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DESCRIPTION

SUPPORT STRUCTURE AND MEMBRANE FILTRATION DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a supporting
structure of a membrane element and a membrane filtration
device that can be applied to varicus facilities such
as sewage treatment and industrial wastewater treatment.
BACKGROUND ART

[0002] As anexample of a liquid-solid separation system
that can be applied to various facilities such as sewage
treatment and industrial wastewater treatment, a membrane
filtration device using a membrane separation technology
is known. This membrane filtration device is immersed
ina liquid phase, for instance, inabiological treatment
tank or a coagulation treatment tank (or a flocculation
treatment tank), then treated water treated in the tank
can be solid-liquid-separated into solid substances and
water components.

[0003] Forsolid-liquidseparationof the treatedwater,
for instance, a membrane element having a filtration main
body used for membrane separation, a water collection
portion that collects treated water ({(filtered treated
water) having undergone the membrane separation from an
end portion of the filtration main body and a treated
water lead-out portion that leads out the treated water
coming from the water collection portion is used. By
connecting a water collection pipe to this treated water

lead-out portion of the membrane element, the treated
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water solid-liguid-separated by the membrane element can
be collected in the water collection pipe, then taken
out to the outside {e.g. a place where a treatment process
in a subseguent stage of the membrane filtration device
is performed} .

[0004] When such membrane filtration device is immersed
in a liquid phase, for instance, various deposits adhere
to the membrane element etc. according to operating
conditions. For this reason, for the membrane element
etc., a cleaning process is performed as necessary, foxr
instance, by performing air-washing of surfaces of the
membrane element etc. using e.g. an air diffuser or by
performing backwashing (back-pressure washing) of the
membrane element etc. by temporarily reversing flow of
the treated water in the membrane element and in the water
collection pipe.

[0005] Further, since various stresses are applied to
the membrane element according tothe operating conditions
of the membrane filtration device, it is desirable to
appropriately support the membrane element.

[0006] Patent Document 1 discloses a structure in which
a holding plate (or a pressing plate) ({(denoted by a
reference sign 14 in Patent Document 1) that supports
each membrane element is provided at an upper side of
a membrane module formed by the plurality of arranged
membrane elements. Patent Document 1 further discloses
that this holding plate has comb-shaped projections
{denoted by a reference sign 16a in Patent Document 1),
each of which is press-fitted into a gap between the

adjacent membrane elements.
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[0007] According to such supporting structure of Patent
Document 1, vibrations in a vertical direction of the
membrane element are suppressed during the air-washing,
then sliding movement between the membrane element and
a peripheral portion and wear of the membrane element
due to the sliding movement can be prevented.

[0008] Patent Document 2 discloses a structure in which
comb-shaped guide members (denoted by reference signs
70 and 71 in Patent BDocument 2) that guide loading and
unloading of the membrane element into and from a rack
of a membrane filtraticn device are provided. Patent
Document 2 further discloses a structure in which by
fitting spacemaintaining members (denoted by a reference
sign 65 in Patent Document 2) to supporting portions
(denoted by reference signs 51a and 51b in Patent Document
2) provided at sides (both sides) of each membrane element
accommodated in the rack, each membrane element is
supported.

[0009] According to such supporting structure of Patent
Document 2, the membrane element can be easily unloaded.
CITATION LIST

PATENT DOCUMENT

{0010]

Patent Document 1: Japanese Unexamined Patent Application
Publication No. H10-137556

Patent Document 2 : Japanese Unexamined Patent Application
Publication No. 2009-148743

SUMMARY OF THE INVENTION

[0011] In the case of the supporting structure of Patent

Document 1, even if the vibrations etc. of the membrane
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element can be suppressed, loading and unloading of each
membrane element becomes difficult due to & frictional
force between each membrane eiement and the holdingplate,
which results in poor handling workability.

[0012] In the case of the supporting structure of Patent
Document 2, since the sides of the membrane element are
supported (the both sides at standing-direction middile
portions of the membrane element are supported in Fig.
1 of Patent Document 2), there is a risk that membrane
element’s own flexibility will be reduced.

[0013] When the flexibility of the membrane element is
reduced, in a case where stress is applied to the membrane
element, the membrane element is difficult to bend (it
is difficult to disperse the stress), then there is a
risk that the membrane element will be overlcaded.
[0014] Thepresent invention was made inviewof the above
technical problems. An object of the present invention
is therefore to provide a technique that can contribute
to improvement in the handling workability of the membrane
element and the flexibility of the membrane element.
[0015] A supporting structure and a membrane filtration
device according to the present invention can contribute
to solution to the above problems. As one aspect of the
supporting structure according to the present invention,
a supporting structure comprises: membrane modules formed
by a plurality of membrane elements arranged at
predetermined intervals in a horizontal direction, each
of the membrane elements having a filtration main body
used for membrane separation, a water collection portion

that collects treated water having undergone the membrane
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separation from an upper end portion of the filtration
main body and a treated water lead-out portion that leads
out the treated water coming from the water collection
portion; arackhavinga shape inwhich the membrane modules
can be accommodated and having accommodating sections
into and from which each of the membrane elements can
be loaded and unloaded; and a water collection pipe having
a tubular peripheral wall that extends in an arrangement
direction of the membrane elements accommodated in each
accommodating section and collecting the treated water
led out from the treated water lead-out portions with
the treated water lead-out portion of each membrane
element being connected to the tubular peripheral wall.
[0016] Each accommodating section of the rack has an
accommodation opening which is open to one side in a
crossing direction crossing the arrangement direction
of the membrane elements among the horizontal direction
and through which each membrane element can be loaded
and unloaded in the crossing direction, and a pair of
lower-side supporting portions extending in the
arrangement direction of the membrane elements and
arrangedparallel toeachother in the crossingdirection.
Each lower-side supporting portion has a lower-side base
body extending in the arrangement direction of the
membrane elements and supporting a lower end portion of
each membrane element in the accommodated state, and a
plurality of lower-side rock suppression walls provided
at the lower-side base body at positions arranged at
predetermined intervals in the arrangement direction of

the membrane elements and having a shape projecting upward
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from respective arrangement positions of the lower-side
rock suppression walls. Each membrane element in the
accommodated state is interposed between adjacent two
lower-side rock suppression walls.

[0017] In the above aspect, the lower-side rock
suppressionwall is provided so that a clearance is formed
between the membrane element in the accommodated state
and the lower-side rock suppression wall adjacent to the
membrane element.

[0018] ©Further, the lower-side supporting portions
support both end edge portions in the crossing direction
of the lower end portion of each membrane element in the
accommodated state, and a lower-side shielding portion
that shields an outer side in the crossing direction of
the lower-side supporting portion is detachably provided
at the outer side in the crossing direction of at least
one of the lower-side supporting portions.

[0019] Further, two accommodating sections of the rack
are located on opposite sides of the tubular peripheral
wall in a posture in which the two accommodating sections
face each other at their back surface sides that are
opposite sides to the respective accommodation openings,
and the membrane module is accommodated in each
accommodating section.

[0020] Furthermore, each accommodating section of the
rack further has an upper-side bridge portion extending
in the arrangement direction of the membrane elements.
And, the upper-side bridge portion has an upper-side base
body extending in the arrangement direction of the

membrane elements and engaged with the upper end portion
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aplurality of upper-side rock suppressionwalls provided
at the upper-side base body at positions arranged at
predetermined intervals in the arrangement direction of
the membrane elements and having a shape projecting
downward fxrom respective arrangement positions of the
upper-side rock suppression walls. And, each membrane
element in the accommodated state is interposed between
adjacent two upper-side rock suppression walls.

[0021] Inaddition, theupper-side rock suppressionwall
is provided so that a clearance is formed between the
membrane element in the accommodated state and the
upper-side rock suppressionwall adjacent to the membrane
element.

[0022] Moreover, the tubular peripheral wall has at an
upper side in a radial direction thereof, a thick portion
that is thicker in the crossing direction among the radial
direction of the tubular peripheral wall, and a connecting
hole that penetrates the thick portion in an
inward-and-outward direction of the tubular peripheral
wall. And, the treatedwater lead-out portionisprovided
at another side in the c¢rossing direction of the water
collection portion, and connected to the connecting hole
in the accommodated state and communicates with an inside
of the tubular peripheral wall.

[0023] As one aspect of the membrane filtration device
according to the present invention, in a membrane
filtration device having any one of the above supporting

structures, the rack is provided, at a lower side of the
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plurality of_air blow holes.

[0024] According to the present invention described
above, it is possible to contribute to improvement in
the handling workability of the membrane element and the
flexibility of the membrane element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Fig. 1 is a schematic view (a schematic perspective view)
for describing an example of a membrane filtration device
10 according to the present embodiment (membrane modules
30 formed by membrane elements 3 are omitted, and a rack
1 and water collection pipes 2 are mainly illustrated).
Fig. 2 is a schematic view for describing an example of
the water collection pipe 2.

Fig. 3A is a schematic view for describing an example
of the membrane element 3. Fig. 3B is a local schematic
view of a footer 33 when viewed from the outside in an
arrow X1X2 direction.

Fig. 4 is a schematic view (corresponding to a sectional
view of a main part of the water collection pipe 2, cut
in the arrow X1X2 direction of Fig. 1, illustrating a
state inwhich the water collectionpipe 2 and the membrane
element 3 are not connected) for describing an example
of a connecting structure between both of the water
collection pipe 2 and the membrane element 3.

Fig. 5 is a schematic view for describing an example of
the membrane module 30 in an accommodated state (a local

perspective view illustrating a case where the membrane
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module 30 is accommodated in an accommodating section
11B in the rack 1).

Fig. 6A and 6B are schematic views depicting a part of
the membrane module 30 in the accommodated state shown
in Fig. 5. Fig. 6A is a local perspective view depicting
a reglion in which five membrane elements 3 are arranged.
Fig. 6B is a local perspective view depicting an arrow
Z2 direction side of Fig. 6A when viewed from a different
angle.

Fig. 7 is a schematic view (corresponding to a sectional
view of a main part of the water collection pipe 2, cut
in the arrow X1X2 direction of Fig. 1, illustrating a
state in which the water collection pipe 2 and the membrane
element 3 are not connected) for describing another
example of the connecting structure between both of the
water collection pipe 2 and the membrane element 3
according to the present embodiment.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0026] A supporting structure and a membrane filtration
device according to an embodiment of the present invention
are completely different from configurations having the
supporting structures as disclosed in Patent Documents
1 and 2.

[0027] That is, in the supporting structure and the
membrane filtration device according to the present
embodiment, an upper end portion and a lower end portion
of each of a plurality of membrane elements accommodated
in each accommodating section in a rack are supported.
[0028] More specifically, the upper end portion of each

membrane element is supported by being connected to a
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water collection pipe that collects treated water having
undergone membrane separation of the membrane element
(i.e. by connecting an after-mentioned treated water
lead-out portion 34 shown in Fig. 3A toan after-mentioned
connecting hole 23} . Also, the lower end portion of each
membrane element is supported by a pair of lower-side
supporting portions that have a shape extending in an
arrangement direction of the membrane elements (in an
arrow Y1Y2 direction in Fig. 1) and that are arranged
parallel to each other in a crossing direction (in an
arrow X1X2 direction in Fig. 1) crossing the arrangement
direction of the membrane elements.

[0029] The lower-side supporting portion has the shape
extending in the arrangement direction of the membrane
elements. The lower-side supporting portion has a
lower-side base body that supports the lower end portion
of each membrane element in a state in which each membrane
element is accommodated in the accommodating section
{hereinafter referredtosimplyasanaccommodatedstate),
and a plurality of lower-side rock suppression walls (or
a plurality of lower-side wobble suppression walls) that
are provided at the lower-side base body at positions
arranged at predetermined intervals in the arrangement
direction of the membrane elements and that each have
a shape projecting upward £rom the arrangement position.
0030} Then, as a structural feature, each membrane
element in the accommodated state is interposed between
the adjacent two lower-side rock suppression walls.
{0031] According to such supporting structure of the

present embodiment, since there 1s no need to support
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a middle portion located between the upper end portion
and the lower end portion of the membrane element in the
accommodated state (for instance, there is no need to
support the side portion{s) like Patent Document 2),
membrane element’ sown flexibilitytends tobemaintained.
[0032] With this, when stress is applied to the membrane
element in the accommodated state, the membrane element
is easytobend (it is easy todisperse the stress), thereby
suppressing a load (e.g. an impact by continuous aeration
energy during the air-washing or a load due to a temporary
impact such as an earthquake etc.) applied to the membrane
element.

[0033] Further, regarding the pair of lower-side
supporting portions supporting the lower end portion of
each membrane element in the accommodated state, although
the lower-side rock suppressionwall is interposedbetween
the adjacent two membrane elements (for instance, the
lower-side rock suppression wall is interposed between
the adjacent twomembrane elements with a clearance formed
between them), there is no member like Patent Document
1 {(denoted by a reference sign 1l6a in Patent Document
1) that is press-fitted into the gap between the adjacent
two membrane elements. Therefore, it is possible to
suppress a frictional force between the lower-side
supporting portion and the membrane element (as compared
with the Patent Document 1), then the loading andunloading
of the membrane element can be readily done.

[0034] Thus, according to the supporting structure of

the present embodiment, it is possible to contribute to
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improvement in the handling workability of the membrane
element and the flexibility of the membrane element.
[0035] BAs the supporting structure and the membrane
filtration device according to the present embodiment,
as described above, the upper end portion and the lower
end portion of the membrane element in the accommodated
state are supported, then it is possible to contribute
to improvement in the handling workability of the membrane
element and the flexibility of the membrane element. As
long as the supporting structure and the membrane
filtration device have such configuration, common
technical knowledge in various fields (e.g. a field of
membrane separation technology or piping technology that
are applied to various facilities) could be used as
necessary, and also design change could be possible by
referring to the prior art documents if necessary.
[0036] <<Membrane filtration device 10 as an example of
the present embodiments>>

Figs. 1 to 6 are drawings for describing the connecting
structure and the membrane filtration device 10 having
the connecting structure according to the present
embodiment. In Figs. 1 to 6, an arrow 71zZ2 direction
corresponds to an installation direction of the membrane
filtration device 10, and the arrow X1X2 direction and
an arrow Y1Y2 direction each indicate the horizontal
direction. Further, in Figs. 1 to 6, the same element
or component is denoted by the same reference sign, and
its explanation will be omitted below.

[0037] <«<Mainconfigurationofmembranefiltrationdevice

10>
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As ghown in Fig. 1, the membrane filtration device 10
has a rack 1 whose plurality of frames {(frames 1la, 1b
and 1lc in Fig. 1} are assembled into an enclosure and
long strip-shaped water collection pipes 2A and 2B
provided so as to extend in the arrow Y1Y2 direction in
an upper space 1A and a lower space 1B in the rack 1
respectively. Further, membrane modules 30 (membrane
modules 30 accommodated in after-mentioned accommodating
sections 11A, 12A, 11B and 12B respectively in Fig. 1),
each of which is formed by a plurality of membrane elements
3 (described later using Fig. 3A) arranged at
predetermined intervals in the arrow Y1Y2 direction {(in
an axial direction of a tubular peripheral wall), are
accommodated in the rack 1.

[0038] The rack 1 shown in Fig. 1 has a structure in which
the plurality of frames la extending in the arrow X1X2
direction, the plurality of frames 1b extending in the
arrow Y1Y¥2 direction and the plurality of frames 1c
extending in the arrow Z1Z2 direction are assembled into
the enclosure, and can support each component (e.g. the
water collection pipes 2A and 2B, the membrane elements
3 and an air diffuser (not shown)) of the membrane
filtration device 10. Material constituting the rack 1
is not particularly limited. For instance, metal
material such as stainless steel and a variety of resin
materials could be used.

[0039] In the upper space 1A located at an arrow 22
direction side in the rack 1, the water collection pipe
23 is provided at a position on the arrow Z2 direction

side and in the middle in the arrow X1X2 direction so
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as to extend in the arrow Y1¥2 direction. Further, the
accommodating sections 11A and 12A are arranged on
opposite sides of the water collection pipe 2A so as to
face each other in the upper space 1A.

[0040] In the same manner as the upper space 1A, in the
lower space 1B located at an arrow Z1 direction side in
the rack 1, the water collection pipe 2B is provided at
apositionon the arrow Z2 direction side and in the middie
in the arrow X1X2 direction so as to extend in the arrow
Y1Y2 direction. Further, the accommodating sections 11B
and 12B are arranged on opposite sides of the water
collection pipe 2B g0 as to face each other in the lower
space 1B.

[6041] The accommodating sections 11A, 12A, 11B and 12B
are each provided, at outer sides in the arrow X1X2
direction thereof, with an accommodation opening 16 that
is open to the respective outer sides in the arrow X1X2
direction. Eachmembraneelement 3 of themembrane module
30 can be accommodated in the respective accommodating
sections 11A, 12A, 11B and 12B through the accommodation
opening 16 so as to be able to be loaded and unloaded
in the arrow X1X2 direction. With this configuration,
for instance, the accommodating sections 11A and 1224
located on opposite sides of the water collection pipe
2A face each other at their back surface sides that are
opposite sides to the respective accommodation openings
16.

[0042] Further, the accommodating sections 114, 123, 11B
and 12B are each provided, at the arrow Z1 direction sides

thereof, with a pair of supporting frames 15 that are
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spaced a predetermined distance and extend in the arrow
Y1Y2 direction. Each of the pair of supporting frame 15
has a lower-side supporting portion 4 (described later
using Figs. 5 and 6A) having a shape extending in the
arrow Y1Y2 direction. With this structure, a lower end
portion (e.g. an after-mentioned footer 33) of each
membrane element 3 of the accommodated membrane module
30 can be supported by the lower-side supporting portions
4.

[0043] TInaddition, the accommodating sections 11A, 124,
11B and 12B are each provided, at arrow Z2 direction sides
of the respective accommodation openings 16, with an
upper-side bridge portion 5 {described later using Figs.
64 and 6B} extending in the arrow Y1Y2 direction. With
this structure, an upper end portion (e.g. an
after-mentioned header 32) of each membrane element 3
of the accommodated membrane module 30 can be supported
by the upper-side bridge portion 5.

[0044] Shielding panels 13 and 14 are provided at each
side portion in the horizontal direction of the
accommodating sections 11A, 12A, 11B and 12B so as to
shield outer peripheral sides of the membrane modules
30 accommodated in the accommodating sections 11A, 12A,
11B and 12B. With these shielding panels 13 and 14, for
instance, bubbles by an after-mentioned air diffuser are
prevented from coming out to the outside from each side
portion in the horizontal direction of the accommodating
sections 11A, 12A, 11B and 12B.

[0045] The air diffuser(s) (not shown) having e.g. a

plurality of air blow holes is {are) provided in the rack
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1, for instance, at a lower side (s} with respect to the
accommodating sections 114, 12A, 11B and 12B (at the arrow
Z1 direction side of the lower space 1B in Fig. 1) . For
instance, by blowing the air from each air blow hole of
theairdiffuserinastateinwhichthemembrane filtration
device 10 is immersed in a liguid phase, bubbles can be
generated in the rack 1.

[0046] The bubbles rise in the arrow Z2 direction, for
instance, along each surface of the membrane element 3
of the membrane module 30 {(e.g. between adjacent membrane
elements 3) and generate a shearing force when coming
into contact with the surfaces of the membrane element
3, then the surfaces of the membrane element 3 are cleaned
with air (for instance, deposits are removed).

[0047] <«Configuration of water collection pipes 2A and
2B>

As shown in Figs. 2 and 4, each of the water collection
pipes 2A and 2B mainly has a long strip-shaped tubular
peripheral wall 21 having an inner peripheral surface
21a which is substantially circular in radial direction
cross section and a plurality of connecting holes 23
arranged inthe arrowvYlY2 direction (inanaxial direction
of the tubular peripheral wall 21) at an upper-side
peripheral wall portion 22 located at the arrow Z2
direction side of the tubular peripheral wall 21 (at an
upper side in the radial direction of the tubular
peripheral wall 21).

[0048] The tubular peripheral wall 21 has, at the
upper-side peripheral wall portion 22, thick portions

24 that are thicker in the arrow X1X2 direction (in the
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horizontal direction among the radial direction of the
tubular peripheral wall 21}, and the thick portion 24
is substantially trapezoidal in radial direction cross
section.

{0049] Each connecting hole 23 is provided at a position
facing a treated water lead-out portion of the membrane
element 3 in the accommodated state so as to penetrate
the thick portion 24 in the inward-and-outward direction
(in the arrow X1X2 direction} of the tubular peripheral
wall 21.

[0050] ©Of all outer peripheral surfaces of the tubular
peripheral wall 21, strip-shaped grooves 26 extending
in the arrow Y1Y2 direction are formed at positions on
outer peripheral edge surfaces at the arrow 2122 direction
side of the connectinghole 23 of the upper-side peripheral
wall portion 22 (at positions on outer peripheral edge
gurfaces at the arrow Z1 direction side in Figs. 2 and
4) . Further, shock absorbing materials (e.g. rubber

sheets) 26a are provided at the respective strip-shaped
grooves 26 go as to £ill the respective strip-shaped

grooves 26. Then, with the shock absorbing material 26éa,
for instance, even if the tubular peripheral wall 21 and
the after-mentioned header 32 collide with each other,
the shock of the collision can be absorbed.

[0051] By opening an end portion, for instance, at the
arrow Y1 direction side of the tubular peripheral wall
21 and providing a pipe 27 etc. at the end portion as
shown in Fig. 1, treated water collected in the tubular

peripheral wall 21 can be taken out to the outside (e.g.
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a place where a treatment process in a subsequent stage
of the membrane filtration device 10 is performed).
{0052] A shape of the water collection pipes 2A and 2B
{for instance, an outside diameter and an inside diameter
of the tubular peripheral wall 21, a length in the arrow
¥Y1Y2 direction of the tubular peripheral wall 21), a shape
(for instance, a diameter of the hole (a hole size}) of
the connecting hole 23 and arrangement and the number
of the connecting holes 23 can be appropriately set
according to an amount of the treated water and so on
of the membrane filtration device 10 provided with the
membrane elements 3.

[0053] Material constituting the water collection pipes
2A and 2B is not particularly limited. For instance, it
could be metal material such as stainless steel, resin
materials such as polyethylene, polypropylene and
polyvinyl chloride, composite material of polyvinyl
chloride and fiber-reinforced plastics, composite
material of polyethylene and fiber-reinforced plastics
and so on, and these materials can be appropriately
selected and used.

[0054] Further, byusingvarious molding techniques such
as injection molding, extrusion molding and cutting
process using the above material, it is possible to form
the water collection pipes 2A and 2B having non-divided
structure (non-dividable structure) without dividing the
pipe in the axial direction (in the arrow Y1Y2 direction)
as shown in Figs. 2 and 4.

[0055] Here, for instance, it could be possible to form

the water collection pipes 2A and 2B having a multi-stage
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structure (i.e. the water collection pipe that can be
divided in the axial direction) in which a plurality of
tubular bodies are arranged in the axial direction.
However, in this case, it is reguired to maintain desired
ligquid-tightness by interposing a sealing member between
the tubular bodies.

{0056] <Configurations of membrane element 3 and
membrane module 30>

As shown in Figs. 3 and 4, the membrane element 3 mainly
hag a filtrationmainbody 31, the header 32 and the footer
33. In a case of this membrane element 3 shown in the
drawings, the membrane element 3 has a long flat-plate
shape extending in the arrow Z1Z2 direction, and has a
structure having such flexibility that, for instance,
the middle of the filtration main body 31 bends moderately
or to a certain extent in the arrow Y1Y2 direction.
[0057] The filtration main body 31 is used for
solid-liquid separation, and is formed using e.g. a flat
filtration member. Inside this filtration member, flow
passages or flow gaps are formed as spaces where filtered
water obtained by the solid-liquid separation flows. The
filtration member is not particularly limited as long
as the filtration member has a filtering function, and
various shapes or structures can be used. As an example,
it could be a structure in which filtration membranes
are formed on surfaces (flat main surfaces at the arrow
Y1Y2 direction sides of the filtration main body 31) of
a water-permeable flat supporting body.

[0058] The header 32 and the footer 33 are liquid-tightly

fixed to one end portion and the other end portion of
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the filtration main body 31 respectively, for instance,
by adhesion, welding or molding.

[0059] The header 32 functions as a water collection
portion that collects the treated water of the
solid-ligquid separation from the one end portion of the
filtration main body 31. The header 32 is provided, at
one end portion thereof (at an end portion in the arrow
X2 direction of the header 32 in Fig. 3), with a treated
water lead-out portion 34 made of & pipe-shaped member.
This treated water lead-out portion 34 is connected to
the connecting hole 23 of the tubular peripheral wall
21 with the treated water lead-out portion 34 being fitted
into the connecting hole 23, then the treated water
solid-liguid-separated by the membrane element 3 can be
led out into the tubular peripheral wall 21.

[0060] In a case of the treated water lead-out portion
34 shown in Fig. 4, the treated water lead-out portion
34 has a liquid-tight portion 34a that is inserted into
the connecting hole 23 of the tubular peripheral wall
21 and a fitting portion 34b that is provided at the one
end portion of the header 32 and fitted into the connecting
hole 23. Water-sealing members 34c¢ that liquid-tightly
seal a gap between the liguid-tight portion 34a and the
connecting hole 23 are attached to or fitted onto an outer
peripheral surface of the liguid-tight portion 34a.
[0061] Materials constituting the filtration main body
31, the header 32 and the footer 33 are not particularly
limited. For instance, they could be metal used for
solid-1liguid separation technology, well-known

inorganic material such as ceramic and well-known organic
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material such as polymeric resin (high polymer resin).
Further, these materials are appropriately selected and
used so as to have a strength enough to prevent damage
by, for instance, gas-liguid mixed flow for cleaning the
filtration main body 31 when the filtration main body
31, the header 32 and the footer 33 are installed as a
membrane separation device.

[0062] As material constituting the treated water
lead-out portion 34, the same material as those of the
filtration main body 31, the header 32 and the footer
33 could be used. Although this treated water lead-out
portion 34 has a cylindrical shape, the treated water
lead-out portion 34 may have a polygon such as a triangle
and a quadrangle in cross section, except for a circle.
Further, by forming the fitting portion 34b into a tapered
shape, it is possible to contribute to improvement in
liquid-tightness. As the water-sealing member 34c, a
well-known elastic member such as an O-ring used for water
treatment technology can be used.

[0063] Shapes etc. of the header 32 and the footer 33
are not particularly limited as long as the header 32
and the footer 33 can be supported so as to perform their
functions, and the shapes etc. can be appropriately set.
For instance, regarding the footer 33, it has a shape
in which the footer 33 is easily interposed between
after-mentioned adjacent two lower-side rock suppression
walls 42. More specifically, like the footer 33 as shown
in Fig. 3B, the footer 33 could have a shape in which
a thickness in the arrow Y1Y2 direction of the footer

33 is narrower toward the arrow Z1 direction.
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[0064] The plurality of membrane elements 3 as described
above are accommodated in each of the accommodating
sections 11a, 1247, 11B and 12B from the accommodation
openings 16 so that the membrane elements 3 are arranged
at predetermined intervals in the arrow Y1Y2 direction
(in the axial direction of the tubular peripheral wall)
in a posture in which the membrane elements 3 stand in
the arrow Z1Z2 direction, then each membrane module 30
as shown in Figs. 5, 6A and 6B is formed.

[0065] In the membrane module 30 as shown in Figs. 5,
6A and 6B, the membrane elements 3 are arranged at
predetermined intervals in the arrow Y1Y¥Y2 direction (in
the axial direction of the tubular peripheral wall) with
the filtration main bodies 31 of the membrane elements
3 facing each other (for instance, in a posture in which
the membrane elements 3 stand in the arrow 72172 direction
as shown in Fig. 3).

[0066] &s for the header 32 of the membrane element 3,
the treated water lead-out portion 34 of the membrane
element 3 is connected to the connecting hole 23 of the
tubular peripheral wall 21 (which will be described later
using Fig. 4), then the header 32 is supported. Although
the header 32 can be adequately supported by such
connecting state in which the treated water lead-out
portion 34 and the connecting hole 23 are connected, as
illustrated in Figs. 6A and 6B, the upper-side bridge
portion 5 could be engaged with an end portion (an arrow
X1 directionendportioninFig. 3), located at an opposite

side to the treated water lead-out portion 34, of the
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header 32. Withthisengagement, amore stable supporting
can be obtained.

[0067] With regard to the footer 33, both ends in the
arrow X1X2 direction of the footer 33 are supported by
the lower-side supporting portions 4 provided at the
respective supporting frames 15.

[0068] <Supporting structure of lower-side supporting
portion 4>

The lower-side supporting portion 4 shown in Figs. 5 and
6A has a lower-side base body 41 provided so as to extend
inthe arrow Y1Y2 direction along an upper end edge portion
15a of the supporting frame 15 andapluralityof lower-side
rock suppression walls (or a plurality of lower-side
wobble suppression walls) 42 provided at the lower-side
base body 41 at positions arranged at predetermined
intervals in the arrow Y1Y2 direction.

[0069] Each lower-side rock suppression wall 42 has a
shape projecting in the arrow Z2 direction from the
arrangement position at the lower-side base body 41. The
lower-side rock suppression walls 42 are structured so
that the membrane element 3 can be interposed between
the adjacent two lower-side rock suppression walls 42.
[0070] According to the lower-side supporting portion
4 described above, it is possible to support each footer
33soastomaintainthe state inwhichthemembrane elements
3 in the accommodated state are arrange at predetermined
intervals in the arrow Y1¥2 direction. Further,
according tothe lower-side supportingportion4 described
above, when loading and unloading the membrane element

3 through the accommodation opening 16, the membrane
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element 3 is guided by the adjacent two lower-side rock
suppression walls 42, then the membrane element 3 can
be easily moved in the arrow X1X2 direction.

[0071] By interposing the membrane element 3 between the
adjacent two lower-side rock suppression walls 42 as
described above, for instance, when the membrane element
3 rocks (wobblesg) in the arrow Y1Y2 direction due to
operating conditions of the membrane f£iltration device
10, the rock (wobble) is suppressed by the two lower-side
rock suppression walls 42.

[0072] The lower-side rock suppression wall 42 is
appropriately formed according to the number of the
membrane elements 3 of the membrane module 3¢ and/or the
shape of the membrane element 3. For instance, the
lower-side rock suppression walls 42 are arranged at
predetermined intervals in the arrow Y1Y2 direction so
that the membrane elements 3 in the accommodated state
do not collide with each other.

[6073] A distance between the lower-side rock
suppression walls 42 could be set, for instance, so that
a clearance {a gap) is formed between the membrane element
3 and the lower-side rock suppression wall 42 that is
adjacent to the membrane element 3. In this case where
the clearance is formed, it is possible to suppress a
frictional force that could be generated between the
membrane element 3 and the lower-side rock suppression
wall 42 adjacent to the membrane element 3. Therefore,
good handling workability when loading and unloading the

membrane element 3 can be obtained.
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[0074] In the case of the lower-side supporting portions
4 shown in Figs. 5 and 6A, the lower-side supporting
portions 4 support both end edge portions in the arrow
X1X2 direction of each membrane element 3 in the
accommodated state of the membrane module 30. Then, at
anouter sideinthearrowXlX2directionof eachlower-side
supporting portion 4, a lower-side shielding portion 43
is detachably provided so as to shield an arrow X1X2
direction outer side.

[0075] 1In a case of the lower-side shielding portion 43
shown in Fig. 5, the lower-side shielding portion 43 is
supported by a supporting frame 44 that extends in the
arrow Y1Y2 direction. By detachably fixing the
supporting frame 44 to the frames lc of the rack 1 (e.g.
with fixingmembers (not shown)), thearrowX1X2 direction
outer side of the lower-side supporting portion 4 is
shielded.

[0076] By detachably providing the lower-side shielding
portion 43 in this manner, an outward movement in the
arrow X1X2 direction of the membrane element 3 in the
accommodated state can be restrained.

[0077] <Supporting structure of upper-side bridge
portion 5=

The upper-side bridge portion 5 shown in Figs. 6A and
6B has an upper-side base body 51 provided so as to extend
in the arrow Y1Y2 direction (e.g. along the frame 1b)
at the arrow Z2 direction side of the accommodation opening
16 of each of the accommodating sections 11A, 12A, 11B
and 12B and a plurality of upper-side rock suppression

walls {(or a plurality of upper-side wobble suppression
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walls) 52 provided at the upper-side base body 51 at
positions arrangedat predetermined intervalsinthearrow
Y1Y2 direction.

[0078] Each upper-side rock suppression wall 52 has a
shape projecting in the arrow Z1 direction from the
arrangement position at the upper-side base body 51. The
upper-side rock suppression walls 52 are structured so
that the membrane element 3 can be interposed between
the adjacent two upper-side rock suppression walls 52.
[6079] According to the upper-side bridge portion 5
described above, it is possible to support each header
32soastomaintainthe state inwhichthemembrane elements
3 in the accommodated state are arrange at predetermined
intervals in the arrow ¥Y1Y2 direction. Further,
according to the upper-side bridge portion 5 described
above, when loading and unloading the membrane element
3 through the accommodation opening 16, the membrane
element 3 is guided by the adjacent two upper-side rock
suppression walls 52, then the membrane element 3 can
be easily moved in the arrow X1X2 direction.

[0080] By interposing the membrane element 3 between the
adjacent two upper-side rock suppression walls 52 as
described above, for instance, when the membrane element
3 rocks (wobblesg) in the arrow Y1¥2 direction due to the
operating conditions of the membrane filtration device
10, the rock (wobble) is suppressed by the two upper-side
rock suppression walls 52.

[0081] The upper-side rock suppression wall 52 is
appropriately formed according to the number of the

membrane elements 3 of the membrane module 30 and/or the
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shape of the membrane element 3. For instance, the
upper-side rock suppression walls 52 are arranged at
predetermined intervals in the arrow Y1¥2 direction so
that the membrane elements 3 in the accommodated state
do not collide with each other.

[0082] A distance between the upper-side rock
suppression walls 52 could be set, for instance, so that
a clearance (a gap) is formed between the membrane element
3 and the upper-side rock suppression wall 52 that is
adjacent to the membrane element 3. In this case where
the clearance is formed, it is possible to suppress a
frictional force that could be generated between the
membrane element 3 and the upper-side rock suppression
wall 52 adjacent to the membrane element 3. Therefore,
good handling workability when loading and unloading the
membrane element 3 can be obtained.

[0083] In the case of the upper-side bridge portion 5
shown in Figs. 6A and 6B, the upper-side bridge portion
5 supports an arrow X1 direction one end edge portion,
located at an opposite side to the treated water lead-out
portion 34, of the membrane element 3 in the accommodated
state of the membrane module 30. Then, at an outer side
in the arrow X1 direction of the upper-side bridge portion
5, an upper-side shielding portion 53 is detachably
provided so as to shield an arrow X1 direction outer side.
[0084] By detachably providing the upper-side shielding
portion 53 in this manner, an outward movement in the
arrow X1 direction of the membrane element 3 in the
accommodated state can be restrained.

[0085] <«Connecting structure>
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In order to accommodate each membrane element 3 as shown
in Fig. 5 and connect the connecting hole 23 of the tubular
peripheral wall 21 and the treated water lead-out portion
34 of the membrane element 3, first, as shown in Fig.
4, the tubular peripheral wall 21 and the membrane element
3 are arranged so that the connecting hole 23 and the
treated water lead-out portion 34 are close to each other
while facing each other.

[o086] Then, by moving the tubular peripheral wall 21
and the membrane element 3 in a direction in which both
of the tubular peripheral wall 21 and the membrane element
3 get closer to each other and fitting and inserting the
treated water lead-out portion 34 into the connecting
hole 23 from the liquid-tight portion 34a of the treated
water lead-out portion 34, the connecting hole 23 and
the treated water lead-out portion 34 can be
liquid-tightly connected, thenthe treatedwater lead-out
portion 34 can communicate with an inside of the tubular
peripheral wall 21.

[0087] <«Modification of connecting structure>

The connecting structure between the connecting hole 23
of the tubular peripheral wall 21 and the treated water
lead-out portion 34 of themembrane element 3 isnot limited
to that shown in Fig. 4. For instance, the connecting
structure can be changed as necessary according to the
structure or configuration of the water collection pipes
2A and 2B and the membrane element 3.

[0088] For example, as shown in Fig. 7, a connecting
structure in which thick portions 24 that are thicker

in the arrow X1%2 direction {(in the horizontal direction



10

i5

20

25

- 20 -

among the radial direction of the tubular peripheral wall
21) are formed at a lower-side peripheral wall portion
25 located at the arrow Z1 direction side of the tubular
peripheral wall 21 (at a lower side in the radial direction
of the tubular peripheral wall}, and the connecting holes
23 are appropriately provided at the thick portions 24
of the lower-gide peripheral wall portion 25 could be
possible.

[0089] In a case of this connecting structure as shown
in Fig. 7, as compared with the connecting structure as
shown in Fig. 4, a distance in the arrow Z1Z2 direction
between an arrow Z1 direction side (a bottom side) of
the inner peripheral surface 21a of the tubular peripheral
wall 21 and an arrow %1 direction side (a bottom side)
of the connecting hole 23 is shortened. With this, it
is possible to suppress generation of the so-called dead
water region of the treated water flowing in the tubular
peripheral wall 21.

[0090] Although the present inventionhas beendescribed
in detail only with respect to the embodiment described
above, it is obvious to those skilled in the art that
various modifications can be made within the scope of
the technical idea of the present invention, and as a
matter of course, such modifications belong to the scope

of claims.
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CLATMS

A supporting structure comprising:

membrane modules formed by a plurality of membrane

elements arranged at predetermined intervals in
a horizontal direction, each of the membrane

elements having a filtration main body used for
membrane separation, a water collection portion
that collects treated water having undergone the
membrane separation from an upper end portion of
the filtration main body and a treated water

lead-out portion that leads out the treated water

coming from the water collection portion;

a rack having a shape in which the membrane modules

can be accommodated and having accommodating
sections into and from which each of the membrane

elements can be loaded and unloaded; and

a water collection pipe having a tubular peripheral

wall that extends in an arrangement direction of
the membrane elements accommocdated in each

accommodating section and collecting the treated
water led out from the treated water lead-out
portions with the treated water lead-out portion
of each membrane element being connected to the

tubular peripheral wall, wherein

cach accommodating section of the rack has

an accommodation opening which is open to one side
in a crossing direction crossing the
arrangement direction of the membrane elements

among the horizontal direction and through
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which each membrane element can be loaded and
unloaded in the crossing direction, and
a pair of lower-side supporting portions
extending in the arrangement direction of the
membrane elements and arrangedparallel toeach
other in the crossing direction, wherein
each lower-side supporting portion has
a lower-gide base body extending in the
arrangement direction of the membrane
elements and supporting a lower end portion
of each membrane element in the accommodated
state, and
a plurality of lower-side rock suppression
walls provided at the lower-side base body
at positions arranged at predetermined
intervals in the arrangement direction of the
membrane elements and having a shape
projecting upward from respective
arrangement positions of the lower-side rock
suppression walls, and
each membrane element in the accommodated state is
interposed between adjacent two lower-side rock

suppression walls.

The supporting structure as claimed in claim 1,
wherein
the lower-side rock suppression wall is provided
so that a clearance is formed between the membrane

element in the accommodated state and the
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lower-side rock suppression wall adjacent to the

membrane element.

The supporting structure as claimed in claim 1 or
2, wherein
the lower-side supporting portions support both end
edge portions in the crossing direction of the
lower end portion of each membrane element in the
accommodated state, and
alower—sideshieldingportionthatshieldsanouter
side in the crossing direction of the lower-side
supporting portion is detachably provided at the
outer side in the crossing direction of at least

one of the lower-side supporting portions.

The supporting structure as claimed in any one of
the preceding claims 1 to 3, wherein
two accommodating sections of the rack are located
on opposite sides of the tubular peripheral wall
in a posture in which the two accommodating
sections face each other at their back surface
sides that are opposite sides to the respective
accommodation openings, and
the membrane module is accommodated in each

accommodating section.

The supporting structure as claimed in any one of
the preceding claims 1 to 4, wherein
each accommodating section of the rack further has

an upper-side bridge portion extending in the
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arrangement direction of the membrane elements,
wherein
the upper-side bridge portion has
an upper-side base body extending in the
arrangement direction of the membrane
elements and engaged with the upper end
portion of each membrane element in the
accommodated state, and
a plurality of upper-side rock suppression
walls provided at the upper-side base body
at positions arranged at predetermined
intervals in the arrangement directionof the
membrane elements and having a shape
projecting downward from respective
arrangement positions of the upper-side rock
suppression walls, and
each membrane element in the accommodated state is
interposed between adjacent two upper-side rock

suppression walls.

The supporting structure as claimed in claim 5,
wherein
the upper-side rock suppression wall is provided
so that a clearance ig formed between the membrane
element in the accommodated state and the
upper-side rock suppression wall adjacent to the

membrane element.

The supporting structure as claimed in any one of

the preceding claims 1 to 6, wherein
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the tubular peripheral wall has
at an upper side in a radial direction thereof,
a thick portion that is thicker in the crossing
direction among the radial direction of the
tubular peripheral wall, and
a connecting hole that penetrates the thick
portion in an inward-and-outward direction of
the tubular peripheral wall, and
the treated water lead-out portion is provided at
anothersideinthecrossingdirectionof thewater
collecticon portion, and connected to the
connecting hole in the accommodated state and
communicates with an inside of the tubular

peripheral wall.

A membrane filtration device having the supporting
structure as claimed in any one of the precedingclaims
1 to 7, wherein
the rack is provided, at a lower side of the
accommodating section, with an air diffuser

having a plurality of air blow holes.



