi a respe¢idfiRblvth | Jgi | : t . r uid is
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foll owsng sequence of steps; 15 (d) pressurising the recharged vessel by
opening the inlet valve of the recharged vessel while naintaining the
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closing the inlet valve of the previously-discharging vessel, and (h)
closing the outlet valve of the previously-discharging vessel. Preferably
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pressurised and then, after switching with a previously-discharging vessel, is

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 ® opening the outlet valve of the recharged vessel,

() 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:



material, and re-pressurised in readiness for a |later discharge of abrasive
slurry fromthe 30 previously-discharging vessel, by followng step (h)
with the foll ow ng sequence of steps: -5- (i) opening a depressurising
val ve of the previously-discharging vessel, (j) recharging the

previ ousl y-di schargi ng vessel with abrasive material, 5 (k) closing the
depressurisi ng val ve of the previ.ously-dischargi ng yessel, (1) 10
pressurising £ pPBVPW%gp?y s§8ﬂﬁgﬁ?%ﬁot§§§ﬁpgﬁ?g@%§ﬁpﬁﬂn$H@“ﬂnlet val ve
of the previously-discharging vessel while nmaintaining the outlet val ve of
the previously-discharging vessel closed, (nm closing the inlet valve of

t he previousl y{di s&shagingghe preyisuslyhisthargingoyessel mithtabeasowgtrhaerialal ve of t he
previ ousl y-di schargi ng vessel. 15 Optionally, each vessel has an inlet
conduit for feeding pressurised carrier fluid into the vessel and an

out | et scondui t (i)or closiag ithgdepbesasrisingz wdlvy sithé pRMUNG-NREEGind @sidlS out | 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

val ve of the pahr DG raskh i I I Whizch. egnnects the
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the vessel and for of thg mbviessly-disoisdrging akssel ofiilé herintainipl thy ioatléthelveoott | et
conduit, and the second.valve of the gair being a carrier fluid control

val ve which conne s!’r‘?‘ﬂ‘éusb%‘g’égllﬁWlQ%H B9 f1uid supply via an

I nterpgdi ate conduit to the outlet conduit where the carrier fluid m xes
with the abrasive material to formthe abrasive slurry. 25 The conmobn
outl et may be Onk dpsingthe inlst viles of tha previoslyFdischarging Yesselpamdt er rupt ed 1 ow
of pressurised abrasive slurry into a defined jet.

(n) opening the outlet valve of the previously-discharging vessel.

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.




In a preferred system the nunber of vessels is two, abrasive slurry is

di scharged froma 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 vessgl is charged wth the abrasive
material. 6 In a second aspect the invention may be broadly said to be an
apparatus for maintaining a substantially uninterrupted flow of a
pressurised abrasive slurry, the apparatus including a plurality of
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outlet valves of another of the vessels are clo0Se ; and t%e

depr essur dagpssghe sdlve and subsentalheno fles debugtsthepalve. 25 so t hat when the one
vessel is charged with abrasive material, pressurised carrier fluid can
flowinto the one vessel to mx with the abrasive material and di scharge
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while the other vessel is being depressurised andg rec argeé w t h abrasive
mat er i al . 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:




30 Preferably the apparatus is arranged to recharge a first of the vessels
with abrasive material while a second vessel is discharging
previ ousl y-charged abrasive material in the formof a slurry, after which:
7 5(e) (f) 10(g) (h) (i) opening a depressurising valve of the second
vessel, (]} recharging the second vessel with abrasive material, (k)
cl osing the depressurising valve of the second vessel, Preferably the
apparatus is arranged so that the second vessel is depressurised,
recharged wi t h(gbr arifie: vEBiebtd stbssuASd ByopRhRg S &1&%%1&%&1@%@@@ o @
| ater discharge of abrasive slurry fromthe second vessel, by ol oW ng
step (h) with the thgifirshniesssl, 15 sequence of steps: 20 25 (1) the first
vessel is pressurised by opening and then closing the inlet valve of the
first vessel, the outlet valve of the first vessel is opened, the inlet
val ve of the f{fjsttiheested valv SINRNBAL dRGeltidepdnedet val ve of the second
vessel is closed, and the outlet valve of the second vessel is closed.
pressurising the second vessel by opening the inlet valve of the second
vessel while hnt ai.ni Vi h ec Viess closed, (m
losing the. i il GePhBOAVERAHE KR xRLIE oBne g BRARNE AGE SFne el

vessel is closed, and

10 (h) the outlet valve of the second vessel is closed.
Preferably the apparatus is arranged so that the second vessel is 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,

() 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



(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 fromthe vessel
toits outlet valve, and each vessel ig fed fromthe comon source of
pressurised carrier quid vi a a 8 respective pair of flowcontrolling

I nl et val ves, fﬁ%¢ve of pai r being an abrasive flow control
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di scharged from 10 a first of the two vessels while the second vessel

char ged wicPpduihwhets, the jcpmierdluid imixes withl thehabrasive meitariat yo fangitecitanged f rom
t he secondpygssel while the first vessel is charged wth the abrasive

material. In"general terns at | east one enbodi nent of the invention relates
to a substanti aI ly 15 uninterrupted flow of a pressurised abrasive slurry

which is |nt sﬁﬂp&%{suc essr er chargi ng each_of a pl uraIrty of vessel S
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conmon outlet via respective outlet valves are c ose

vessel s nead alzms&malng’ymgdls¢harge¢ froFfi ¢hecret dret vessell Vrdnsleahieeﬁnsotreseﬂéﬂelthrgﬁd C| osed
unl ess th gthlsgb% an{rally no pressure differential across the valve
and substan no- PG hrough the valve. In a preferred arrangenent, a
hi gh pressure purrp feeds a carrier fluid such as water to the vessels via
respective inlet valves. Before an outlet valve is opened or closed, any
f1 ow t hr olfyBenasdl TS @f lepst ore embedispe of sl invietion edates ¢o di substantillyal

acrosgs t Hﬁni’e?rluéf‘ed' ffok gi"glp're'ssglﬂls%& abt}8le sr' QUL ﬁ/lgilnYamecdaby 8RRR1 yd or

closed wt
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.




25 abrasive flow through the valve. The invention may further be said to
consist in any alternative conbination of parts or features nentioned
herein or shown in the acconpanyi ng drawi ngs. Known equi val ents of these
parts or features which are not expresygy set out are neverthel ess deened
to be 30 included. -9 BRI EF DESCRI PTI OF THE DRAW NGS Preferred

enbodi nment f j_nvent | 1.1l be further described, with
reference mgﬁgﬁm&% h&%#gﬁ@é\ﬁ%y of exanple only and wi t hout
intending 5 to be limting, wherein; Figure 1 shows schematically a first

flow control systemfor providing an uninterrupted flow of abrasive fluid,
Fi gures | Rrefgrred pmbpdimenishandhmiethwids yf tthee irfventipre oill el fushiat descobedsivgtlr e 1 at

various s t 10 FiLgure.2 sho schemat.i cally a second flow
contr ol s;%%?%?lncé)gor &%Pd gé(ig)rlc—i?%n& megnﬁ Ry kY e‘ﬁyuéfl)\feé‘ﬁmpfeowl?ﬁ@ngH%llg"?i“(/g‘t?qdéﬂgd, and
Fi gures 240 boliditigh)ovettierati cal ly the second fl ow control system at
various stages,.of control. 15 DETAILED DESCRI PTI ON OF PREFERRED

EMBODI MENTS Ref&84§ rlg sheyvy sehemagigalss aj firshiflaw sentsplpistamifer) provading han

i nventi onuARYe téd”ﬂi’d\?ﬁ?ﬁﬁrﬁégvé fluigvarious forns and nodes. The follow ng
description of preferred enbodi nehts of the invention is given by way of
exanmpl e only. FzuResf éAdncd$ showtsohamalizsly itlpt flow amdol Bystdre ofddgurpanyi ng
clainms to_pressurised elepents in which there is no flow or in which the
flowis bw@wg&,aggﬁ GOk ke, are to be understood as referring
principal |y tOF?%L@é Qaﬂﬁéw%_ts%h&n&%ﬂ?/td QRoAP W BhtRfl s§tet Mok Ifbviding an
pressurisation of a conduit, vessel, valve, or other elenent In tﬁe system
Such uninterrupted flow of abrasive fluid, and

Figures 2A to 2H show schematically the second flow control system at various

stages of control,

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




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
fl ow may occur upon pressurisation of an el enent before the steady-state
no flow condition prevails. In practigg_of the invention any such initial
flows are usually negligible or relatively mnor, particularly when the

carrier fluid is a.Jdiquid. 30 Sim.larly, references in this description and
in the acfor ﬂa%ﬁ%’d“f&é‘#’%@“qaglyafo%ﬁlﬂ’é’?é’ﬁfl i3 Py InfarTiRtans @5 @blrash ey ombe to be
under st 006hiasr 6@&@1@1&@1&&%&@%&%&% bSuRferstdd BRI ARMP BESAR Bt ¢
substantial |y continuous and has no interruptions or at Igast as onﬁ'y

mi nor or Kedmitpdie.cn;abselpielpmintasuptadflonr e t o be understood as i ncl udi ng,
but are not to be limted to, an absolutely uninterrupted flow 5 Figure 1
shows a fluid flow control arrangenent in which a punp | provides a high
pressuse $igup Y shbwa cnidi Row fcbnirel, arftngbmas iwaligeh avpun@ 1 fprbdilecOMeH t 11
to a first inlet valve V. and via a second conduit 12 to a second

inlet val PESTU SURMY of docarrieretluid, sopets Walehada p fistyconduig 14 thia Brst valgsel V |
and_secondalvgIsd) abd vii @ skl ULl 1012 s@0Mld ihRHLAN, §90UThe Ao wfife Vo
PN con 15 &nd 10 d

vessel s are respectively connected via fi uit SI X
condui t 18alves fespestivelytftask a fisst vessOW I amhsteond vesdel N2 Viatthird bvelu@A. ardbhe

outlet valves are. respectivel onnected. via seventh conduit 17 and eighth
conduit 1 T@’%ﬂdgér}rﬁfb%ﬁvfe‘fésf?s ERLFPPOELSS] cappecten Vi 111?;\? sonduiishrednd vel'y
connegd edsikitAcénduithtd 1o B Wutlet +Eva s Bat®Mddng QL Ta1e0 0V, aThk odllet
depressurising valve DV 1 and a second depressurising valve DV2. These

depr essur Valvegargatesestivgly copeesiad vinavente souduit 17 and eighth cesdpetis we avessel

is to be r | i S rv~echarging.the vessel, .e.q. froma
hopper orLo %gﬁ%gggtr%g@%cthr\ge%%%rYﬁéshgs? &5?%5‘1"?‘9’ Cﬁf‘%geﬂhvé?figfnﬂbf’ e. In
Figures 119 4ml la kenvtardoadsit e}0er®ni sfirsi -d@prebigis@ndative SDW aky®Sa aBgbngessel s)

are showmn, with conti pu us_bold lines to represent the flow of pressurised
fluid thrSeRIFsSEHENS ya Véﬁ%‘é%t i Vhese depressigsingvalves areyopaned Rdien paessure) ies

represent (HRtRGcAYEPRMISs tdbdMbweled 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.




there is pressurised fluid without fluid flow. Elenents not pressurised are
shown by continuous thin lines. Furthernore, 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 i A the first vessel V 1 has been
previ ously charged W|th an abrasive ITB.%EI’I al, such as a particulate, (not

h T f dvmth water from the high
_;S)r g\sNgLr e Bﬁsﬁ@réfr‘\}‘ha {‘)VXS‘F %ﬁ%lfﬂs“’fslgé_ Imrseg%%ed wiater ¢ Apwifrapa theepump ? whi ch
is open, tiabeot e firkd d'diildﬁi@ Nq Uitk ﬁ]r§ inlbp€alRe M0 HORCY %(frl:li%ltol% Eutx]xfhrftcé e Looh

vessel is pressurised wth high pressure water but ow t hfou
conduit i ﬁr&ﬁlvﬁéﬂcba’lbyhﬁ’crhet mlmswlth?,l!he dbpuses suatérsil g foral aelulayl(now;ho&hx)J S

cl osed. f it St out et .va | 1 owj ng urls d water
Lo T ow 1 B ie e i AR wimber v Si Bl eonb ROy ehs B oy o
val ve $V talve hB/Itﬁwlﬁéh B @pehY, the bavend@ebridiftQ 7tRe thef dohfthoV§§tkeb, V 1 Where it
m xes wth the abrasive nmaterial to forma slurry (not shown). The slurry

di scharges fromthe first vessel VI via the fifth conduit 15, the first

outl et STielotessEiheh dPIhoa RSP SoRAAERLEEAATHA bnd . AR comon

out | et 2 Thi's pressuri se owis Sh con

| A and i sthrengit thierseages bfiopergtiort bigovat &gE@uﬂ:‘E 1ep ehraligho D S8 @wplained Hughéres | A
t hr ough Igelas expl ai ned further below 10 The second conduit 12 leading to
the secon8®¥¥%ssel V2 is pressurised with carrier fluid by the punp 1, but
flow §grough this second conduit 12 is blocked by the second inlet valve
V2, which is closed. Accordingly, this second conduit 12 is shown in

Fi gur e | ATh¢yecand cokdsrit bbleddllngmeihelﬁcd'mbv&ss&j hthsqmmiumlsed]s&tl( carrithftuidut put

Condur 1t 10 RGRa0R SRy eyl eFy SO rarevi g bbby ehe sond Mugtockeq
by the segsnsroztwigeh i/sadw@d%omgcpﬁ thi§ s6doAd REnduiC PPIsAhBGh Yn FidtkS 181 ght h
by a broken bold line,
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 V2,

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




conduit 18 is shown in Figure 1 A by a broken bold [ine. 20 Wile abrasive
slurry fromthe first vessel VI is discharging at the outlet 2, the second
vessel V2 is isolated frompressurised fluids by the second inlet valve IV2
and the second outlet valve OV2, bothypf which are closed. The isolated
second vessel V2 is initially depressurised by opening t he second

depressuri | ng, val v on S s depres [ It

i s rechar ggd WH abr a%ll%\(/“eﬁ%ﬁqugp t ffse(eﬁe&eni%lﬁ ‘3& éﬁ@ thesé‘“c%ﬁ @ é‘i‘éeurl si ng
val ve DV20WR hiitk theCdeoSRUdepréssatiimg vilte Bttt 8f whidhure cldhad.showstodbevessel
re- pressurlsatlon stage. In this stage the second vessel V2, havi ng been

r echar ged et thatpthgrs; i§ oy subsiantial, prﬁgsureeéﬁf@@ml sarasshtheoseenchgutldievategcond 30
inlet val ) S;..0 ects
pressurlse %@ié%@?${$ﬁ %{Q?onlgﬁ%angbgﬂ pyﬁglggé@ﬁ,ﬁ%éﬁ%gﬁﬁﬂ and

t he setondessell ¥t audlitseisdocibted tlemtie, 1% mwilﬁtbmed),ruiwhbwﬂxéhy thb eomt@nons bukssel

V2, the sjxth ndU| 16 and the tenth conduit -12 20. However, fluid flow
t hrough t %%Sem BFeBs is bl ocked by the second outlet valve OV2 and the
second depressur|5|ng val ve DV2, both of which are closed. It is to be
noted that there is no substantial pressure differential across the second
out | et vaFkg@re W zhawsl arnsssel dsalationctagh. |Afler'lfhe)rqzssmtmm of thef deoond wmu:lpurrp 1

to outl et V|at first 5 sas ci at ed, el enent s,

mai nt ai ned gke ¥HY mrw \{a;ly ‘éyoﬁﬁ%?h)S%/én Bg]lr&dm lig'rlfg ris Foﬁfﬂ Lri'e éecq@idgure 1C
shows 1@ VG@SQWJZ $Ohew1isd)ated dPLprefuriBed fEsUPRRBMIY 3o lshPB pRdssiRGsSRAAd
vessel the second inlet valve V2, labelled in bold in Figure 1 C, is

cl osed. Tﬂi’é RewsrREd foveksaghvhe ifystnsdl 61 . atThgrayin sybsagtialhi pepressure
substant | HdeerkilPeBEne LERRBIASNANPOVA 1115 RUESIHIP fbnl bEM iYpoua

the first vesse I'S substantirally no pressure reﬁt
across t heutkeQonid thefirsetvessal Ve 2l 2ts affiRiapsded snents gl nidixﬁmi{néd,mmsnm b}r to

outlet 2, .via the irst.ves and its associated elenents, is
mai nt ai netfe cguti b‘ﬁlh"@‘)}meﬁ H'él?‘&B‘i?tﬂqwuous bold lines in Figure IC.

15

Figure 1D shows an outlet valve opening stage. The second outlet valve QV2, 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 shurry 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.




15 Figure | D shows an outlet valve opening stage. The second outlet val ve
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 acrogsg_the valve and, being closed,
there is no flow through the val ve. After openi ng, there is still 20 no

pressure erenti al across al v stil] no f|low through
t he val ve%]i‘) c%’uéémfwsr‘%a‘?%a ﬁlﬂ)la?el%w ﬂr{&n HSttfilgy discharaed, dassaipply> and
i ts associofiabfisit QB! &t the&Gaiisch bﬂ%t %ﬁ%ﬁnta’ﬁleﬁtbw é\l;ff&uﬁgVﬁleaﬂgsshH?eéeCO“d
depressurising valve DV2 are both closed, as shown in Figu

Ther ef or e fluidy ‘é’HEofﬁ@Fncﬁ}Wleﬂ to auilet 2 drapp Ervephthvithiough theafinst s'cﬁbslt hm itheed
movement B%Ihag?r%%ﬁg0§ 1 ys::#ﬂd%&l t2hel“h1 cHangF(-)rvré:ltr is \e/rgal \?f%b?t}qe hiah, 25 wear

situation cur abrasivée nalérl Fugh the
val ve 5 upoperoneany yabyvks corduetihy @abraBive i igeidld af pticudRe Mha Girsdfantl rgec@ﬂcond

outlet valyv r uri.sed flow from punp 1 to outlet 2, via the
first vesg'é Ct\YaEﬁﬁEfY }D Sgiéﬂe?lh‘e%%t@@meve plarmy arg not apgnediphelafedel, as
shown by gaﬁe&qﬂgbmgb@ep_ol dlines in Figure 1 D. - 13 Wen the abrasive
material in the first vessel V1 is alnost fully discharged, the supply of
abrasive slurry at the conmmon outl et 2 is mai ntai ned by switching the

pressurised fluid flaow from tlef 2 fro he path through
the fi rstﬁkﬁé%e H‘f g"%?ft%g‘%“%%"r"sf BE t&&?‘h Ggﬁ?“f H@Bg}rﬁiﬁoﬂ%&%w&s Thi s
Chan9@@Veéffécﬁedjﬁ?%pwﬁlh@@éﬁon@ iAkt RAIVETV2 MRC IRy !ﬁ{dfﬁﬁecﬁ@pﬁ Wfsi

abrasi ve materi articular, the first and second ouflet valv 1,

OV2 whi chfiesijely aﬂ‘f?ewdb rEhspey Brst pg WO@d nlsiorlvepBhbdVaarclabelbd ltldi’Ole.mhl eve

t he chang over of between the.fJuid flow
pathe. oy BT L L ebelapbre B Re E MANHE oS co B RSP da a8 115
and, substcmdlmtakhay oslyraty @tean esirier ﬂQicDSLlﬂQ: drifosdbrasiNeathatéahMBowMhioughhese

first and.second.inle Btel valves IV 1, V2 are Iabelled in bold in Figure |E
It is to DESSPY dUptayalyes; soathesenwalucs cay anspand losgeuithasiseme swbisstsdrie and

fl'OW §91  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  wvalve IV1, the third conduit 13, the first vessel V1, the fifth conduit 15, the first outlet
valve OV, 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 IF, 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




conduits that only carry clean carrier fluid. Little or no abrasive
material flows through these two inlet valves so these val ves can open and
cl ose without being subjected to 15 excessive wear normally associ at ed

wi th abrasive flows. The pressurised flpw frompunp 1 to outlet 2, via the
first vessel V1 and its associated elenents, has now ceased (because of

t he cl osi of the first inlet valve IV 1 nd has _been replaced by a
pressuri s@gﬂfq Fal¥n Wselﬁpﬁrah{q?gtva@:e){, hﬁl@*@ﬁesg%ﬁapr@%ngv@lm and
| ts_associDal EareloieRkEd) a4 HELS nBYpri e CRAAHAUS RO ik f*sgtgﬁgétr\faﬂegure 1

E. Thus, the uninterrupted flow of "abrasive slurry at out. has been
mai nt ai ne@Vihi ABer desing; ibarg dostidrnco@ewtlrnugthibe fvialve tand thbrs Beoichoyeressetes  has

been nade,: o y. the 0 b lines jn Figure 1 E .,the first
condul 1 sHitfeFereR) BBLOARANE FHOHED SR yah PR oloied wHobutint SuBs R 1 ¢ ot
vessel s VI movbgeiiti fftabrasvedliirty thiough fige ¥4lveS t TIHYAYAREs the - Simddis @gvent h
conduit 17 and the ninth conduit 19, all remain pressurised but no fluid

flows thr QY esyr e How ob abpaine material hadvierbe hiratded ansbstepned upen felasiegt hr ough
first ouptel WRkLve OV 1 because both the first inlet valve IV 1 and first
depressurising valve DV 1 are closed. 30 As shown in Figure IF, the first
outlet valve OV1 is now closed. It is to be appreciated that just before

t he cl osi of the first outlet valve OV 1, there is no _flow through the
-14 first agth ey g e Yabe b bt Aot Vit &V and éhq frst dspresyumsing r st
depr essur {ALODWRLN @losEY the & RN A! S350 as@&ﬁaﬁe@%eﬁwh?s f1e BLERSHIA
differential across the first outlet valve OV 1. ter closing, there is
still no butgemainpsesghrisadeas/shiowm tartte boldrbeokies 1es Inl FiparepiFe sBerpeessurised

di fferent} [ 0SS v . .JThe first out val.ve is.clpsed w thout any
subst ant i gﬁkfb ﬁYnD\P Gt n{] Foo?l?tg% ﬁaga\r}ﬁe §?‘iﬂ’P% y e?sﬁl grgj‘rqgtlﬁeasmﬂ}%&e]?ﬁﬁegtsa\?oi ds

t he hi gh- ivaftaised, atlicsn bkt conrititots BsIE Yihed in AgdrieQR, of abrasive materi al
had to be throttled and stopped upon closing of the valve. Wth the first

inlet valve IV 1, the first outlet valve O/ 1 and the first depressurising
15 Figure 1G shows a vessel depressurising stage. The now isolated first vessel V1 is

depressurised by opening first depressurising valve DV1, 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 IV1 (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 V1, 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.




10 valve DV 1 all closed, the first vessel V1 and its associ ated el enents
are now i sol ated but remain pressurised, as shown by the bold broken |ines
in Figure I|F. The pressurised flow frompunp 1 to outlet 2, via the second
vessel V2 and its associated elements,;is maintained, as shown by the
continuous bold lines in Figure |I F. 1% Figure | G shows a vessel
depressurising stage. The now isolated first vessel V1 is depressurised by
opening first depressurising valve DV 1, labelled in bold in Figure 1 G

After the The fGither@sg@incd/bf berflRHsEE Yhd SRMgedver Fdnl BE @a&&@%e\e%én BaAPfAST Ve

material. During the depressurisation, the pressurised flowfrompunp 1 to

out | et 2, thei first yrsse @s dheasupplirenf abasivgnenténial te themoimmandowles rontsponds to
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material, is repressurised by closing the first depressurising valve DV 1
(labelled in hold .in Figure and opening the first inlet valve IV I

1 H) : . \
(1 abel | edIn PArHewlAr. iitis k9 B¢ peted thay themsqueced thaphrani yeoiuiey heing suppliedde the sed
carrier flLuhGokhr ' J 1 . Lt 1 nd .t he, fi.rst
Cal et val o |\(}Blo?ﬂ%%@?%gﬁ;ﬁ?trﬁa\é‘gﬁﬁﬁ‘i&%gs‘%{r’ %’H‘g&;&ﬁ}}éé'%’ee&‘é%‘%gWg\Yeis,elstk fifth
conduit ¥2 bnepetagomiofitthe cwadulet vil®es HOWeIVY whidhuind dpeawd thd Qltghd tdhese
elenents is bl pcked b the ficrst outlet val ve 1 and the first
depr essur fei?tﬁ'ﬁpyv gedn Sf?“ﬂﬁf’hy &b"%h"leéftFFea?a_éﬂerc%@ethlst swikching edenst ed
that f§fier @hils bB@VUIRt SAIPS&LAVY ] @Vzﬁéﬁéiﬁwp%n.dB&fxﬁ{ng%b%s i‘srﬂ%%sc%rlb%d?& first
outlet valve OVI and no flow through it. The pressurised flow frompunp 1
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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



common outlet 2 is alternately and successively switched between the two
vessels V 1, V2 by operation of the two inlet valves IV1l, V2 which are
opened and closed on relatively clean and substantially abrasive-free
carrier fluid. This switching is done_10 while both outlet valves OV 1, OV2
remain open. By using two vessels as described, or nore vessels in a

simlar nngr where at any one ti ne of the vessels is being recharged
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cl osed and opened only when there is no pressure ential across the
val ve and no flow through 15 the valve, and nore particularly when there is

no abr asi f th t val ve...Thi.s reduces the ar. nor nal |
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connect ednozzld 44 sia agatkcomeobvadvé PVet conduits 31, 32 which feed water to

near the bottom of respective first and second vessels VA VB. Wen the 25
vessels VA, VB are charged with abrasive material and then fed with

pressyg i SEachVadsssl VI ¥8 Reuldd feShecabdy r%s&%&gfégi Vih @ibst aha detdng d%éﬁ:ss%ﬁis%@?e

water mxes wWith the abrasive materia orma slurry whi I'S ced
fromthe censioggs 39; 40 to respectivedfitst swrhstcond teptressorisiog valveSDVASDVBO Theee vwat er

control vglv : are respectively connected.to third and fourth

i nl et cong%ﬁrg‘%u%%ﬁg ﬁﬁ%\iﬁ% KPFE: p"gk& in%ﬁsﬁmf"é TReRCEHVY Yesiedy totatP‘Fceiloﬂ’Sfeldom of
inl et endm ehdinds fohRchirgBiy (B desS@COP Hréth tal Rpp&UI il Sowdde aB4lowkd] shdwat er
m xes with thﬁﬁ5| urré formed in the vessels ?o increase the fluidity of

t he sl urr /PEBIAJIRISBRFH: EGFSUE-om t he vessel s. The first and second outl et
conduids 33, 34 respectively connect the inlet ports of the

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 vesse! VA

but flow through this depressurising conduit is blocked by the first depressurising valve
30  DVA, which is closed.




5 two vessels VA, VB to first and second outlet valves OVA, OVB. The outl et
ports of the outlet valves are respectively connected, via first and second
outl et valve conduits 37, 38, to a conmon outlet conduit 43 which feeds
abrasive slurry to a jet-formng nozzi{¢ 44 via a jet control valve PV. 10
Each vessel VA, VB is also respectively connected via first and second

depressuri ndui .t s 40 to . respective first and second
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respecs i vintedecsui sf highdpmkdube Bagdfedeliveded frdrhahie tp@JrprePl' Q8L MHe AfNStat@l ements
in which there is &Qessurl sed fluid without fluid flow El enents not

pressuri sentel alygolfe A, vizieh 15 epeneandiertbirdinlpt cangnit 3Audths thinned Ishamys.
Furt her ”Dfll‘gcha}g%%a %F@%ﬁ%sb@% lhéﬂgﬁ Tefiddp Outlét cg f}.} ‘Eﬂ?ee P%g ﬁtrletérai)vseed at

each stage are f fie correspon re 2A
the firstOVes {wthAist‘mnheﬁmt pntebatlmlm yormlluargbd:omméh aﬁtlabcroalﬂui\tencraéterl al

45, such as pa ti The abrasi ve mat enser than the carrier
fluid (wat@Hy oY B0 GiogdE M IRar g Toah it o, BE EORTUPHE DBk tom of

t he Vﬁﬁsehnes-ﬁhq"lélhréﬁA HRP BChai¥Aided thRJugR ThY étﬁ@eq (Wotpgra%ﬁ Showh MFidugeshi gh
pressure &\gﬁ_ 21 via the first abrasive control valve ACA, whic |s open,

and the f opgh &P as grplained SurtheThelopvi r st depressurising conduit 39 is
pressurised with high pressure water fromthe top of the first vessel VA
but flow through this depressurising conduit is blocked by the first

depr essur CendigtsVighdig fidfh Mpurh?lllhtol ﬁle(ﬁe&ﬁﬁdvessélwm'tﬁ‘e fpréssiriedtyetheval ve
OVA i s open allqw ng ter to flow fromthe p 21, through the first
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Vessels  the second abrasive control valve ACB and the second water control valve WCB, both

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.




VA where it mxes with the abrasive material 45 to forma thick slurry. The
slurry enters the lower inlet end of the first outlet conduit 33 where it
is thinned by the 5 introduction of high pressure water delivered fromthe
punp 21 via the first water control vagtve WCA, which is open, and the
third inlet conduit 35. The thinned slurry discharges fromthe first

vessel eflrs out | he fjrst outle | v
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of oper at ibholdngdiigwrs 2B. gm’ﬂésﬂpelziﬂotl l§pRneghs mﬁsassedmmrrfbdd fdahtehrei frba'l oW.
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t hese conh@“feé’er fé‘i &W&B‘Bﬁee‘ﬂ?ﬂe’ﬁ? is; blockgdohy seromd quitlge valys ©¥Rcond
out! et _valueng Aetulduride (@lvel DY BOUHIRULoROka Ble &fh%o? 5I0P %cﬁwt%ﬁﬁueve%,we OvB)

20 is pressurised with sl urryfromthe I rst out valve co
However, whighcré cloved. Ht tsdg Ibemh@dstmmlmﬂe mnd sbstustial preseure differ@fial acrbssocked

out 1 ot varipeogitpifles YW DG g 8P R e 35 2T o P ised ot ram b 25

Whi | e 1@br 25t/ 6uttdt nozAle #4002 tHadfirkt veSdel VRS&RI its\Visdctatéd SleRahld] 8 Iahtainlg, out | et
nozzl e 44, the second vessel VB is isolated from pressuri sed fluids by the

two i nl et a% shepas by the coptiguous hodsh dinay im Figree @Bnt Asla veshlf of AbE eemtinudde
second Waaﬁéhag eag)‘rasi"_\ﬂels\f Lt e Mléﬂ? esl%%%%l? %glk'g%na eﬁlayﬁgln} e St three

of which are c 0S secoﬁ vVesse

depr essur vessel 04 doggeni ng second depressuri sing val ve DVB. After the 30
second vessel VB is depressurised, it is recharged with abrasive nateri al
46 and the second depressurising valve DVB closed, as is shown in Figure

2A. -18  In Figure 2C the second vessel is isolated. After re-pressurisation of the second vessel
VB, the second water control valve WCB, labelled 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. Itis 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




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 from the punp 21 via the fourth inlet
conduit 36 to the second vessel VB, the second outlet 5 conduit 34, the

second depressuri sing conduit 40 and e secaond inlet conduit 32. However,
fluid f|o®"?lﬁ? gﬁeg?f'gchﬁqé%*’é Biuaheht ti"%"“‘i‘? c?&‘k‘éfdl?tﬁgwé@’@olﬁate%k ptagted, &g flovovs,

second degir8ggiithe VaRg upah FeroRdvaecond abrasive control valve ACB, all
three of which are closed. It is to be noted that there is no substanti al

pressure differential across the second outlet valve O/B and no fl ow
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The second vessel VB is nowisolated but pressurised to substantially the

same pressgure as , that of the pressuris flow thr .the fjrst vessel VA
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the first vessel VA and its associated el enents, is” maintained, as shown

by the coptepswised flpisl Gomipwerp 2 htcrnepateedd omTthe phbvbiough thebfiess vesseldfer i al

45 in th . I ropped. e further as a result o
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outl et vatlesing\ds, opeaingl Argdvdlvesbhgseing ibfdsyerBatfal. | B paicGIRENRE firdttadds to be
appreci ated t hat ju‘% bef ore the opening of the second outlet valve OvVB
there is §°nd gBdstayRlyes O Ae YB avich pepvenithepbrasive shiryhare \ngt peensdPr bei ng

cl osegs t@l%e?lt%%cﬁ'i@véfh@‘@haﬁ Loygh the valve. After opening, there is still
no pressure differential across the valve and there is still no flow

t hrough the val ve because all three of the second abrasive

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




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[ﬁ -19 avoids the high-wear situation
t hat woul d occur if abrasive materi al s?arted to flow through the valve

upon opening.of the_valve. The pressurised flow frompunp 21 to oqutlet
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the | evel of abrasive material 45 in the first vessel VA has dropped stil

further as a result of supplying the discharge of abrasive slurry at the

nozzl e 44. Lasi .eri.ak..in e, fi.rst, vessel VA i | npst
fully di scﬁ?ﬁ?%@bﬁ E’hg’gsﬁ%ﬁ’o St b%“é%%@eth%h{ﬁ%wa&f’e eonrel yeleA (e 2l e 44
i s mai ft aileefirsbywaseni domlrongalvB 6V CAQWhO Firdd 208 Shird 386t Edrdiudls 31 0N% PETFSL tO
nozzle 44 fromthe p the first vessel VA to the parallel path

th through
t hr ough { HESSElel fndhey B ePﬂG\T/BPIgldtm_ 33, dha g ovtlet Yadveigle . whe fictoutlet wveng or
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second outl et val ves convey the abrasive urry are not
opened or flows thiougledny of theki elementae It iparigelay étere AsncsflownhionglrifigiroatleE, this

changeover s effected b eni both the second abrasive control valve
ACB and t KAVE g%%aj%‘fsgréﬁcgﬁ?er Bﬁng\‘/’a‘ﬂb"er YRS (érﬁdthélfg@i afiys RORtFR) valyest
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respective 20 opening and closing of these four vessel t control” val ves
i s perf or pwsaciagd stithrthe Sirgtyessel ¥dlaradlesads| y. These first and second abrasive
and water control valves ACA, ACB, WA, WB are labelled in bold in Figure
2E. It is to be appreciated that these four inlet valves control pressure

and flow An tleonekyistage] $ttvroinl Eaﬁﬁxarm theefist oMt WwableCOW ANBERYled ik bbid & OF no
t hese four inlet valves so these valves can

gtSJrasi ve ﬁﬁt er%‘g)l ,Sf | ows tgroug ) ]
open ahtUq gods iPprdotedhdt o daspaietiateditbat dust bsiirg the@esingof thalfirst
associ At egyt LWhvedW ASinéfe §i8%w through the valve (because the first abrasive control
valve ACA, and the first 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




The pressurised flow fromthe punp 21 to the nozzle 44, via the first
vessel VA and its associated 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 replacgd by a pressurised flow fromthe
punp 21 to the nozzle 44, via the second vessel VB and its associated

el ements, _.as s the continuous bol.d,ines jn F e, 2E. Thus, ,the -20
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As is shown by the broken bold lines in Fl%ure 2E, the first abrasive
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third inIg&_conduits 31, 35, the first vessel VA the first outlet conduit
33, the first outlet valve OVA, the first outlet valve conduit 37 and the
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(labelled_jn bald in .Figure 2F) is now closed. It is,t.o be appreciated
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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.c. 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.




25 outlet valve OVA and the first pressurising valve DVA all closed, the
first vessel VA and its associated elenments are now i sol ated but remain
pressurised, as shown by the bold broken Iines in Figure 2F. The
pressurised flow frompunp 21 to outlej; nozzle 44, via the second vesse
VB and its associated elenments, 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 deprrswaUsf stridve/ g dIVAstrbah &Iflthe abiasikelsthrige veddel§Faguswitched bAf t er
the first vessel is depressurised, it is recharged wth abrasive material.
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Figure 2 i , Al 4 rd Kl g from
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ACA, 1@NdpfovES bal€BhESEMA Ia3tRY oV dkNCpllA HiIWevENRE pdsehibnideichosed. |t
Is to be noted that there is now no substantial pressure differential

acr oss t heorffinedtto ghet wsstof\any partiovlar spitie ot mehet redales ior vggmsiin wiyglpvalves
pressurised f.low from puop. 21 to qut I 4, Vi 0 ssel
U and | ¢ cormatd SR Bt et B 5 IREE yfadloonfidby F FRECHEw 47000
bol d | npgeshure HiffeperialH. The | evel of abrasive material 46 in the second
vessel VB drops as a result of supplying the discharge of slurry at the
nozzl e 44.

15  Also not part of the invention is the inclusion of a jet control valve, 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

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



20 The further sequence of operations, for the changeover fromthe second
vessel VB back to the first vessel VA as the supplier of abrasive materi al
to the common outl et nozzle 44, corresponds to the description provided
above for changeover fromthe 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 t 0 n putlet nozzle 44 i.s sw tche et,.ween .t he two
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whil e both outlet valves in open. Each outlet valve is closed
and opengﬂnghhﬁeﬁﬁgﬁc?ﬂgggﬁ#%g%%oég ssure differential across the valve
and nosflow through the valve, and nore particularly when there is no

abr asi ve flom/thnpugh”the val ve. -22_Fl ows of abr s've_slwé#é%domn t ream of
the abrasiThe tstmrshBryeussdl th s desgrirtipagand, in b ipdpvinggc S (st eam

fl ows of rier k1 eui I.S.: VEeS ' j i: z@%ﬂﬁ V,

havi ng toa%%eg%tog(?a%f%%&%;sﬂ%g%%&i O'rsfel%l %%M%%&}ngg{te%ga{ﬁn i ow‘!?r\/\ig'icl]i flewlitlérhé;q\&}gal ve 5
carries tReidskad by lajuidvor |gasddne. viatee dnd @ix aos eddtable earpiee flgidsefor many
differential, I.n baoth enbodi ments descri bed above, any wear of the valves
(and par t PRRlcatpRs Qfdhs inyentiate out| et val ves which carry abrasive material)
can beg,further reduced by using wear- tolerant valves, e.g. valves having a
flat sel f-1apping sprung-biased val ve seat which to noves back and forth
across a Vethoug titeembddimensrdesarived prithersftrencate figuse 2ite 2hbincludenpisielt to t he

f i cul l.ve b I . ' ' I
car ryi ng et Mt Rl Shidl, iRl Lt kB BLE SR b BRSPS, U3

flow or  pé Gasbich rdizEIk QrelucePdn abksivd @ltidgdet. part of the invention is the
inclusion of a jet control valve, e.g. valve PV shown in Figures 2. This

val ve 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 outl et
conduit 43 to



an alternative discharge conduit and thereby bypass the outlet nozzle 44.
20 The foregoi ng describes the invention including preferred forns thereof.
Alterations and nodifications as will be obvious to those skilled in the
art are intended to be incorporated wjhin the scope hereof as defined in
t he acconpanying cl ains. For exanple, the nunber of vessels that are
successi Vel ymr it i I r subsequent supply of
abr asi ve i#ﬁ?#?ﬁ?iﬁgﬁ@Rﬁ§ﬂgﬁﬁﬁgﬁi?X§“Eﬁ@lgﬁ%ﬁéT?%I e figures. A greater
nunber of vessels will be appropriate in cases where the nmaxi nrum duration
of a continuous discharge of abrasive slurry froma single vessel is
shorter tAan ®HBPtime required to recharge the vessel, or where the
reliability of phe coppjpuous supply of slurry nust not be conpronised if
a vessel and its assoclated el enments need to 30 be taken out of the norma
successi on] e. dirstfcoriduini nt enance or repair. -23 Furthernore, although the
preferred_enbodi ne tswggscribed above refer to the carrier fluid being
water, it lfs t 8°99845ARBISt ood that other |iquids and gases may be used as
t he carrhgr f lkfcdn@bitM Xi ng with and entraining the abrasive material to
formthe abrasive slurry. The slurry can be either wet or dry. 5 The term
"slurry" wt4ed ifourtthéamddiéscri ption and in the following clains is to be
understoog as i%%iuding suspensi ons of insoluble particles in a carrier
fluid wherd t hdM™ONY  can be 1iquid or gaseous. Water and air are suitable
carrigp fhygi dssixe com@ay applications of the invention. 10 Al though the
enbodi nent _described with reference to Figure 2 to 2H includes a single
nozzl e 4417t hesexgpreandpi| | y uni nterrupted fl ow can be supplied to nore

LISt o rikrorEs R Bl TR GlReS & To Th e euine gt o

19 ninth conduit
20 tenth conduit

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

20 OV2 second outlet valve
Vi 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




1 punp 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
DV | first depressurising valve DV2 segond depressurising valve 1V 1
first inlet valve 1V2 second inlet valve OV 1 first outlet valve 20 OV2
second ouﬁh é%kv I f|r vessel V2 second vessel LIST OF FEATURES
LABELLED ?‘? t21 hi gh pressure punp 31 first inlet
conduit 38 SEQ&Bdeﬁﬂ@R@E@Qﬁﬂ@ht 33 first outlet conduit 30 34 second

outl et conduit . i
39 first depressurising conduit

40 second depressurising conduit
5 43 common outlet conduit

44 nozzle

45 abrasive material

46 abrasive material

47 abrasive material

10 ACA first abrasive control valve
ACB second abrasive control valve
DVA first depressurising vaive
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

WCB

second water control valve




35 third inlet conduit 36 fourth inlet conduit 37 first outlet valve
conduit 38 second outlet valve conduit 39 first depressurising conduit
40 second depressurising conduit 5 43 common outlet conduit 44 nozzle 45
abrasive material 46 abrasive materiabg_ 47 abrasive material 10 ACA first
abrasive control valve ACB second abrasive control valve DVA first

depressurisi al ve DVB second depressurising valve OVA first outlet
val ve 15 ond outlet valve PV jet control valve VA first vessel VB
second vessel WCA first water control valve 20 WCB second water contro

valve -26 CLAIM5 5 10 15 | i i
1. A method of maintaining a substantially uninterrupted flow of a pressurised abrasive

slurry, the method including the steps of:

(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
10 abrasive material while alternately discharging abrasive slurry from each

vessel in turn, and

(¢) passing the abrasive slurry discharged from the vessels through respective
flow-controlling outlet valves to a common outlet at which the

15 substantially uninterrupted flow is maintained,

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.

20 2. A method as claimed in claim 1, wherein the outlet valve of 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 allow that

vessel to discharge abrasive slurry.

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

abrasive material to form the abrasive slurry.

30 4. A method as claimed in claim 3, wherein after each vessel is recharged with

abrasive material the recharged vessel is pressurised and then, after switching with a

previously-discharging vessel, is discharged, by the following sequence of steps;




1. A nethod of maintaining a substantially uninterrupted flow of a
pressurised abrasive slurry, the nethod including the steps of: (a)

di schargi ng abrasive slurry fromone vessel of a plurality of vessels while
chargi ng another of the plurality of vgssels 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
vessel in turn, and (c) passing the abrasive slurry discharged fromthe
vessel s thr ougtﬂ)r espReturiéig tHeovechaged alebdeh Byoupdniiig \Uad \ielst tvalva efodreon
outlet at which the substantially uninterrupted flow is naintained,

wher ei n each of thereshanged W&ﬂebé@lﬁcsmﬁwa“@ﬁérfbﬁ owtlet Vel¥e PIHE dechargid o i s
substantially no p@&éﬁHﬁ&m ifferential across the valve and substantially
no flow through the va D 2. Anethod as clainmed in claiml, wherein
the ousl et valve of the vessel being recharged with abrasive material is
closed to isolate that, vesse fron1¥ e cQnmo outl et while that vessel is
bei ng rechar gefbut ciosing Wslst XAlVE ¢ ﬂﬁé ?FﬁgaWF ‘that vessel to discharge
abrasive slurry. 25 3. Anethod as clainmed in claim1 or claim?2, wherein
the vessels are fed froma common source of pressurised carrier fluid via
respective fl o convpwoling thg outiétetalvevditherschasged tegselt he carrier fluid is

i ntroduced to each vessel and conbined with the abrasive material to form
the abrasive slurry. 30 4. A nethod as clained in claim3, wherein after
each ygssel is(gec h@ﬁfﬂﬁﬁng\hﬁefpreﬂbﬁﬁjzﬂdisehdfgﬁlgrwedel itk theafdﬁhz[rgﬁﬁvesesls}g»l is
pressurised and then, after switchin revi ously d”i %rg

vessel , is di schar geBenigtheiglet wlyg théf@éaﬁgéﬁg%ss%‘fm’g%& migigya v
pressurising the reg?a& Qn&%ﬁ?@&c ggggkﬁgmkpe inlet valve of the

rechar ged vessel |nta|n|ng t e outlet valve of the recharged
vessel cl osed,

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

15
5. A method as claimed in claim 4, wherein the previously-discharging vessel is
depressurised, recharged with abrasive material, and re-pressurised in readiness for a
later discharge of abrasive slurry from the previously-discharging vessel, by
following step (h) with the following sequence of steps:
20
(i) opening a depressurising valve of the previously-discharging vessel,
(j) recharging the previously-discharging vessel with abrasive material,
25 (k) closing the depressurising valve of the previously-discharging vessel,

(I) pressurising the previously-discharging vessel by opening the inlet valve
of the previously-discharging vessel while maintaining the outlet valve of
the previously-discharging vessel closed,

30

(m) closing the inlet valve of the previously-discharging vessel, and




5 (e) closing the inlet valve of the recharged vessel, (f) opening the
outl et valve of the recharged vessel, 10 (g) switching the
previously-discharging vessel with the recharged vessel by opening the
inlet val ve of the recharged vessel anggclosing the inlet valve of the
previ ousl y-di schargi ng vessel, and (h) closing the outlet valve of the

previ ously-dis arg! Pg V. . ¥ i LN claim4,
wherein the pr g‘@l o] y%§§§ﬁg?t&£ﬁ§%$é@ e lpﬁs?sqy g%ﬁ@ég@g&??gg recharged with
abrasive material, and re-pressurised in readiness for a |ater discharge

of abrasive slurry fromthe ' | y-dj schargi | . by follow
step (h) i thmHeesd & Algmean Sk and er 87 WherepeEath Jeksrhiag ga iplgteopduit for
depressuri S'fQQdiéc{i?g)YﬁsﬂiseB NG GUIi@ b Yin€l vESRPEA BE 04ASSEnduit(fo) fécAsiar gi ng

the previously-drscharging vessel wth abrasive material, 25 ?) cl osi ng
t he depr essuabrasivegslvay Yonothet vessqte vis outlet valive cindregin gesselsisdied fiom tigo

pressurising the previously-di.schargi .yessel by..openin he in val ve
of the pr ev?ﬁ?&l‘?_ L ﬁ%ﬁ%&f@%ﬁ&lﬁ?ﬁer%%{é’lar%feﬁl)ée/ﬁnﬁl Lt rto%é'lt Ogﬂ‘f‘qnéét()ﬁilnﬁ ve of
the previ oughit duRefad Girdd OrakRSseihe JatSBElng Gi)abfdsDei Mg tcbatroINVaie whiiake of

t he previously-discharging vessel, and -28 (n) opening the outlet valve of
the previ ousiopneits thearessuisedecarar flugd sypphetorbel inlet condnit ey pressurisipgithe 4 or

5, wherein evae(f‘:&l P ?gljcinléaasorz%ﬂrei Iﬂ!lt%ﬁalcﬂ(r;}qlﬂ'lé vés%l via the outlet conduit, and the

10 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.

7. A method as claimed in any one of the preceding claims, wherein the common
15 outlet is one or more nozzles, each of which is for forming at least a portion of the

uninterrupted flow of pressurised abrasive slurry into a defined jet.

8. A method as claimed in any one of the preceding claims, wherein the number of
vessels is two, abrasive slurry is discharged from a first of the two vessels while the

20 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.

9. An apparatus for maintaining a substantially uninterrupted flow of a pressurised

25 abrasive slurry, the apparatus including a plurality of vessels, each vessel being
connected via a respective outlet valve to a common outlet, each vessel being
connectable to a source of pressurised carrier fluid, the apparatus being arranged so

that each vessel in turn, having previously been recharged with abrasive material,

can be pressurised from the source of the carrier fluid to discharge an abrasive slurry

30 at the common outlet while another of the vessels is being depressurised and

recharged with an abrasive material, wherein each of the outlet valves is not opened




feeding pressurised carrier fluid into the vessel and an outlet conduit for
feeding 5 abrasive slurry fromthe vessel to its outlet valve, and each
vessel is fed fromthe comon source of pressurised carrier fluid via a
respective pair of flowcontrolling Jjjget valves, a first valve of the
pair being an abrasive flow control valve which connects the pressurised
carrier fluid supply,to the.inlet caonduit for | SJ essel and
forci ng abrd% i@%ﬁgmgﬁf gferff fsosbeP tﬁ%“@@s%oep Vil E {%%%nu{a' géfrggso%lgﬁlia%‘?é %ﬁd t he
10 second vaubgaiiallyhe flvad thréghnBe dale@rrier fluid control valve which
connects the pressurised carrier fluid supply via an internedi ate conduit
to the outlet conduit where the carrier fluid mxes with the abrasive
material 6 AI?%}FB&E‘&R’&S stv\ﬂgiﬁie}ﬁn% atth Y whérein(® gﬁ%ﬁ?l i@ SoimediaBRdo ithe ayceone of
t he preceding al ns, erein the conmon | 15 oltlet |I's one or nore nozzl es,
each of whi of presstudsedfoarriar fipidivial emspectivp arleti alveo Eadhhveessal iiant eespagtived f | ow
of pressurised abrasive_ slur into a defined, jet. 8. nmet hod as cl ai med
in any one P’Eq%‘rﬁf@c‘@%i‘fen@n{ ARRAratp, 1 ALFaRs th?ﬁ‘?t')lg}lﬁ%’leo ¥ssels is two,
abrasive slurry is discharged froma first of the two vessels while the 20
second vessel is charged with the abrasive material, and abrasive slurry is
di schar ged frofa)t hthedeleband apeletedlvastnifione verselfarg apenyessel is charged with
the abrasive material. 9. An apparatus for maintaining a substantially
uninterrupted flow of a pressurised 25 abrasive slurry, the apparatus
inclugsng a pl wal ideepless@ishighalveadehe orsesdel Beildzgd,connected via a
respective outlet valve to a comon outlet, each vessel being connectable
to a source of pressurised carrier fluid, the apparatus being arranged so
t hat each vess (el i i Y/ r j-tih abrasi ve
mat eri al , canFJlge g}eéggﬂﬁ@gfef%%sﬁﬁgﬂ gl%%rr%fgﬁg?estgﬁgagﬁ ?cé\r%lPI uid to

di scharge an abrasive slurry 30 at the common outlet while another of the
vessel s is being depressurised apd _recharged with an abrasive nmaterial,
wherei n each oﬁ%thgwdﬁPF@?nvgﬂﬁégﬁQ£ﬂﬁﬁﬂﬁ38@ﬁ§ 15.0P8%r cl osed unl ess there

is substantially no pressure differential across the valve and
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.

20
11. An apparatus as claimed in claim 9 or 10, wherein 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:

25 (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,
30 (2) the inlet valve of the first vessel is opened and the inlet valve of the second

vessel is closed, and




substantially no flow through the valve. 10. An apparatus as clainmed in
claim9, wherein each vessel is connectable to the source 5 of pressurised
carrier fluid via a respective inlet valve, each vessel has a respective
depressurising valve, and the apparatugyis arranged so that sinultaneously
(a) the inlet and outlet valves of one vessel are open, 10 (b) the

depressuri si ngFlh ?I }g%({%hctt&efveo&qhé/gescggé V(j:sgelgé oRed (c) the inlet and outl et
0séd; an

val ves of anot € vessels are c (d) the depressurising
val ve of the other vessel is open, 15 so that when the one vessel is

charged wi.th abrasive material, pressurjsed carrier fluid can flowinto
the one vé3<An apparaiuy agclapnedin elpiond {1 wherginghs appasstls i AEamged a0 thah thene

respective 0 - et . - QS| S ile
e’ other vottafi vesBHHE aBineds a0 RR 0N Wi ab AR R I ABH A b re it
mat eri &l . 20nlrtadiAessafopar ktarsdischardeaofmelrasive clurynmfi®mothel@comhersseh liyhe

apparatus is. arranged .rech e.a first of the vessels with abrasive
mat eri al V\hingo‘é(“?gE‘?ﬂ{h?Vétéé% %ﬁlgwulﬂ ?8“%59&83% evi ousl y- charged abrasi ve
material in the formof a slurry, after which: 25 (e) the first vessel is
pressurised by opening and then closing the inlet valve of the first
vessel , (f) thé)outopeningaldgprepfurising veive of theesseeand vessebpened, 30 (g) the

inlet valve of the first vessel is opened and the inlet valve of the second
vessel is closed, and -30 (h) the outlet valve of the second vessel is

closedg 12. An(jappaschirdmgabe sdcandreshsélnvitd abiragivielmatekigll ei n t he apparatus is
arranged so that the second vessel is depressurised, recharged with
abrasive material, and re-pressurised 5 in readiness for a |later discharge

of abrasive sl ypry [LERP e prlGithe afaedt thd¥econd vessel,

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

15 vessel while maintaining the outlet valve of the second vessel closed,
(m) closing the inlet valve of the second vessel, and

(n) opening the outlet valve of the second vessel.
20
13. An apparatus as claimed in any one of claims 9 to 12, wherein 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
25 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 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

30 the outlet conduit where the carrier fluid mixes with the abrasive material to form

the abrasive slurry.




followng step (h) with the follow ng sequence of steps: (i) opening a
depressurising val ve of the second vessel, 10 (j) recharging the second
vessel with abrasive material, (k) cI05|ng the depressurising valve of the
second vessel, (1)pressurising the secpnd vessel by opening the inlet valve
of the second 15vessel while naintaining the outlet valve of the second
vessel e S|n th val d

(n) openi ngi tfﬂ% Qﬂ?ﬁm I\I/nee 0 m?%éé&s(gfiz%aﬁ \éetoqgi &ﬂ%ﬁﬁg\%ﬁ%ﬁ%ﬁ%ﬁ)ﬁgeg@
claimed in aﬁle@%r&iveOdhﬁt)ﬂ& dischargdd frowhe fieit bf eraivonessaly whast}mrsecomil et

conduit for feedln pressurised carrier fluid into the vesse] and_an outl et
conduit for %’%&ﬁda‘glﬂ@/éhesqhﬁ‘i‘%WF masHAL H’é‘?%‘?%lé? shugryiis glsshqrggffrggq ve,

and each vefg sécoggv&%a ARt iR GRS a&g&&@mﬁfth@%@ﬁwmmalcar rier fluid
via a respective parr o oW cont r ol g Inlet valves, a first valve of
the pasr being an abrasive flow control valve which connects the
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 valve of the pair being a carrier fluid control

val ve which connects the pressurised carrier fluid supply via an
internediate conduit to 30 the outlet conduit where the carrier fluid m xes
with the abrasive material to form the abrasive slurry. -31 14. An
apparatus as clainmed in any one of clainms 9 to 13, wherein the nunber of
vessels is two, abrasive slurry is discharged froma first of the two
vessel s 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. 5






