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@ Mixing apparatus.

@ Apparatus for mixing fluids comprises a housing (10)
affording a substantially annular mixing chamber (15}, and
an annular rotor (20} mounted for rotation in the mixing
chamber, outwardly extending individual passages (19)
being located in the rotor, the inlets to the passages in the
rotor being disposed (55) adjacent its axis of rotation, the
passages in the rotor leading from the said inlets to the
periphery of the rotor (36} and emerging therethrough, the
median line (152) through each passage in a plane perpendi-
cular to the axis of the rotor intersecting the circle around the
axis of the rotor on which the inlet to the said passages lies at
a point A and making a rearward angle with the radius of the
rotor which passes through the said point A for that passage.
An inlet chamber (49, 53) communicates with the inlets in the
rotor adjacent the axis of rotation of the rotor, the inlet
chamber being provided with inlet means for the fluids to be
mixed. The mixing chamber has a circular outer wall (37)
extending around a major proportion of its circumference
with a small clearance with the periphery of the rotor.
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"MIXING APPARATUS"

The present invention is concerned with apparatus
for mixing two liquids particularly immisc1ble liquids
and especially for introducing water lnto fuel
supplies, especially hydrophobic fuels, in such a
manner as to improve the combustion charecteristics of
the fuel mixture. However it is also effectlve in
mixing light and heavy fuels such as alcohols and
petroleum fuels, such as diesel fuels or higher
distillates. -

The apparatus,’for ease of reference, will be
referred to as an emulsifier. . The emulsifier has been
developed with the particular problems of industrial
oil-fired boilers in mind, but is also applicable to
the supﬁiy of fuel to diesel engines, to gas turbines
and to fuel injection, or carburettor petrol engines.

,0ur earlier British Patent No. 1572698 discloses
an emulsifier by which,by mechanical means alone,
without the need for surfactants, emulsions of water
and oil can be produced.

Investigaﬁions since the filing of that applica-

tion have revealed that it produces micron size water

droplets each carrying a coating of the oil with which
the water has been mixed. ' mos o

Subsequent work has corroborated that the device
is effective in mixing water and a wide range of
hydrocarbon fuels and it will be appreciated that
blends with alcohols such as methanol or ethanol can
also be emulsified.

The present invention is concerned with an
improvement over the emulsifier shown in our earlier
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Patent No. 1572698,

According to the present invention apparatus
for mixing fluids comprises-a housing affording a
substantially annular mixing chamber, an annular
rotor mounted for rotation in the mixing chamber,
outwardly extending individual passages being loca-
ted in the rotor, the inlets to the passages in the
rotor being disposed at or adjacent its axis of
rotation, the passages in the rotor extending rear-
wardly from the said inlets to the periphery of
the rotor and emerging therethrough.

The invention may include any one or more of"
the following features in any combination. The o
median line for each passage may make a rearward
angle with the radius of the rotor at the passage
inlet, which is.in the range up to 35° e.g; 1° to
30° or 5 to 30° or 20 to 25°. an inlet chamber
disposed at or adjacent the axis of rotation of the
rotor may communicate with the inlets in the rotor.
The inlet chamber may be provided with inlet
means for the fluids to be mixed. The mixing
chamber may have a circular outer wall extending
preferably around a major proportion of its circum-
ference preferably with a clearance between the
said circular wall and the periphery of the rotor,
the circular outer wall extending outwardly prefer-
ably intovralspiral-shape 'so. as. to define 'a prefer-
ably generally crescent shaped outlet region between
the preferably spiral shaped wall of the mixing
chamber and the periphery of the rotor, the outlet
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region communicating with an outlet passage.

The individual passages extending out through
the peripheral. surface of the rotor may be spaced
from each other by. solid regions of the peripheral
surface, the ratio of the.radial distance from the
inlet to each passage to the outer surface of the
rotor to the radius of the rotor preferably being
in the range of 0.4:1 to 0.9:1.

The ratio of the radius.of the rotor to the
clearance between the periphery of the rotor and
the circular portion pf the oute; ‘wall of the
mixing chamber is preferably at least 200:1.

The radial passages preferably.ﬁéve at least .

one constriction intermediate their ends. 1In one
preferred form of the invention, 4 to 20 radial
passages are provided. In one form of the inven-
tion each radial passage preferably has a conver-
gent entry portion ieading to the constriction and
a divergent outlet portion.

The passages may each comprise a V-shaped
convergent inlet portion.and a V-shaped divergent
outlet portion defining a constriction between
them, the constriction optionally being a parallel
sided throat portion interconnecting the V-shaped
inlet end and the V-shaped outlet end of each
passage.
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The V-shaped inlet end preferably forms an
included angle of 40 to 80° and the V-shaped
outlet end preferably forms an included angle of
10 to 40°.

The radial 1length of éach.passage is prefer-
ably 0.6 times the radius of the rotor.

The passages may be open at one face of the
rotor which is closely spaced from a wall of the
missing chamber, or the passages may be closed
along their length.

The rotor may be generally conical to enable
the area of the inlet to a passage to be about
equal to the area of the outlet. The invention o
also extends to the rotor per se.
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The invention may be put into practice in various
ways and two specific embodimentswill be described to
illustrate the invention with reference to the
accompanying drawings in which:

Figure 1 is a flow diagram of a fuel supply
system appropriate for use with a high spill return
fuel injection engine;

Figure 2 is a longitudinal cross-section of a
preferred embodiment of an emulsifier in accordance
with the present invention;

Figure 3 is a qgoss;sectiég;bn’the line III-III of
Figure 2, on a redﬁéed scale,'éhowing the mixing
chamber and, diagrammatically, théﬁ?utline of the rotor;

‘Figures 4 and 6 are cross-sections on the line IV-IV of
Figure 5, on an enlarged scale showing in detail the
shape of the passages in two forms of the rotor; and

Figure 5 is a cross-section of Figures 4 and 6
on the line V-V.

Referring now to Figure'l reference 100 denotes
the fuel injection system of the engine, 101 being the
inlet line thereto and 102 being the outlet therefrom
to the high spill return line 103,

The inlet 101 to the injector 100 is fed by a
line 104 and main fuel pump 105. The main fuel pump
105 draws .in the fuel and water emulsion via a line 107
from an emulsifier 106 of appropriate type such as that
described below with reference to Figures 2 to 5. '

The emulsifier is fed with fuel from a fuel tank
110 having a filter 111 in its outlet by a lift pump
112 via a further filter 113 and a line 114.
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The emulsifier is fed with water from a water
supply 120 via a filter 121 and a line 122, The water
supply may be a header tank, an accumulator . driven by
the engine e.g. by its water pump,or may be a constant
displacement pump. The first two options are preferred.

The spill return line passes through a cooler 130
e.g. provided with forced cooling by a cooling water
inlet 13l.and outlet 132. The cooled spill return then
passes via a line 133 to the smoothing means which are
shown as a tank 140 having a vent 141 to atmosphere.
The smoothed spill return then passes by the line 142 to
the emulsifier 106.

The structure of a preferred form of emulsifie¥ in
accordance with the invention will ndw be described.

The emulsifier shown in Figures 2 to 5 consists of
an inlet chamber housing 10 and a seal housing 11
appropriately secured together in leak-proof fashion..
The housings 10 and 11 between them provide a mixing
chamber 15 and a seal chamber 35. Located in the mixing
chamber 15 for free rotatibn therein is a rotor 20
having radial passages 19, the rotor being supported on
a drive shaft 21 which extends out through a mechanical
seal 23 and the seal housing 11 to an external drive
motor 24,

The seal 23 is located within the seal chamber 35
formed between the seal housing 11 and inlet chamber
housing 10. The seal chamber 35 is separated'from'the
mixing chamber 15 by the rotor 20 except for a small
clearance, C, between the outer edge of the rotor and
the inner peripheral wall 37 of the mixing chamber 15.




10.

15.

20.

25,

30.

0089109

Liquids may be preventéd from passing directly -
through into the chamber 35 by the provision of a
recirculation flow of the emulsion which is intro-
duced.through an orifice (not shown) into the seal.
housing 11 and which provides.a. cooling effect for
the seal and then recombinES'with the emulsion”in
the chamber 15. The housing 10 provides an inlet
chamber 50‘ which is fed by three inlet passages, a
water inlet passage 51, a fuel inlet passage 52.and -
a spill return passage (not shown). Each supply
line 114, 122, and 142 to these. passages is prefer-
ably provided with ap}on4off valﬁé (hot shown)
adjacent the emulsifier. _

The inlet chamber comprises the—Ebunded sided
disc shaped chamber 53 at the confluence of the
passages 51 and 52, plus a'cylindrical chamber 49
located between the central end face 54 of the rotor
20, a wall 55 into which the inner ends of the .
passages 19 open and a face 56 of the chamber 53.

The mixing chamber 15 is defined as being
bounded by a ffont wall 60, an .inner wall 61 exten-
ding from the inside edge of the front wall parallel

to the longitudihal'axis of the device, an inclined

wall 62 joining the inner wall 61 to an outer side
wall, of which part, 37, is cylindrical and part,
66, is on a spiral, and a plane 64 extending across
the axis of the housing 10 parallel to the front
wall 60 from the rear wall 63 of the part 66 of the
side wall. The mixing chamber communicates with an

outlet passage 65 disposed tangentially to the rotor
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(see also Figure 3) and transverse to its axis.

The circular wall extends around the chamber for
240° and the spiral wall 66 extends outwardly from the
point 70 to the outer edge of the outlet passage 65.
The mixing chamber includes this part crescent shaped
region extending from point 70 to the line 72 across
the opening 65. The mixing chamber is largely occupied
by the rotor 20.

The clearance, C, between the wall 37 and the
outer space of the rotor is preferably at least 0.001"
‘e.g. 0.001" to 0.070", e.g. 0.020 to 0.060 and
especially 0.045 to 0.055 inches (1.1 to 1.4 mms).

The generally crescent shaped fééion may have a '
flat outer wall 66 as shown in Figure 3. However, one
convenient way of making this part of the housing is
to mill out the cylindrical mixing chamber and drill the
circular outlet opening 65 tangentially to the circular
chamber down to the point 78. One can then pick out
the region 15 with a milling machine from a line 72 down
to the point 70 so as to smooth out the transition
between the hole 65 and the circular wall 37 of the
mixing chamber to form the curved region extending from
the line 72 to the point 70. In this arrangement, the
wall 66 need not be flat. The maximum clearance, C2,
between the wall 66 and the periphery of the rotor at
the poiht 78 is many times that of the clearance C
between the wall 37 and the rotor and the ratio C2/C
is preferably at least’10:1 and more desirably at least
50:1 or 100:1 and particularly in the range 50:1 to
200:1 ox 500:1.
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Referring now to Figures 4 and 5 which show the
rotor 20, the rotor has a base 80 secured to or formed
on a rotor shaft 81 sleeved at 82 to suit the drive
shaft of the motor 24, and having a clearance hole 83
for the end fixing of the drive shaft which may be a
bolt 85 and washer 86 (see Figure 2). The rotor also
has a generally conically shaped top portion 87 in which
eight outwardly extending passages 19 are formed e.q.
by_miliing or casting. The top 87 is secured to the
base 80 by four equispaced screws 88 (see Figure 5)
passing through holes in the base 88 into tappings in
the top 87. In an g%terhative:g?rahgement the base 80
and the portions 77 are integraily formed and the portion
indicated by 87 and cross hatched im Figure 4 is screwed
to the base by the screws 88. The p;riphery of the rotor
once the top and base have been secured is given deep
knurling 90 as illustrated diagrammatically in Figure 5
for one vane 77. The knurling is preferably a criss-
cross pattern of two arrays of parallel grooves inclined
at 45° to each other each groove having a maximum depth
of 0.010 inches (0.25 mms) and a maximum width of 0.015
inches (0.38 mms) and adjacent parallel grooves being
at least 0.020 inches (0.51 mms) apart. More broadly
the depths of the grooves can vary from 0.01 preferably
0.1 to 0.25 mm, and the widths of the grooves from 0.02
to 0.4 mms e.g. 0.2 to 0.35 mms and the separation of
adjacent parallel grooves can vary from 0.5 to 2 mms,
e.g. 0.5 to 1 mm.,

The rotor has a diameter 3 Dl, where the diameter of
the circle 150 (which defines the wall 55 .

. on which the inlets to the passages 19 lielis D1.
The passages 19 each have an inlet axial length (IAL)
of A and an outlet axial length (OAL) of about 0.5 A
where A = 3/8 (Dl1). The V-shaped inlet region 172 has
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a radial length (IRL) of about 0.09 D1, the outlet
region has a radial length (ORL) of about 0.9 D1, whilst
its length (OML) along the median line 152 of the
passage (see Figure 5) is about 1.05 Dl1.

The median line 152 of the passage is constructed
by joining the mid points of the chords 153 and 154
drawn across the inlet (which &s on the circle 150
which defines the inlet wall 55) and the outlet |to
the passage respectively.

The angle (AM) between the median line and the
radius through the point A, the mid point of the chord
153, is preferably’ﬂrond!izoo to 2593€éspecially about
22.5°,

The rotor also has an inlet collar 155 at its input
end, the radial extenf of which is aﬁbut 3 D1/20.

The ducts or passages 19 are inclined backwardly
in the sense of the direction of rotation of the rotor
(arrow 157 in Figure 5). The passages are thus as”ymme-
trical and produce a very slight pumping action in
addition to their cavitation function. A slight pressure
head will thus be developed between the inlet and outlet
of the device in use.

The ducts 19 are also converged in the direction of
the rotational axis of the rotor on passing from the
inlet wall 55 to the outlet wall 36. The angle AA of
this convergence is about lS?;more broadly it may be
in the range 10° to 20°. Preferably the rotor is
arranged so that the ratio of IAL to OAL lies in the
range 0.2:1 to 0.8:1 e.g. 0.3:1 to 0.7:1 especially
0.4:1 to 0.6:1. .

The ratio of the length of the passages 19 as
measured along the median line 152 to the diameter of

the rotor is preferably in the range 0.6:1 to 1.35:1
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e.g. 0.75:1 to 1.2:1 or especially 0.96:1 to 1.11l:1.

The axial convergence is designed to ensure that
the flow area at the inlet to each passage 19 is closely
the same and preferably virtually the same as the flow

area at the outlet .to each passage at the circumference

to the rotor. Thus the ratio of inlet flow area IFA to
the outlet flow area .OFA is desirably in the range
0.8:1 to 1.2:1 and especially in the range 0.9:1 to
1.1:1 and particularly in the range 0.95:1 to 1.05:1.

The dimension A.is preferably related to the
diameter D1 of the gotorgeye, thg circle 150 on which
the rotor inlets lie, by the eqéétion:

a=3%2 . - —

-

8

With a rotor in which D1 = 1.5 inches (3.8 cms) the
device can deliver a flow, F, of up to 300 gallons
(Imperial) /hour of emulsion with a power requirement
(PR) of 1.5 H.P. for the motor; when Dl = 2 inches (5.1
cms), F = up to 450 and PR = 2.5; and when D1 = 3
inches (7.6 cms),"F = up to 600 and PR = 3.0.

Referring now to Figure 5, the rotor 20 in this
embodihent has eight outwafdly extending passages 19
equally spaced apart through 45° and extending from
the inlet wall 55 (defined by the circle 150) to the
outer periphery 36 of the rotor 20.

In this form of the invention the inlet end of
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each passage is a V-shaped slot 172 including an angle,
AI, of 65° and the outlet end is a V-shaped slot 73
including an angle, AO, of about 25°, The two V-shaped
slots interact to form a constriction which is located
on the circle.156.

In operation the rotor is rotated in the direction
shown by the arrow 157 in Figure 5 i.e. with the
passages facing out backwards with regard to the
direction of rotation. The liquids to be mixed are
drawn from the inlet chamber by the centrifugal force
on the liquid in the passages 19 and .thrown out radially
through the passages 19 and caused to hit the wall 37,
The outer wall 36 of the rotor is broken up into eight
solid portions 77, each of about the same circumferential
length as the outlets 73, and the solid portions 77 may
be considered to act as vanes, and as mentioned above
they preferably have knurled surfaces 90.

They thus have the function both of shearing the
fuel and water mixture in the gap between the wall 37
and the wall 36 and propelling it around the circumfer-
ence of the mixing chamber through the part crescent
shaped region 78, where turbulent mixing may be expected
to occur and is preferably encouraged by leaving the '
last 30° of the outlet wall 66 unsmoothed and in the
rough condition produced by the milling operation, and
then ejecting it through the outlet passage 65.

The constriction 71 has the function of impeding
the flow of fluid along the passage 19 and thus
increasing its velocity outwardly and the diverging
outlet slot 73 then causes a pressure drop in the fluid
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resulting in vapoufisation of the fuel in the mixture.
The rotor shown is very suitable for fuels having
viscosities from 35 Redwood seconds up to 3000 Redwood
seconds with rotor speeds of 2800 to 7000 r.p.m. The
rotor is thought to work by vaporisation of the fuel
as it goes through the throat of the passages 19
producing cavitation in the fuel/water mixture, the
water droplets are thought to be sheared by the wall 37
and the vanes 77, and the fuel is thought to condense
on the surface of the water droplets in the turbulent
flow region 78 producing dropletsvhaving micron parti-

A 7%
cle size and thus promoting smooth and more complete
combustion. -

Refeffin§”n6W'to.éhé:fégbf—showﬂ’in Figﬁrémé:_
to which Figure 5 also applies, the rotor has a
base 80 similar to that of Figure 4. The rotor has
a generally conically shaped top edge 160, eight-
open-topped outwardly—exténding.passages 19 being
formed in the base 80 and opening out along the
edge 160. The top wall 160 is juxtaposed to the
inclined wall 62 of the housinhg 10 so as to be
substantially parallel thereto and the clearance
between 160 and 62 is substantially smaller than
that between 36 and 37 (Figure 3) for example pre-
ferably being less than 0.020 inches (0.50 mms) and
especially less. than 0.015 inches (0.38 mms) e.g. in
the range 0.005.to 0.015 inches (0.12 to 0.38 mms)
and particularly about 0.010 inches (0.25 mms).

The periphery of the rotor is given deep knurling
90 as illustrated diagrammatically in Figure 5.
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In other respects the combustion is similar to
that of Figures 4 and 5. The cavitation and
pumping action described for that embodiment,
occur because of the close proximity of the top

edge 160 of the rotor to the wall 62, (Flgure 2)

In one less desired embodiment (not lllustrated)
the constriction 71 is not present, the inclined
passages 19 having the same width in the plane of
Figure 5 along their whole length, but apart from that
being as described for Figures 4 and 5.

In two other simpler embodiments (also not
illustrated) the axial convergence shown in Figure 4 is
eliminated or is also :eliminated so that the passages
19 are either of the same axial length along their
whole radial length but have the constriction 71 and
are inclined backwards or the passages 19 are of the
same axial length (see Figure 4) and are of the same
width in the plane of Figure 5 along their whole length

but are inclined backwards as shown and described for
Figure 5.
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CLAIMS

1. Apparatus for mixing .fluids cdmprising a
housing affording a substantially annular mixing
chamber, an annular rotor mounted for rotation in
the mixing chamber, .outwardly extending individual
passages being located in the rotor, the inlets to
the passages in the rotor being neaé the axis of
rotation, the passages in the rotor exténding with
a backward component from the said inlgts'to

outlets at the periphery of the rotor and emerging
therethrough. '

2. Apparatus as claimed in-Claim 1 in which
the median line through each passage‘%n a plane
perpendicular to the axis of the rotor  makes an
angle with the radius of the rotor at the centre of

the passage inlet which is in the range 5° to 30°
o
or 20 to 257.

3. Apparatus as claimed in Claim 1 or Claim 2
including.an inlet chamber communicating with the
inlets in the rotor and disposed at the axis of
rotation of the rotor, the inlet chamber being

provided with inlet means for the fluids to be
mixed.

4. Apparatus as claimed in any preceding claim
in which the mixing chamber has a circular outer

wall extending around a major proportion of its

circumference with a small clearance between the

said circular wall and the periphery of the rotor.



10.

15.

20.

25.

30.

0089109
16.

5. Apparatus as claimed in any preceding claim
in which the individual passages extend out through
the peripheral surface of the rotor and are spaced.
from each other by solid regions of the peripheral
surface, preferably with rbughened surfaces at the
periphery.

- 6. Apparatus as claimed in any preéeding claim
in which the radial passages have at least one
constriction intermediate their ends.

7. Apparatus as claimed in Claim 6 in which
the passages each comprise:a V-shapeé:convergent
“inlet portion and a V-shaped divergent outlet por-
’%ion and thus define a constriction between them,
the constriction optionally being a parallel sided
throat portion interconnecting the V-shaped inlet
end and the V-shaped outlet end of each passage.

8. Apparatus as claimed in any preceding claim
in which the rotor . is of generally conical form
ﬁhereby the individual passages have inlets with a
cross—-sectional area approximately equal to that of
theéir outlets.

9. Apparatus as claimed.in any preceding claim
in which at least one of the rotor faces which are
generally perpendicular to the ratio axis is dis-
continuous so that the passages are open at that
face, and that face is closely spaced from the
opposed surface of the mixing chamber.
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10. A rotor for mixing apparatus as claimed
in any preceding claim.




/5" - 0089109

707 /700 102 103
- . A
o4y ”” | 131
105 12 30—
) y;
_x 133 132
> |
140
42 : | ,
| N\ 1
107_ '
22— |1 14 (8 T
110
\ | |
£1G./ ]
\777




2/5 0089109

7
% [e3
65 L &
N5 ey e
7 \c/ ZH I N —
o1 |64
g 4 Lc;’54
esE |
51 I 7_5—/ 1 85 —,‘86»—‘/
99-H 1SS
56"FJo o5
s S| 5 |
004 W7 H T - —
&2 B
/ =
L 2




65

75

78

15

S/5° | 0089109

10

37

F16.3



4/5 0089109
- T
~
87 ; 20
g
Bl s0
%
15571 ¢
7/
‘ 2
5 3 55/ v 8/2
T v
5 83—
/, ..
17 / / ys
\ /] .
I ¢ i
O ¢ o=
301 / #
20 2 ¢
]
ryd g 0 ]
/ D20/ 19 11 g0
.73 ( 71
"’\JFOA?O | 2
' 87
]AL ' . ( 55 ] P 82
T 7 kA







EPO Form 1503. 03.82

European Patent 0089109
.o) Officz EUROPEAN SEARCH REPORT
EP 83 30 0558

-,

DOCUMENTS CONSIDERED TO BE RELEVANT
Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
Category of relevant passages to claim APPLICATION (int. Cl. 3)
BOlF 3/08
D,A| GB-A-1 572 698 (DYNATROL 1,3,4, B Ol F 5/16
CONSULTANTS) 6,7
* Figures 1-3 *
A FR-A-2 167 688 (HEGE ADVANCED 1-4,6]
SYSTEMS) 8
* Figures 8, 9, 9a, 16 *
A US-A-3 606 270 (R.D. ZIMMERLY) 1-4,8}
9
* Figures 1, 2 *
A US~A-4 066 382 (M.B. LAKIN et 2 .
al.)
* Figure 2 * -
A | DE-C- 897 997 (E.A. ITTERLEIN) | 2 |  SeARGHeo(nt oy
* Figure 2 *
- B Ol1F 3/08
A DE-C- 703 282 (BADER & HALBIG) 6,7 B O1 F 3/10
* Figure 2 * B Ol F 5/12
B O1F 5/16
-—- BO1F 7/00
A AU-B- 459 032 (R.W. HOOPER) 1,5 B O1 F 7/02
* Figures 8, 11 * B Ol F 7/10
B O1F 7/26
The present search report has been drawn up for all claims
Plgﬁzﬁfafﬁ Date .oi cirlpclﬁago: cit tghg s:garch KUEHN P Examiner
CATEGORY OF CITED DOCUMENTS T . theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background st et e et e R SRS SSRS e  t1
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

