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SCREEN-LIKE LIQUID STREAM FORMING
DEVICE FOR DETERMINING CONCENTRATION

BACKGROUND OF THE INVENTION

This invention relates to a device for forming &
screen-like liquid stream for determining the concen-
tration of a liquid.

In electrographlc copying machines mcludmg facsim-
ile machines, using a developing liquid, it is required to
keep the concentration of such liquid constant at all
times. In these machines, it has hitherto been custom-

ary to determine and adjust the concentration of the .

liquid by causing it to flow downwardly through a trans-
parent tubé-which is illuminated and permits light to
pass therethrough and to be incident on a photoelectric
transducer element built in a bridge circuit, for exam-
ple, to produce a signal for the solute to be supple-
mented when the quantity of light incident on the ele-
ment reaches a predetermined level.

The use of the transparent tube has some disadvan-
tages. When the liquid to be-examined has an excep-
tionally high concentration, the solute adheres.to the
tube wall in a relatively short time interval, making it

" impossible to obtain accurate results in determining the

concentration of the liquid. It is time consuming and
requires additional hands to clean the tube to remove
the solute adhering thereto.

Proposals have been made to use a U-shaped wiré
 frame disposed below a slit-shaped discharging port to
" form a screen-like liquid stream by the frame so as to

detect light transmitted through the screen-like liquid
. stream, in place of using a transparent tube. The use of
such frame also has some disadvantages. It is wobbly
and likely to cause disruption of the liquid screen when
- it is subjected to mechanical vibration, no matter how
small it is. This makes it difficult accurately to deter-
mine the concentration of the liquid, because the liquid
screen is disrupted more often than not. Thus, the re-
suits obtained by this process do not often square with
- the actual concentration of the liquid.

SUMMARY OF THE INVENTION -

"An object of the invention is-to provide device for -

forming a screen-like liquid stream for determining the
concentration of a liquid by a simple and inexpensive
construction which obviates the disadvantages of the
prior. art methods using a transparent tube or a U-
shaped frame.

To this and other ends, the present invention contem-
plates the provision of a stream-forming device com-
prising a plurality of liquid flow regulating members
each having a liquid flow regulating surface, the liquid
flow regulating surfaces of the regulating .members
being disposed close to each other in face-to-face rela-
tionship and defining therebetween a slit servmg as a
discharging port through which a stream of liquid is dis-
charged to form a screen-like stream from which the
concentration of the liquid can be readily and posi-

_tively determined.

According to the invention, there is provided a de--

vice which is of simple and inexpensive construction

_and which-permits a uniform screen-like liquid stream .

‘continuously to be formed. at all times from which the

_ " concentration of the liquid can be determined. directly.
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level of concentration to be determined can be readily
adjusted by varying the dimension of the slit when the
reference concentration of the liquid is changed.
When the invention is mcorporated in electrographlc
duplication equipment, it permits the concentration of
all types of developing liquid to bé determined accu-
rately. An ordinary developing liquid containing a high
concentration toner obtained by kneading a toner and
a resin in a solvent at a high concentration at a rate of
0.5 to 5.0 grams per 1 liter of a supporting liquid can
have its concentration readily determined by this de-
vice. Even a higher concentration developing liquid,
containing a high concentration toner at a rate of 5 to
200°grams per | liter of a supporting liquid (adapted to

- be used for developing an eléctrostatic latent image of

low surface potential or for use in an electrographic du-

- plicating method including a transfer printing step),
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can have .its concentration determined accurately by
this device, although the concentration of such devel-

‘oping liquid has hitherto been dlfﬁcu]t to determine-by

conventlonal devices.

‘BRIEF DESCRIPTION OF THE DRAWINGS -

FIG. 1 is a front view of a device for forming a
-screen-like liquid flow for determining concentration, .
embodying the present invention in a particular form;

"FIG. 2 i a.bottom plan view of the device shown in
FIG. 1; ,
FIG.3isa perspectwe view of the. dev1ce shown m

. FIG. 1;
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- FIG. 4isa perspectlve view of another embodiment
of the screen-like hquld ﬂow forming device of the in-
vention;

FIG. 5is a side view, w1th certain parts bemg broken
away, of still another embodiment of the screen-like
liquid flow. forming device of the invention;. )

FIG. 6 is a bottom plan view of the dev1ce shown in

FIG. §;

FIG. 7 is a side view, with certain parts being broken
away, of a further embodiment of the screen-like liquid
flow formmg device of the invention;

FIG. 8isa bottom plan view of the device shown in
FIG 7;

- FIG. 9 is'a sectional s1de view of a concentratlon de-

.termmmg device incorporating an embodlment of the

" present invention therein; and
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- 'The device offers advantages in that the concentration
- of the liquid can be determined accurately. and thatthe -

FIG. 10 is a wiring diagram of a concentration deter-
mmmg circuit adapted for use in the’ devxce shown in
FIG. 9 :

DESCRIPTION OF PREF ERRED EMBODIMENTS |

' Preferred embodiments of the invention will be de-
scribed with reference to the drawings. :
In FIG. 1, a tubular member P is used as a.conduit 1
for conveying a liquid to be examined, and is connected
to a screen-like liquid flow formmg device generally
designated 2 according to this invention. »
As shownin FIG. 2, the device 2 having a discharging
port 24 at its bottom has a portion near the discharge
port.2a gradually flattened in going from an upper por-
tion of the device 2 toward the discharging port 2a till
large width liquid flow regulating members 2b and 2c¢
are formed at the bottom of the device. The liquid.flow
regulating members 2b and 2c each have a liquid flow

regulating surface; the liquid flow- regulating surfaces of -
_the members 2b and 20 bemg dlsposed close to each
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other and in face-to-face relatlomhlp to define therebe-
tween a slit 3.

When i liquid flows through the conduit 1 in the di-
rection of an arrow a, the liquid flow is regulated by the
liquid flow regulating members 26 and 2¢ cooperating
with the slit 3 and discharged through the discharging

port 2a as a screen-like liquid stream 4. The widthwise
expanse of the screen-like liquid stream 4 is only lim-
ited by lines A and B tangential to inner sides of liquid
flow guides 2d and 2e respectively for guiding the liquid
stream on opposite ends of the: discharging port 2a.

" The screen-like liquid stream B is fairly in good shape

*- when opposite edges of the discharging port 2q are hor-

“izontal. However, it has been found that, if the end
edges of the discharging port 2a are rounded by cutting
inwardly-along a dash-and-dot line C shown in FIG. 1
"into an arcuate shape shown in FIG. 3, it is possible to
form the screen-shaped liquid stream 4 in better shape.

In the embodiment shown, when a liquid introducing
port § of the device has a diameter R of 6 millimeters
and the slit 3 has a width d of 0.8 millimeter and a
length L of 1} millimeters, the screen-like liquid stream
4 has an effective area S of about 12 millimeters.

-In FIG. 4, the screen-like liquid flow forming device
2 is shown as. having its guide members 2d and 2e

formed to diverge outwardly downwardly. This form of

guide members permits opposite end portions of the-

liquid stream 4 to flow in the direction of arrows with
a greater vigor, thereby improving the shape of the
- screen-like liquid stream.

The screen-like flow forming device 2 shown. in FIG.
5 and FIG. 6 has in place of the slit 3, a slit 6 formed
at the discharging port 2a to include larger width por-
tions 6a and 6b at opposite ends. This arrangement of-
fers the same advantage as the arrangement shown in
FIG. 4.

The hquxd flow regulating surfaces of the liquid ﬂow
regulating members 2b and 2¢ are each formed thereon
with a water-repellent coat 7 of a fluorine resin or sili-
cone resin or a metal applied by plating over a consid-
erably large area. The coat 7 can be provided.in all the
embodiments of the invention. The liquid flow regulat-
ing members may be made of metal or other electri-
cally conducting material, and a bias voltage having a
polarity opposite to the polarity of the toner may be im-
pressed thereon as shown in FIG. 3.

In FIG. 7 and FIG. 8, there is'shown a slit 6 of the
same shape as the slit shown in FIG. § which is formed

by pressing a lower portion of the tubular member P

" made of plastic or other flexible material by means of
an immovable bolster member 8 and a movable presser
member 9.

A screw 11 is loosely fitted in the pressure member
9, and is threadably connected to an immovable sup-
port member 10. By moving the screw 11, itis possible
to adjust the force with ‘which the presser member 9
presses against the bolster member 8, thereby permit-
ting the width of the slit 6 to be adjustéd. This enables
adjustments of the width of the slit to be varied readily
when the reference level of concentration is changed.

The screw 11 can be connected to a motor 12 which

‘is controlled by liquid concentration detecting means.

-13.as shown in FIG. 7. This arrangement enables auto-
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arrangement can be mcorporated in all ‘the embodl-
ments.

FIG. 9 shows a concentration determining device, in-
corporating the screen-like liquid flow forming device
2 according to this invention, for illuminating the

_screen-like liquid stream 4 formed thereby and measur-
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ing the intensity of light passing through the scteen-like
liquid stream 4 by means of photoelectric transducer
elements. As shown, a housing 22 comprises a chamber
224 for mounting therein the device 2, a chamber 22¢
mounting therein a light source lamp and maintained in
communication with the chamber 22a through a win-
dow 22b formed in a wall separating the two chambers
224 and 22¢ from each other, and a chamber 22¢ dis-
posed above the chamiber 22¢ and maintained in com-
munication therewith through a window 22d formed in
a wall separating the two chambers 22¢ and 22e from
each other. The chamber 22a is completely cut off
from the chamber 22¢, and a filter 23 showing a refer-
ence concentration indicating the standard for compar-
ison is mounted in the window 22d. :

An opening 22f'is formed in a portion of a wall of the
chamber 22a corresponding to the window 22b in the

. opposite wall for mounting therein a photoelectric
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- matic control of the width of the screen-like liquid flow .

formed by the device accordmg te thls invention. This --

transducer element 24 for determining the concentra-
tion of the screen-like liquid stream 4. An opening 22g
is formed in a portion of a wall of the chamber 22¢ cor-
responding to the window 22d in the opposite wall for
mounting therein a photoelectric transducer element
25 for comparlson :

Mounted in the chamber 22c¢ is a. lamp 26 servmg as
a light source and emitting light which is transmitted on
the one hand through the window 22b to be incident on

‘the. screen-like liquid stream 4 and on the other hand

through the window 224 to be incident on the filter 23,
The light passing through the screen-like liquid stream
4 is incident on the photoelectric transducer element
24 while the light passing through the filter 23 is inci-
dent on the photoelectric transducer element 25.

"The screen-like liquid stream forming device 2 ac-
cording to.this invention may be mounted in the cham-
ber 22a by inserting the tubular meémber P in an open-
ing formed in a top wall of the casing and threadably
or otherwise connected therein. When the device 2:is.
of the form shown in FIG. 7, the screen-like liquid
stream 4 may be permitted to flow. directly mto the
chamber 22a.

The two photoelectrlc transducer elements 24 and 25 -
on-which the light passing through the screen-like lig-
uid stream 4 and light passing through the filter 23 are
incident respe}ctrvely are built in a bridge circuit to-
gether with resistors 27 and 28 as shown in FIG. 10 in
which a transistor 29 includes a base connected to the
resistor 27 and a collector.connected to a power source
31 through a relay 30. Connections D and E in upper

-and lower"portions of the -bridge as shown ‘are con-
nected to a power source 32 which impresses a voltage

on the base of the transistor 29 when the bridge be-
comes unbalanced.

Thus, when the value detected by the photoelectrlc
transducer element 24 shows a change as the concen-
tration of the screen-like liquid stream 4 varies and the
bridge is unbalanced, the transistor 29 is fired and a
current flows from the power source 31 to the relay 30.

“This closes contacts 30a and 30b and actuates an elec-

tromagnet, 33 connected thereto and adapted to close

i_- .__and opena valve (not shown) for dehvermg a supply of
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concentrated toner or other solute so as to automati-
cally adjust the concentration of the liquid.

The motor 12 shown in FIG. 7 may be connected to
the relay 30 to be controlled thereby.

When the screen-like liquid stream forming device 2
according to this invention is made of the tubular mem-
ber p, the tubular member may be made of metal, plas-
tic or other suitable material for making a flexible tube.

It is to be understood that the invention is not limited
to the features and embodiments hereinabove specifi-
cally set forth, but may be cartied out in other ways
without departure from its spirit.

I claim:

1. A screen-like liquid stream formmg device for de-
termining concentration comprising a plurality of lig-
uid flow regulating members each having a liquid flow
regulating surface, said liquid flow regulating surfaces
being disposed close to each other in face-to-face rela-
tionship to define therebetween a slit serving as a dis-
charging port through which a stream of liquid is dis-
charged and forms a screen-like liquid stream below
the slit, wherein said plurality of liquid flow regulating
members have a width which becomes larger in going
from the upstream portions of the flow regulating mem-
bers toward the discharging port to thereby define aslit
whose width diverges in going towards the discharging
port.

2. A device as'set forth in claim 1 wherein'said plural-
ity of liquid- flow regulating members have their end
edges rounded by cutting inwardly in arcuate shape
from opposite sides of the discharging port toward its
central portion.

3. A device as set forth in clalm 1 wherein said plural-
ity of liquid flow regulating members each have a wa-

ter-repellent material layer formed on the liquid flow

regulating surfaces.
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6

4. A device as set forth in claim 1 wherein said plural-
ity of liquid flow regulating members are made of an
electrically conducting material and have a bias voltage
impressed thereon, said bias voltage having a polarity
opposite to that of a toner.

5. A device as set forth in claim 1 wherein said slit has
opposite end portions which have a larger area than the
remainder of the slit. _

6. A device as set forth in claim 1 wherein said plural-
ity of liquid flow regulating members are made of a
flexible material and formed integrally as a flexible tu-
bulat member having an outlet end, and. further includ-
ing presser means for compressing said tubular member
adjacent said outlet end to form said slit.

7. A device as set forth in claim 6 wherein said
presser means comprises a movable presser member -
and an immovable bolster member,-and further includ-
ing a motor connectéd to said presser member for ad-
justing the width of the slit.

8. A device for forming a screen-like stream of liquid,
comprising

a. conduit means for conductmg a flow of llqurd and

b. stream—formmg means comprrsmg flow guide
structure for recervmg a flow of hqurd from the
conduit,

¢. said flow guide structure mcludmg a pair of op-
posed, facing, closely spaced, flow-guiding surfaces
cooperatively defining. an elongated narrow slit
which opens as a correspondingly elongated- nar-
row outlet port for discharging: a. flow: of liquid

- forming a screen-like liquid stream beyond the:slit,
wherein the width of each.of said surfaces becomes
larger in going .from the conduit to the slit to
thereby define a slit whose width drverges in going

toward the outlet port
) * % %k



