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This invention relates to liquid filtering systems for 
Washing machines, and is particularly applicable to dish 
Washing machines. It can, however, be used for any type 
of Washing machine in which a washing liquid becomes 
contaminated with particulate soil or debris removed from 
the articles being washed. 

it is customary in domestic dishwashing machines for 
the Washing liquid to be passed through a mesh type 
Strainer before being recirculated through the spray de 
vice in the washing chamber. In practice it has been 
found undesirable to use a strainer having apertures less 
than about 42' to A6' in size due to the tendency for 
Smaller apertures to become clogged with soil particles. 

It is well known that there is a tendency for fine soil 
particles, which can pass through the strainer mesh, to 
deposit on and adhere to surfaces of articles in the ma 
chine which are not directly exposed to the full force of 
the washing spray, causing a gritty feel on such surfaces 
when dry. This effect, which is commonly known as 
redeposit, is one of the more prevalent causes of im 
perfect results from a domestic dishwasher. In many 
modern machines this tendency for redeposit to occur 
is only kept within acceptable limits by the use of multi 
ple washes and rinses, often in combination with a pre 
rinse; even so, objectionable redeposit can still occur with 
a heavily soiled load unless the user takes the trouble to 
scrape the bulk of the soil off the dishes before loading 
them into the machine. 
A known means by which an improvement can be ob 

tained is the use of a by-pass filter utilizing mesh of finer 
size than is practicable in a full-flow filter; in this way 
soil particles as fine as .005’ to 01' can be filtered out, 
bringing about a substantial reduction of redeposit. Such 
a system is described in the specification of British Letters 
Patent No. 894,310. However, whilst giving good re 
sults, if this system is to operate efficiently it is essential 
for the user to clean the fine mesh filter at frequent inter 
vals, and failure to do so can lead to an indifferent result. 

According to the present invention, in a washing ma 
chine having a washing chamber through or within which, 
when in operation, washing liquid is caused continuously 
to circulate and to be sprayed upon articles in the washing 
chamber, a proportion of the liquid in circulation is sub 
jected to a centrifuging action to separate it into relatively 
soil-free and soil-rich fractions, the soil-free fraction being 
returned to the washing chamber and the soil-rich frac 
tion being isolated for discharge to the drain line during 
or on completion of a washing operation. Preferably, 
the relatively soil free liquid is sprayed upon surfaces of 
articles being washed in the chamber which are not di 
rectly exposed to the aforementioned and main spray. 

Separation of the soil-free and soil-rich fractions is 
preferably obtained by passing the liquid through a 
cyclone or like centrifugally separating device connected 
to the liquid circulating system. In practice the cyclone 
may have its inlet connected to the pressure side of the 
circulating system. 

Preferably a flow-restrictor element or valve is in 
corporated in the soil-rich discharge line from the cyclone 
in order to restrict the total amount of liquid discharged 
to the drain line during each washing period. 
The soil-rich liquid may be collected in a settling tank 

8 Caias. 
O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

2 
from which it is released intermittently into the drain 
line of the washing machine. Also the settling tank 
may be allowed to continually overflow, and the over 
flow may be returned to the washing chamber or to the 
cyclone. 

According to the invention also a washing machine 
comprises the combination of a washing chamber having 
a spray device or impeller, by which articles placed 
therein are subjected to a liquid spray or flow, a cyclone 
or like centrifugal separating device through which part 
of the washing liquid is caused to flow, whereby the Said 
liquid is separated into relatively soil-rich and soil-free 
fractions, and means for isolating the soil-rich fraction 
from the washing chamber, the soil-free fraction being 
returned to the washing chamber. The means for isolat 
ing the soil-rich fraction may comprise a settling tank 
into which the soil-rich output from the cyclone dis 
charges, the tank being provided with an outlet which 
normally remains closed in order to limit the soil-rich 
discharge from the cyclone. 

Conveniently, the settling tank has a pressure-respon 
sive self-opening discharge valve, which valve is sub 
jected to the pressure in the liquid circulating System so 
that on circulation of the liquid the valve will auto 
matically close and conversely will automatically open 
to release the contents of the tank when circulation stops. 
The settling tank may also be allowed to overflow con 
tinually back into the washing chamber or into the 
cyclone. 
The invention is illustrated in the accompanying draw 

ings as applied to a dishwashing machine, in which: 
FIGURE 1 is a sectional view of a dishwasher having 

a filtration system in accordance with the invention. 
FIGURE 2 is a detail section on an enlarged scale of 

one type of settling tank. 
FIGURE 3 is a view of the rear of a dishwasher, 

showing a modified arrangement. 
FIGURE 4 is a longitudinal cross sectional view of the 

cyclone used in the dishwashers of FIGURES 1 and 3. 
FIGURE 5 is another cross sectional view of the 

cyclone on the line A-A shown in FIGURE 4. 
FIGURE 6 is a vertical cross section of the settling 

tank for use in the modified arrangement of FIGURE 3. 
FIGURES 7 and 8 show two sections in perpendicular 

planes of a flow restrictor valve for use in the arrange 
ment of FIGURE 3. 

Referring to FIGURE 1 of the drawing, C indicates a 
washing chamber provided with racks R for holding the 
articles to be washed, access to the chamber and racks 
being through a door D. Circulation of the washing 
liquid is by means of a pump P which draws liquid from 
a sump S in the base of the washing chamber and delivers 
a major part of the liquid through duct M to a spray 
member T from which it issues in the form of a main 
spray directed over the articles in the racks. A remova 
ble filter screen F of mesh sufficiently coarse to avoid 
any tendency to clog, may be located in the mouth of the 
Sump. 

In the system of this invention a liquid cyclone 7, has 
its tangential inlet 8 connected by a pipe 9 to the dis 
charge duct M of the pump P. 
The cyclone 7 (FIGURES 4 and 5) comprises an elon 

gated conical body portion 40 tapering to an underflow 
outlet i2, the cone merging at its open end with one end 
of a cylindrical chamber 41 provided in its circumferen 
tial wall with a semivolute entry recess 42 through which 
the liquid passes from the inlet 8 into the cyclone. The 
other end of the cylindrical chamber is provided with a 
closure member 43 through which passes the overflow 
-outlet or vortex finding tube 10 of the cyclone, the en 
trance 44 to the overflow lying on the axis of the cyclone 
at the open end of the cone. 
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A minor part of the liquid discharged by the pump 
enters the cyclone and is given a rotary movement by the 
tangential arrangement of the inlet 8 and by the semi 
volute curve of the entry recess 42, and soil particles in the 
liquid, if of greater density than the latter are thus sub 
jected to a resultant centrifugal force tending to move 
them towards the walls of the cyclone along which they 
pass with a spiral motion towards the outlet 12. The 
relatively soil-free liquid left towards the axis of the 
cyclone is discharged through the vortex finding overflow 
tube 10. 
The overflow 10 of the cyclone is connected by a pipe 

11 to discharge into the chamber C, and the underflow 12 
discharges into a container. 13, hereinafter called the 
"settling tank." This settling tank has connected to its 
outlet 14, a short length of rubber tubing 15, which is 
surrounded by and sealed into a jacket 16, connected 
by tube 17 to the discharge line of pump P. 
The other end of valve tube 15 is connected by a tube 

18 to the drain line of the machine. 
Operation of the system is as follows: 
The washing liquid is continually re-circulated by pump 

P, and a proportion of the total circulatory flow (con 
veniently in the region of 5% to 15%) is by-passed 
through line 9 to cyclone 7, from which most of said by 
passed liquid is discharged through the cyclone overflow 
10 back into the washing chamber, to re-combine with the 
main circulatory flow. 
As is well known in cyclone technology, the centrifugal 

forces acting on the liquid passing through the cyclone, 
cause any solid particles having a specific gravity greater 
than that of the liquid to move towards the apex of the 
cone and to discharge from the underflow, whilst con 
versely the liquid discharged from the overflow is rela 
tively free from such particles, i.e., it is returned as rela 
tively soil-free liquid to the washing chamber. By return 
ing it direct to the washing chamber at a position in the 
upper part of the chamber as in the embodiment illus 
trated, it may be used to wash surfaces of articles not 
directly exposed to the main liquid spray. 
The soil-rich liquid discharged from the underflow falls 

into the settling tank, being restrained therein by virtue of 
the pump pressure in jacket 16, which causes the sepa 
rator discharge valve tube 15 to collapse (as shown in 
FIGURE 1) and close the outlet from the settling tank. 
As the liquid level in the settling tank builds up, the 

pressure developed in the entrapped air acts to retard the 
ingress of further liquid from the cyclone underflow. In 
practice it is found that the underflow discharge falls in 
freely for a second or two, until the settling tank is rough 
ly 10% filled. The underflow discharge then commences 
to slow down considerably, and eventually becomes so 
slow that it takes several minutes for the settling tank to 
fill with the result that, by the time the settling tank is 
completely full, the great bulk of the soil has been re 
moved from circulation. 
When the washing operation is completed and the liquid 

circulating in the machine has been drained away, the 
pumping pressure falls to zero: consequently the rubber 
valve tube 15, being freed from external pressure, will re 
spond to discontinuance of the pump discharge pressure 
and will expand and on opening out, allows the relatively 
soil rich fraction isolated in the settling tank to fall into 
the drain ine and be discharged together with the bulk 
of the liquid drained from the machine. 

It will be understood that the valve tube 15, closed by 
pumping pressure, is shown by way of example only, and 
any other type of valve may be utilized to provide the 
same general effect, i.e., to close the settling tank outlet 
while the washing liquid is being circulated, and open it 
when the washing liquid is drained away. In such an al 
ternative construction (not illustrated) the tube 5 passes 
between an anvil member and a plunger urged towards 
the anvil member by a piston or diaphragm exposed to 
liquid from the discharge line of pump P, the plunger be 
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4. 
ing spring biased to move away from the anvil when the 
liquid pressure in the discharge line falls to zero as the 
pump stops. As a further alternative, the settling tank 
outlet could be left open during the early part of the 
washing cycle in order to ensure a maximum rate of filtra 
tion, and be closed in the latter part of the washing cycle 
to reduce loss of liquid. 

In a further variation, the liquid collected in the settling 
tank may be allowed to overflow back into the washing 
chamber, and if desired a fine-mesh filter screen may be 
inserted in the overflow path to ensure that none of the 
Soil particles collected in the settling tank are entrained 
in said overflow return. 

For this purpose, as shown in FIGURE 2, a bottle 21, 
attached to the lower part of a liquid cyclone 22, has a 
fine-mesh filter screen 23, which screen acts as a partition 
to divide the bottle into two parts. The lower part has 
an outlet 24 connected to the drain line of the machine 
via a suitable discharge valve, indicated diagrammatically 
at 26, and the upper part has an outlet 25 communicating 
with the washing chamber. 

In operation, soil-rich liquid discharged from the cy 
clone underflow collects in the lower part of bottle 21, 
being retained therein by the valve 26 in outlet 24. Liq 
uid trapped in the lower part of the bottle can pass up 
Wardly through filter screen 23 and out of top outlet pas 
Sage means 25 into the washing chamber. At the end of 
the Washing period, outlet valve 26 is opened, thus allow 
ing the contents of bottle 21 to drain away. During this 
draining process, the filtered liquid in the upper part of 
bottle 21 will flow back through filter 23, i.e., in the re 
verse direction, thus flushing away any particles of soil 
that may have tended to adhere to the underside of the 
filter Screen during the washing operation. 

FIG. 3 shows a further modification. The cyclone 7 
has its tangential inlet 8 connected by a by-pass pipe 9 
leading out of the return flow duct M which delivers wash 
ing liquid from pump P to the spray member (not shown), 
all as previously described. The cyclone overflow 10' is 
connected by pipe i' to discharge into the washing cham 
ber, and may conveniently be arranged to discharge the 
liquid against those surfaces of the dishes which are not 
directly exposed to the main spray. 
The cyclone underflow 12 is connected to discharge 

into a settling tank 13' (FIG. 6), through an inverted 
diffusing cone 30, which delivers the soil-rich liquid to 
the lower part of the settling tank. The cone continu 
ously increases in cross section towards it open lower end 
31 to ensure that the velocity of the incoming liquid is 
gradually reduced so as to encourage the soil to settle 
gently without turbulence or eddying, whilst the discharge 
of the Soil-rich liquid into the lower part of the tank 
avoids contamination of the relatively soil-free liquid in 
the upper part of the tank 13. A vent 32 permits the 
escape of any air trapped in the cone 30 into the upper 
part of the tank. 
The settling tank, which is in the form of a cylindrical 

tube, having end portions 33, 34 provided with top and 
bottom outlets 28, 14, has its axis inclined to the vertical 
to further assist in suppressing unwanted internal circula 
tion of soil-rich liquid. The diffusing cone 30 is Supported 
axially in the settling tank by radially extending ribs 35, 
an inlet 36 passing from the top of the cone through the 
y of the tank being connected to the cyclone underflow 
The lower outlet 14' of the settling tank is connected 

by pipe 15' to a drain valve 27 (FIG. 3), and thence by 
pipe 18 to the drain line of the machine. The overflow 
passage or outlet 28 at the top of the settling tank 13' 
is connected to discharge into the Washing chamber 
through a flow restrictor 28 (FIG. 3). Referring to 
FIGS. 7 and 8, this flow restrictor comprises a cylindrical 
chamber 50, closed at one end by a cap 51, a tangential 
inlet passage 52 from the setting tank and an axial dis 
charge or outlet passage 53 to the interior of the washing 
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chamber. In use, the mass of rotating liquid set up in the 
chamber by the tangential position of the passage 52 pro 
duces a centrifugal head which acts as a back pressure in 
the inlet passage thus reducing the rate of flow in this 
passage. This arrangement is preferable to restricting 
the bore of the top outlet pipe from the settling tank as 
such a restricted bore is liable to become blocked as a 
result of furring in the pipe. In operation, the soil in the 
soil-rich discharge from the cyclone underflow 12 settles 
by gravity in the lower end of the settling tank 13, from 
whence it is discharged to the machine drain line via the 
separate discharge or drain valve 27 which is synchronised 
to operate in unison with the machine drain. The rela 
tively soil-free liquid in the upper part of the settling tank 
overflows through flow restrictor 28 into the washing 
chamber where it re-combines with the main circulatory 
flow. The characteristics of flow restrictor 28 are made 
such that the rate of flow is sufficient to allow the cyclone 
to operate efficiently throughout the whole washing time, 
without being so high as to interfere with free settling 
of soil in the settling tank; in practice it is found that the 
flow through 28 can conveniently be of the order of 5% 
of the flow through feed pipe 9'. 

It is not, of course, essential that the cyclone should 
have the specific conical shape and configuration of the 
orthodox liquid cyclone, and any like form of liquid-oper 
ated centrifuging vortex chamber capable of separating the 
feed thereto into soil-rich and soil-free fractions, may be 
used. If desired, two or more cyclones could be used in 
series, i.e., the underflow of the first one discharged into 
the inlet of the next one, in order more heavily to concen 
trate the proportion of soil in the last underflow discharge. 
By arranging for the soil-free liquid discharged from the 

cyclone overflow to flow back into the Washing chamber, 
there is the further advantage, as indicated above, that by 
directing it to fall or spray over those surfaces of the 
soiled articles which are not directly exposed to the main 
washing spray, it will still further reduce redeposit by 
increasing the volume of liquid (and simultaneously re 
ducing the amount of soil) reaching these relatively blind 
or shielded surfaces. 
The filtering system of this invention has the advantage 

over existing systems that there is virtually no limit to 
the smallness of particle size dealth with, and no need 
for cleaning or other attention by the user. Moreover, the 
efficiency of the system as applied to a dishwasher is such 
as to eliminate the occurrence of redeposit without requir 
ing the user to pre-scrape the dishes and without needing 
an undue multiplicity of washes and rinses. 
What is claimed is: 
1. A dishwashing machine comprising means providing 

a washing chamber; main spray means in said chamber; 
a pump; means for delivering liquid from said chamber to 
the inlet of said pump; a cyclone separator having an in 
let, a vortex finding tube and a discharge passage; a Set 
tling tank; means for delivering a major part of the liquid 
discharged by said pump under pressure to said main 
spray means; means for delivering a minor part of the 
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liquid discharged by said pimp to said cyclone separator 
inlet; means for delivering relatively soil free liquid from 
said vortex finding tube to a secondary spray means in the 
upper part of said chamber where it will be available for 
discharge over dishes therein; and means for delivering 
the relatively soil rich fraction of said liquid from the 
discharge passage of said separator to said settling tank. 

2. A dishwashing machine according to claim 1 includ 
ing a discharge valve for controlling the removal of soil 
from said settling tank, said valve being openable when 
washing liquid is drained from said washing chamber. 

3. A dishwashing machine according to claim 2 in 
which said valve is closed in response to pump discharge 
pressure and is responsive to discontinuance of pump 
discharge pressure for opening. 

4. A dishwashing machine according to claim in which 
said means for delivering relatively soil free liquid from 
said vortex finding tube to said chamber includes said 
secondary spray means positioned to spray said relatively 
soil free liquid over those surfaces of articles being washed 
in said chamber which are not directly exposed to the 
spray from said spray means. 

5. A dishwashing machine according to claim 1 includ 
ing overflow passage means for conducting liquid from 
said settling tank above the bottom thereof to said wash 
ing chamber. 

6. A dishwashing machine according to claim 1 in 
which said means for delivering the relatively soil rich 
fraction of liquid from said separator to said settling tank 
includes a conical diffuser within said settling tank and 
means for delivering relatively soil rich liquid to the in 
terior of said diffuser, the lower, wider end of said diffuser 
being open to the inside of said settling tank. 

7. A dishwashing machine according to claim 6 in 
which said settling tank is inclined to the vertical. 

8. A dishwashing machine according to claim 1 includ 
ing overflow passage means for conducting liquid from 
said settling tank above the bottom thereof to said wash 
ing chamber; and a flow restrictor in said overflow passage 
means, said flow restrictor having a cylindrical chamber, 
an inlet passage opening tangentially into said cylindrical 
chamber, and an outlet passage opening axially outwardly 
from said chamber. 

References Cited by the Examiner 
UNITED STATES PATENTS 

747,980 12/1903 Kennedy --------- 134-109 X 
1,706,938 3/1929 Roberts ---------- 134-109 X 
2,352,356 6/1944 Albertson. 
2,578,040 12/1951 Booth et al. 
3,003,346 10/1961. Morris et al. ---------- 68-12 
3,003,347 10/1961 Morris et al. ---------- 68-12 
3,122,148 2/1964 Alabaster ------------ 134-56 
3,129,711 4/1964 Schmitt-Matzen ------- 134-56 

CHARLES A. WILLMUTH, Primary Examiner. 
R. L. BLEUTGE, Assistant Examiner. 


