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The present invention relates to fluid handling means
and has as an object the provision of a device which
enables fluids to be mixed together in a simple and auto-
matic manner. .

Tt has long been known that a primary-liquid flowing
through a venturi having an inlet passage connected with
an intermediate point thereof, will draw a stream of sec-
ondary-liquid through that inlet passage. Such known
forms of apparatus as incorporate such an arangement of
venturi and conduit, for example flow meters and labora-
tory filter pumps, are not however well adapted for gen-
eral use as mixing apparatus, primarily because (a) the
proportion of secondary-liquid pumped and mixed with
the primary liquid has, with the forms of venturi em-
ployed, been very sensitive to the rate of flow of the pri-
mary-liquid; (b) venturis as previously employed, al-
though they have in some cases been capable of produc-
ing a very large pumping effect, have offered a consider-
able resistance to the flow of the primary-liquid.

It is an object of the present invention to provide an
apparatus in which these defects are avoided and ‘which
thus constitutes a satisfactory mixing device for use even
in establishments where it is virtually impossible to sup-
ply primary liquid at a constant rate of flow e.g. where
a large number of water supply points are fed from. a
common elevated cistern.

In accordance with the present invention there is pro-
vided apparatus for mixing liquids which apparatus com-
prises a hollow body part the surface of which is shaped
to define a venturi passageway for the passage of - pri-
mary liquid through said body part, said passageway hav-
ing an elongated throat section leading from a convergent
inlet section to a divergent. outlet section, having an in-

2 o
primary-liquid supply means, to lie across a stream of
the primary-liquid. As the primary-liquid forces its way
through the throat section the secondary-liquid is drawn
through the secondary-liquid passage and into the throat
section, where it meets the primary-liquid to emerge in
admixture therewith from the mixture outlet. This effect
is produced by the substantial fall in pressure suffered by

" the primary-liquid stream as it passes through the venturi
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cludéd angle of divergence of from 2%2° to 7%,° (and -

therefore having its wall surfaces inclined to its axis at
from 1¥4° to 3% °), which is terminated by a mixture
outlet from 'said hollow body part and to exhibit, when
viewed from the direction of approach to said-throat sec-
tion, -an annular surface portion surrounding said throat
section having an overall  cross-sectional area -greater,
preferably substantially greater, than the cross-sectional
area of the mixture outlet and which annular surface
portion consists at least.in part of that -portion of the
surface of the body part which.defines the convergent
inlet section, said body part being formed with a second-
ary liquid inlet passage communicating with said throat
section preferably-at a distance from the junction of said
throat section with 'said inlet section of 6 of 3% “of ‘the
length ' of ‘said’ throat section. As will be appreciated,
part of the surface of the body part, bounds the body part
externally and part.of said surface bounds the body part
internally. : o

To. use the said apparatus for mixing a small propor-
. tion of a secondary-liquid with a primary-liquid, a sup-
ply of the secondary-liquid is connected with the sec-:
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passageway.

Among the possible forms of the surface of the body
part there may be mentioned the following:

(a) The body part is formed with a flat end-surface,
from the ‘centre of which the inlet section comverges to
meet the throat section; in this case the flat end-surface

- provides a part of the annular surface portion;

(b) The body part is formed with a sharp edge at its
end, from which edge the inlet section converges to meet
the throat scction; '

(c¢) The body part is formed with an end-surface for-
mation -adapted to seat on the end of a primary-liquid
supply conduit, the annular surface portion being sur-
rounded by said end-surface formation and the outer part
of the surface of the body part being formed with ‘a
thread adapted to be engaged by a union nut associated
with the conduit or being formed with a shoulder for
locating & union nut adapted to engage a thread formed
on the conduit; B BT
" (d) The body part is formed with aninternal surface
portion which joins the periphery of the annular surface
portion, said internal surface portion being adapted to be
fitted over the end of a primary liquid supply conduit in
screw-threaded or frictional engagement therewith.

In order to illustrate the invention there is given the
following description, wherein reference is made to the
accompanying drawings; of a preferred embodiment of
the mixing device. The said embodiment incorporates
a shut-off valve for the secondary liquid as described in
our copending application Serial No. 642,503. - In ‘the
drawings: - o .

Fig. 1 shows in vertical cross-section the embodiment
which. incorporates a block valve assembly;

Fig. 2 is an elevation of the embodiment taken from
the right as seen in Fig. 1, the block valve assembly and
parts 17; 27 -and 28 being removed; = - ’ B
“Fig. 3 is the cross-section-taken along the line INE-III
of Fig. 2; . . ‘ B
" Fig. 4 is-a vertical ‘cross-section through a part of the
device; T o T ;

Fig. 5 an undérneath plan of the embodiment as shown
in Fig. 1 parts 53 and 54 being removed; ’ '

Fig. 6 is a plan of the embodiment, while
" Fig. 7 illustrates a manner is which the embodiment
may be put-into use. o .

* Referring to Fig. 1, the device shown therein comprises .
a body part 1.formed with a venturi passageway having
an-inlet section 2, an’ elongated throat section 3 and an
outlet section 4 connecting a primary-liquid inlet 5 with
4 mixture -outlet 6. The diameter of the primary-liquid
inlet 5 is. 8¢ inch and the diameter of the mixture outlet
6 is 949 inch. * The inlet section 2-of the venturi passage-
way has a length of 3 inch and an angle of convergence
(half conical angle) of-12%°. The elongated throat sec-

" tion 3 has a diameter of 34¢ inch and length of 1 inch,
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ondary-liquid passage and the annular surface portion is

arranged, by appropriately connecting the body part with .

while the outlet section 4 las an angle of divergence (half
conical angle) of 2142 ° and a length of 1%e inches, giving
a total length for.the body part and for the venturi pas-
sageway of 21%4g inches. o o

Water supply company regulations usually specify that: .
the height of the lowér end of a tap connected’ with the °

supply mains must be at least 3 inches above the top of

the waste outlet. from the. sink or other.fixed receptacle
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over which it is installed and that any anti-splash device
or other extension connected with the tap must not exceed
3 inches in length. The result of these regulations is to
avoid the submergence of the tap or any extension con-
nected thereto below the maximum water level, thereby
avoiding any possibility of contaminated water being
drawn back into the supply mains when the supply of
water is interrupted. In consequence the overall length
of the apparatus shown in the drawings is such as to
reader it acceptable virtually universally.

A secondary-liquid inlet passage 7 of diameter 74 inch
formed in the wall of the body part and entering the
elongated throat section 3 at a distance of 78 inch from
the primary liquid inlet 5 is provided for leading second-
ary liquid to the throat section 3. As shown most clearly
in Fig. 4 the outer end of the valve chamber is counter-
sunk at ¢ and contains a piston assembly (omitted for
the sake of clarity from Fig. 1) which piston assembly
comnsists of a stem 18 terminating in a piston 11 having
a close fit within the valve chamber and, on the side of the
piston opposite from the stem, a component 12 adapted to
fill the conduit 7 substantially completely. The compo-
nent 12 is, in the case shown, formed of soft rubber in
order to provide a liquid-tight seal for the conduit 7.
It may however be, and preferably is, formed of hard
steel or other metal ground to fit the passage closely. The
stem part of the valve assembly passes through a rubber
washer 13 which rests in the countersunk end of the
valve chamber and whose central aperture has a close
fit with the stem 18 A metal washer 14 placed over
the rubber washer 13 serves to accept the reaction of the
lower end of a helical spring 15 the other end of which
bears against a small knob 16 of nylon or other low-
friction plastic material at the head of the stem. The
head 16 bears against the inner cam surface of the skirt
of a cam ring 17 which is rotatably mounted upon the
body part, the said skirt portion having a cylindrical inner
surface which is formed eccentrically with the axis of
rotation of the cam ring, thereby causing the piston 11
to be moved within the valve chamber when the cam
ring is rotated. Index markings cn the cam ring (not
shown) enable the ring to be set for specific concentra-
tions of secondary-liquid in the mixture. For limiting the
rotation of the cam ring, and thus limiting outward move-
ment of-the piston, there is provided a rotatable set-ring
18 which carries a peg 19 adapted to engage a peg 20
which projects from the inner surface of the cam ring.
A set-screw 21, which is formed with a cruciform or
other specially-shaped recess in .its head so that it can
only be moved by means of a complementary key is
provided for locking the set ring 18 and consequently set-
ting the stop 19 in a position corresponding with the de-
sired maximum outward limit of travel of the piston as-
sembly. Further limiting means for the rotation of the
cam ring 17 are provided by a projection 22 formed on
the body part, which projection is adapted to engage the
ends 23 and 24 of a circular keyway formed in the under

surface of the cam ring contignous with the central aper-

ture thereof. For locating the cam ring in its correct
position upon the body part, the .body part is formed
with shoulders 25 and -26 adapted to co-operate with
complementary formations surrounding the ceniral aper-
ture of the cam ring. A metal washer 27 retained in posi-
tion by a split ring 28 which rests in a complementary
groove 29 formed in the outer surface of the body part
serves to hold the cam ring against withdrawal. Above
the groove 29, the exterior of the body part is provided
with a pair of grooves 3¢ and 31 which serve to assist in
forming a strong connection when the device is connected
by means of a short length of rubber tubing to the tap
with which it is.to be used. The external diameter of
the body part at this position is 144 inch.

For supplying the secondary-liguid to the valve cham-:

ber 8, there is provided an internal passageway 32 formed
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by a long bore from the end of the body part to a small
junction chamber 33 bored into the body part from a
cylindrically walled flat-bottomed recess 34 formed in
the cuter surface thereof. The part of the long bore
between the upper end of the body part and the valve
chamber 8 is then filled throughout its length by
means of a rod 35 cemented therein. In this way the
passageway 32 is conveniemtly formed even though
neither end is readily accessible for boring.

Secured to the side of the body part 1 with its end
portion located within the recess 34 is a block valve
assembly secured in position by screw 36 which enters
a tapped hole 37 in the body part 1. A fibre gasket
38 placed in the bottom of the recess 34 ensures a fluid-
tight connection between the block valve assembly and
the body part. The block valve assembly consists of
a body part 39 formed with a large bore 4¢ which
lies parallel with the axis of the venturi passageway
in the body part 1 and extends from the under-surface
of the part 3% to meet a short bore 41 ‘formed co-
axially therewith from the top of the part 39. Secured
within the short bore 41 is a nipple 42. At its upper
end the nipple 42 is provided with a seating surface 43
below which is formed a threaded section 44, this ar-
rangement enabling a secondary-liquid supply tube to be
secured by means of a suitable union nut. A horizontal
bore 45 formed through the part 3% and passing through
the bore 49 gives access during assembly to the screw
36. In the finally assembled device the outer end of
the bore. 45 is sealed by a plug 46 as shown. Located
within the bore 48 is a tightly fitting plug 47 provided
with a raised rim 48 at its lower end. A piston valve
comprising a stem portion 49 of rounded triangular
cross-section, a head portion 5% and a washer 51, has its
stem passed in loose sliding relationship through a cylin-
drical bore 52 formed on the axis of the plug 47. The
stem portion 49 of the piston assembly rests upon a
rubber diaphragm 53 retained in position by a plug 54
provided with an upper circumferential ridge 55 which
seals the lower end of the bore 4. The circumferential
ridge 55 is perforated at 56 to provide communication
between, on the one hand, the space beiween the under-
side of the diaphragm 53 and the upper surface of the
plug 54, and on the other hand, a passageway 57 bored
through the body part 39 at such an angle as to com-
municate with a junction chamber 58 formed in the
recess in the body part 1. This junction chamber 58
cumminicates via a passageway 59 with the upper end
of the body part 1.. A further passageway 60 (Fig. 5)
is formed through the part 39 to connect the junction
chamber 33 with an aperture formed through the rim
48 on the plug 47 and thence to the upper side of the
diaphragm 853.

With the apparatus shown .in Figs. 1 to 6 connected
with a tap or other supply of primary liquid by a short
length of rubber tube having its end pushed over the
grooves 39 and 31 and the nipple 42 connected with a
supply -of secondary-liquid,. flow of the secondary liquid
to the valve chamber. 8 is prevented. until primary-liquid
is passed through the venturi passageway and the pres-
sure of the primary-liquid at the upper end of the ap-
paratus is applied to the underside of the diaphragm 53
via - passageway 59, jonction chamber 58, passageway
57 and aperture 56. The effect of this pressure is to
deform the diaphragm and raise the piston 50 and washer
31 so that secondary liguid can flow throvgh the clear-
ance space between the stem 49 and the wall of the
bore. 52 1o reach the valve chamber 8 via bore 68,
junction chardber 33 and bore-32. Assuming that. the
cam ring 17 and consequently the piston assembly are in
the relative positions shown in Fig. 2, the throttling
effect of the venturi passageway draws secondary. liguid
into the stream of primary liquid so that a mixture of
primary and secendary liquids’ emerges from the mix-
ture-outlet 6, the actnal strength of the mixture depend-
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ing upon the precise position of the cam ring 17 and
the corresponding position of the piston 11 relative to
the orifice 61 with which the bore 32 communicates
with the valve chamber 8. Outward movement of the
piston 11 from the position shown in Fig. 2 causes the
orifice to become relatively more uncovered and thus
{0 increase the concentration of secondary-liquid in the
mixture emerging from mixture outlet 6, while inward
movement Tesults in a more complete. covering of the
orifice 61 and thus reduces the said concentration. If
while the primary-liquid is flowing the cam ring 17 is
rotated to push the piston assembly inwardly by re-
action of the head 16 thereof, to such an extent that part
12 fills or substantially fills the conduit 7, the supply of
secondary-liquid is interrupted and moreover the com-
plete filling or substantially complete filling of passage
7 by part 12 ensures that no pocket of secondary-liquid
is left in contact with the stream of primary-liquid.
Consequently, primary-liquid is almost immediately ob-
tnined from the mixture outlet 6 in uncontaminated
condition. _

When the flow of primary-liquid is interrupted its
pressure ceases to be applied to the underside of the dia-
phragm 53. The washer 51 consequently falls into con-
tact with the upper surface of the plug 47 and thus
seals the secondary liguid supply from the valve chamber.
If for any reason the outlet 6 is blocked and the primary
liquid supply is operated in such a manner as to provide
a vacuum effect, secondary-liquid cannot be drawn into
the primary liquid supply and cause undesirable con-
tamination. )

Tt will be noted that the block valve assembly, being
mounted on the side of the apparatus does not increase
the overall length thereof.

When the device shown in Figs. 1 to 6 is connected
to a ¥ inch water tap supplied with a 20 foot head of
water-pressure through % inch pipework, a rate of flow
is obtained from the mixture outlet which is only 30%
less than that obtainable from the water tap before con-
nection of the device. This small reduction in the rate of
flow is obtained simultaneously with a high pumping effi-
ciency; for example when supplied with water under a
head of only 7 feet the device is capable of lifting water
supplied as secondary-liquid through a height of 5 feet.

The ability of the device to give a mixture whose con-
centration is insensitive to the variations of the rate of
flow of the primary-liquid as are likely to be encoun-
tered during normal use is illustrated by the following
table: .

Concentration
of mixture in
fluid ounces

per gallon

Arbitrary
setting of

Head of Water Pressure at %” tap :
cam ring

The use of the device is illustrated diagrammatically
in Fig, 7 which shows a tap A supplied by a pipe B lead-
ing for example from an overhead cistern or water supply”
mains and having the device attached thereto by means -
of .a rubber connector C. A rubber or other tube D
passes from the nipple and joins a copper tube B which
dips to the bottom of detergent liquid in a can F placed
under the sink G over which the tap A is installed. The
lower end of the tube E s fitted with a housing H, adapted
to pass through the mouth of the can and containing a
filter. for the detergént liquid and a nom-return valve
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which ensures that the tube D.and the secondary-liquid
passageways in the device remain filled with detergent be-
tween mixing operations.

It will be appreciated that the specific embodiments of
the mixing device provided by the present invention which
are described herein are given merely by way of illus-
tration and that various departures may be made-there-
from without departing from the scope of the invention
claimed. : '

‘We claim:

1. Apparatus for mixing liquids which apparatus com-
prises a hollow body part the surfaces of which are
shaped to define a venturi passageway for the passage of
primary liquid through said body part, said venturi pas-
sageway having an elongated throat section leading from
a convergent inlet section to a divergent outlet section
which has an included angle of divergence of from 2%2°
10 7% ° and which is terminated by a mixture outlet from -
said hollow body part and to exhibit, when viewed from
the direction of approach to said throat section, an annu-
lar surface portion which surrounds said throat section
and has an overall cross-sectional area greater than the .
cross-sectional area of the mixture outlet and which an-
nular surface portion consists at least in part of that
portion of the surface of the body part which defines
the convergent inlet section, said body part being formed
with a secondary liquid inlet passage communicating with
said throat section at an intermediate position thereon.

2. Apparatus according to claim 1 in which the body
part is formed with a flat end surface from the centre

- of which the. inlet section converges to mect the throat
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“section has an axial length which is from two to.six
times the transverse dimension of the throat section.” *
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section. - .

3. Apparatus according to claim 1 in which the body
part is formed with an internal surface portion which
joins the annular surface portion at the outer periphery
thereof and is adapted to be engaged over the end of a
primary liquid supply conduit.

- 4. Apparatus according to claim 1, in which the in-
cluded angle of divergence of the outlet section is

about 5°.

5. Apparatus according to ciaim 1, in which the in-
cluded angle of convergence of the inlet section is from

120 to 30°. v

6. Apparatus according to claim 1, in which the in
cluded angle of convergence of the inlet section is
about 25°, :

7. Apparatus according to claim 1, in which the inlet
section has a length which is at least as great as the trans-
verse dimension of the throat section. ) -

8. Apparatus according to. claim 1, in which the outlet

9. Apparatus according to claim 1, in which the throat °

“section has a diameter of about 34¢" and the.secondary

liquid inlet passage has a diameter of about 764"

10. Apparatus according to claim 1 in which the sec-
ondary liquid inlet passage communicates with the throat
section at a position which lies at a distance of from Y&
to 36 of the length of the throat section from the junction
of the inlet section and the throat section.

- 11. Apparatus for mixing a secondary liquid with water
from a tap which apparatus comprises a body part pro- -
vided with a connector -operable to engage the tap and
formed with a venturi passageway for the passage of water
from within the connector through the body part, said -

" venturi passageway having a conmvergent inlet section

leading from within the connector:.to an elongated throat”
section whose ‘length and transverse dimensions are in a.
ratio of at least 3:1 and said throat section communicat-
ing with a divergent outlet section in which the boundary

" ‘surface of the venturi passageway diverges from. the axis

15

“thereof -at from 1% ° to 3%°, and which is terminated

by ‘a mixture outlet from said body part, said body part-
being formed with a secondary liquid inlet passage com-
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