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DESCRIFTION

CONNECTION STRUCTURE AND MEMBRANE FILTRATION DEVICE

TECHNICAL FIELD

[06001] The present invention relates to a connecting
structure between a membrane element and a water
collection pipe and a membrane filtration device that
can be applied to various 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, amembrane
filtration device using a membrane separation technology
is known. This membrane filtration device is immersed
ina ligquidphase, for instance, ina biological 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-liquid separationof the treatedwater,
for instance, a membrane element having a filtrationmain
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
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lead-out portion of the membrane element, the treated
water solid-liquid-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 subsequent stage of the membrane filtration device
is performed) .

[0004] Patent Document 1 discloses a connecting
structure in which both of the membrane element and the
water collection pipe are connected through a tubular
junction pipe (denoted by a reference sign 10 in Patent
Document 1) . Further, Patent Document 2 discloses a
connecting structure inwhichboth of the membrane element
and the water collection pipe are directly connected
without using the junction pipe like Patent Document 1.
{0005] When such membrane filtration devices are
immersed ina liquidphase, 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, for
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.

CITATION LIST

PATENT DOCUMENT

[0006]

Patent Document 1: Japanese Patent No. 6319510
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Patent Document 2: Japanese Unexamined Patent Application
Publication No. 2019-051463

SUMMARY OF THE INVENTION

f0007] Various stresses are applied to the connecting
structure between both of the membrane element and the
water collection pipe according to the operating
conditions.

[0008] For instance, in the case of the air-washing, it
is conceivable that the stress will occur due to a shearing
force occurring when bubbles from the air diffuser come
into contact with the surfaces of the membrane element.
[00092] In the case of the backwashing, while the treated
water is being reversed, an inside of the water collection
pipe is brought to a decompression state, then it is
conceivable that the stress will occur due to a force
in adirection in which a diameter of the water collection
pipe is reduced.

[0010] Therefore, for the above connecting structure,
it is desirable to ensure desired connection reliability
by improving e.g. liquid tightness and durability. As
an example, a reinforcing member may be provided in the
connecting structure. However, there is a risk that this
will increase in size of the connecting structure.
[6011] Thepresent inventionwasmade inviewof the above
technical problem. An object of the present invention
is therefore to provide a technique that can contribute
to improvement in the connection reliability while
suppressing the increase in size of the connecting

structure.
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[0012] A connecting structure and a membrane filtration
device according to the present invention can contribute
to solution to the above problem. As one aspect of the
connecting structure according to the present invention,
a connecting structure comprises: a membrane element
havinga filtrationmainbody used for membrane separation,
a water collection portion that collects treated water
having undergone the membrane separation from an end
portion of the filtration main body and a treated water
lead-ocut portion that leads out the treated water coming
from the water collection portion; and a water collection
pipe having a tubular peripheral wall to which the treated
water lead-out portion is connected and collecting the
treated water led out from the treated water lead-out
portion, wherein the tubular peripheral wall has a thick
portionthat isthicker inaradial directionof 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 connected to the connecting hole and
communicates with an inside of the tubular peripheral
wall.

{0013} Further, the thick portion of the tubular
peripheral wall is provided, in a horizontal direction
among the radial direction of the tubular peripheral wall,
at an upper-side peripheral wall portion located at an
upper side in the radial direction of the tubular
peripheral wall.

[0014] Further, the thick portion of the tubular

peripheral wall is provided, in a horizontal direction
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among the radial direction of the tubular peripheral wall,
at a lower-side peripheral wall portion located at a lower
side in the radial direction of the tubular peripheral
wall.

[0015] Furthermore, the water collection pipe having the
tubular peripheral wall is a non-dividable long structure
that is not divided in an axial direction of the water
collection pipe.

{0016] Moreover, apairof membranemodules, eachofwhich
is formed by the plurality of membrane elements arranged
at predetermined intervals in an axial direction of the
tubular peripheral wall, are arranged on opposite sides
of the tubular peripheral wall, and the tubular peripheral
wall is provided with the connecting holes at positions
facing the treated water lead-out portions of the membrane
elements of the pair of membrane modules.

[0017] In addition, the treated water lead-out portion
hasa liquid-tightportionthat isliquid-tightly inserted
into the connecting hole and a fitting portion that is
fitted into the comnecting hole.

[0018] As one aspect of the membrane filtration device
according to the present invention, a membrane £iltration
device having any one of the above connecting structures,
comprises: a rack whose plurality of frames are assembled
into an enclosure, wherein a membrane module formed by
the plurality of membrane elements arranged at
predetermined intervals in an axial direction of the
tubular peripheral wall is accommodated and supported

in the rack.
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[0019] According to the present invention described
above, it is possible to contribute to improvement in
the connectionreliabilitywhile suppressing the increase
in size of the connecting structure.

BRIEF DESCRIPTICN COF THE DRAWINGS

[0020]

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
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. 3 is a schematic view for describing an example of
the membrane element 3.

Fig. 4 is a schematic view (corresponding to a sectional
view of a main part of the water collection pipe 2, cut
in an 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 an example
of a connecting structure between both of the water
collection pipe 2 and the membrane element 3 according
to the present embodiment.

Fig. 5 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 collection pipe 2 and the membrane
element 3 are not connected) for describing another

example of the connecting structure between both of the
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water collection pipe 2 and the membrane element 3
according to the present embodiment.

Fig. 6 is a schematic sectional view (a sectional view
cut in a radial direction of a tubular peripheral wall)
for describing a thickness tl in the radial direction
of the tubular peripheral wall from an upper-side
peripheral wall portion to a lower-side peripheral wall
portion and a thickness t2 in a horizontal direction.
EMBODIMENTS FOR CARRYING OQUT THE INVENTION

[0021] A connecting structure and a membrane filtration
device according to an embodiment of the present invention
are completely different from a configuration
(hereinafter referred to simply as a conventional
connecting structure) in which a reinforcing member is
merely provided in the connecting structure.

[0022] That is, in the present embodiment, a membrane
element having a filtration main body used for membrane
separation, a water collection portion that collects
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.
Further, a water collection pipe having a tubular
peripheral wall to which the treated water lead-out
portion is connected and collecting the treated water
led out from the treated water lead-out portion is used.
[0023] The tubular peripheral wall of the water
collection pipe has a thick portion that is thicker in
a radial direction of the tubular peripheral wall and

connecting holes that penetrate the thick portion in an
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inward-and-outward direction of the tubular peripheral
wall. Further, the treated water lead-out portion of the
membrane element is connected to the connecting hole,
and communicates with an inside of the tubular peripheral
wall.

[0024] 1In a structure that is different from the present
embodiment, for instance, in the case of Patent Document
2, a water collection pipe 6 as shown in Fig. &
(corresponding to Fig. 1B in Patent Document 2) is used.
A thickness of a tubular peripheral wall 60 of this water
collection pipe 6 in a radial direction of the tubular
peripheral wall is tl1l, and the water collection pipe 6
has a connecting hole 63 having a shape that merely
protrudes outwards from a middle-side peripheral wall
portion 62 (between an upper-side peripheral wall portion
64 and a lower-side peripheral wall portion 65) located
in the middle in a vertical direction {in an arrow Z1Z2
direction of the after-mentioned Fig. 1}. In the case
of this water collection pipe 6, there is a risk that
a size of the water collection pipe 6 will increase at
the middle-side peripheral wall portion 62.

[0025] On the other hand, in the case of the connecting
structure of the present embodiment, since the connecting
holes are formed at the thick portion (i.e. a thick portion
that can be formed thicker in an inward direction of the
tubular peripheral wall) that is thicker in the radial
directionof the tubular peripheral wall soas topenetrate
the thick portion in the inward-and-outward direction

of the tubular peripheral wall, as compared with Patent
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Document 2, increase in size of the connecting structure
can be suppressed.

[0026] TFurther, by connecting the treatedwater lead-out
portion of the membrane element to the connecting hole
of the thick portion, an influence of various stresses
that may be applied to the connecting structure can be
suppressed, and desired liquid tightness and durability
canbe easilyobtained in the connecting structure between
both of the membrane element and the water collection
pipe.

[0027] Both of the thick portion and the connecting hole
are provided on the tubular peripheral wall at a position
facing the treated water lead-out portion of the membrane
element in the radial direction of the tubular peripheral
wall, then the treated water lead-out portion and the
connecting hole can be connected.

[0028] Here, when focusing attention on a configuration
in which the water collection pipe 6 of Fig. 6 is applied
to the membrane filtrationdevice (e.g. the configuration
as shown in Fig. 1), it is understood that as shown by
dotted lines in Fig. 6, dead spaces 61 are likely to be
formed on an outer peripheral side of the upper-side
peripheral wall portion 64 located at the upper side in
the radial direction of the tubular peripheral wall 60
and on an outer peripheral side of the lower-side
peripheral wall portion 65 located at the lower side in
the radial direction of the tubular peripheral wall 60.
[0029] In addition, a thickness in the horizontal
direction (i.e. athickness t2 inFig. 6) of the upper-side

peripheral wall portion 64 located at the upper side in
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the radial direction of the tubular peripheral wall 60
and the lower-side peripheral wall portion 65 located
at the lower side in the radizl direction of the tubular
peripheral wall 60 is thicker than tl1. Therefore, it is
understood that the thick portion is easily formed
efficiently at these portions as compared with the
middle-side peripheral wall portion 62.

[0030] In the case c¢f the connecting structure of the
present embodiment, for instance, iike the
after-described membrane filtration device 10, the thick
portion (a thick porticon that is thicker in the horizontal
direction {(in an arrow X1X2 direction in Fig. 1) among
the radial direction of the tubular peripheral wall) is
provided at an upper-side peripheral wall portion located
at an upper side in the radial direction of the tubular
peripheral wall (or provided at a lower-side peripheral
wallportionlocatedat alowersideintheradialdirection
of the tubular peripheral wall}, then the connecting holes
could be provided at the thick portion so as to penetrate
the thick portion in the inward-and-outward direction
of the tubular peripheral wall. With this, as compared
with the conventional connecting structure like Fig. 6,
it is possible to efficiently form the thick portion to
form the comnecting holes. In addition, it is also
possible to contribute to shortening of a distance between
the water collection pipe and the membrane element.
[0031] As described above, according to the present
embodiment, as compared with the conventional connecting

structure, it is possible to contribute to improvement
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in the connection reliability while suppressing the
increase in gize of the connecting structure.

[0032] As the connecting structure and the membrane
filtration device according to the present embodiment,
as described above, the thick portion that is thicker
in the radial direction of the tubular peripheral wall
is provided at the tubular peripheral wall of the water
collection pipe, and the connecting holes are provided
at the thick portion so as to penetrate the thick portiocn
in the inward-and-outward direction of the tubular
peripheral wall, then the treated water lead-out portion
of the membrane element is connected to the connecting
hole and communicates with the inside of the tubular
peripheral wall. As long as the connecting structure and
the membrane filtration device have such configuration,
common technical knowledge invarious fields (e.g. afield
of membrane separation technology or piping technology
that are applied to various facilities) could be used
as necesgsary, and also design change could be possible
by referring to the prior art documents if necessary.
[0033] <<Membrane filtration device 10 as an example of
the present embodiments>:»>

Figs. 1 to 4 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 4, an arrow Z1lZ2 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 4, the same element
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or component is denoted by the same reference sign, and
its explanation will be omitted below.

[0034] <«Mainconfigurationofmembrane filtrationdevice
10>

Ag shown in Fig. 1, the membrane filtration device 10
has a rack 1 whose plurality of frames (frames la, 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 (membrane
modules {(not shown) accommodated in after-mentioned
accommodating sections 11A, 124, 11B and 12B respectively
in Fig. 1), each of which is formed by a plurality of
membrane elements 3 (described later using Fig. 3)
arranged at predetermined intervals in the arrow Y1Y2
direction (in an axial direction of a tubular peripheral
wall), are accommodated in the rack 1.

[0035] 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. 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. |

[0036] In the upper space 1A located at an arrow Z2
direction side in the rack 1, the water collection pipe

2A is provided at a position on the arrow Z2 direction
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side and in the middle in the arrow X1X2 direction so
as to extend in the arrow Y1Y2 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.

[0037] In the same manner as the upper space 14, 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 middle
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 so as to face each other in the lower
space 1B,

[0038] The accommeodating sections 11A, 12A, 11B and 12B
are eachprovided, at thearrowZl directionsides thereof,
with a pair of supporting portions 15a and 15b that are
spaced a predetermined distance and extend in the arrow
Y1Y2 direction. Each membrane element 3 of the
accommodated membrane module is then supported (for
instance, a footer 33 of the membrane element 3 is
supported) by these supporting portions 15a and 15b.
[0039] Shielding panels 13 and 14 are provided at each
side portion in the horizontal direction of the
accommodating sections 11A, 123, 11B and 12B s0 as to
shield outer peripheral sides of the membrane modules
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 cutside from each side
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portion in the horizontal direction of the accommodating
gsections 11A, 12A, 11B and 12B.

[0040] The air diffuser (not shown) having e.g. a
plurality of air blow holeg is provided at the arrow Z1
direction side of the rack 1 (at the arrow Z1l direction
gside of the lower space 1B in Fig. 1) . Forx instance, by
blowing the air fromeach air blowhole of the air diffuser
in a state in which the membrane filtration device 10
ig immerged in a liquid phase, bubbles can be generated
in the rack 1.

[0041] The bubbles rise in the arrow Z2 direction, for
instance, along each surface of the membrane element 3
of the membrane module (e.g. between adjacent membrane
elements 3} and generate a shearing force when coming
into contact with the surfaces of the membrane eiement
3, then the surfaces of the membrane element 3 are cleaned
with air (for instance, deposits are removed) .

[0042] <Configuration of water collection pipes 2A and
2B>

As shown in Figs. 2 and 4, each of the water ceollection
pipes 2A and 2B mainly has a long strip-shaped tubular
peripheral wall 21 having an inner peripheral surface
2la which is substantially circular in radial direction
cross section and a plurality of connecting holes 23
arranged inthearrowYlY2 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).
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{0043] 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
horizontal direction among the radial direction of the
tubular peripheral wall 21}, and the thick portion 24
igs substantially trapezoidal in radial direction cross
section.

[0044] Each connecting hole 23 is provided at a position
facing a treated water lead-out portion of the membrane
element 3 of the membrane module 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.

[0045] Of all outer peripheral surifaces 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 thearrow Z1Z2 direction
side of the connecting hole 23 of theupper-side peripheral
wall portion 22 (at positions on outer peripheral edge
surfaces 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 so as to fill the respective strip-shaped
grooves 26 . Then, with the shock absorbing material 26a,
for instance, even if the tubular peripheral wall 21 and
an after-mentioned header 32 collide with each other,
the shock of the collision can be absorbed.

[0046] 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
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shown in Fig. 1, treated water collected in the tubular
peripheral wall 21 can be taken out to the outside (e.g.
a place where a treatment process in a subsequent stage
of the membrane filtration device 10 is performed).
[0047] 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 wail 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.

[0048] Material constituting the water collectionpipes
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.

[0049] Further, byusingvariocusmelding technigques such
as injection molding, extrusion molding and cutting
process using the above material, it is possible to form
the long water collection pipes 23 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.
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[0050] Here, for instance, like Patent Documents 1 and
2, it could be possible to form the water collection pipe
having amulti-stage structure (i.e. the water collection
pipe that can be divided in the axial direction) in which
a plurality of tubular bodies {cylinder portions denoted
by a reference sign 6 in Patent Document 1, and unit water
collection portions denoted by a reference sign 10 in
Patent Document 2) are arranged in the axial direction.
However, in such cases, it is required to interpose a
sealing member between the tubular bodies. Also, a
process to connect each tubular body is needed. Further,
when the sealing member between the tubular bodies
deteriorate with time, maintenance such as separation
of each tubular body and replacement of the sealing member
becomes necessary.

00511 <Configuration of membrane element 3>

As shown in Figs. 3 and 4, the membrane element 3 mainly
has a filtrationmain body 31, the header 32 and the footer
33.

[0052] The filtration main body 31 is used for
solid-liguid separation, and is formed using e.g. a flat
filtration member. Inside this filtration member, fiow
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
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Y1Y2 direction sides of the filtration main body 31) of
a water-permeable flat supporting body.

[0053] The header 32 and the footer 33 are ligquid-tightly
fixed to one end portion and the other end portion of
the filtration main body 31 respectively, for instance,
by adhesion, welding or molding.

[0054] The header 32 functions as a water collection
portion that collects the treated water cof the
solid-liquid 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 a 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.

[0055] 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 liquid-tight portion 34a and the
connecting hole 23 are attached to or fitted onto an outer

peripheral surface of the ligquid-tight portion 34a.
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[0056] The other end portion of the header 32 (an end
portion in the arrow X1 direction of the headexr 32 in
Fig. 3) is supported, for instance, by a supportingportion
{not shown) provided in the respective accommodating
sections 11A, 12A, 11B and 12B {(e.g. at the arrow Z2
direction sides of the respective accommodating sections
11A, 122, 1iB and 12B).

[0057] As for the footer 33, both ends (at the arrow X1X2
direction sides) of the footer 33 are supported by the
supporting portions 15a and 15b.

[0058] 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
golid-1liquid separation technology, well-known
inorganicmaterial such as ceramic and well-known organic
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-liquid mixed flow for cleaning the
filtration main body 31 when the filtration main body
31, the headexr 32 and the footer 33 are installed as a
membrane separation device.

f0059] 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
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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.

[0060] The plurality of membrane elements 3 as described
above are accommodated in each of the accommodating
sections 11a&, 1234, 11B and 12BR. The membrane elements
3 are arranged at predetermined intervals in the arrow
Y1Y2 direction (in the axial direction of the tubular
peripheral wall) in each of the accommodating sections
11A, 12A, 11B and 12B 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 Z122 direction as shown in Fig. 3),
then the membrane modules are formed in the accommodating
sectionsg 11A, 12A, 11B and 12B.

[0061] <Connecting structure>

In order to 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.

[0062] 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 liguid-tight portion 34a of the treated
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water lead-out portion 34, the connecting hole 23 and
the treated water lead-out portion 34 can be
liguid-tightly connected, thenthe treatedwater lead-out
portion 34 can communicate with an inside of the tubular
peripheral wall 21.

[0063] <Modification>

The connecting structure between the connecting hole 23
of the tubular peripheral wall 21 and the treated water
lead-out portion34 of themembraneelement 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.

[0064] For example, as shown in Fig. 5, a connecting
structure in which thick portions 24 that are thicker
in the arrow X1X2 direction (in the horizontal direction
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 inthe radial direction
of the tubular peripheral wall), and the connecting holes
23 are appropriately provided at the thick portions 24
of the lower-side peripheral wall portion 25 could be
possible.

[0065] 1In a case of this connecting structure as shown
in Fig. 5, 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 Z1 direction side (a bottom side)
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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.

[0066] Althoughthe present invention has been described
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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CLAIMS
A connecting structure comprising:
a membrane element having a filtration main body
used for membrane separation, a water collection
portion that collects 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;
and
a water collection pipe having a tubular peripheral
wall to which the treated water lead-out portion
is connected and collecting the treated water led
out from the treated water lead-out portion,
wherein
the tubular peripheral wall has
a thick portion that is thicker in a 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,

the treated water lead-out portion is connected to
the connecting hole and communicates with an
inside of the tubular peripheral wall, and

the thick portion of the tubular peripheral wall
is provided, in a horizontal direction among the
radial direction of the tubular peripheral wall,
at an upper-side peripheral wall portion located

at an upper side in the radial direction of the
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tubular peripheral wall, and the thick portion

is thicker in the horizontal direction.

A connecting structure comprising:
a membrane element having a filtration main body
used for membrane separation, a water collection
portion that collects 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;
and
a water collection pipe having a tubular peripheral
wall to which the treated water lead-out portion
is connected and collecting the treated water led
out from the treated water lead-out portion,
wherein
the tubular peripheral wall has
a thick portion that is thicker in a 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,

the treated water lead-out portion is connected to
the connecting hole and communicates with an
inside of the tubular peripheral wall, and

the thick portion of the tubular peripheral wall
is provided, in a horizontal direction among the
radial direction of the tubular peripheral wall,

at a lower-side peripheral wall portion located
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at a lower side in the radial direction of the
tubular peripheral wall, and the thick portion

is thicker in the horizontal direction.

The connecting structure as claimed in claim 1 or
2, wherein
the water collection pipe having the tubular
peripheral wall is anon-dividable long structure
that is not divided in an axial direction of the

water collection pipe.

The connecting structure as claimed in any one of
the preceding claims 1 to 3, wherein
a pair of membrane modules, each of which is formed
by the plurality of membrane elements arranged
at predetermined intervals in an axial direction
of the tubular peripheral wall, are arranged on
opposite sides of the tubular peripheral wall,
and
the tubular peripheral wall is provided with the
connecting holes at positions facing the treated
water lead-out portions of the membrane elements

of the pair of membrane modules.

The connecting structure as claimed in any one of
the preceding claims 1 to 4, wherein
the treated water lead-out portion has a
liquid-tight portion that is liquid-tightly
inserted into the connecting hole and a fitting

portion that is fitted into the connecting hole.
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A membrane filtration device having the connecting
structure asclaimedinanyone of the precedingclaims
1 to 5, comprising:
a rack whose plurality of frames are assembled into
an enclosure, wherein
amembranemodule formedby thepluralityof membrane
elements arranged at predetermined intervals in
an axial direction of the tubular peripheral wall

is accommodated and supported in the rack.



