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(57) Claim
1. An oil-water emulsion formation apparatus comprising:

a rotationally symmetrical inlet chamber;

an oil inlet passage and a recycling charging passage opening into 

said inlet chamber in a tangential direction;

a water jet nozzle disposed at one of the ends of said inlet chamber 

in an axial direction, subjected to electric opening/closing control, and 
jetting water into said inlet chamber;

a pump chamber formed at the other end of said inlet chamber in 
the axial direction;

a pump impeller having a radial shape, fitted coaxially with the axis 

of said inlet chamber inside said pump chamber and being surrounded by a 

cylindrical wall of said pump chamber along the outer periphery of said 

pump impeller, said pump impeller being driven for rotation by a driving 
source;

a notch portion formed in said wall of the said pump chamber;

an emulsion outlet opening to a direction parallel to the axis of

rotation of said pump impeller in the proximity of the end portion of said
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(11) AU-B-11772/92 -2­
(10) 669325
notch portion on the downstream side in the rotating direction of said pump 
impeller; and

a terminal end wall for intercepting the emulsion flow flowing 

inside said notch portion in the rotating direction of said pump impeller.
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(57) Abstract

In order to prevent the increase of NOx due to an excessively high combustion temperature and the increase of HC and 
CO due to an excessively low combustion temperature, by feeding an emulsion of a fuel oil and water having a water content suit­
able for the combustion state in cylinders to a Diesel engine, there is proposed: a combustion parameter sensor (3) for detecting 
combustion parameters inside cylinders such as an internal pressure of the cylinder, an engine knock, an exhaust gas, etc. and a 
water charging quantity judgement/regulation circuit (2) for setting a water charging quantity to a fuel are disposed in a Diesel 
engine (1). A water charging quantity controller (4) feeds water to an emulsion formation apparatus (5) in a quantity correspond­
ing to a water charging signal from the water charging quantity judgement/regulation circuit (2). Accordingly, an emulsion fuel 
having a water content in accordance with the combustion state inside the cylinder is formed by, and fed from the emulsion for­
mation apparatus (5) to the engine (1).
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This invention, relates to an oil-water emulsion formation 
apparatus especially for use for a diesel engine.

It is generally known that NOx components in an exhaust 
gas can be reduced and an engine knock can be prevented by 
lowering the combustion temperature inside cylinders by feeding 
a fuel comprising an emulsion of a fuel oil and water to a 
Diesel engine.

Various methods and apparatuses have also been proposed as 
the apparatus for forming the emulsion of the fuel oil and 
water. For preparing such an emulsion it is already known (EP 0 
392 545 Al) to use a rotationally symmetric vortex chamber in 
the Form of a hollow pear having a tangential inlet and a 
tapering axial outlet, the vortex chamber being surroundet by a 
ring channel into which an oil inlet passage opens in 
tangential direction and which in turn is connected to the 
vortex chamber via tangential inlet slots. The water is jetted 
by a water jet nozzle into the ring channel or the vortex 
chamber. The tapering outlet of the vortex chamber opens via a 
stepped enlargement into the suction chamber of a radial-flow 
pump comprising a radial-flow pump impeller in a pump chamber 
and an emulsion outlet passage extending in parallel with the 
axis of the impeller and directing the prepared emulsion to the 
injection pump and into a recycling inlet passage, which in 
turn is tangentially opening into the ring channel. It is 
reached by the recycling of the emulsion into the vortex 
chamber and by the sudden enlargement at the outlet of the 
vortex chamber and by the change of direction of the flow at 
the exit of the radial-flow impeller, that an emulsion with an 
average droplet size of 2 to 4 micron are formed, whereby a 
fine and homogeneous emulsion results being well suitable for 
the operation of diesel engines . By using an electromagnetic 
water injection nozzle the water content of the emulsion can be 
controlled in dependence on the operating state of the diesel 
engine.

By the invention the problem is solved to provide for a 
constructionally simpler apparatus ensuring nevertheless a good

35
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emulsion formation.
This is achieved according to the invention by an oil-water emulsion 

formation apparatus comprising:
a rotationally symmetrical inlet chamber;

5 an oil inlet passage and recycling charging passage opening into said
inlet chamber in a tangential direction;

a water jet nozzle disposed at one of the ends of said inlet chamber 
in an axial direction, subjected to electric opening/closing control, and 
jetting water into said inlet chamber;

10 a pump chamber formed at the other end of said inlet chamber in the
axial direction;

a pump impeller having a radial shape, fitted coaxially with the axis 
of said inlet chamber inside said pump chamber and being surrounded by a 
cylindrical wall of said pump chamber along the outer periphery of said 

15 pump impeller, said pump impeller being driven for rotation by a driving 
source;

a notch portion formed in said wall of the said pump chamber;
an emulsion outlet opening to a direction parallel to the axis of 

rotation of said pump impeller in the proximity of the end portion of said 
20 notch portion on the downstream side in the rotating direction of said pump 

impeller; and
a terminal end wall for intercepting the emulsion flow flowing inside 

said notch portion in the rotating direction of said pump impeller.
In a preferred embodiment, the terminal end wall surrounding the

25 outflow port of the emulsion outlet has a semicylindrical shape and ends in 
a sharp edge at its radially inner end.

Conveniently the flat bottom of the notch portion is inclined in such 
a way that the depth of the notch portion increases toward the outflow port 
of the emulsion outlet.

30 Preferably the notch portion extends along a center angle of he
impeller of about 60°.

The present invention also embraces the use of oil-water emulsion 
formation apparatus according to the present invention for supplying the 
emulsion to the injection pump of a d '.esel engine.
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Fig. 1 is a sectional view showing an embodiment of an emulsion 

formation apparatus.

Fig. 2 is a bottom view of the portion A of Fig. 1.

Fig. 3 is a plan view of the portion B of Fig. 1.

«··«··

5 Fig. 4 is a side view of the portion B of Fig. 1.

An embodiment of the emulsion formation apparatus of the present 

invention will be explained with reference to Figs. 1 to 4.

Fig. 1 is a longitudinal sectional view of the emulsion formation 
apparatus 30. As shown in Fig. 1, the emulsion formation apparatus of this 

10 embodiment is equipped with a cylindrical pump housing 31, and this pump 

housing 31 is divided in an axial direction into three units, that is. a suction 

portion A, a pump portion B and a motor portion C that are mutually 

coupled in the axial direction by bolts.

Fig. 2 is a bottom view of the suction portion A of Fig 1, Fig. 3 is a 
15 top view of the pump portion B of Fig. 1 and Fig. 4 is a side view of the 

pump portion B of Fig. 1. As shown in Figs. 1 to 4, a cylindrical pump 
chamber 33 is defined inside the pump portion B, a radial impeller 35 is 

disposed inside the pump chamber 33 and an electric motor 50 fixed to the 

motor portion C drives the impeller 35 for rotation.

20 A cylindrical inlet chamber 37 of the emulsion formation apparatus

30 forming a suction chamber for the impeller 35 is defined coaxially with 

the radial impeller 35 inside the suction portion A as shown in Fig. 1.

As shown in Figs, 1 and 2, an oil charging pipe 38 and a recycling 

charging pipe 39 are connected to the upper side surface of the inlet 
25 chamber 37 in a tangential direction with respect to the section of the inlet 

chamber 37. A fluid flowing into the inlet chamber 37 in the tangential 

direction from the oil charging pipe 38 and the recycling charging pipe 39 is 

allowed to generate a swirling flow inside the suction chamber,
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rotating in the same direction as the rotating direction or the
. radial impeller. A water jet valve 40 which is opened and 
closed electromagnetically is disposed at the upper part of the 
inlet chamber 37 on its axis.

5 A cylindrical wall 34 is formed in the pump chamber 33.
This wall 34 is extended with a small clearance in the radial 
direction with respect to the outer periphery of the radial 
impeller 35 and its height in the axial direction is 
substantially equal to the thickness of the radial impeller 35

10 in the axial direction.
As shown in Figs. 3 and 4, a notch 41 having a fanshaped 

section with respect to the center of the pump chamber 33 is 
formed on the wall 34. The center angle 47 of this notch 41 is 
within the range of 45° to 120° but preferably is about 60°.

'··' .15 An outflow port 43 to an emulsion outflow pipe 36 is so
• · ·
.; · disposed as to open to the terminal end portion of the• «
·, ”* fanshaped notch 41 on its downstream side along the rotating
β «
: ’** direction of the impeller. The outflow port 43 is connected to
• *’’ the emulsion outflow pipe 36 through an outflow pipe 44 which

V

"“”20 is extended in parallel with the axis. The outflow pipe 44 is 
formed in the pump portion B of the housing 31 by drill

: : : machining, or the like. The diameter of the outflow pipe 44 is• · · ·
smaller than the width of the fanshaped notch 41 in its radial

• ·
.:.. direction and this pipe 44 is disposed at the position as close 

25 as possible to the terminal end portion of the notch 41. To
... v increase the sectional area of the outflow port 43, the outflow
• β

port 44 may have an elliptic sectional shape. The flat bottom 
surface 46 of the notch 41 is inclined towards the outflow port 
43, and the height of the notch is equal to the thickness of

30 the impeller 35 in the axial direction at the position of 
disposition of the outflow port 43 of the outflow pipe 44.

On the side of the outflow port 43 of the notch 41, on the 
other hand, the wall 34 defines a semicylindrical terminal end 
wall 42 in such a manner as to cover the half of the outflow

35 port 43 along the open shape of the outflow port 43.
The emulsion flowing out from the impeller 35 impinges 

against this terminal end wall 42, changes its direction in the 
i . \Aaxial direction and flows into the outflow pipe 44 from the■ J? v
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terminal end wall 42 is shown formed in the 
shape so as to cover the half of the outflow 
consist of a cylindrical surface encompassing a

outflow port 43.
Though the 

semicylindrical 
port 43, it may
quarter of the outflow port 43 and a flat surface extending in 
the radial direction while comming into contact with the 
former. In such a case, it is preferred that the outflow port 
43 be formed as near as possible to the center of the pump 
chamber 33 so that the end portion of the cylindrical surface 
of the termial end wall 42 forms a knife edge 49. This knife 
edge 49 cuts off the emulsion flowing out from the radial 
impeller 
quantity

The

35 from its outer periphery, and a substantially full 
of the emulsion flows into the outflow port 43. 
radial impeller 35 has a disc shape as shown in Fig. 1

and a radial cover disc 57 is fitted to the impeller 35 on the 
side of the motor 50. A plurality of impeller blades 52 are 
fixed onto the cover disc 57.

When the apparatus of the present invention is used for a 
Diesel engine, the fuel pump discharge pipe of the engine is 
connected to the oil injection pipe 38, and high pressure water 
is fed from a water feed circuit to the water jet valve 40 
through 
pump of 
outflow
injection pump is connected to the recycling injection pipe 39. 

radial impeller 35 is preferably rotated at a constant 
3,000 r.p.m., for example, by the motor 50. The oil is 
by the fuel

a high pressure pump. A feed pipe of the 
the engine is connected to the outlet of 
pipe 36 and the recycling fuel pipe from

fuel injection
the emulsion
the fuel

pump into the inlet chamber 37 in the 
at a pressure of 1 to 3 bars, for example, 
to 10 to 15 bars, for example, by a high

The 
speed of 
injected
tangential direction 
Water is pressurized 
pressure pump which is electrically or mechanically driven by 
the engine. This pressure is reduced to 5 to 7 bars by a 
pressure 
37 while 
which is 
from the
intercepted by the terminal end wall 42 and flows into the 
outflow pipe 44 of the emulsion outflow pipe 36 in the axial

reducing valve, and is jetted into the inlet chamber 
being intermittently controlled by the jet valve 40 
electromagnetically operated. The emulsion flowing out 
radial impeller 35 flows into the notch 41, is then

X
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direction. At this time, the emulsion is cut off from the
. emulsion portion inside the radial impeller 35 by the sharp 
edge 49. The excessive fuel recycling from the fuel injection 
pump is returned into the inlet chamber 37 through the

5 recycling injection pipe 39, where it is mixed again with the 
new oil and water injected afresh. The feed of the new oil and 
water is carried out while being controlled so that the overall 
recycling circuit is always filled as completely as possible 
without any bubbles in accordance with recycling.

10 The water jet valve 40 can control the water charging
quantity into the inlet chamber 37 as its opening/closing 
interval is changed. A water charging quantity 
judgement/regulation circuit sets the water content of the 
emulsion in accordance with the combustion state in the
cylinder, calculates the required water charging quantity from 
the quantity of the fuel oil fed from the fuel pump into the 
emulsion formation apparatus and from the set water content, 
and charges a required quantity of water by controlling the 
opening/closing interval of the water jet valve 40.

The experiments carried out by the present Applicant 
reveal that an extremely fine and homogeneous water particle 
emulsion can be formed when the pressure difference between the 
pressure of water fed to the water jet valve 40 and the 
pressure of the oil supplied to the inlet chamber 37 (water 
pressure - oil pressure) is at least 0.5 bars irrespective of 
the existence of the radial impeller if an ordinary nozzle 
diameter (about 0.5 mm) is used for the water jet valve 40, and 
the corrosion property can be drastically reduced in comparison 
with an ordinary oil-water emulsion.

30
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS;
1. An oil-water emulsion formation apparatus comprising:

a rotationally symmetrical inlet chamber:
an oil inlet passage and a recycling charging passage opening into

5 said inlet chamber in a tangential direction;

a water jet nozzle disposed at one of the ends of said inlet chamber 

in an axial direction, subjected to electric opening/closing control, and 

jetting water into said inlet chamber;
a pump chamber formed at the other end of said inlet chamber in

10 the axial direction;

a pump impeller having a radial shape, fitted coaxially with the axis 

of said inlet chamber inside said pump chamber and being surrounded by a 

cylindrical wall of said pump chamber along the outer periphery of said 

pump impeller, said pump impeller being driven for rotation by a driving 

15 source;

a notch portion formed in said wall of the said pump chamber;

an emulsion outlet opening to a direction parallel to the axis of 

rotation of said pump impeller in the proximity of the end portion of said 

notch portion on the downstream side in the rotating direction of said pump 

20 impeller; and
a terminal end wall for intercepting the emulsion flow flowing 

inside said notch portion in the rotating direction of said pump impeller.

2. An oil-water emulsion formation apparatus according to claim 1. 

wherein the terminal end wall surrounding the outflow port of the emulsion

25 outlet has a semicylindrical shape and ends in a sharp edge at its radially 

inner end.
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3. An oil-water emulsion formation apparatus according to claim 1 or

2. wherein the notch portion has a flat bottom which is inclined in such a 
way that the depth of the notch portion increases toward the outflow port of 

the emulsion outlet.

5 4. An oil-water emulsion formation apparatus according to any of

claims 1 tr 3, wherein the notch portion extends along a center angle of the 
impeller of about 60°.

5. Use of the oil-water emulsion formation apparatus according to any 

of claims 1 to 4 for supplying the emulsion to the injection pump of a diesel

10 engine.

6. A fuel oil water emulsion formation apparatus substantially as 

hereinbefore described with reference to Figures 1 to 4 of the drawings.

DATED this 29 th day of March 1996

JOSEF SCI-IREYOGG
Patent Attorneys for the Applicant:

F.B. RICE & CO.
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