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@ Apparatus for dispensing liquids,

@ A container 8, e.g. an aerosol canister, is provided with a F ! g . 4- .
fluid flow regulator which has a moveable element, e.g. 2 Q D ,
rubber sleeve 17 mounted on a mandrel 15 having grooves ,‘ F
26, 27 along its surface, subject to the pressure within the H /
container 8. The flow regulator preferably hag a flow h /
restrictor, e.g. a capillary tube 18 upstream of the moveable Qy ""4""4""
element. As the pressure within the container increases the s
moveable element moves to restrict the flow of fluid through
the flow regulator thereby giving a3 non-linear flow rate/
pressure characteristic.
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Apparatus for dispensing liguids

This invention relates to apparatus for dispensing
fluids, e.g. liquids, from a vessel.

The volumetric flow rate, Q, of a fluid through the
outlet of a vessel depends on the difference, P, between the
pressure on the fluid within the body of the vessel and the
pressure at the vessel outlet, and the resistance, R, to flow
of the fluid through the flow path for said fluid from the body
of the outlet, Thus Q = P/R.

The value of R depends on a variety of factors includ-
ing the dimensions and nature of the flow path and on the nature,
in particular the viscosity, of the fluid. The viscosity will in
turn depend on the temperature. ‘

It is often desirable that, over a certain range of
conditions of use, the flow rate Q does not drop below a specified
flow rate Qb by more than a specified proportion x, i.e.

XeQ, <Q {QO. However, if R is constant, since Q rises linearly
with the pressure difference P, this condition only applies at
pressures difference within the range i.e0 X Pb <P -SI; where
Po is the pressure difference that corresponds to the maximum
flow rate Qb’ i.€e Po = R Qb' ’

It is often found, however, that the pressure difference
P in practice is liable to vary over a greater range than that
satisfying the condition

ngéPé%
We have devised a simple arrangement wherein at least
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over a range of pressure differences, R is variable so that R
can increase with the pressure difference whereby the conditions
x.Q,o <Q \<Q,° can be achieved over a wider range of pressure dif-
ferences than x..Po to Po‘

Accordingly the present invention provides apparatus
for dispensing a fluid comprising a vegsel having an outlet and
flow regulating means within said vessel defining the flow path
for said fluid from the body of said vegsel to said outlet, said
mea:ds including a resiliently moveable element subject to the
pressure within said body of said vessel whereby, at least over
a range of pressure differences between the pﬁessuze in said body
of said vessel and the pressure at said outlet, an increase in .
said pressure difference causes movement of said element so as to
provide an increased resistance to flow of said fluid through
said flow path. 7

The movéme.nt of the resiliently moveable element so as
to increase the resistance to flow through the flow path may be
such as to increase the length of the flow path and/or, prefer-
ably, reduce the cross-sectional area of at least part of the
flow path.

| In a preferred form of the invention the flow regulat-
ing means comprises { conduit including a resiliently walled
section so that, at least over a range of pressure differences

-

between the pressure in the body of the vessel and the pressure
at the outlet thereof, an incresase in the pregsure difference
across the walls of said resiliently walled section causes an
increase in the degree of collapse of gaid resiliently walled
section.

The flow regulating means gives rise to a flow rate/
pressure difference characteristic that has a non-linear portion.
Typical flow rate/pressure difference characteristics of arrange-
ments in accordance with the present invention are of the types
depicted in Figures 1 to 3 which are plots of flow rate Q against

pressure difference P.

In these Figures the pressure Po represents the pressure
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difference, or in the case of the characteristic of Figure 2
the maximm pressure difference encountered under normal operat-
ing conditions, at which the flow rate is the desired maximum Qba

For the purposes of the present invention, the specified
flow rate Qo is deemed to be the maximum flow rate that is desired
under normal conditions of use of the arrangement. It will be
appreciated that if the flow rate/pressu.re difference
characteristic is of the type shown in Figure 1, higher flow
rates than Q,o could be obtained if the pressure difference is
higher than Po.

The point X is the point on the characteristic having
the co-ordinates Po’ Q‘o‘

The straight line OX represents the characteristic that
would be required to give a flow rate Q,o at pressure Po if there
was no variation in the flow path resistance with pressure, i.e.
if R is constant. It is seen that if Q,‘ is x.Qb then the con-
dition X.Q, £Q ‘<'Qo is satisfied for pressure differences rang-
ing from P1 to P2 whereas if R had been constant, providing x> O,
this condition is only satisfied over the smaller pressure dif-
ference range P; to Po.

In the case of characteristics of the types shown in
Figure 2, the upper pressure difference P2 a;b which the specified
condition is gatisfied will exceed the maximum pressure PO €n-

countered under normal operating conditions: in the case of the

- characteristic of the type shown in Figure 3, the pressure dif-

ference P2 may be above or below the maximm encountergd under
normal operating conditions.

It is preferred that the flow regulating means is such
that, over a range of pressure differences embracing a pressure
difference, e.g: P at which the flow rate is Qs a 5% increase
in the pressure difference effects an increase in resistance to
flow of the fluid through the flow path of at least 1%, prefer-
ably at least 2%

At low pressure differences, the amownt of movement.

of the moveable element given by an increment in the pressure
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difference may not have any significant effect on the resistance
to flow. Thus the reduction in cross-sectional area of the flow
path may be insignificant. In such cases the initial part of
the flow rate/pressure difference characteristic may be essen-
tially lineaz:.— The slope of this linear portion, for any given
fluid, will thus be determined essentially by the dimensions of
the part of the flow path inéorporating the moveable element with
the latter in its zero pressure difference position and by the
dimensions of any non-moveable, e.g.' non-deformable, portion of
the flow path. It is preferred that over such an initial linear
portion of the characteristic, a significant part of the resis-
tance to flow is given by such non-moveable portions of the flow
path. There will normally be such non-moveable portions both up-
stream and downstream of the moveable element, and/or there may
be a non-moveable member within the moveable element or co~operat-
ing therewith. .

Therefore in accordance with g further aspect of the
invention we provide a regulator for mowmting within a vessel
for regulating the flow of a fluid from the body of said vessel
to the outlet thereof comprising at least one non-deformable
member and a resiliently moveable member disposed such that, when
mounted within said vessel, said resiliently movéable member and
said at least one nogi-deformable member define the flow path for
said fluid from said body of said vessel to said outlet with said
resilient member subject to the pressure within said body of said
vessel whereby, at least over a range of pressure differences be-
tween the pressure in said body of said vessel and the pressure
at said outlet, an increase in said pressure difference causes
movement of said resiliently moveable member so as to provide
an increased resistance to the flow of said fluid through said
flow path; ,

It is preferred that the flow path includes a flow
restrictor upétream of the moveable element, i.“e.‘ between the
moveable element and the é.nd of the flow path that is open to
the fluid within the body of the vessel." By the term flow restrictor
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we mean a device across which the pressure drop is a significant
proportion of the pressure difference P, at least c¢ver the initial
linear portion of the flow rate/pressure difference characteristic.

The pressure drop across the flow restrictor is prefer-
ebly at least 5% of the total pressure difference P at pressure
differences corresponding to the initial linear portion of the
charaoteristic;

Referring to Figure 4 which is a flow rate, Q, /pressure
difference, P, plot showing only the initial portion of the
characteristic, the point Y represents a2 point having the co-
ordinates Py, Qy on the linear portion of the cha.rac'beristic." The
line OF represents the characteristic given by the non-moveable
elements of the flow path and the line OD represents the characte
eristic given by of any non-movezble element of the flow path
downetresm of the moveable element.

At pressure Py therefore, the pressure drop across the
non-moveable elements of the flow path is Pf while that across
the non-moveable element, if any, downstream of the moveable
element is Pd. Hence we prefer that Pf - Pd 2> 0,05 Pyo

It will be appreciated that the pressure differences P1
referred to hereinbefore in relation to Figures 1 to 3 may be
above or below the minimum pressure difference at which a 5%
increase in the pressure difference causes an increase in resig-
tance to flow of at least 1%.

Often it is preferred that the resistance to flow given
by a restrictor upstream of the resiliently moveable element is
greater than that given by any non-moveable elements of the flow path
downstream of the moveable element.,

Preferably a valve or tap is provided at the outlet
of the vessel or downstream thereof to open and shut the flow
of fluid through the outlet.

In one form of the invention the flow regulator forms
part of an assembly for fastening to an opening in the vessel,

Therefore in accordance with a further aspect of the
invention we provide an assembly for fitting to a vessel to
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provide a flow path for a fluid from within the body of said
vessel to the exterior thereof comprising a closure member
adapted to be fastened to said vessel body to close an opening

in said vessel, said closure member having a passage therethrough,
a flow regulator commmicating with the inlet of said passage

of said closure member, said regulator and said passage defining
said flow path for the fluid from within said body of said vessel
to the exterior thereof, said regulator including a resiliently
moveable member disposed such that when said closure member is
fastened to said vessel body, said resiliently moveable member

is within said vessel body and subject to the pressure therein,
whereby at least over a range of pressure differences between

the pressure within said body of said vessel and the pressure at
the outlet of said passage, an increase in said pressure differ-
ence causes movement of said element so as to provide an increased
resistance to flow of said fluid through said flow path.

The zbove assembly conveniently incorporates an on/off
valve, which is actuatable from outside the vessel and is prefer-
ably a mechanically actuated valve. The valve conveniently is
located to open and close the passage through the closure member.

The operation of the invention is now described with
reference to Figure 5 which is a diagrammatic section through a
container i.ncorpora%ing a flow regulator, for dispensing a ligquid.
In this embodiment a container 1 having a closure member 2 incorp-
orating an on/off valve 3has a resiliently walled tube 4 commected
to valve 3 mounted within the container l. A flow restrictor 5,
e.g. a length of narrow bore tubing, opening into the fluid e.g.
liquid 6 to be dispemnsed, is connected to the other emd of tube 4.
The container 1 is pressurised by a gas in the space 7 above
liquid 6.

Initially, with valve 3 closed, the pressure inside
tube 4 equals that exerted by the gas in space 7. On opening
valve 3, a pressure drop occurs across the valve 3 causing the
liquid inside the tube 4 to be dispensed, The flow of liguid

out through valve 3 provides a pressure drop across restrictor
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5 causing a flow of liquid 6 through restrictor 5 into tube 4.
Because of the pressure drop across restrictor 5, a pressure
difference occurs acrosg the walls of tube 4 causing the walls
to0 collapse towards each other. This collapse of tube 4 acts as
a further flow restrictor in series with restrictor 5.

At the steady state condition it is readily seen that,
if the pressure difference between the pressure inside container
1l and that downstream of valve 3 is P, and the pressure differ-

ences across valve 3 and restrictor 5 are P, and 'P5 respectively,

3
then the pressure difference, P4, across the restriction formed
by the collapse of tube 4 is given by:
P, = P - P, - P
4 3 p,

If, at the steady state condition, the volumetric flow rate of

the liquid through valve 3 is Q, and the flow is laminar,

N

B 0B K
where R3’ R,, and 1?5 are the resistances to flow through valve 3,
tube 4, and restrictor 5 respectively.

Q _ 1
P~ R, + R, +
3t Rt
R3 and R5 are normally largely independent of pressure wherecas
R4 will depend on the degree of collapse of “hg.be 4 and hence on

the pressure difference across the walls of tube 4.

Then

If R4 is small in comparison to R3 + 1?.5,

® 1

) P 53—1‘—3;

i.e. the flow rate is proportional to the overall pressure dif-
ference P,

The degree of collapse of tube 4, and hence R,, will
depend on the pressure difference across the walls of tube 4.
This pressure difference is P5 + P4, iece P - Q.R3. It is
therefore seen that R 4 will depend on the overall pressure dif-
ference, P, and on the flow rate, Q: the relationship of R
to P and Q will be determined by the resilience of the walls of
tube 4 and the length of that tube and the wall dimensions and
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configuration. It will be appreciated that the tube 4 does
not necessarily collapse wmiformly: thus the transition from
the uncollapsed state to the collapsed state at one end of
the tube may be sharper than at the other end of the tube.
When R, is large in relation to R '
en 4 =y ati 3 + RS,

g 1
P R,

Typical flow rate/pressure difference characteristics are de-
picted in Figures 1 to 3. Depending on the precise character-
istics of tube 4 in relation to those of the rest of the system,
i.e. restrictor 5 and valve 3, the overall flow rate/pressure
difference characteristic may be of the form of any of Figures
1, 2, or 3; We have found that, in general, the type of curve,
i.e. that of Figure 1, 2, or 3 is largely determined, for any
given type of +tubing 4, by the length of that tube. As the
length increases, the type of characterigtic progresses from
that of Figure 1 to that of Figure 3 via that of Figure 2.

The pressure difference at which the effect of the
collapsible tube 4 becomes significant ies largely determined
by the resilience of the tube walls: as the modulus decreases,
this pressure difference reduces.,

It is therefore seen that by appropriate selection of
the length, well dimengions and configuration, and material, of
tube 4, for any given“restrictor 5 and valve 3, that above a
certain pressure difference the flow rate/pressure difference
characteristic can be modified so that there ig little change
in flow rate for a change in the pressure difference.

The invention is of particular utility where the
pressure in the vessel is liable to fluctuation. If, as is
preferred, the vessel is a container used for dispensing a
liquid and is pressurised with a pressurising fluid, e.g. a
gas or volatile liguid, pressure fluctuations may occur, Thus where
the container is initially charged with the liquid to be dis-
pensed and the pressurising fluid, the pressure exerted by
the pressurising fluid may fall simply as a result of the increase
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in volume occupied by the pressurising fluid as the liquid is dis-
pensed; or pressure fluctuations may occur where the container is
pressurised intermittently, eg by a hand pump, or continuously from
a source that is liable to pressure fluctuations.

It iz not essential that the container is pressurised:
thus the feed of liquid from the container may simply be a gravity
feede In this case the head of liquid in the container gives rise
to the pressure differential to which the moveable element, e.g.
the walls of the collapsible tubing is subject. Variations in
the head of liquid, iue; as the container empties, thus gives
rise to the pressure difference variations for which compensation
can be provided by the pressure difference dependent movement of
the moveable element.

However it is preferred that the vessel is pressurised
with a pressurising fluide-

One particular application of the invention is where
the pressurising fluid is a gas at ambient tempera’bures.and
atmospheric pressure but is a liquid at the pressure prevailing
within the vessel. These types of pressurising agent, e.g. 2
flurccarbon such as dichlorodifluromethane or a hydrocarbon such
as butane, are widely used as aerosol propellants and the
invention is applicable to such aerosol configurations., With
this type of pressurising agent, because of the‘signi‘ficant
changes of vapour pressure of the pressurising agent that occur
with relatively small changes in temperature, variations in the
ambient temperature can cause considerable variation in the pres-
sure within the vessel: in the absence of apparatus in accordance
with the invention, such pressure variations would give rise to
substantial variations in the liquid flow rate.

For example with a typical pressurising fluid such as
dichlorodifiuvoromethane the gauge pressure within the vessel at
an ambient temperature of 10°C is typically about 0.3 MPa whereas
at 35°C it is about 0.66 MPa. In the absence of the flow regul-
ator of the present invention such a temperature variation would
give rise to a flow rate change of a factor of 2 or more;
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The rate at which the fluid will be dispensed will
also depend inversely on the viscosity of the fluid: this vis-
cosity will generally decrease with increasing temperature and
so the flow rate will generally increase as the temperature
increases. Consequently a flow ra.te/‘temperatuz:e characteristic
of the type shown in Figure 6 which is plot of flow rate Q against
temperature T, would be achieved if the flow path had no moveable
element. By the provision of a moveable element in the flow path,
particularly a i'esiliently walled portion giving an appropriate
flow rate/pressure difference characteristic of the type shown in

- Pigure 3, the change in flow rate with temperature can be markedly

reduced.

As mentioned hereinbefore, the invention is of particular
utility where a liguid is dispensed under the action of a pres-
surised propellant,e.g. a compressed gag, within the vessel. Where
the propellant is a vola‘tilé,liquid at the pressure prevailing in
the vessel and/or has an appreciable solubility in the liquid to
be dispensed, on dispensing the liquid some of the propellant may
be dispensed with the liquid and may tend to volatilise within
the flow path. In some cases this may cause the flow rate/pres—
sure difference characteristic to be modified. In such cases it
is preferred that the vessel is arranged such that the propellant
cannot be dispe sed with the liguid, é.g. by the use of a barrier
pack wherein the liquid to be dispensed is separated from the
propellant by a flexible membrane. Thysg in one form of consiruc-
tion the liguid to be dispensed is conteined within a collapsible
bag loca.te& within the outer vessel with the propellant fluid in
the space between the bag and the outer vessel, In an alternative
arrangement the propellant is enclosed within a flexible container
within the outer vessel with the liquid to be dispensed in the
space between the flexible container and the ouler vessel,

The invention is of particular utility in aerosol-type
Packages where the required flow rate ig in the range 0.01 to
2.5 ml/sec. The container gauge pressure is preferably within
the range 0.03 to 1 MPa.
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The fluid being dispensed preferably has a viscosity,
at the dispensing temperature, of 1.5 x 10°F to 2 Fa.s,

particularly 5 x 10"4 to 5 x 102 Pa.s.

The flow regulator preferably comprises a conduit having
a resiliently walled portion as the moveable element. The
resiliently walled portion may simply be a length of resilient
tubing e.g. tubing of an elastomeric material., However, in
order to modify the effect of the pressure difference between
the pressure in the vessel and that within the resiliently walled
portion on the resistance to flow, the resiliently walled portion
may be a sleeve of the resiliently walled material over a non-
deformable core member.

In a preferred form of the invention, the flow regul-~
ator comprises a sleeve of tubing of elastomeric material mownted
on a mandrel having one or more grooves or projections along its
length. Such grooves or projections serve to define channels for
the passage of fluid between the resilient sleeve and the mandrel.
As the pressure difference across the walls of the sleeve increases,
the sleeve deforms to restrict the channels. It will be appreciated
that the slope, size, and position of the grooves or projections
will influence the flow rate/pressure difference characteristic.
In some cases it may be desirable to provide that there is still
a pathway for the passage of fluid when the resilient sleeve has
deformed to such an extent that the flow of fluid between the
sleeve and the core member is stopped. BSuch a pathway may be
provided by a suitably sized bore through the core member,

A typical arrangement is shown in Figures T to 10.
Figure 7 is a longitudinal section through a container fitted
with the above type of flow regulator incorporating an elasto-
meric sleeve on & mandrel. PFigure 8 is an elevation of the
mandrel with the sleeve shown dotted. Figure 9 is a longitudinal
section of the mandrel along line 1X - 1X of Figure 8 and Figure
10 is a cross section of the mandrel zlong the line X -~ X of
Figure 8 with the sleeve shown dotted.

In this embodiment the container is a barrier pack
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type aerosol comprising an outer canister 8 to which is crimped
or clinched, in conventional fashion, an aerosol valve 9 having
a spray button 10 arranged so that depression of button 10 to-
wards valve 9 effects opening of the valve 9 to cause liquid
within the canister 8 to be dispensed through valve 9 and through
button 10 as a spray 1l. The liquid 12 to be dispensed is en-
dorsed within a2 flexible bag 13 clamped between the fixing of
valve 9 to canister 8. Attached to the inlet 14 of valve 9 is
one end of a bobbin 15 having a waisted section 16 on which is
located z rubber sleeve 17. . Attached to the other end of bobbin
15 is a fine capillary tube restrictor 18. The space 19 between
bag 13 and the canister 8 is filled with the propellant.

The bobbin 15 is of circular cross section and is
provided at each end with blind bores 20, 21 and the waisted
portion 16 is provided with diametrically opposed flattened
portions 22, 23, Holes 24, 25 drilled through the waisted
section 16 comnect respectively with bores 20, 21, Between holes
24 and 25, the flats 22, 23 are provided with grooves 26, 27.

The rubber sleeve 17, which has an undeformed internal diameter
somewhat less than that of the waisted portion 16 so that the
rubber sleeve 17 fits tightly thereon, can thus deform, umder
the action of the pressure difference across the walls of the

rubber sleeve, i.e. the pressure difference between the propel-

lant pressure'and thé) pressure within grooves 26, 27, into the grooves

26, 27 to restrict the passage of fluid there through grooves.

In a variation shown in Figure 11 which is a cross
section of an alternative bobbin construction, instead of
grooves 26, 27, each flat 22, 23 of the bobbin is provided with
one or more ribs 28 to define the channels-foy the passage of
liquid between the resilient walls of sleeve 17 and the body of
the bobbin, )

One advantage of the present invention, viz the ex-
tension of the pressure difference range over which an accept-
able flow rate can be achieved, has the result that aerosols of
the type where thé propellant is a compressed, but not liquified,
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gas are a viable proposition thus avoiding the - = . wrrivone

mental objections to the use of liguiii:d ge: pou.o. ...3 such
as fluorocarbons or the safety hazards of flammable propellants
such as propane or butane. ,

In such a compressed, but not liquified, gas propel-
lant system, it is preferred that a barrier pack construction is
adopted to avoid wastage of the compressed gas in the event of
misuse of the aerosol, e.g. operation of the valve with the con-
tainer inverted. Altermatively an upstrean flow restrictor in
the form of a length of flexible capillary tube may be employed
with its free end weighted so that that free end is always
immersed in the liquid to be dispensed irrespective of the
spatial orientation of the container. :

While the invention is of particular utility in a wide
range of aerosol-type dispemnsing applications, one particular
application of the invention is in electrostatic spraying
apparatus, for example for agricultural or horticultural use,
comprising a portable spray gun including a spray nozzle, means
for applying a high electrical potential to szid nozzle, and
means for supplying to said nozzle liquid to be sprayed from a
container of the liquid mounted on the spray gun. Examples of
such electrostatic spraying apparatus are described in, inter
alia, US-A-4356528, The liquid is supplied to the neozzle from
a container containing the liquid and a compressed pressurising
agent, e.g. a flurocarbon,

In this application it is preferred that the container
is arranged so that the propellant is not dispensed through the
nozzle with the liquid to be sprayed, e.g. by the use of a barrier
pack configuration as mentioned hereinbefore. In this way the
atomisation of the liquid by the electrostatic forces is not
affected by the emergence of the propellant.

As mentioned above the pressure exerted by the pressuris-
ing agent is liable to0 considerable fluctuation as the ambient
temperature varies, with the result that the liquid supply rate

to the nozzle is also liable to considerable fluctuation: indeed

BAD ORIGINAL
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over the range of ambient temperatures liable to be encountered
in use of the spray gun, particularly where such use is outdoor,
the pressure exerted by the pressurising agent, and consequently
the flow rate, may vary, in some cases, by a factor of four or
more.

Variations in flow rate will affect the size, and size
distribution, of the liquid droplets formed by electrostatic
atomisation. Such variation in droplet size is undesirable since
for any given liquid there is an optimum droplet size, or size
range, for the intended use of the liquid.

For example, when spraying plants with az pesticide
formxlation, if the droplets are too large, the amount of "wrap-
round", giving coating on the underside of plant leaves, is
reduced; whereas if the droplets are too small, they are liable
to be unduly affected by factors such as wind strength and so
may drift onto plants other than those intended and/or on to the
operator,.

In such electrostatic spraying systems the desired
volumetric flow rates are normally relatively low, typically
within the range 0.002 to 0.3 ml/sec. The apparatus of the
present invention is particulerly suited to such flow rates,
Where, as is preferred, & flow restrictor is provided upstream
of the resiliently moyezble element in the flow path, this
restrictor is typicaily a length of very fine bore tubing, e.g.
0.5 te 15 em of tubing of internal diameter 0.1 to 1 mm, or a
plug of porous material, whereas the moveable element prefer-
ably comprises a length, e.g. 1 to 20 cm, of resiliently walled
tubing, typically of internal diameter 2 to 6 mm, of an elasto-
meric material such as silicone, neoprene, or nitrile, rubber or
a2 plasticised vinyl chloride polymer,

Where the moveable element is a resiliently walled tube,

this may dbe of any convenient cross section and may be fluted or pro-

vided with a non~deformable core o modify its collapsing
characteristics, .

When used in conjunction with an aerosol-type container
(whether or not the liquid in the container is in faect to be
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atomised upon dispensing) the flow regulator is conveniently
attached to or forms paxrt of the inlet of the aerosol valve

and includes a flow restrictor upstream of the moveable element,
e.ge resiliently walled tube. Where the assembly is of the
barrier pack type mentioned hereinbefore, the moveable element
and flow restrictor may be wholly or partially within the col-
lapsible inner container: where the moveable element is within
the collapsible imner container the pressure exerted by the
propellant will be transferred to the moveable element through
the liquid within the collapsible imner container.

If the vessel outlet is provided with an on/off valve,
and the resistance R3 given by the outlet port when the valve
is open is relatively small, the system can act a2s a metering
valve to dispense a2 predetermined quantity of the ligquid. Thus,
referring to the system of Figure 5, since when the valve 3 is
closed there is no flow, the pressure drop, P5, across restric-
tor 5 is zero and so the pressure inside the collapsible tube 4
equals that, P, outside the collapsible tube 4: therefore the
walle of tube 4 are not collapsed, i.e. are as showzi dotted in
Figure 5, A predetermined amount of the liquid is thus located
within tube 4 between restrictor 5 and valve 3. This amownt will
depend on the dimensions of tube 4. On opening the valve 3, if
the resistance 33 is small, this predetermined zmount of liquid
will be dispensed rapidly, causing the pressure within tube 4
to fall. The pressure difference across the walls of tube 4

thus increases from zero, causing the walls to collapse, pos-

 8ibly even to the extent of totally sealing tube 4. As the

liquid is dispensed from tube 4 via port 2, the pressure differ-
ence across restrictor 5 increases from zero, thus causing flow
of liquid through restrictor 5 into tube 4, thereby tending to
reduce the pressure difference across the walls of tube 4. If
valve 3 is closed before tube 4 hag refilled to any appreciable
extent via restrictor 5, it will be seen that only the predeter-
mined amount of liquid will be dispensed.w

The invention is also of utility as a flow regulator
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in a fluid flow line where the pressure difference between the
ends thereof is liable to fluctuation, e.g. as a result of a
varying hydrostatic head. In this case the flow regulator of
the invention can be employed as an insert in the flow lines
the vessel here comprises part of the flow line to which the
liquid is continuously supplied.

An example of this form of the invention is illustrated
in Pigure 12 which an elevation, part in section,of a flow line
incorporating such a flow regulator.

In this embodiment a liquid is supplied via an inlet
line 29 from a source 30, which may simply be a reservoir giving
a gravity feed, to a casing 3%l.

The casing 31 compriges two mouldings %2, 33 which
snap~-fit together to form a liquid-tight enclosure, To the out-
let port 34 in one of the mouldings is fitted a cornduit incorpor-
ating a resgiliently walled portion 35. This conduit conveniently
comprises a bobbin assembly of the type shown in Figures 8 - 10,

It is seen +that variation in the hydrostatic head be-
tween source 30 and casing 31 gives rise to a variaztion in the
pressure within casing 31 which can thus give rise to a variation
in the resistance to flow given by the resiliently walled portion

of the conduit.

It is preferred that the flow regulator is located to-

‘wards the outlet end of the liquid flow line.

One possible application of this embodiment of the
invention is as a flow regulator for medical uses where the liguid
is for example blood or a saline solution being supplied to a
patient,

The invention is illustrated by the following Examples,

EXAMPIE 1 '

In this example the arrangement of Figures 7 - 10 was
employed but omitting the bag 13. The canister was connected to
a source of compressed air. i

The dimensions of the bobbin were as follows:

length of bores 20, 21 17 mm
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17

diameter of narrow portions of
bores 20, 21

diameter of holes 24, 25

length of waisted portion 16

diameter of waisted portion 16

length of flats 22, 23

distance between flats 22, 23

spacing between holes 24, 25

width of grooves 26, 27

depth of grooves 26, 27

0133770
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2 mm

1 mm
27 mm

4 mm
17 mm
3.53 m
14.75 mm
0;4 mm
0.25 mm

The sleeve 17 was a 22 mn length of neoprene rubber
tube (laboratory size N3 - British Standard 2775/67) having, in
the free state, i.e. wmstretched and before mounting on the bobbin
15, an internal diameter of 3 mm and a2 wall thickness of 0.75 mm,

The upstream restricior 18 was a length, approximately
1 cm of 0:25 m internal diameter nylon cdpillary tubing.

The canister was filled with a pesticidal composition
of 5 x 10"3 Pa.s viscosity at room temperature and pressurised

with compressed air to various pressures.

various pressures was Reasured.

The flow rate at the

The results are shown in the following table.
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Container gauge pressure Flow rate
MPa, mles
0.03 0.0073
0,07 0.0137
0,10 0.0175
0.14 0.0200
0.17 0.0217
0.21 0.0245
0.28 ' 0.0253
0.34 . 0,0253
0.41 ' 0.0255
0.46 0.0255
0.52 - . 0.0255

It is seen from the above results that the flow rate/pressure
difference characieristic was virtually of the type shown in
Figure 2. The flow rate is within 80% of the maximum flow rate
for all pressures, at least up to the maximum tested, above
about 0.145 MPa.
EXAMPLE 2

Example 1 was repeated but replacing the bobbin/
capillary tube restrictor by a 175 mm length of the neoprene
tubing to the free end of which a flow restrictor was fitted.
The flow restrictor was a metal cup of about 3 mm intermal dia-
meter and 1 cm height having a base of 0.5 mm thickness with a
0.5 mm diameter hole 'bherethrough;

In this example the liquid was water (viscosity approx
1072 Pa.s.).
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Container gauge pressure Flow rate
MPa, nl.s”
0.03 0.60
0.07 0.95
0.14 1.08
0.21 0.95
0.28 0.93
0.34 0.593
0.4 0.93
0.46 0.93
0.55 0.98
0.62 0.95
0.69 0.98
0.76 0.97
0.83 0.97

It is seen that the flow rate is within 15% of ths maximum for
all pressures, at least uyp 1o the maximum pressure tested, above

about 0.06 MPa.

When the rubber tube and metal cup flow resirictor were
replaced by a rigid tube of 4 mm internal diameter and 170 mm
length, so that the restriction to flow wag essentially that
presented by the aerosol valve, the flow rate at 0.28 MPa gauge

pressure was sbout 1.9 ml.g .

PA/CCAP

11 July 1984
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1. Apparatus for dispensing a fluid comprising a vessel

having an outlet and flow regulating means within said vessel
defining the flow path for said fluid from the body of said
vessel to said outlet, said flow regulating means including a
resiliently moveable element subject to the pressure within

said body of said vessel whereby, at least over a range of pres-
sure differences between the pressure in said body of said vessel
and the pressure at said outleit, an increase in said pressure 4if-
ference causes movement of said element so as to provide an in-
creased resistance to flow of said fluid through said flow path.
2. Apparatus according to claim 1 intended for the dis-
pensing of a fluid at a specified maximm flow rate under normal
conditions of use wherein said moveable element is such that,
over a range of pressure differences embracing the pressure dif-
ference at which said flow rate is at said maximm valuesa 5%
increase in the pressure d.::.fference effects sufficient movement
of said moveazble element to increase the resistance to flow of
said fluid through said conduct by at least 1%

3 Apparatus according to claim 1 or claim 2 vherein the
moveable element is a resiliently walled section of a2 conduit be-
tween the outlet of the vessel and the body of said vessel, so
that over a range of pressure differences between the pressure in
said body of said vessel and the pressure at said outlet, an in-
crease in said pressure difference causes an increase in the

degree of collapse of said resiliently wzlled section.

4. Apparatus according to any one of claims 1 to 3 wherein
said vessel is an aerosol canister.

De Apparatus according to claim 4 wherein said aerosol is
of the barrier pack configuration.

6. Apparatus according to any one of claims 1 to 5 wherein
said vessel contains said fluid under pressure.

Te Apparatus according to claim 6 wherein the fluid to be
dispensed is a liquid pressurised by a compressed gas.

8. A regulator for mounting within a vessel for regulating

the flow of a fluid from the body of said vessel to the outlet
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thereof comprising at least one non-deformable member and a re-
giliently moveable member disposed such that, when mounted with-
in said vessel, said resiliently moveable member and said at
least one non-deformable member define the flow path for said
fluid from said body of said vessel to =aid outlet with said
resilient member subject to the pressure within said body of
said vessel whereby, at least over a range of pressure differ-
ences between the pressure in said body of said vessel and the
pressure at said outlet, an increase in said pressure differ-
ence causes movement of said resiliently moveable member so as

to provide an increased resistance to the flow of said fliuid
through said flow path.

% 4 regulator according to claim 8 said resiliently move-
able member comprises the walls of a resiliently walled section
of a conduit.

10. A regulator according to claim 9 wherein said resiliently

walled section of the conduit comprises a tube of elastomeric
material,

11. A regulator aceording to claim 10 wherein said at least
one non-deformable mehber comprises a core member within said tube.
12. 4 regulator acgording to claim 11 wherein said core

member has at least one longitudinal groove or ridge to define one
or more channels for the passage of fluid between said tube and
said core member,

13, A regulator acgording to any one of claims 8 to 12 wherein
said conduit comprises g section having resilient walls and one or
more sections having non-deformable walls, one section having non-
deformable walls gonstituting a flow restrictor positioned such
that, when said regulator is mounted in said vessel, said flow

restrictor is upstream Qf said resiliently walled section.

14. A regulator ageording to claim 13 wherein said flow
restrictor comprises a length of capillary tubing.
15, An assembly for fitting to a vessel to provide a flow

path for a fluid from within the body of said vessel to the exterior
thereof comprising a closure member adapted to be fastened to said
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vessel body to close an opening in said vessel, said closure
member having a passage therethrough, a flow regulator com-
municating with the inlet of said passage of said closure
member, said regulator and said passage defining said flow
path for the fluid from within said body of said vessel to
the exterior thereof, said regulator including a resiliently
moveable member disposed such that when said closure member
is fastened to said vessel body, said resiliently moveable
member is within said vessel body and suBject to the pressure
therein, whereby at least over a range of pressure differences
between the pressure within said body of said vessel and the
pressure at the outlet of said passage, an increase in said
pressure difference causes movement of, said element so as to
brovide an increased resistance to flow of said fluid through
s2id flow path. ,

16. An assembly according to claim 15 incorporating an
on/off valve actuatable from the exterior of said vessel to
open and close said flow path for said fluid.

17. An assembly according to claim 16 wherein said valve
is positioned to open and close said passage through said
closure member.
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