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@ Processor with laminar fluid flow wick.

@ A processor for photosensitive material provides a processing fluid to a processing chamber (52) while the
photosensitive material is advanced through the chamber. The processing fluid is drained from the chamber and
passes through a chute (88,90) as it is returned to a sump for recirculation to the processing chamber. A laminar
fluid flow wick (92,94) located in the chute avoids air entrapment that would be caused by fluid freely flowing
through the chute.
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This invention relates to apparatus for processing photosensitive material, such as sheets of X-ray film,
wherein a processing fluid is returned to a sump in a way which avoids entrapment of air in the fluid
returning to the sump.

It is known from US-A 4,994,840, issued February 19, 1991, to provide processing apparatus having an
upper tank and a lower tank for holding a processing fluid. The tanks are located on opposite sides of a
processing device, and fluid can flow from the tanks into a narrow processing chamber through which a
sheet of photosensitive material is advanced for processing of latent images on the material. The
processing fluid then travels through drains to chutes where the fluid flows downwardly and is returned to a
sump for recirculation to the processing chamber.

It is known that aeration and air entrapment can cause degradation of the chemistry of a processing
solution. Thus, it is desirable to reduce or eliminate the aeration or entrapment of air in such solutions. Air
entrapment occurs any time the processing solution experiences a free-fall condition. In the apparatus
disclosed in the before-mentioned application, aeration and air entrapment can occur when the processing
solution is returned from the processing chamber to the sump because the processing solution experiences
a free-fall situation as it flows through the drains and chute in the process of being returned to the sump.
Accordingly, it is desirable to eliminate the free-fall condition existing in the apparatus of the before-
mentioned copending U.S. patent application and to obtain, instead, a laminar flow of the processing fluid as
it is returned to the sump.

It is an object of the invention to reduce aeration and air entrapment that can cause degradation of the
chemistry of a processing solution, and to provide laminar flow of a processing solution as it is returned to
the sump from a processing chamber of a processor of the kind disclosed is the before-mentioned US-A
patent.

The object is achieved by a processor having a processing chamber through which photosensitive
material can be advanced while processing fluid is supplied along a path to the chamber, and wherein a
wick is located along the one part of the path to avoid free-fall of the fluid and to produce laminar flow of
the fluid, thereby reducing entrapment of air in the fluid.

In the detailed description of the preferred embodiment of the invention presented below, reference is
made to the accompanying drawings, in which:

Fig. 1 is a side view of a photographic processing apparatus in accordance with the invention;

Fig. 2 is a cross-section through one of the units of the processing apparatus; and

Fig. 3 is a fragmentary section showing the path for processing solutions from the processing chamber
to the sump and illustrating therein a wick for producing a laminar flow of the fluid.

In the following description, portions of the apparatus which are the same or similar to the processing
apparatus of the before-mentioned US-A 4,994,840 will be described initially, followed by a description of
the improvements of the present invention.

Figs. 1 and 2 of the drawings illustrate a photographic processing apparatus of the invention, generally
designated 8, that is useful for processing a strip or sheet of photosensitive material 10 (film or paper). The
photographic processing apparatus includes a plurality of photographic processing units, three of which are
shown at 12, 14 and 16. A processing fluid 18 (Fig. 2) is supplied to each unit. The fluid 18 is generally in a
liquid form including such photographic processing liquids as developer, fixer, bleach, rinsing fluid, water or
any other fluids for use in the processing of photosensitive materials. Any number of photographic
processing units can be included in the photographic processing apparatus depending on the number of
processing fluids required for processing a specific photosensitive material.

A plurality of sump tanks 20, 22, 24 for fluid 18 are provided for units 12, 14, 16, respectively. The units
12, 14, 16 include vessels 31, 32, 33 respectively and processing devices 41, 42, 43, respectively.

The film 10 is conveyed through the apparatus by a plurality of pairs of nip rollers 34 of the
photographic processing units 12, 14, 16. The rollers can be driven by any conventional drive means (not
shown).

The photographic processing units 14, 16 are the same or similar in construction to the photographic
processing unit 12. Therefore only processing unit 12 will be described in detail. Referring now to Figure 2,
vessel 31 comprises an upper tank 38 and a lower tank 40. Four connecting tubes 44 connect the interior of
tanks 38 and 40. The tubes allow the fluid 18 to flow freely between the upper tank 38 and the lower tank
40.

A processing device 41 is located between the upper tank 38 and the lower tank 40. The device 41
includes a first or upper applicator housing 48 and a second or lower applicator housing 50. The housings
define a fluid chamber 52, and film 10 fravels through the chamber during processing of the film 10. Fluid
18 enters the chamber 52 through two elongated slots 54 in housing 48. The slots are located proximate an
entrance end 56 and an exit end 58, respectively, of the fluid chamber 52. The fluid 18 also enters the
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chamber 52 through two elongated slots 60 in housing 50. The slots are located near the entrance and exit
ends 56, 58 respectively of the fluid chamber 52. Thus an upper layer of fluid 18 and a lower layer of fluid
18 are formed on opposite sides of the film 10 in chamber 52.

The upper tank 38 has slits 62 in the lower wall which are aligned with the inlet slots 54 in housing 48.
Also, the lower tank 40 has slits 64 formed in its upper wall which are aligned with the inlet slots 60 in
housing 50. The slits 62 permit fluid 18 to flow between the upper tank 38 and the chamber 52, and the slit
64 allows fluid to flow between the lower tank 40 and the chamber 52. Accordingly, the processing device
41 is essentially submersed in the fluid 18 in the vessel 31. O-rings 66,67 seal the interface between the
tanks 38, 40 and the applicator housings 48 and 50.

Fluid is supplied to upper tank 38 through a conduit 68 having openings 78 therein. A pump 72 has an
inlet connected to a conduit 76 in sump 20. Conduit 76 also has openings therein (not shown) which
enables the pump to withdraw fluid from the sump through conduit 76. The pump has an outlet connected
by a conduit 78 to conduit 68 in the upper tank. Thus, operation of pump 72 effects circulation (and
recirculation) of fluid from sump 20 to the upper tank 38.

Processing fluid furnished to chamber 52 flows toward the center of the processing device 41 and along
both surfaces of the photosensitive material 10. Fluid is exhausted from chamber 52 through slit-like orifices
80, 82 that lead into upper and lower drains 84, 86, respectively. The processing fluid flows from drains 84,
86 through chutes 88, 90, respectively, and then back into the sump 20, as shown in Fig. 3.

As will be observed from Fig. 3, the chutes 88, 90 extend in a generally vertical direction which allows
the processing fluid to encounter a free-flow condition as it leaves the drains and falls through the chute on
the way to the sump as disclosed in the before-mentioned US-A 4,994,840. As noted hereinbefore, when
processing fluid encounters such a free-flow of condition, aeration and air entrapment occurs in the fluid,
thereby degrading the chemistry of the fluid.

In accordance with the present invention, the free-flow condition of the fluid from the drains 84, 86 to
the sump fank is eliminated, thus, avoiding air entrapment and the resulting detrimental effect to the
chemistry of the processing fluid. More specifically, in accordance with the present invention, wicks 92, 94
are provided in the chutes 88, 90, respectively to produce a laminar flow of the fluid as it fravels from the
drains into the sump tank. The wicks are formed of a flexible material and extend from the outlet of the
drains 84, 86 along the chutes in a downwardly direction from the drains. The wicks are made from a
material which is chemically inert to the fluid traveling through the wicks. By way of example, the wicks can
be made from an open cell foam material, such as a styrene foam. Alternatively, the wicks can be made
from a loosely woven material that is rolled or folded to form the wick. In either case, it is important that the
fluid be able to flow through the open cells of the foam or loosely woven material. As this occurs, the
velocity of the fluid is reduced and the turbulent flow of fluid resulting from fluid flowing through the chute
without a wick is converted to laminar flow at the time the fluid enters the sump tank. Thus, there is no air
entrapment and the chemistry of the fluid is not degraded. Preferably, the wick is made of a flexible
material that can be configured to any desired shape.

Preferably, the wicks 92, 94 extend far enough downwardly to be below the surface 96 of fluid in the
sump tank 20. Thus, as illustrated in Fig. 3, both the chutes 88, 90 and the wicks 92, 94 are below the level
of the surface 96. Surface 96 can be maintained at a constant level by providing an overflow hole 98 in a
wall of the sump tank through which excess fluid can be removed from the tank and provided to a storage
container or a drain (not shown).

While the wicks are specifically shown in the chutes used for returning fluid to the sump tank, similar
wicks can be used in other areas of the processor where fluid traveling along its path encounters a free-fall
resulting in turbulence and air entrapment that is detrimental to the chemistry of the fluid. For example, part
of the path for fluid flows from the upper tank 38 to the lower tank 40 through a series of connecting tubes
44, and the fluid may be subject to free-fall as it moves through those tubes. Therefore, wicks can also be
provided in the tubes to convert the free-fall turbulent flow of the fluid to a laminar flow and avoid air
entrapment.
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APPENDIX

PARTS LIST

8 -

apparatus generally

10 - photosensitive material
12,14,16 - unit

18 - processing fluid
20,22,24 - sump tanks

28
30

31,32,33 - vessels

34
36
38
40

nip roller

upper tank of vessel 31
lower tank of vessel 31

41,42,43 - processing devices

44
48
50
52
54

56
58
60
62
64
66
67
68
70
72
76
78
80
82

connecting tubes

upper applicator housing of 41
lower applicator housing of 41
fluid chamber formed by 48,50

inlet (slot) to chamber 52 (one at each side in
Fig. 2)

entrance end of chamber 52

exit

inlet to chamber 52 from housing 50
slit in lower wall of tank 38

slit in upper wall of tank 40
O-rings

O-rings

conduit

openings in 68

pump

conduit

conduit

orifice in drain 76

orifice in drain 78
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PARTS LIST (continued)

84 - upper drain in housing 48
86 - lower drain in housing 50
88 - chute

90 - chute

92 - wick in 88

94 - wick in 90

96 - surface of fluid in sump
98 - overflow hole

Claims

A processor (8) for processing latent images on a photosensitive material (10), the processor having a
processing chamber (52) through which the material can be advanced for processing the material, a
sump (20) for holding a supply of processing fluid, means (72, 78, 88, 90) for supplying processing
fluid along a path extending from the sump to the chamber and back to the sump, at least one part of
the path located so the processing fluid flows downwardly in the one part of the path, characterized by:

A wick (92, 94) located along the one part of the path to avoid free-fall of the fluid in the one part of
the path, and to produce laminar flow of the fluid, thereby reducing entrapment of air in the fluid, the
wick being chemically inert to the fluid, and the wick having openings through which the fluid can flow
as it fravels through the one part of the path.

A processor as set forth in claim 1 having a chute (88,90) through which the fluid flows as it travels
from the chamber back to the sump, characterized by the wick being positioned in the chute, and the
wick extending downwardly into the sump and below the surface of fluid in the sump.
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