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[57] ABSTRACT 
A settler type separating apparatus comprises a tank for 
holding liquid having inlet and outlet ports; a plurality 
of horizontally disposed particle-receiving trays super 
posed parallel on each other at prescribed intervals, 
each having a plurality of cavities formed on the upper 
side; and a screen stretched over the upper open side of 
the cavities of the tray, wherein impure particles 
trapped in said cavities are obstructed from escaping by 
a boundary layer formed by the screen. 

10 Claims, 5 Drawing Figures 
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SEPARATING APPARATUS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This is a Reissue Application of Pat. No. 3,812,970 
which was issued on May 28, 1974 from Application Ser. 
No. 303,111 ?led Nov. 2, 1972. 
This invention relates to separating apparatus and 

more particularly to a settler type separating apparatus 
adapted to strip fluid material, for example, oil of ?ne 
impure particles. 
The prior art ?ltering apparatus was designed such 

that when ?uid material passed through numerous holes 
perforated in a ?ltering medium, impure particles con 
tained in said fluid material were ?ltered out and col 
lected on one side of the ?ltering medium. However, 
such type of ?ltering apparatus had the drawbacks that 
extremely ?ne impure particles could not be eliminated, 
and such particles would plug up various parts of the 
system in which the ?ltering apparatus was used, 
thereby causing a trouble in the system. 

It is accordingly the object of this invention to pro 
vide a very efficient separating apparatus of simple 
construction capable of ?ltering out even extremely ?ne 
impure particles which are measurable only in micro— 
metric units. 

SUMMARY OF THE INVENTION 

Generally speaking, a separating apparatus according 
to this invention comprises a liquid holding vessel; a 
plurality of horizontally disposed particle receiving 
trays superposed parallel on each other at prescribed 
intervals, each having a plurality of cavities formed on 
the upper side; and a screen stretched over the upper 
open side of said cavities of the tray. 
Impure particles contained in the liquid are trapped in 

the cavities, and the particles collected in said cavities 
do not escape therefrom because said particles are ob 
structed by a boundary layer formed by the joint action 
of the viscosity of the ?owing liquid and its friction 
with the surface of the screen. 
The separating apparatus of this invention can elimi 

nate far ?ner impure particles than the conventional 
?ltering apparatus which ?lters ?uid material directly 
by a ?ltering medium, and in consequence prevent the 
pressure loss which would often occur, as in the prior 
art apparatus, due to the apertures of the ?ltering me 
dium being plugged up with impure particles. 
The separating apparatus of the invention offers a 

particularly great advantage where it is used, for exam 
ple, with a hydraulic system which is repeatedly oper 
ated and stopped at a prescribed interval. However, the 
invention is not limited to such application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view of a ?ltering 
apparatus according to an embodiment of this inven 
tion; 
FIG. 2 is an enlarged perspective view, partly in 

section, of the particle receiving trays used in the ?lter 
ing apparatus of FIG. 1; and 
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2 
FIGS. 3A, 3B and 3C are graphs showing the rela 

tionship of a lapse of time after impure particles com 
mence settling and a distance covered thereby during 
said time: FIG. 3A relates to Al powders having a parti 
cle size of 450 microns, FIG. 38 to FeZO; powders 
having a particle size of 430 microns, and FIG. 3C to Fe 
powders l and 5 microns in particle size and Al pow 
ders similarly l and 5 microns in particle size. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, numeral 1 represents a liquid 
holding tank provided with an inlet port 2 and an outlet 
port 3 spaced from each other towards opposite ends of 
the tank 1. In the liquid holding tank 1 are received a 
plurality of horizontally disposed particle receiving 
trays 4 superposed parallel to each other at prescribed 
intervals, each having a plurality of cavities 5 formed on 
the upper side. Impure particles contained in the liquid 
are collected in the cavities 5 forming narrow grooves 
extending at right angles to the direction in which the 
liquid is made to flow. To the upper side of each tray 
plane ?ne mesh screen 6 is attached in a plane parallel to 
the tray to cover the upper open side of the cavities. 
The screen 6 is prepared from at least a single net of 
suitable material such as synthetic ?ber or metal. The 
trays 4 may be supported by projections provided on 
the inner walls of the liquid holding tank 1, or they may 
be connected with each other in a predetermined rela 
tionship before inserted in the tank. In a space within 
said tank 1 de?ned by the inlet port 2 and one side of the 
tray 4 is set up a vertical partition wall 7 perforated with 
a plurality of apertures 8. The liquid brought into the 
tank 1 through the inlet port 2 runs in a laminar flow 
after passing through the apertures 8 of the partition 
wall 7. The inlet port 2 is provided with a ?rst strainer 
9 for initially ?ltering the liquid, which vertically ex 
tends through a space de?ned between one side wall of 
the tank 1 and the partition wall 7. The outlet port 3 is 
provided with a second strainer 10 on that side which 
faces the opposite side wall of the tank 1. The super 
posed trays 4 are each bored with a hole at the end 
facing said second strainer 10, which vertically pene 
trates a series of said holes. The greater part of the tray 
4 is positioned between the ?rst and second strainers 9 
and 10. 
The tray 4 is built of a horizontal bottom plate 11, a 

plurality of partition walls 12 bearing an L-shaped cross 
section and extending at a prescribed space perpendicu 
lar to the direction in which the liquid ?ows and side 
boards 13 ?tted to the opposite edges of said partition 
walls 12. The cavities of the tray 14 are de?ned by said 
bottom plate 11, partition walls 12 and side boards 13. 
The tray may be molded from plastics material. 
The interval at which one particle receiving tray is 

vertically spaced from another, the width of the cavities 
of the tray, the depth of each cavity and the mesh size 
of a screen stretched over the ?ltering tray should pref 
erably be so determined as to most effectively attain the 
removal of impure particles from the liquid to the cav 
ity and prevent the escape of impure particles from the 
cavity. All the above-mentioned factors may be suitably 
chosen in consideration of the settling speed of impure 
particles in the liquid de?ned by, for example, the vis 
cosity and density of the liquid, the size of impure parti 
cles and their density, as well as the flowing speed of the 
liquid during the operating and nonoperating periods of 
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system with which the subject ?ltering apparatus is 
sed. 
The settling speed V of impure particles may gener 

lly be determined from the following Stokes equation: 

P, = density of impure particle 
P = density of liquid 
g = gravitational acceleration 
d = diameter of impure particles 
11 = viscosity of liquid . 

. was experimentally found that the sufficient vertical 
lterval between the superposed particle receiving trays 
would be 2 cm in order to cause the impure particles 
f, for example, Fe2O3 to settle in the cavities 5 of the 
ltering trays 4 under the following conditions: 

10 

20 :riod in which the subject 
let-ing apparatus stands at rest = 12 hr 
iscosity of liquid = 20 est 
:mperalure of liquid = 
iameter of impure particles micron and over 

25 
The experiment further showed that impure particles 
:tually settled more quickly than at the settling speed 
determined from the above equation. The reason was 
:lieved to be that impure particles of different shapes 
id sizes agglomerated in the course of settling, thereby 
creasing their settling speed. FIGS. 3A, 3B and 3C 
'esent the results of experiments conducted to deter 
ine the relationship of a lapse of time after particles of 
irious impurities commenced settling and a distance 
wered thereby during said time. The experiments 
ere carried out under the same conditions as described 
love. 

There will now be described the operation of a ?lter 
g apparatus according to this invention where it is 
-plied to an intermittently actuated system. 
While the system is worked, a liquid entering the 
luid tank 1 is conducted through the ?rst strainer 9 to 
1e side of the tank 1. Then the liquid passes through 
e holes 8 of the partition wall 7 and further travels in 
laminar flow through the interspace between the ill 
ring trays 4 on to the opposite side of the tank 1. The 
mid is carried through the second strainer 10 and 
awn outside of the tank 1 through the outlet port 3. 
1e liquid thus discharged circulates through the sys 
n and is again brought into the tank 1. During this 
me, the larger impure particles contained in the liquid 
: ?ltered off by the ?rst and second strainers 9 and 10 
d partly settle to be collected in the cavities 5 through 
2 screens 6. 

Where the system stops and the liquid in the tank 1 is 
ought to rest, most of the impure particles contained 
the liquid begin to settle and are trapped in the cavi 
s 5 through the screens. Unlike the prior art directly 
‘.ering apparatus, the settler type ?ltering apparatus of 
s invention enables extremely fine impure particles to 
collected in the cavities 5. 
Where the system is again brought into operation and 
2 liquid begins to flow, there is formed over the open 
e of the cavities a boundary layer of liquid due to the 
nt action of the viscosity of the liquid and its friction 
th the surface of the screens 6. Accordingly, the 
pure particles accumulated in the cavities 5 are pre 
nted by said boundary layer from moving outside of 
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the tray even while the liquid continues to flow, and 
these impure particles are retained in the tray. 

In the foregoing embodiment, the cavities 5 are 
formed by the partition walls 12 into elongate parallel 
grooves extending at right angles to the direction in 
which the liquid flows. However, it is possible to ar 
range these cavities 5 in a matrix form using partition 
walls which 12 perpendicularly intersect each other. 
Further, the screen 6 may be prepared from other suit 
able materials than the material previously described. 
What is claimed is: 
1. A settler type separating apparatus for use with 

intermittent liquid flow thereto comprising a vessel for 
holding liquid having an inlet and outlet spaced from 
each other towards opposite ends of said vessel; a plu 
rality of longitudinal particle-receiving trays horizon 
tally disposed in the vessel between at least said inlet 
and outlet and superimposed in parallel and vertically 
spaced relationship with each other at prescribed verti 
cal intervals, each of said trays having a plurality of 
upwardly opening cavities de?ned by walls therebetween, 
at least a portion of said walls being angularly disposed to 
the longitudinal direction of the tray; a ?ne mesh screen 
mounted over each tray and supported by the uppermost 
portion of said walls to cover the upper opening of the 
cavities; [and] partition means disposed between said 
inlet and one side of said trays, said partition means being 
constructed and arranged so as to cause intermittently 
?owing liquid introduced through said inlet to run over 
said screens in laminar ?ow and the screens are con 
structed and arranged, so that the [?ow of the] liquid 
when ?owing over the screens forms a laminar boundary 
layer, said screens permitting particles in the liquid to 
settle from the liquid into the cavities when the flow 0] 
liquid is interrupted, but the escape of said particles from 
the cavities being obstructed during liquid flow by the 
boundary layer. 

2. The separating apparatus according to claim 1 
wherein the cavities constitute narrow grooves extend 
ing at right angles to the liquid flowing direction from 
the inlet to the outlet. 

3. The separating apparatus according to claim 2 
wherein the particle-receiving trays are each built of a 
bottom plate, a plurality of partition walls set up on the 
bottom plate at right angles to the flow direction of the 
liquid and side boards ?tted to the opposite edges of the 
partition walls and the aforesaid grooves are defined by 
said bottom plate, partition walls and side boards. 

4. The separating apparatus according to claim 3 
wherein said partition means comprises a vertical perfo 
rated wall. 

5. The separating apparatus according to claim 4 
wherein the inlet and outlet are each provided with a 
strainer. 

6. A settler type separating apparatus for use with inter 
mittent liquid flow thereto comprising a vessel for holding 
liquid having an inlet and outlet spaced from each other 
towards opposite ends of said vessel; a longitudinal particle 
receiving tray horizontally disposed in the vessel between at 
least said inlet and outlet, said tray having upwardly open~ 
ing cavities defined by walls therebetween: a fine mesh 
screen mounted over said tray and supported by the upper 
most portion of said walls to cover the upper openings of the 
cavities; flow control means disposed between said inlet and 
one side of said tray, said ?ow control means being con 
structed and arranged so as to cause intermittently ?owing 
liquid introduced through said inlet to run over said screen 
in laminar ?ow.‘ said screen being constructed and ar 
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ranged so that the liquid when ?owing over the screen 
forms a boundary layer, said screen permitting particles in 
the liquid to settle from the liquid into the cavities when the 
?ow of liquid is interrupted, but the escape of said particles 
from the cavities being obstructed during liquid ?ow by the 
boundary layer. 

7. The separating apparatus according to claim 6 
wherein the cavities constitute narrow grooves extending at 
right angles to the liquid ?owing direction from the inlet to 
the outlet. 

8. The separating apparatus according to claim 7 
wherein the particle-receiving tray comprises a bottom 
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6 
plate, a plurality of partition walls set up on the bottom 
plate at right angles to the ?ow direction of the liquid and 
side boards fitted to the opposite edges of the partition walls 
and the aforesaid grooves are defined by said bottom plate, 
partition walls and side boards. 

9. The separating apparatus according to claim 8 
wherein said flow control means comprises a vertical perfo 
rated wall. 

10. The separating apparatus according to claim 9 
wherein the inlet and outlet are each provided with a 
strainer. 
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