1 Fluid Delivery System This invention relates to a fluid delivery system

and nmore particularly to a hygienic fluid delivery system the con$tr §i¢f o0
of which requires careful planning and analysis to ensure that the

resulting system has m ni nal stagnancy of flow during operation and that
bacteria growh is mnimsed if not im’ nated entirely. The types of fluid
delivery systens hereinafter described are typically provided in a wde
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pharmaceutical manufacturing facilities, and any installation
‘where a plurality of sources of sterile water or other liquid may
be required in a number of different locations remote from a

supply tank for storing the water or other liquid.

Although the follox;ving description 1s provided with almost
exclusivé_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 appreciated 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 havinrg a
bacteria, germ oz other contaminant content reduced beneath 2
desired level so that the said liquids are safe or suitable for 4

particular procedure.

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

intermittently or continuously with a sufficient volume of pre-



Current systens for the delivery of sterile fluids, in their sinplqsg §Qﬁqmﬂﬁ
consi st essentially of a storage vessel supplied intermttently or '~ GRS
continuously with a sufficient volume of pre 2 sterilised fluid. A
system of steel pipework is routed through the prem ses, for exanple a
clinical |aboratory, wherein WFI is required, said pipewrk being for the
nost part conventionally concealed in the ceiling of each roomt hrough
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Thete 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 ctevices or similar areas
where bacteria could become trapped and thus allowed to
proliferate

Accordingly the pipes are firstly commonly welded together
using a very 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 currents 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



possible internally. Furthernore the interior surface of the
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must preclude the formation of eddy currents during fluid flow
therethrough. It will be appreciated that eddy currents give rise to
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It 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 operating temperature

are much more prone to bacterial proliferation.

Thirdly, it is important 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

sutface is minimal if not zero, 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 whereas only a comparatively

small

percentage of flow is attributable to the fluid moving proximate

the interior surfaces of said pipe. This slow moving or 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 or not at all further increase the likelihood

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



remote fromsuch a surface is nuch greater. Hence the mmjority- of the " ...
vol unetric flow through a pipe is achieved through the niddle of the HﬁBeﬁma
whereas only a conparatively small percentage of flowis attributable to
the fluid noving proximate the interior surfaces of said pipe. This slow
nmovi ng or stagnant fluid has the tendency to cool and thus not only are the
conditions for bacteria proliferation jﬁproved adj acent to the interior
surface of the pipe,' but the fact that the fluid is either noving very
slowy or not at all further increase the likelihood that bacteria wll
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the diameter of the pipe, and the wvelocity of fluid flow
therethrough. In general, to the development of turbulent flow
in pipes of a larger diameter requires a significantly larger fluid
velocity than required 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 every 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 -mé.rely 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 are 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



stagnation of fluid therein, and the tine period is nerely an indication of
the length of tinme which mnuld be taken to enpty to the storage ve se} n 0nne
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recharge. It will also be appreciated that the systens with which this
invention are concerned may have many. tens of outlets or so- called
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none of the offtakes are in use, for example overnight. The
inherent disadvantage of series-type systems, in which a plurality
of offtakes are connected in series such as described, 1s that the
opening of more than a few offtakes simultarieously 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 cdnfigurations
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
communicatés to both feed offtakes 6 which are embodied most
simply in an openable valve and to return excess fluid to the

storage vessel at 8.



the total nunber of offtakes in a systemis known as the diversity. |
Various different pipework |oop and sub-loop configurations having 3 MAR 7016
different benefits and effects on diversity have been proposed. Referring
nowto Figures 1, 2, 3, and 4 which show different fluid delivery systens

of prior art configuration, each of these systens shows a storage vessel 2
with which pipework 4 comrunicates to both feed offtakes 6 which are
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appreciated that this simple series system functions in a very
similar manner to a simple series electrical circuit, with the
pump corresponding to a source of potential difference, the
offtakes corresponding to resistances dissipating power and the
flow rate cotresponding to the current. Indeed the analogy can
be extended in the cases of Figures 2, 3, andh4_which effectively
show parallel circuits. ‘ |

The importance of this analogy is that as further offtakes are
added into a particular loop, the fluid flow which the system is
capable of deliveting throﬁgh 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 mote and more

lightbulbs are connected.

In the case of Figﬂre_ 2 which shows a multiple loop
arrangement, 2 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 Figute 3, a sub-loop or true parallel arrangement is
shown, and in the case of Figure 4 a more complex main
loop/sub loop arrangement is shown wherein four separate sub
loops 22, 24, 26, 28 are fed from a main loop 30. Each of the



capabl e of delivering through each of the of ftakes when open is reduced
dependi ng on the nunber of offtakes in that loop. This 1is identical to the
reduction in brightness of lightbulbs connected in series in an elget @aiﬂ\
circuit as nore' and nore |ightbulbs are connected. In the case of" P.BL

whi ch shows a nultiple |l oop arrangenent, a second punp 12 drives fluid
through a second |oop of the systemand effectively provides sufficient
flow through said |loop to feed the various offtakes in that loop. In the
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of large dianeter which both increases the cost of materials and
The fundamental disadvantages of the systems described other

than their limited ability to operate at maximum diversity are
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 increases 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 or

alternative jointing procedures.

In the event that an additional offtake is required in an already
installed system, it is very difficult and/or costly to mddify the
system, but perhaps most importantly the disruption to the
system caused by modification can be severe. For example, the
insertion of an additional offtake would necessitate a full
draihing of the system, opening the system to insert the
additional pipework and offtake required, together with
subsequent resterilisation and re-charging. Furthermore, the
additional offtake could foreseeably necessitate a larger pump
and additional flow and pressure regulating components. It has



construction. Stainless steel pipe sections currently used in the
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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 2 substantially crevice-free system, at least in the
pipework 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.

Accotding to the invention in a first aspect 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 returns
to said vessel, said system including at least one pipework
branch fed from said storage vessel or said first pipework loop,
said pipework branch including a second pump which urges fluid
through said pipewotk branch at a second pressute downstream
of said second pump, each pipework branch terminating in a
branch manifold having at least a fluid inlet and one or more

fluid ocutlets to the lattet of which ate connected one or more
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additionally to offer the possibility of installing a substantial |y
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return manifold, sald one or more opened offtakes being

supplied with fluid from both the branch manifold and 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 return 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 reépective

manifolds and including one or more offtakes thus allowing

fluid flow from the storage vessel through the pipewotk branch,

branch manifold, hose, return manifold and first pipework loop

ultimately returning to said storage vessel and permitting fluid

offtake at a desired location. |

Preferably, said teturn manifold is provided with a fluid inlet
and aA primary fluid 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



of said systemto atnospheric pressure at one or nore |ocations, causes the
direction of fluid flowto reverse in the one or- nore hoses which connect
said one or nore opened offtakes with the return nmanifold, said ork2oFMARDIED
opened of ftakes being supplied with fluid from both the branch manifold and
return manifold. Most preferably, the branch manifold is fed fromthe
storage vessel. ldeally the branch and% et urn manifol ds have at |east a

fluid inlet and %g or ]{ﬁoreffl u'Eld.gutlets, sai d. branch a\rxllg1 return manifol ds
bei ng di spBESEAEGAn<Pr dAIRr FQh; HUR, SOMFPBEAHATL RS Wheh b gy
communi cad -pii heween sai d mani fol ds being achieved by at |east one hose

connectable to fluid outlets on respective manifolds and including one or
nore offtakes thus allowing fluid flow fromthe storage vessel through the

pi pewor k Riaeae p RRIGHIANS BiincAoMniBla A BRBLIaLd @Rt fd pl;di pevork
| oop ultl matelygeturnl g to sald storage vesser and permitting 1%i d
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fluid conmunication with the branch manifold. Further preferably the branch
mani fold is provided with a fluid inlet and only secondary outlets to which

hoses haVP'i‘Gfé’HBl?*k%q nAvige 5&{%@@9&&6%&&% tthat dharhl WndnfiF8M ngsinto
said branch nmanifold_is _urged into one or nore hoses..
greater than the fluid pressure in the branch manifold, and most
preferably both these pressures are above ambient atmospheric
pressute such that the opening of an offtake opens the fluid
within to atmospheric 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 circumstances, a plurality of hose
connections are 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, 2 second hose having one end connected to the offtake
" and the alternate end connected to 2 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 ate 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 offrakes
interconnected by intermediary hoses between said first and

second primary offtakes and second secondary offtakes.



Preferably the fluid pressure within the return manifold is greater than
the fluid pressure in the branch manifold, and nost preferably both these
pressures are above anbi ent atnospheric pressure such that the opehiMid ati:
an of ftake opens the fluid wthin to atnospheric pressure and the fluid
flow direction in the length of hose hgtween said offtake and said return
mani fold reverses and both manifolds urge fluid towards said open offtake.

In nost pFefrghabl grefiorabiptantehose pd uhadiet y fof Hl@ﬁﬁ:lecg@)m)eﬁiér%s ofr e mde
bet ween the branc naniL d.and L%ﬁ return mani fold h ctonnecti on
consi st i nBla¥tigs ARALETIR suchope PERE 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
al t er nat ePenfie tinhye ched hos e ad ianye te rois imtthef region etfud+25memi f ol d. Most
preferably, each hose connection between branch and return manifolds
consists only of a single offtake, but alternately, each connection my
consi st oM&st sprefedabdgond lehoseasne eodstioé ﬁibchoﬁrﬁemﬂde?iﬁﬂ pkois he
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requirements of the system, ie. the number of offtakes which

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 described 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 pressure 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 ptéssure 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;



Preferably, the hose dianeter is in the region of 5-25mm Mst preferably at
| east one of the first or second punps is dynamcally controlled 1d@pﬁp‘_, 1ong;
on the fluid pressure within the respective return or branch manifol'd," and
nmost preferably the punp driving fluid through the first pipework loop is
dynam cally , controll ed dependi ng on ige I nstantaneous fluid requirenments
of the system i.e. the nunber of offtakes which are open at any one
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openi ng o - Of f provided on any particul ar hose connection between
the mani f%albgs%y%:%%tgg%%g)’r eversal in the direction of fluid flowin the hose
section f4om téesy etlomtiondifolation ahndaiiduad fo tekeSuch, flow direction

reversal is aghieved because the i d pressure devel o Ln the,return
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8. hose sterilisation can be achieved by a number of methods,
such as chemical recirculation, steam out, hot sterile air (160°C),

ozZzone.

Perhaps the most important advantage is that provided the
pumps are effectively dynamically controlled, the diversity of the
system remains at almost 100% as more 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).

In a further aspect of the invention there is provided a fluid
delivery system for the delivery of sterile fluid to a number of
offtakes, each offtake selectively movable between open and
closed conditions, said system including a storage vessel and
fluid cleaning components provided in line in a first pipework
loop, said pipework loop including a2 pump to urge fluid through
said pipework loop at a first pressure and return fluid to the
vessel, said pipework loop including a branch manifold and a

return manifold and characterised in that said branch and return



hoses and offtakes may be installed by for exanple electrical cable
installers); 4. easy relocation/isolation of individual offtakes; 5}“beqr§"“
pre-cl eaned offtakes can be easily added to the spare nmanifold secondary
outlets and brought on-line without interruption to the |live existing
system 6. offtake hoses can be individually sterilised; 7. hoses can be
drained by (sterile) air or gas being blown therethrough thus avoiding

extra costs dfi@hld oidIRaleyr 8yt t yacli abibgdke,andppe h@@ﬁn%fc@fddll?@édi can be
achieved by a nurrber of .met hods, @guch as. hqa&] cle{a i rcul ati on, ineam out,
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t he systemremsu ns“at al nost 100% as nore and re offtakes are
si mul tanenméll;ﬁt@penemﬂffhédmnly limt to the nunber of offtakes which can
be opened sinmultaneously w thout any appreciable flow reduction
therethrough is the dianeter of the pipes and nanifolds through which the
fluid is Ix gﬂde tamﬂ:haihnam(th&doptdmsgt bé amlaffealoé ddused w%n(ﬁupt?ly be
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loop at a first pressure and return fluid to the vessel, sai plpemnrk | oop
i ncl udi ngtkee byaachr rtamri:opl;p%ﬂ'[dﬂ'hlch connect said one or more opened

offtakes with the return manifold.
A speciﬁc embodiment of the invention is now describéd by way
of example with reference to the accompanying drawings

wherein

| Figﬁres 1-4 schematically show fluid delivery systems of prior

art configuration,

Figure 5 schematically shows a fluid delivery systcms‘ according

to the invention,
Figures 6, 7 show details of possible fotake shroud assemblies,

Figures 8, 9 show perspective views of possible loop and branch
manifold assemblies,

Figures 10, 11 show schematically possible offtake assemblies.

Figure 12 shows an alternative arrangement for a system

according to the invention.



return mani fold and characterised in that said branch and return 13

mani fol d include, for each offtake, a pipe connection |eading from, Hg 2008
repective manifolds to said offtake such that, each of the pIuraf\Py [

of ftakes is connected in parallel to the branch and return manifolds. In
one enbodi ment the opening of an offtake causes the supply of fluid to that
of ftake via respective pipes fromthe branch and return manifold and does

not affecRetfb@nﬁ-ingﬁirsﬂyth@ Pligaver B ttherthes oghewwrof 4t akdd. drefl@vé ly the
openi ng of said \(,lbfftake or. series of offtak]gs cacgses t he di rgcgéin of
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Referrlngflrstlé Fi gere |?M UId ellvery system 50
conpri si nrandoddaéd §e rquéré Hip egs ofw ich hag 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 preferred embodiincnt, the pumps 60, 62 are dynamically
controlled by coupling the pump motor to manifold pressure
Sensors schematicall-y represented at 70, 72 in response to
changes in fluid pressure inside the manifolds 64, 66. In this
manner, the fluid flow and pressure 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
once the op'eratinglimits of a particular system are determined it
is more likely that only a single pump need be dynamically
controlled.

Downstream of the return manifold, there may optionally be
provided a sanitisation unit and/or a heat exchanger 73, 74 to-
ensure that the desired temperature is maintained during
operation. Thereafter fluid is returned to the vessel 52 from

which it is later pumped around the system.



whi ch divides into a pi pework | oop 54 and a pi pework branch 56. The | qop 54
ultimately returns to the storage vessel 52 at 58 to recharge saiﬂqv $€hann
with fluid punp around the system In each of the |oop 54 and the branth 56
are provided punps 60, 62 respectively which are | ocated upstream of a
return manifold 64 and a branch manifglgd 66 each of which has at least a
primary fluid inlet 64A, 66A and a nunber of secondary fluid outlets-64B,

66B t o whEafarhpdessytem 66Fcearinbe ceantiended. indkadd af nihAnhesesB4C 66C s
connected to an gffﬁake whi.ch, eéfentlally cggprlses an openabl e_val ve whi ch
when cl os&fe &t SAOIFEEF ATHE pAsDT RIRSTHe o TbCat mmsdgmumm Aot ef er r ed

enbodi ment, ¢t BE PYORE: LY mbR, A réynavd 68l dar eaﬁtrfefprsﬂcﬁynpﬂﬁ%gag the

punp nmotor to manifold pressure” sensaors schematically represented at 70, 72
in resporsedtd mebnyes Glaw ryiel ofrd3Etres /imsn de the pipeiwotlddoes, 66. | n

this mnper.,. flhud f d -an ayt o I.cally .pejntained
at requi P%éﬁléé/gﬁls anae\?\ %gg\lore?m%ﬁg?%ﬁgﬁo f 12 elsé L{%{léger{géntlgg liver
fluid thepetfwwtggbf 2tbdrs to be nentioned that this arrangenment provides
the nost accurate control, but once the operating limts of a particular

systemare determined it is nore likely that only a single punp need be
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optionally be provid g a_sanitisSation unit and/or a heat exchanger 73, 74
to  ensude tthraatthqulﬁ sPf dBe; RRPeratuy 8sed it Fasmenauﬁilﬁgatsgeuation.
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i ncl ude apoirticrum ff tloevlength 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 are 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 required to flow through the return manifold 64 from a
primary inlet 64A to a primary outlet 64A’ in the direction
indicated at 88. There are further provided various secondary
fluid outlets 64B the number of which corresponds to the
number of offtakes desired in a particular system, and although
the word “outlet” is used in connection with these fittings, it is
" to be apptreciated that fluid in generally will only flow out of
same when the particular offtake fed by the hose connected to
said outlet is opened. In the alternate circumstance when the
offtake is closed, fluid will flow into the manifold through outlet
and be combined with the fluid flow through the manifold from

one end to the other as indicated at 88. A pressure control



rate of 100litres/mn in the pipework branch, a maximumflow rate of i
160l itres/mn, a pressure of 6bar in the branch mani fol d, and a nitnk MR 770
flowrate of 45litres/nmin in the pi pework | oop, a naxi mum fl ow rate of
225litres/mni and a return manifold pressure of 2 bar. Figure 5 al so
schematically shows a possible |ayout dfgthe system in that the bulk of the
apparatus used in the systemis located in a plant room schematically
defined abenket RCddoredyiiameic7pump pootikonl afnd he bpagt hinfirhbgeheses 64C,
66C whi ch_ commu Ocate with the offtakes and the respective | oop and branch
mani f ol ds*<&F&° di-spos & b?rPIéPwBl ‘or wall void represented between dotted
line 76 and a further dotted line 78, and the offtakes 68 are optionally

connected_at the end o uds secured tg e roof, or walls to conceal the
hoses. Exhfptes eAs& it ﬁr Ga8c8o maoitald 6 tekeensarmelateé@ﬁom in
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magi fold nggéﬁgdbr%%eﬁﬁﬁgnﬁgﬁgg\é% éelbrgsfn?gglggf %&ﬁ;{e‘;%sr grﬁ because
fluidis mhim’h altiet dofslesw6ORr cugh comn eatiedr. nAmpTiesstide 6dofitooh aupet mary
inlet 64 p r ut.l et hg. di rect.i dicated at ,88. There
are furth r v‘ﬁlﬁg’}s\ééf aotuso%gcgﬁgar % &feu %laéﬂtfﬁg‘%sbg ﬁﬁ’é ?ﬁm{}e‘? of
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when the Béhtﬁﬁﬁbﬂg ohfsake thedohyldide (BB 4 epata2ei £ f Ovheahdrombet is
opened. In alternate Tircunstance when th offtake is closed, fluid

will fl owoif fitak eshe drery MSGStW@ughﬁ OR&®Or Glhask conbined with the fluid
flow through the manifold from one end to the other as indicated at 88. A
pressure control '

Referring to Figurcs 10 and 11, there is shown a schematic

representation 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
“reversal 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
said component may be achieved by orifice plates 104 provided
internally thereof. '

In circumstances where a user only gradually opens a valve to an
offtake, it is forteseeable, depending on the design of the various
components within a system, that the fluid flow velocity within
hose 64C could merely reduce as opposed to become reversed,
and in particular circumstances it may also transpire that on
opening an offtake by a predetermined amount, the fluid
velocity in the hose 64C reduces to zero, said offtake being
supplied entirely by fluid flow to the offtake through hose 66C.



16 outlet PC for dynam c punp control and a spare instrunent access 90 are
al so provided. In the case of the branch manifold 66, a primary |n1l gt p,@A r$
provi ded, together with a nunber of secondary outlets 66B to ’e"
hoses 66C are connected. A pressure control outlet PCis di sposed at one
end of the manifold 66 whereas the opppsite end is blanked off at 92 to
prevent any fluid escape through said end. In the case of the branch

nani f ol d,Sddlui dfdravg conndm]alnlsy atrtbr erptisiped ovtdlet $r;ﬁ@ﬁemg5arﬁlhass Of

whet her the&l'af t akes fefl f§¥ hoses 66C are..open, or .cl.osed., Referring
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connecte to a stan aphra mva ve or sim/l aving actuator 102
i f necess:b&wrahlcs(styen@m opseaticonarillimwobie tthe céraetsal o fhhdvilow Fi gure

11 and i{. can. be n this~figure that the flow of fluid within said
corrponent& ﬁﬁﬁul?en& é’\gildﬁ% ¢$?| ce plates 104 provided internally

thereof. In circunstances where a user only gradually opens a valve to an
of ft ake, Ii;t ili f or eseeabl e, pendi %fon t he desi gn of the varl ous
conponentBinglini Fedes5i8ge o ¢ Ih thare | bw SHWa A \iliteraatiNgse 64C

coul d ”era%'zxn%%dﬂ%ta%fowochlt ol blegepe %2¥?érﬁedwh1éﬂd fu digb hicylar
ci rcunst ances may al so transpire that o openi ng an offtake by a
pr edet er mateardamunt Withethe vinvendpaci Ig ithet hernogemsro rsd-"dmwe?s A0 zero,

said Offtac%?a%%' Q@ssel 200 is fed with a supply of purified or sterile
water at 202, aﬁd the vessel 200 is connected within a first
pipework loop 204. Within said first pipework loop, there is
disposed a low pressure, 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 representative 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.

Accordmgly, the first p1pework loop is constructed around a
path which approaches each zone at a suitable location. In the
region of each zone, 2 branch 218 is taken from the main loop
and feeds a .pump 220 which may be dynamically controlled at
222 according to instantaneous fluid usage requirements at the
various offtakes 224 required or being used in that zone at any
time. The pump 220 delivers pressurised fluid to a branch
manifold 226 which is connected to said offtakes 224 by hoses
228, which are in turn connected to a return manifold 230 by
further hoses 228. Return legs 232, 234 are provided between
the return manifold and the first loop 204 on the one hand to



supplied entirely by fluid flow to the offtake through hose 66C. 17 Such
operating conditions are envisaged only transiently and would not prevaid 7005
for any significant Iength of tine which could materially affect the

hygi ene of the fluid within the systemas a whole. It is also to be
mentioned that these particul ar operati characteristics will only arise

I nfrequently, and the nost desirable s{gtem operation wll involve the
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Figure 12 ere 1s shown'an alternative * arrangenent lvery
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hi gh vol une punp 206 whi ch ca@ fl ui dIfIO 1al:_’lound t he . IOCE) é(FM The box
208 in thf’é’equgu?r’é1 it ah Pasfﬁ?cr dhd&€°fe. “hu § MERCIte e5eht ati ve

of a sitesepynR Bard d ”Fé%ul&@gnlnm roqnﬁwlr%gura%g% bpodotyed lines
210, 212, 214 ar resentative of either different builPdings’to which a

supply of tetenshee f4 ilud stlesqdirpay the derstgloope?Bd, imko aﬂatldr natuse| y
fiLeTent bl FRIOhRKY bhBRAIEIHOTER: b DTN E iR ARGOTGLRTLY. L he

first pipewor oop I's constructe whi'ch™appr oaéhe ach zone
at a suit aghallypeais emvusmgd:dhahaltexj]eoaymfemauhyzbaedemghreahaha?]s&mls t aken

fromthe main | oo and fe a 220 which may be dynam cally controlled
at 222 a&&b‘r—lmmdﬁf%h?ﬁﬁt ﬁ?éﬁ@éﬁ’s’n% ui d usage requirenents at the various
of ftakes 224 required or being used in that zone at any tinme. The punp 220

delivers pressurised fluid. to a.br cti:
e arrangement shown in t igure 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

return manifolds in the same toom.

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 storage 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
includes at least one pipework branch fed from the tank and
having a second p‘l:lm‘p which urges fluid through the braach at a
second pressure downstream of the second pump. The system
functions efficaciously in that a branch manifold terminates each
branch and a return manifold is provided in the first pipework
loop. Between these two manifolds are connected one or more
supply hoses interrupted by an offtake component which is a
simple valve opening through which the fluid can be selectively
delivered at the desired location. When one or more offtakes are
opened, the conventional fluid flow in the hose which links that

offtake to the return manifold is revetsed on account of the



mani fol d 226 which is connected to said offtakes 224 by hoses 228, which
are in turn connected to a return manifold 230 by further hoses 2 8¥;5@¢UTW
| egs 232, 234 are provided between the return nanifold and the first loop
204 on the'one hand to 18 enable fluid to rejoin the first |loop fromsaid
return leg in the 'event that no offtfées are opened in a particul ar zone,
and on the other hand to allow fluid fluid towards and through the -

return e r f re ;opened 4 n that
parti cul hgcéQg‘Rﬁﬁ?Kbgﬁagggégﬁﬂﬁgg ¥ﬂQ@E 91%%@%§§V%ﬁﬁ%lg§ B8 equi r ed
in one ofthteh@1pet\xmsrkl‘egsm232$ @B4ratwom T%ﬁesnypeaofl u'pd;cﬁti@\m faldowmishe first

| oop 204éinto sai.d (& Egﬂf,n?nlfold and ck é g@ al ong the

al ter nat e AR LAGUEANEL AP F1V S8 1Ak Sa tcl?d:f ]tth‘e e FayTB@Ydesi gned
that suchyr aspeem Bif6HHk0tinbehé eguireed cathdbarg e&eﬂ&nat@\aﬁ:d@sﬁvhe Fi gure
denonstrates that it is not gcessary t%-locate Zhb he storagé vesse
the firstwihept eag PFIcEcabrpeuston saghea azagnpalisy 1 and t he
branch and return manifolds in the sane room In sunnary therefore, a fluid
delivery systemis described whereby sterile liquid may be delivered
efficiently to a nunber of renote |ocations while neverthel ess maintaining
a continuous fluid flow through the systemto prevent any bacterial grow h.
The systemincludes a storage tank feeding a first pipework |oop including
a first punp which urges fluid through said first |oop at a first pressure
and which returns to the tank, and also includes at |east one pipework
branch fed fromthe tank and having a second punp which urges fluid through
the branch at a second pressure downstream of the, second punp. The system
functions efficaciously in that a branch manifold term nates each



branch and a return manifold is provided in the first pipewrk |oop.

Bet ween these two nmanifolds are connected one or nore supply hoses, , Ann
interrupted by an of ftake conponent which is a sinple valve openi nb----‘t MIABUQ%G
which the fluid can be selectively delivered at the desired | ocation. Wen
one or nore offtakes are opened, the ognventional fluid flowin the hose
whi ch Iinlf—i&mg offtake to the return manifold is reversed on account of
the 19 pressufes at which the two punps in the first pipework |oop and the
pi pewor k brancheg operate. This type of operation allows  faor practically
100% di ver si ty; i deliNgsy sysiten S0 Fompasiad astaregs, veser! (29 Peduid FiRes i n the
system can be opened_ si nul t aneousl W t hout any practical reduction in the
avai |l abi | ity offeefls gifirst pipewegrkdoop (%0 iglydingsa first pandg (60Y whith wrges/fleidst em ( 50)
conprising a storage vessel (52) for fluid which feeds a first pipework |oop

(54) incl udi ngtlaochgh siid fivsrodpoG)) wha €ikst pregase fahdimthicH RueHgt Std deskélr st | oop
(54) at a first pressure and which returns to said vessel (52), said system

i ncludi ng at | [Ye) i inBr i i t vessel
(52) "o Sara 1ot e R e OB e SR o e (AP 9B TN ng

a second punp LC fluid.thr Sal L,pewor k. br an (56) at a
second pressur é&?&ﬁﬁ@?s’reegnﬂq’)%?gaslgiﬁgs?éécegﬁogklg%ﬁp@hggglﬁ pb?epv%%?)%nc E%@ch
termnating in a branch manifold (46) having at |least a fluid inlet and one
or nore fluid SFYERSaEEFOR é’umgt(pé)rW%S‘FE\HFﬁeé “&%@r@tﬁi‘rﬁélﬂﬁae‘ﬁ% tﬁimci?ore

hoses which feed one or nore offlakes (68) fromwhich fluid can be drawn
from t he systefdt)edchsdspah oresaurnidowindirgans wif ¢aidgsegomb pumpp eavdii pigewarkur n

mani fold (64) in fluid communication with said first pipework |loop (54) to
whi ch sai d of f bedneb tdrfifipatidizein Gosrasd :@anitld {46)t e mghndest aynid thétantl ui d can

flow fromsaid branch manifold (66) through said hoses and thence through
one or more fluid outlets to the latter of which are connected one or more
hoses which feed one or more offtakes (68) from which fluid can be drawn
from the system, each branch manifold providing a corresponding return
manifold (64) in fluid communication with said first pipework loop (54) to
which said offtakes (68) are connected by further hoses such that fluid can
flow from said branch manifold (66) through said hoses and thence through
said return manifold (64) and characterized in that the fluid having flowed
through the return manifold (64) is returned to the vessel (52) when the
offtakes (68) are closed and opening of said one or more offtakes (68), 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 connect said one or more opened offtakes (68) with the return manifold

(64), said one or more opened offtakes (68) being supplied with fluid from

both the branch manifold (66) and return manifold (64).



said return mani fold (64) and characterized in that the fluid having fl owed
through the return manifold (64) is returned to the vessel (52) when tﬁh@ nnpt
of fl akes (68) are closed and opening of said one or nore offtakes ’\(68‘)'\5\‘-:~ar‘fd"
thus the opening of said systemto atnospheric pressure at one or nore

| ocations, causes the direction of quiﬁ flowto reverse in the one or nore

hoses whi ch,connec aid one or nor.e ened .of f| akes (68 i,th the return
manifold (6%) B Qe Pfegt aecsTing 8 § P’Palkﬁ?ficg%ﬁse‘ié? h@WQI?B?JP? with
fluid from both the branch manifold (66) and return manifold (64). 21 2. A
fluid delivery T3iokh{08 e fiof the storagerviessebP2)-act eri sed in that the branch
mani fold (66) is fed fromthe storage vessel (52). 3. Afluid delivery

system according to either claim1l or 2 characterised in that the branch
and return manifolds (66, 64) have at least a fluid inlet and one or nore

fluid outlet3, sduill idlbrehsBieh a&douding @ Bithad|ctiBm( B6r 2 @hirabRiisg #i thmosed
downstream of said first and second punps (60, 62) with fluid comunication

bet ween sai d nggp\l B\Qlagf? al(cfi%turﬁ‘})lm{?ﬁilcﬁg(@%ﬂg%‘é@g a?b(geiaﬂta f1& %ﬁle??xﬁi d?lge;&one or

connectable to fluid outlets on respective mani s and 1 nc

v ough tho pisanld SR s BRnch idrsiominerifle (e REERE J850, >

mani fold (64) and first pipewrk loop (54) ultinmately returning to said
storage vessel dowpstreangof i?éfsj first anchgecendi pamBps £G0a &) with dluibeqmmpnicyion | on. 4.
A fluid delivery system according to any preceding claimcharacterized in
that said ret betwasanidid| ohaiidelils i (66 podY i i vachibverd fiyuiat! least esneahdsea pri mary
fluid outlet to allow for connection of said manifold (64) within the first

pi pewor k | 0op cohdectabdlekoaflpli duddts bl r@pedine nthafoldsqntllivdlgdihg onbbeoftoses
havi ng offl akes (68) may be connected to allow for fluid comunication with

the branch i i i i j
i 153 char Tket (40 fhus Rlonfind DU HOKPINE SR AP RA ETD AR AT Wi 11
‘("‘6‘;3') “'rrgy' [)‘Lef: O%%ﬁg%%gquﬁ;ﬁO(Sﬁg{b\f?l}?gur}lgne&oﬁd (86 S N NORES et BN V4 Pl akes

first pipework loop (54) ultimately returning to said storage vessel (52) and

permitting fluid offtake at a desired location.

4. A fluid delivery system according to any preceding claim characterized in that
said return manifold (64) is provided with a fluid inlet and a primary fluid
outlet to allow for connection of said manifold (64) within the first pipework
loop (54) and a plurality of secondary outlets to which hoses having offtakes
(68) may be connected to allow for fluid communication with the branch

manifold (66).

5. A fluid delivery system according to any of claims 1-3 characterised in that
the branch manifold (66) is provided with a fluid inlet and only secondary
outlets to which hoses having offtakes (68) may be connected such that the

fluid flowing into said branch manifold (66) is urged into one or more hoses.



fluid flowng into said branch manifold (66) is urged into one or nore

hoses. -22- 6. A fluid delivery system according to any preceding claim
characterized in that the fluid pressure within the branch manifold @6 )p|5w:
greater than the fluid pressure in the return manifold (64). 7. Af e
delivery systemaccording to any preceding claimcharacterized in that t he
pressures in the branch and return manifol ds (66, 64) are above ambient

at mospheric presgy dedeﬁvg& &E‘[@lrh Jcp&'dlﬁlgetgl g? Pﬁefce@p%% C?El%xaclﬁgr ét%gke Rans the

fluid within to cpressu IO |reC|on|nthe

| th of h bet d fl.ak 8 t f 64)
rg\r/]grseg andozgtfeh?1 mﬁ‘iréf%?gdém tﬁ%ﬁﬁaﬁ’g} é‘b”n{‘}d@l @636%/\/%%%6?" it Obﬂld(()fftake

(68). 8. Afluid delivery systen1accord|ng to any precedi ng clalm
characteri zed PHese¥H&dn the T @pnif§ld §64)hose connections are made between the
branch manifold (66) and the return manifold (64), each connection
consisting of a first hose, one end of which is connected to one fluid
outlet the branch manifold (66) and the alternate end of which is connected

to an of ftake (Bfhid ®lisesEHsteMOtEotial tBGny pRReENE chMNNBslae@rital InhRatof f t ake
(68) and the alternate end connected to a fluid outlet of the return

mani ol d (60), il priskhet  EbRARRNIASRANARRONLIBE 4 5L BhiLphanact or | sed

in that each hose” connecti ween n nmani f 66, 64)

consists only o si.ngle offl ( 10. A fl

cocor i ng ro crimaphSic Hietefe il e bhetite o cbtedBRLAES &Y B or 11 ¢ s
and second hoses, ends of which are connected to I M AA 23 the branch and
return manif ol d§thise agugsphespeeesiwelapd thy fluidnew dirgionin the ngthorfes bei ng
connected to first and second primary offtakes, and the connection further
conpri si ng one hose weersabdoffaky (68) fahdkad rd:tmremmiﬁﬂécﬁdedemsesiandi bothredi ary
hoses between said first and second prinmary of ftakes and second secondary

of f t akes. manifolds (66, 64) urge fluid towards said open offtake (68).

8. A fluid delivery system according to any preceding claim characterized in that
a plurality of hose connections are made between the branch manifold (66)
and the return manifold (64), each connection consisting of a first hose, one
end of which is connected to one fluid outlet the branch manifold (66) and the
alternate end of which is connected to an offtake (68), a second hose having
one end connected to the offtake (68) and the alternate end connected to a

fluid outlet of the return manifold (64).

9. A fluid delivery system according to claim 8 characterised in that each hose
connection between branch and return manifolds (66, 64) consists only of a

single offtake (68).

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



11. A fluid delivery system according to any preceding claimcharacterized

I n that each hose is nade of a flexible polyneric or plastics nateqigalwgy@hﬁﬁ
as PTFE. 12. A fluid delivery systemaccording to any preceding claim
characterized in that the hose dianeter is in the region of 5 - 25mm 13. A
fluid delivery systemaccording to any_%ecedi ng claimcharacterized in that

at | east one of ,the first, or _seco S, (.60, 6 S nam cally controlled
dependi ng on thtge 1blr?ﬂ°h Bﬁrderg @Wrg}ﬂ%ﬁgg’h%{)rrgipﬁgﬁﬁl}(}‘eal%‘f%? Fin(gsr °%§aé(ﬁch

mani fold (64, 66), and nost preferably the punp (6Q). driving fluid through
the first pipeisFkbeiBernmsated it%%wﬁ%%e@aw 9ﬂ@amquﬁkeédmtﬂet&sﬁaﬁmﬁgﬂ@h t he

i nstantaneous fluid requirenents of the system i.e. the nunber of offtakes
(68) which ar efughen campaisingoweei astmeore. sdepndaxyf blfiakes eintareonnestpdt byn
according to claim 13 characterised in that only the second punmp (62) is

dynami cal | y coninfephbdidryelesses bétvgen Saidl iest fahdisebond @sisnui offvdke il §deend
respective return and branch manifol ds (66).

secondary offtakes.

11. A fluid delivery system according to any preceding claim characterized 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 characterized in that

the hose diameter is in the region of 5 - 25mm.

13. A fluid delivery system according to any preceding claim characterized in that
at least one of the first or second pumps (60, 62) is dynamically controlled
depending on the fluid pressure within the respective return or branch
manifold (64, 66), and most preferably the pump (60) driving fluid through the
first pipework loop (54) is dynamically controlled depending on the
instantaneous fluid requirements of the system, i.e. the number of offtakes (68)

which are open at any one instant.

14. A fluid delivery system according to claim 13 characterised in that only the
second pump (62) is dynamically controlled according to the fluid pressure

within the respective return and branch manifolds (66}.





