WO 03/ 029721 PCT/ GB02/04148 1 Fluid Delivery System This invention rel ates
to a fluid delivery system and nore particularly to a hygienic fluid

del i very woaB®m72t he construction of which requires car efrali/gBoaomi4ag and
analysis to ensure that the resulting system has m ni mal stagnancy of flow
during operation and that bacteria growh is mnimsed if not elimnated

entirel FluTdeDielbesrviSyidteind del i very systems hereinafter described are
typically provided in a wide variety of plant, including Research &
Devel opnent facilities generally, |aboratories, silicon wafer

manuf actigyik ngnpPkaficn BEIGYEs i 65, 2 Ad@IdBgeltvtep! syaieshacindi rgotaci 1iti es,
and any installation where a plurality of sources of sterile water or

ot her |pautiguhasly e o dggieets ithvigl de @rfYoWSdiem:eF]éﬁtC(_P%%%Eﬂ]ic&%ﬂr enot e
froma  gupRlYHt 30Kl s %BQEfﬂgggQVﬁmn‘ti‘ﬁég nQl 284 XE? l{awsbuA tRqegh the

foll owi ng descri ptiton 1 s provi W nost usive reference to
hygi eni thél wesubiehpveyytapstlens whindmaldeltagaansy- ool | 8o wataringr

I nj ection (W Purjfied ter, (PW n he i gt Wyl | De instantly
appr eci Qngaf%)aq taﬁ’edi &géﬁm%“ A4 f%@‘gﬁc%eﬁsappg%ag?%@l and rﬁ%}? be
appl i edetiontdel deder eanirely quilde t oty g eddt efhiideddkedivatriyonsyermhe from a
st or age, vessel théoughb\gi stri butioaghpi ewark.. It is also to be gppreci at ed
by the heigkrafitpardesrdibed aretEpisa: Fgfﬂflégﬁlnﬂ?é‘ eIy 94 used
her ei nab%@ﬁt; %ne%% bResERAH r BEADI el bpnhdd €T RAciHeRSe dalligl, udes

a

| i qui ds_havi'ng a teria, germor other contam nant content reéduced
beneat hlabotewinies, | silisloso Waker t mamaiartirfg dplanes.sabsewerssi.tabl e for

a partieul : r - SYS - t deljwe ile
i ufdo, DB fL SBERT Bradftdcil YD ARERIGEL, e T PR QAT 2 el
suppl i esvhere a plurality of soutces of sterile water ot othet liquid may

be required in a number of different locations remote from a

supply tank for storing the water or other liquid.

Although the following description is provided with almost
exclusive reference to hygienic fluid delivery systems which
deliver so-called Water for Injection (WFI), Purified Water (PW)
and the like, it will be instantly appreciated that the invention
has far wider application and may be applied to deliver any
liquid to a predetermined location remote from a storage vessel

through distribution pipework.

It is also to be appteciated by the reader that the word “sterile”
and cognate expressions as used hereinafter is not to be
construed in its literal sense and includes liquids having a
bacteria, getm ot other contaminant content reduced beneath a
desired level so that the said liquids are safe or suitable for a

particular procedure.

Current systems for the delivety of sterile fluids, in their
simplest form, consist essentially of a storage vessel supplied

intermittently ot continuously with a sufficient volume of pre-



intermttently or continuously with a sufficient volune of pre WO 03/029721
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Furt her mibrexetthe interior surface of the various pipes which are joined

t oget her throughout the systemis inportant in that said interior surface
nmust be as snooth as possible and any bends in the pipes nust preclude the
formati dihere are a number of important factors which must be taken

into account when designing a sterile fluid delivery system, but
the most important is that the system as a whole must generally
preclude any localised stagnation of fluid, either in the pipework
or the storage vessel and be free from crevices or similar areas
where bacteria could become trapped and thus allowed to

proliferate

Accordingly the pipes are firstly commonly welded together
using a vety costly technique known as Tungsten Inert Gas
(TIG) autogenous welding which ensures that the butt joints
between adjacent sections of pipe are secured to one another
without introducing unwanted contaminants into the passageway
within the pipes and ensuring that the join is as smooth as
possible internally. Furthermore the interior surface of the
various pipes which are joined together throughout the system is
important in that said interior surface must be as smooth as
possible and any bends in the pipes must preclude the formation
of eddy curtents during fluid flow therethrough. It will be
appreciated that eddy currents give rise to localised volumes of
fluid which are effectively stationary, and thus the temperature

of these volumes can quickly drop to a level at which bacteria



of eddy currents during fluid flow therethrough. It will be appreciated
that eddy currents give rise to |ocalised volunmes of fluid which are

ef fecti veWwg osoat7epbnary, and thus the tenperature of thes@CraRI®$I48aN
quickly drop to a | evel at which bactgria WO 03/029721 PCT/ GB02/ 04148 3
nost readily thrive with the result that the sterility of the system as a
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adj ust ed a% intained . to ensure that any bacteria (for exanple

mesophi RBca BEREP s Prgindiedr am negative pseudononas commonly present in
water) are either prevented from multiplying or are actually elimnated. A
common tenperature for Wl systens is 80C and to prevent any gradual
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all sections of the pipe again to mnimse the risk,of bacteria
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surface 1s mnimal f not zero, whereas the velocity of fluid renpote from
such a sutbade isysheoh. greater. Hence the majority of the volumetric flow
through a pipe is achieved through the mddle of the pipe whereas only a
conparatively small percentage of flowis attributable to the fluid noving
proxi matle is to be mentioned that PW and other hygienic fluid systems

can be operated at ambient temperatures, so much greater care
and attention needs to be given to the construction of these
types of systems which on account of the opetating temperature

are much more prone to bacterial proliferation.

Thirdly, it is impotrtant that a turbulent, as opposed to a laminar
flow characteristic is developed within all sections of the
pipework again to minimise the risk of bacteria proliferation.
For example, in both laminar and turbulent fluid flows, it is well
known that the velocity of the fluid immediately adjacent a solid
surface is minimal if not zeto, whereas the velocity of fluid
remote from such a surface is much greater. Hence the majority
of the volumetric flow through a pipe is achieved through the
middle of the pipe whetreas only a comparatively small
percentage of flow is attributable to the fluid moving proximate
the interior surfaces of said pipe. This slow moving ot stagnant
fluid has the tendency to cool and thus not only are the
conditions for bacteria proliferation improved adjacent to the
interior surface of the pipe, but the fact that the fluid is either
moving very slowly ot not at all further increase the likelihood

that bacteria will find a site on the pipe surface to germinate.



the interior surfaces of said pipe. This slow noving or stagnant fluid has
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in pipes of a larger diameter requires a significantly larger fluid

velocity than tequired to establish turbulent flow in smaller

diameter pipes.

Fourthly, it is necessary to ensure that the storage vessel
containing the WFI is recharged over a predetermined period of
time, for example evety two hours. Moreover, the system
operates continuously so that the storage vessel is being
continually emptied and simultaneously recharged to avoid any
stagnation of fluid therein, and the time period is metrely an
indication of the length of time which would be taken to empty
to the storage vessel completely under normal operating

conditions without any simultaneous recharge.

It will also be appreciated that the systems with which this
invention ate concerned may have many tens of outlets or so-
called offtakes usually connected in series as an entire laboratory
or building may need to be served by a single fluid delivery
system. The diameter of the pipes commonly used in such
systems may be of the order of 1-2% inches (25-64mm), and to
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inherent disadvantage of series-type systems, in which a plurality
of offtakes are connected in series such as described, is that the
opening of more than a few offtakes simultaneously can have
detrimental effect both on the flow characteristics and the
ability to draw water at the correct flow and pressure at the
various user offtakes. The number of offtakes which can be
opened simultaneously in a system expressed as a percentage of
the total number of offtakes in a system is known as the

diversity.

Various different pipework loop and sub-loop configurations
having different benefits and effects on diversity have been

proposed.

Referring now to Figures 1, 2, 3, and 4 which show different
fluid delivery systems of prior art configuration, each of these
systems shows a storage vessel 2 with which pipework 4
communicates to both feed offtakes 6 which ate embodied most
simply in an openable valve and to return excess fluid to the

storage vessel at 8.



Referring nowto Figures 1, 2, 3, and 4 which show different fluid
delivery systens of prior art configuration, each of these systens shows a
st orage weolnz@2ni t h whi ch pi pework 4 comuni cates to beCh/dBeed4aBft akes
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pump corresponding to a source of potential difference, the

offtakes cotresponding to resistances dissipating power and the

flow rate cortesponding to the current. Indeed the analogy can

be extended in the cases of Figures 2, 3, and 4 which effectively

show parallel circuits.

The impottance of this analogy is that as further offtakes are
added into a particular loop, the fluid flow which the system is
capable of delivering through each of the offtakes when open is
reduced depending on the number of offtakes in that loop. This
is identical to the reduction in brightness of lightbulbs
connected in series in an electrical circuit as more and more

lightbulbs are connected.

In the case of Figure 2 which shows a multiple loop
arrangement, a second pump 12 drives fluid through a second
loop of the system and effectively provides sufficient flow
through said loop to feed the various offtakes in that loop. In
the case of Figutre 3, a sub-loop or true parallel arrangement is
shown, and in the case of Figure 4 a more complex main
loop/sub loop atrangement is shown wherein four separate sub
loops 22, 24, 26, 28 are fed from a main loop 30. Each of the



In the case of Figure 2 which shows a nultiple |oop arrangenent, a second
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primarily related to the perceived permanent nature of the
construction. For instance, in order to deliver a sufficient
quantity of fluid around the system, the pipes must be of large
diameter which both incteases the cost of materials and
construction. Stainless steel pipe sections currently used in the
construction of such systems typically are provided in only 6m
lengths which necessitates a considerable amount of welding and
increases the risk of areas of bacterial germination around the
system due to crevices introduced through such welding ot

alternative jointing procedures.

In the event that an additional offtake is required in an already
installed system, it is very difficult and/oz costly to modify the
system, but perhaps most importantly the distuption to the
system caused by modification can be severe. For example, the
insertion of an additional offtake would necessitate a full
draining of the system, opening the system to insert the
additional pipework and offtake required, together with
subsequent resterilisation and re-chatging. Furthermore, the
additional offtake could foreseeably necessitate a larger pump

and additional flow and pressure regulating components. It has
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requi re%ﬁﬁlwcmﬁ H‘iSPieﬁéQPQtr?sﬁ%ét%’real’i‘eand the like. It is an object of
this invention to provide a fluid delivery system whose effective
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the pi pasyeqeondly ogriifie of ftakes to the punping room It is a

. It is a further object of the invention to provide a system which
can be installed with the minimum number of crevices and
imperfections in the interior surface of the pipework through
which the fluid flows, and additionally to offer the possibility of
installing a substantially crevice-free system, at least in the
pipewotk coupling the offtakes to the pumping room. It is a
further object of the invention to provide a system with as few

joints between respective sections of pipework as possible.

According to the invention there is provided a fluid delivery
system comprising a storage vessel for fluid which feeds a first
pipework loop including a first pump which urges fluid through
said first loop at a first pressure and which ultimately returns to
said vessel, said system including at least one pipework branch
fed from said storage vessel or said first pipework loop, said
pipewotk branch including a second pump which urges fluid
through said pipework branch at a second pressure downstream
of said second pump, characterised in that each pipework branch
terminates in a branch manifold having at least a fluid inlet and

one ot more fluid outlets to the latter of which ate connected



further object of the invention to provide a systemwith as few joints
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which urges fluid through said first loop at a first pressure and which

ulti mat gl KRt MHdKE hosetalvhivEsReld ol élsﬂﬁit%”bfft@k'éﬁlﬂ@mtwﬂl@@ﬁt one
pi pewor kK branch fed fromsaid storage vessi, or sal dfir pi pevvork | oop,

sai d pfhgdoﬁknbbarrém\ivﬁcfwnn e s¥eteRd v hies gas fbaﬁwac 1t hr ough
sal d Pl BEYRIFOIAr Al Alisa S cond s Brorfidhe AWRA! Ram il @l dnsegond purm,

characterl se at each pi pewo termnates in a branch manifold
havi ng abrhﬁasﬂncmtﬁd)nl dvithl eidndirsonpipewrmke loap dteumwhich tsaidhe | atter

hi o { SEAERE BFercy BB IC A DHF B eehs 11l et BRF PR FREF ot b

system faggh | Baidhabrhacheaghnbfelec hthirewgholsdid hércﬁ;elss ma}:omheapenm ng
return nifold in fluid co%aatlon wi th aldflrst ﬁﬁloopto

whi ch sihgoughr sakdst e E i JRAB WUF%?W]:& ﬁb‘%%sr%tﬂr‘&ﬁ‘ id can
flow f Qﬁksa\bﬂel?f apgh r@ﬂf‘t;ﬁl@ésd hP¢ olghss@l dshiesesirand ahlaen§@cohﬂr ough said

return manlfold [timately being returned to the tank vxgenthe of ft akes
are cl opegdsseegsl b¢1rn£ @b@@ﬁdatwié§ PEE TR IS0 RCAbEVEL &Rospheri ¢

pfeSSW%&e%g gﬁsa{lﬁmrgo N Ao (Ihosmgkegle 280 FRGE ﬂfé’bradﬂﬁﬁ p¢ thus the

openi ng eric pressure at one Iocatlons
causes Bhﬁddwﬂemot\ooitmbuphetia)\pﬂe(ssueeememm ohemorte becaboes hoses

whi ch connects.saifd one ned of ake t mani f ol d,
sai d on& 288 CRoitEe éﬁ%ﬁo& P?D‘{J&C?ffﬁa? 158| Versupw} g\ngteh ?I uf)g from bot h
t he br amefs dwaiiehdcaneheche saidtoné oranid@ dpened offtakes with the

return manifold, said one or mote opened offtakes thus being

supplied with fluid from both the branch manifold and the

return manifold.

Most preferably, the branch manifold is fed from the storage

vessel.

Ideally the branch and return manifolds have at least a fluid inlet
and one or more fluid outlets, said branch and retutn manifolds
being disposed downstream of said first and second pumps with
fluid communication between said manifolds being achieved by
at least one hose connectable to fluid outlets on respective
manifolds and including one or more offtakes thus allowing
fluid flow from the storage vessel through the pipework branch,
branch manifold, hose, teturn manifold and first pipework loop
ultimately teturning to said storage vessel and permitting fluid

offtake at a desired location.

Preferably, said return manifold is provided with a fluid inlet
and a primary fluid outlet to allow for connection of said

manifold within the first pipework loop and a plurality of



Most preferably, the branch manifold is fed fromthe storage vessel.

| deally the branch and return manifolds have at least a fluid inlet and
one or nowe oBloed7ell out | ets, said branch and return manif ol e¢sT/dBoRM0gI48i sSposed
downstream of said first and second ggnps with fluid comunication between
said mani fol ds being achieved by at |east one hose connectable to fluid

out | et sspRoHABRGCt b BletsRbT abHEcIaNthdseal Ui nih@ne forakiesr ennfyf thkes t hus
allowing fluid flow fromthe a&grage vessel throu%’h thekp(gi gewor branch,
branch eamifasited Hesallowt fpa Fandr S EHgnIatien pdERor ke | BEBICHI ti mat el y

returni ﬁgaégoﬁai d storage vessel and permtting fluid offtake at a desired
| ocation. Preferably, said return manifold is provided with a fluid inlet
and a primary fluid outlet to allow for connection of said nanifold within

the fir i pewor k-1 a d a. al.ity: : / 04148 10
seconda?&llghtelrePEefe&amy(a:tglehgégéghaﬁan%lfgig@kggéﬁgﬁbﬁg%;@%éd to allow
for fl uiigleoamdnioedti suconddryt bethsanod whakoh flooses Buarviihgr opftekesabl y t he
branch mani fold is provided ,w

ith a fluid. ,iglet. and only.secondajy outlets
to whi cFihbsRs FAPRSGTEErTuied %W%gﬁ%%f@&“’e‘&gsb%ﬁo t%‘é? f’ﬁ%n?bui d
f 1 owi ng ) A PrIA £ RERBENNtBBGhE W dnisreihgadsi nto one or nore hoses.
Preferably the fluid pressure within the return manifold is greater than

the fluid pressure in the branch manifold, and nost preferably both these

pressur Vv [.ent ertGhifr ur weh hhatsdilae @peni ng of
an offtgjliree?%gaeﬁgpt ﬁé@mulﬁg ﬁ%ﬁ?ﬁgt c\)*ng:thrlrigsg%e%ri%tgr_essure and tlhe fluid
f1ow di geea't@m than the fleiyphesfutmie thet heenchampndfeldkendneosdi d return

mani fol & reverses,and (BRLh SRNSLALds, W 9% Jd 4 AnboRr d3nodshonen
pressure such that the opening of an offtake opens the fluid
within to atmosphetic pressure and the fluid flow direction in
the length of hose between said offtake and said return manifold
reverses and both manifolds urge fluid towards said open
offtake.

In most preferable citcumstances, a plurality of hose
connections ate made between the branch manifold and the
return manifold, each connection consisting of a first hose, one
end of which is connected to one fluid outlet the branch
manifold and the alternate end of which is connected to an
offtake, a second hose having one end connected to the offtake
and the alternate end connected to a fluid outlet of the return
manifold. Most preferably, each hose connection between
branch and return manifolds consists only of a single offtake,
but alternately, each connection may consist of first and second
hoses, ends of which are connected to the branch and return
manifolds respectively, alternate ends of said hoses being
connected to first and second primary offtakes, and the
connection further comprising one or more secondary offtakes
interconnected by intermediary hoses between said first and

second primaty offtakes and second secondary offtakes.



of ftake. In nost preferable circunstances, a plurality of hose connections
are nmade between the branch manifold and the return manifold, each
connect i owomafgd7eti ng of a first hose, one end of which PSTEGBWOEHEd tO
one fluid outlet the branch manifoldiand the alternate end of which is
connected to an offtake, a second hose having one end connected to the
offtake and the alternate end connected to a fluid outlet of the return

mani f ol d. st preferahly, each hose connect.i on, between ., branch and return
mani f ol d91EA8Si BESL& Yo@i”:h M &S GP?‘BSKQ,% a %Xlﬁge?ﬂ&%f:%c &4ch

connect i ggsﬁgg £arstist RfcH hspTER second hoses, ends of which are
connect to the branch and return nanifolds respectively, alternate ends

of said hoses being connected to first and second primry offtakes, and

the co I u I COAPS 8k NG; Ol i® dey .y nof ft akes
i nter coﬂﬁgﬁf?é@b{i ﬁ\ glroégedggz{rﬂ;{/lé %glesgﬂgett \(/?/ee lsé}sgq??r st and second primary
of ftakes and second secondary offtakes. WO 03/029721 PCT/ GB02/ 04148 11

Further .preferably each hose is nade -0 | exi bl.e. po ' - plastics
mat er | alﬁgﬁéhpég%é'f’ggy ﬁFngseéqtséb??? f’éehﬂ%sgrgfa%tSee;)c#%&?éu{lﬁﬁgrlesgi on of
5-25mm  d\hsimpe £ g1 élbh&fr@ltleﬂedépeﬁd(i‘n%f ohhehki fhiidopreesond wivkia is

dynam cal’ly contraol | ed depending on.the fluid pressure withi.n .the

respect ithe resREntiFe BEEkh ‘?ﬂa%f@é’i‘:&“ JRBRSE f)?af B PN T driving

fluid t?ﬂhguguhﬂ? Hir{ﬁhLﬁOi PeYNer khkoaphi Stheyfiast cplpdwoeht nebedisdependi ng
on the instantarneous fluld requirenents of the system i.e. the nunber of
of f t akeslywhimiticaldy e copemodliedardeperedingt amt . thiosiistretanedry W t he

Sffﬁi”ﬂ t@ﬁg%rig%géq%mo%a{%ﬁ%gggﬁ' | ed fenandinig oF bhgalley! dmcgssure

ivere
are open at any one instant.

Most preferably only the second pump is dynamically controlled
depending on the fluid pressure within the respective return and

branch manifolds.

The system desctibed above has the surprising advantage that
the opening of any offtake provided on any particular hose
connection between the manifolds causes a reversal in the
direction of fluid flow in the hose section from the return
manifold to the said offtake. Such flow direction reversal is
achieved because the fluid pressute developed in the return
manifold is greater than the pressure developed in the branch
manifold and thus the fluid is urged through the offtake (which
is effectively at atmospheric pressure once opened) along both

sections of hose linking the offtake to said manifolds.

The system has many attendant advantages resulting from the
novel arrangement described, particularly including

1. lower cost of installation and associated validation

2. elimination of need for site-wide welding and the

associated hazards of this process;



branch mani fol ds. The system descri bed above has the surprising advant age
that the opening of any offtake provided on any particul ar hose

connect i owolawwen t he nani f ol ds causes a reversal in thePCoiGBehi@s of
fluid flowin the hose section fromthe return manifold to the said

of ftake. Such flow direction reversal 1s achieved because the fluid

pressur g develpped; fprtiRgtalRhHoM biedbhodsledialigh agd @trakchars (e theessure
devel oped in the branch nmanifald ,angﬂigas th% fluidi t hrough the

ur ged
of f t ake lostgiscand sokiftpkesi may he igs ebyc IpF egEAMP n@ge%b%ld) al ong
bot h S%%%ilgqa %11199%? linking the offtake to said manifolds. The system
has many a endant —a vantages resulting fromthe novel arrangenent
descri bed, p@rmsiycmlanclaymmgisuxlhn@nloflludeﬂd:m]t obftaluest al | ati on and

associ ated validation 2., elimn nagg f need fo i e-w | di,.ng and the
associ at5§d hadZ4ras Bftefﬁ%efﬂfnr'goc%gg,gﬂe\% 6§ﬁ0%72élasggiﬂ %%@g? 0%4311@12 3.
facilityphee kistildldt sedobylarpnospkas ahndt beonighec pardineasvitheuthoses and

of ftakes "'may be .i nstal Lte?d by far .exaggl e electrical cable installers); 4.
easy rellBERETHAP ST ALNENIIBE $HIAZIREItC8Rs t akes: 5. future pre-cl eaned

of f t akeg; can JygcgRsiHys@dded be ihlevidndle seanlisedg secondary outlets and
brought on-line wthout i nte,rrupi)ié]on to.the |ive exi si)i ng S%ftem 6.
of f t ake Thosehases wan ke epiaedy byt évtatikedgaity ot gass PeaRS IV A ned by

(ter! " Shefbhfnga® ARINTDLRMMe  PRLALNERUED FONS YAl NGrB¥lGa cOSt S

for routing gravi rai nage, ose sterilisation be achi eved by
a nunberdminagethadsl, such as chemical recircul ation, steamout, hot
sterile g f (hlggec)s’terilisation can be achieved by a number of methods,

such as chemical recitculation, steam out, hot sterile air (160°C),

ozone.

Perhaps the most important advantage is that provided the
pumps are effectively dynamically controlled, the diversity of the
system remains at almost 100% as motre and mote offtakes are
simultaneously opened. The only limit to the number of offtakes
which can be opened simultaneously without any appreciable
flow reduction therethrough is the diameter of the pipes and
manifolds through which the fluid is urged by the pump (and
thus the volume of fluid which can be delivered to the manifolds

by said pumps).

A specific embodiment of the invention is now described by way
of example with teference to the accompanying drawings

wherein

Figures 1-4 schematically show fluid delivery systems of prior

art configuration,

Figure 5 schematically shows a fluid delivery systems accotrding

to the invention,



ozone. Perhaps the nost inportant advantage is that provided the punps are
effectively dynamcally controlled, the diversity of the systemrenains at
al nrost 108@&0a®297@r € and nore of ftakes are sinmultaneouslyPopaBedo4iiibe only
limt to the number of offtakes whigh can be opened sinultaneously without
any appreciable flow reduction therethrough is the dianeter of the pipes

and nmanifolds through which the fluid is urged by the punp (and thus the

volume of fluid which can be delivered to the manifolds by.said punps). A
speci fi d?lgm;osii(wxe%tslthdm@taiﬂfﬁ/@ﬁtpmlg& Ré ﬁ%éﬂrﬁeé W%&é}?ﬁ%f exanpl e

with reference to the acconpanying drawi ngs wherein Figures 1-4
schematically show fluid delivery systens of prior art configuration,

Fi gure Figuhesd,i 2alllgwspowspectivaidens piepgssipe dewmasst Bragchio the

i nvention, V}? 3/ 0297?%i PCT/ GB02/ 04148 13 Figures 6, 7 show details of
possi bl dNBRHOAREASHIBE  SBssenbl i es, Figures 8, 9 show perspective views of
possi bl e I oop and branch rmanifold assenblies, Figures 10, 11 show

schematical ly paossible offtake assenplies. ., Fi e .12 shows,;an alternative
ar r angerigutedrl G i?s*t %@%%m&iq“@qg’oppﬁéﬂ?lﬁvgﬁﬁagﬁ aﬁeefr\gf’rhieﬁg firstly to
Figure 5 there is showm a fluid delivery system 50 conprising a storage

vessel feeding pipework 52 which divides into a pi pework Ioog 54 and a
pi pewor Kignanchl 2 5ahore 1agbp 2B tgREivieat BISANSAMERS 101t he STBIHHe vessel

52 at 58 _tQ (We RRY; el with fluid punp around the system In
each of atcﬁg%fiélg%h@lggﬁgﬁtv%él ?%hch 56 are provided punps
Referting firstly to Figure 5 there is shown a fluid delivery
system 50 comprising a storage vessel feeding pipework 52
which divides into a pipewotk loop 54 and a pipework branch
56. The loop 54 ultimately teturns to the storage vessel 52 at 58

to recharge said vessel with fluid pump around the system.

In each of the loop 54 and the branch 56 are provided pumps
60, 62 respectively which are located upstream of a return
manifold 64 and a branch manifold 66 each of which has at least
a primary fluid inlet 64A, 66A and a number of secondary fluid
outlets 64B, 66B to which hoses 64C, 66C can be connected.
Each of the hoses 64C, 66C is connected to an offtake which
essentially comprises an openable valve which when closed
allows fluid by pass from the hoses 66C to 64C.

In a preferted embodiment, the pumps 60, 62 are dynamically
controlled by coupling the pump motor to manifold pressure
sensors schematically represented at 70, 72 in response to
changes in fluid pressure inside the manifolds 64, 66. In this
manner, the fluid flow and ptessure can be automatically
maintained at required levels when one or more of the offtakes
is opened to deliver fluid therethrough. It is to be mentioned

that this arrangement provides the most accurate control, but



60, 62 respectively which are |ocated upstreamof a return manifold 64 and
a branch mani fold 66 each of which has at least a primary fluid inlet 64A,
66A and awouwabza72pf secondary fluid outlets 64B, 66B to wairaiBoosEs 64C,
66C can be connected. Each of the hopgs 64C, 66C is connected to an

of ftake which essentially conprises an openable val ve which when cl osed

al lows fouid thy ppesafinenlinhiashosespHbliilaréhSiehn aaepd efeantied deibodi ment ,

t he punps 60, 62 are dynamcally controlled by co ing the pu notor to
mani f ol diSprReE&r E&ei‘éni]%% %E‘Lﬁénﬁt ?%’&HFyPﬁ%ﬁPegﬁﬁ‘ﬁgﬂ’St %7(5‘,2“13’1?35{]3’ response
to chan(g@iﬁlidng(g'ui d pressure inside the manifolds 64, 66. In this nanner,

the fluid tlow and pressure can be automatically naintained at required
| evel s when one or nore of the offtakes is opened to deliver fluid

t her et hr I i 3 t r edi?ﬁ viides the
nost acc@ra %Sélc?riiltnr%ob? Eﬁ% ”3%%%?%69%@§CT%5%/%%§728 14511%;11 ebt e

oper at i ngrdvideds aofsamipantioularitsysd for aa ehetet emphaegdrt 73; s74ooe | i kel y
that only a single p nged. be, dynam cal | control | ed, si.ream of the
return r%%?‘f’iﬂ d?i’?ﬁe&g%naa%ﬁtefion ‘?We%{u%er 03§ dé]aajantfgﬂfa%\é@‘tlfl&g uni t

and/ or aopepitienchangeeafter Huld isepstiimddato tilre desisedd5Refpemat ure is
mai nt ai ned . dur.i ng . operati on. Thereaftht%:] fluid is returned to the vessel 52
from whveschdtilg lﬁﬁﬁép%ﬁﬁé}da%\‘?% dheyEifdtem Exanpl e system operating
conditions include a mninumflow rate of 100litres/mn in the pipework

branch, a maximumflow rate of 160litres/mn, a pressure of 6bar in the
branch nEmafaple, systema ap aiatimg ftonditiessoindside regninimum tthewpi pewor k

| 00p. 3 JEXLFUBO1ioN AbEn Ofn AR pISESOTLbENGCAR, LML iIBR T2b g, Pressure
rate of 160litres/min, a pressure of 6bar in the branch manifold,
and a minimum flow rate of 45litres/min in the pipework loop, a
maximum flow rate of 225litres/min and a return manifold

pressure of 2 bar.

Figure 5 also schematically shows a possible layout of the system
in that the bulk of the apparatus used in the system is located in
a plant room schematically defined above the dotted line 76, a
portion of the length of the hoses 64C, 66C which communicate
with the offtakes and the respective loop and branch manifolds
are disposed in a roof or wall void represented between dotted
line 76 and a further dotted line 78, and the offtakes 68 are
optionally connected at the end of shrouds secured to the roof

or walls to conceal the hoses.

Examples of such shrouds 80, 82 and offtakes 84, 86 ate shown

in Figures 6 and 7.

Figures 8, 9 show possible embodiments of the return manifold
64 and branch manifold 66. The manifolds are different because
fluid is requited to flow through the return manifold 64 from a

primary inlet 64A to a primary outlet 64A’ in the direction



Figure 5 al so schematically shows a possible |ayout of the system in that
the bulk of the apparatus used in the systemis located in a plant room
schemat i cablog/ozkoti ned above the dotted line 76, a porti omCofGROp®4148Ngt h oOf
t he hoses 64C, 66C which comunicate 19ith the offtakes and the respective
| oop and branch manifolds are disposed in a roof or wall void represented
bet ween dodicaded| ane836 ‘Bhdra 41er tfhetheotpenvidienk V8jioandsetendhfy akes 68

are optionall onnected gt the end of .shrouds secured to the r0of or
wal | s tohé%acé{i'}ﬁ?% ﬁ%gest%eEx’éHﬁTeké‘%t offs JHCg‘hr%%&SQ(S{ﬂ%& 1l’;91d{}b‘?ftakes
84, 86 ap@nshewwnf oFfHley eesbraandn7a 'ﬂw@l&r&y&e&ﬁ\,oﬂhﬂoﬁﬁ‘ih@%h

e

enbodi ments of the return manifold 64 and brapnch panifold 66.  1F
mani f ol déh%lr‘%oﬁ‘iaf f?‘é\ﬂélﬁtt biscaaed iry FQF]cﬂlei%l‘?’éq‘Mitﬁ%Gﬂgéef 15ANEHs dudh t he

return if ol T a i Ty t @, i u to,B64A" in
the dir gg(tglilfc))% %}ég%%&gg}%z:tLhi%%Tf;raG{Bdlozﬂlnog%lg%gy ﬁfnlgll %%12%%@8%%%2r e are
further prmei sdtenatiopagindadae fftake ufedl du Ithies hewe chanagtbdrtaf whi ch

correspopds; tQ . N e f rof f1ak jred.i rti tem and
ol t houghe Seh S bFE ieotiialed] 48 ¢hE FReERRte crb ol RRles b8, i Lge. [t
is to beffiahees ateskd hAuidlwild flowgerter ehé ynanlifolohtyrétgy mutleof same

when t he rticul ar, .offtake, fed .t.he hose connected to..said outlet is
opened. ?ﬁatlﬂ% %ﬂmlﬁ%ffiewé?hcﬁﬁméeﬁﬂ%ﬁ%ﬁﬁélgqbft a@qlﬁo&i g§83} fluid
will flownente@d he nan fotiget soualiomeldetar B8 be geedyned cwrdtiot he fluid
flow through the manifold from one end to_ the other as indicated at 88. A

pr essur eobdkitr S1C 50t | d7np@ico D WA foR i QhpaBEntr SIP%EKd 1ASEFARRNT nst r unent
access 9 SP,. A hpgt he case of the branch manifold 66, a
primary ?% estes 22A"91|egﬁpspdrgj\%i% elg,@dt' ogether with a nunber of secondary outlets
66B to

In the case of the branch manifold 66, a primary inlet 66A is

provided, together with a number of secondary outlets 66B to

which the hoses 66C are connected. A pressure control outlet

PC is disposed at one end of the manifold 66 whereas the

opposite end is blanked off at 92 to prevent any fluid escape

through said end. In the case of the branch manifold, fluid flows

continually through the outlets 66B regardless of whether the

offtakes fed by hoses 66C are open or closed.

Referring to Figures 10 and 11, there is shown a schematic
tepresentation of an offtake having connectors 94, 96 to which
hoses 66C, 64C are connected to feed the offtake with fluid. A
chamber 98 is provided which allows for fluid flow from hose
66C to hose 64C when the offtake is closed and for fluid
teversal in hose 64C when the offtake is opened, and this in turn
is connected to a standard diaphragm valve or similar 100 having

actuator 102 if necessary.

A schematic sectional view of the chamber is shown in Figure 11

and it can be seen from this figure that the flow of fluid within



whi ch the hoses 66C are connected. A pressure control outlet PCis

di sposed at one end of the manifold 66 whereas the opposite end is bl anked
of f at 92wDwm3preeent any fluid escape through said end. PoTidB920888 of the
branch manifold, fluid flows contingglly t hrough the outlets 66B

regardl ess of whether the offtakes fed by hoses 66C are open or cl osed.

Referri ?1& %d:ﬂag;:/éjr?éné%ﬁﬁdbélaclﬁeeéé b? SHge plachetdd orové@edsent ation

of an offtake having caonnectors 94, 96 to which  hoses 66C, 64C are

connect édtermalledheheodf ftake with fluid. A chamber 98 is provided which
allows for fluid flow fromhose 66C to hose 64C when the offtake is cl osed
and for fluid reversal in hose 64C when the offtake is opened, and this in
turn i gncointeeshethiceavdiardardedi aphr agadvallyeopensi iviadve 1002Ravi ng

actuator 102 if. necessary. schemati.c sect| ' > er is
shown i ﬁ’fh el ip Eﬁﬁﬁsﬁy‘i‘ta Sn 95 e%dé%lgf g%r#?%ﬁses}%gn\égft?%gfmﬁﬁgg})l ow of
fluid widdhpoWReD3/ QAR PeT A2/ B4t 4the Thuishiftbwonpbmeiny withibe achi eved
by orifice plates 104 provided .internally thereof,. |In circunstapces where
a user Grtdueorld gpenelatodrge 1% Oé?gt LR P eFIME IERFEShab) e,

5
dependi f | AREQHSt GOMPONIBBL Srighpide ahaysbem that
the fl u:&glcﬂlgwrt\%{{g%?%? \(/E\héhlinﬁsyhose 64C coul d merél y Ilraeda{:(; ?]ts .gpposed to
become mgpetisay, anandfftakgarky cal P red etesmingst edMeURhy HWSotiHenspire
that on eni ng.an..of fit ake a ey m anount f s vel ocity
in the ﬁ’&ggcgfcqpegt}%eshc?% z@/%, rggﬁgg%f J%Ctmag%‘d%’eirglr%g& gtﬁ%ﬁeedﬂé él%fgl rely by
fluid flsoypleed hentitélyby fhriduffovhasetlbe@Eftslichthmeargh ilmpeacobditions are
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Wi thin theusyst&Mpevail for any significant length of time which could
materially affect the hygiene of the fluid within the system as a
whole. It is also to be mentioned that these particular operating
characteristics will only arise infrequently, and the most
desitable system operation will involve the reversal of fluid flow

direction through hose 64C.

Finally, referring to Figure 12, there is shown an alternative
arrangement of a fluid delivery system which functions in
accordance with the invention. In the arrangement shown, a
storage vessel 200 is fed with a supply of purified or sterile
water at 202, and the vessel 200 is connected within a first
pipewotk loop 204. Within said first pipework loop, there is
disposed a low ptessure, high volume pump 206 which causes
fluid flow around the loop 204. The box 208 in this figure which
surrounds the pump and vessel is representative of a site
pumping and equipment room, and remaining boxes in dotted
lines 210, 212, 214 are reptesentative of either different
buildings to which a supply of sterile fluid is required to be
delivered, or alternatively different but remotely located zones

in the same building.



whole. It is also to be nentioned that these particul ar operating
characteristics will only arise infrequently, and the nost desirable

syst em opwoasizat2ivi | | i nvol ve the reversal of fluid flow PdirrGRoRioenast hr ough
hose 64C. Finally, referring to Figuneg 12, there is shown an alternative
arrangenment of a fluid delivery systemwhich functions in accordance with
the i nventd ®Rlinlglyt heh @r fiesggripeiveiowvom isstoarageuvesteir@dfdi 8 fed with
a supply of p r,iilaed or sterile  water at 202, (;E:'][d fhe VeSSﬁ| % 0is
connect Pt MHIE aﬂﬁfﬁa&fﬁsp@%}?kZ‘PBSpat2(?4.SuWat PR &y BFpework

L 00D, LAEEEyhSof URAPURFLE b WA N is Nae v G oiTP themmaAl@6lappch causes
fluid flow around the Ioogzéo4. _The box 208 in this, fi guréﬁ\é\{ﬁ surrounds
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ich
the punpnahdeedssel pusnp epP@swhieh| wayobea dyinamiglpichp dWitpnent
room a enai ni boxes. | i : [S) esentative
00om | heR At gﬁiﬁ‘dﬁtﬁﬁgﬁé&q\ﬂ%ii}éhﬁgs‘éu f_%?‘“s‘%ér%ﬁ%é 3 RS e
requi r egdalrtohe oflehikeer 224 Mqlﬁttérmlathaialgyudbﬂfmdhlatbmn¢ erforalyy | ocat ed
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one hangvteqt that no offtakes are opened in a particular zone, and on

the other hand to allow fluid to fluid towards and through the

return manifold in the event that one or more offtakes are

opened in that particular zone. It will be appreciated that a

second pump may be required in one of the return legs 232, 234

to ensure a fluid flow from the first loop 204 into said return

manifold and back to the fitst loop along the alternate leg, but

equally it is envisaged that the system may be designed that such

a pump might not be required.

The arrangement shown in the Figure demonstrates that it is not
necessary to locate all of the storage vessel, the first pump, the
first pipework loop, the pipework branch, and the branch and

treturn manifolds in the same room.

In summary therefore, a fluid delivery system is described
whereby sterile liquid may be delivered efficiently to a number
of remote locations while nevertheless maintaining a continuous
fluid flow through the system to prevent any bacterial growth.
The system includes a stotage tank feeding a first pipework
loop including a first pump which urges fluid through said first

loop at a first pressure and which returns to the tank, and also
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for practically 100% diversity, i.e. that condition where as many

or as few offtakes in the system can be opened simultaneously

without any practical reduction in the availability of fluid.



delivered at the desired |ocation. Wen one or nore offtakes ate opened,
the conventional fluid flowin the hose which links that offtake to the
return newpfoslozb7es reversed on account of the pressures ZCTWiBCH414BE t WO
punps in the first pipewrk |oop and 19 he pipework branches operate. This
type of operation allows for practically 100% di versity, i.e. that
conditi dPLAEMES as nany or as few offtakes in the system can be opened
simul taneously wthout any practical reduction in the availability of
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are close iFst and second pressures being both above atnospheric
pressur dasmhotfhahlcth@.x@pecnnngcottdscantd wnerete fgrses which feed one

or more offtakes from which fluid can be drawn from the
system, and in that for each branch manifold there is a
corresponding teturn manifold in fluid communication with said
first pipewotk loop to which said offtakes are connected by
further hoses such that fluid can flow from said branch manifold
through said hoses and thence through said return manifold
ultimately being returned to the tank when the offtakes are
closed, said first and second pressures being both above
atmospheric ptessute such that the opening of said one or mote
offtakes, and thus the opening of said system to atmospheric
pressure at one or more locations causes the direction of fluid
flow to reverse in the one or more hoses which connects said
one or more opened offtakes with the return manifold, said one
or more opened offtakes thus being supplied with fluid from

both the branch manifold and the return manifold.

2. A fluid delivery system according to claim 1 characterised

in that the branch manifold is fed from the storage vessel.

3. A fluid delivery system according to either claim 1 or 2

characterised in that the branch and return manifolds have at



of ftakes, and thus the opening of said systemto atnospheric pressure at
one or nore |locations causes the direction of fluid flowto reverse in the
one or nowe 0Bo%w31 whi ch connects said one or nore openedPofffGRRe$148I t h t he
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havi ng ﬂu1d inlet and a primary ﬂu1d outlet to allow for connection of
said manifold within the first pipework loop and a plurality of
secondary outlets to which hoses having offtakes may be
connected to allow for fluid communication with the branch

manifold.

5. A fluid delivety system according to any of claims 1-3
characterised in that the branch manifold is provided with a
fluid inlet and only secondaty outlets to which hoses having
offtakes may be connected such that the fluid flowing into said

branch manifold is urged into one or more hoses.

6. A fluid delivery system according to any preceding claim
characterised in that the fluid pressure within the return
manifold is greater than the fluid pressure in the branch

manifold.

7. A fluid delivery system according to any preceding claim
characterised in that the ptessutes in the branch and return
manifolds are above ambient atmosphetic pressure such that the
opening of an offtake opens the fluid within to atmospheric

ptessure and the fluid flow direction in the length of hose



of ftakes may be connected such that the fluid flowng into said branch
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respectively, alternate ends of said hoses being connected to first and
second primary offtakes, and the connection further

9. A fluid dehvery system according to claim 8 characterised

in that each hose connection between branch and return

manifolds consists only of a single offtake.

10. A fluid delivery system according to claim 8 characterised
in that each connection consists of first and second hoses, ends
of which are connected to the branch and return manifolds
tespectively, alternate ends of said hoses being connected to
first and second primary offtakes, and the connection further
comprising one or more secondary offtakes interconnected by
intermediaty hoses between said first and second primary

offtakes and second secondary offtakes.

11. A fluid delivery system according to any preceding claim
characterised in that each hose is made of a flexible polymeric

or plastics material such as PTFE.

12. A fluid delivery system according to any preceding claim
characterised in that the hose diameter is in the region of 5-

25mm.



conprising one or nore secondary offtakes interconnected by internediary
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are open at any one instant.

14. A fluid delivery system according to claim 13 characterised
in that oaly the second pump is dynamically controlled
according to the fluid pressure within the respective return and

branch manifolds.



