wo 2013/048005 A1 [/ PF V0000000 R0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/0480035 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

4 April 2013 (04.04.2013) WIPOIPCT
International Patent Classification: (74)
BO1D 65/02 (2006.01) CO2F 1/44 (2006.01)

BO1D 65/08 (2006.01) CO2F 7/00 (2006.01)
BO1D 63/02 (2006.01) @1)
International Application Number:

PCT/KR2012/006461

International Filing Date:
14 August 2012 (14.08.2012)

Filing Language: English
Publication Language: English
Priority Data:
10-2011-0099702

30 September 2011 (30.09.2011) KR

Applicant (for all designated States except US): KOLON
INDUSTRIES, INC. [KR/KR]; KOLON Tower, 42 Bye-
oryangsangga 2-ro, Gwacheon-si, Gyeonggi-do 427-709
(KR).

Inventors; and

Inventors/Applicants (for US only): MOON, Heewan
[KR/KR]; 104-1007, HanYang Apt., Hongje-dong,
Seodaemun-gu, Seoul 120-090 (KR). JUNG, Ji-hyun
[KR/KR]; 102-1306, SinChang Apt., Mabuk-dong, Gi-
heung-gu, Yongin-si, Gyeonggi-do 446-912 (KR).

(84)

Agent: ASTRAN INT'L IP GROUP; (ShinSung Build-
ing, Yeoksam-dong), 5th Floor, 233, Yeoksam-ro, Gang-
nam-gu, Seoul 135-514 (KR).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: AERATION UNIT AND FILTERING APPARATUS COMPRISING THE SAME

H2 alr 241

H1 230 f240 /120>100

v 4 110
-1 /&‘ ( r—}g 111
o tzz:,zc}:t:::::::z o o e—il/
| — [ E——
r— " ="
R A o et e e S
| — [ E——
r—" ="
R et e e (R
| — [ I——
lr__—ll_ [
| o EECIOCECITEIIIICIOERSDCdTT o |
L _ 1 || Y
g1 NI N O A z
R b e i R
|| L

H3/_J \250 X

(57) Abstract: Disclosed is an aeration unit capable of cleaning all the hollow fiber membranes in a filtering apparatus sufticiently
and uniformly thereby improving the filtration efficiency and a filtering apparatus comprising the same. An aeration unit of the
present invention comprises a plurality of aeration tubes parallel to each other, each of the aeration tubes comprising a first end and a
second end opposite the first end; and a first common pipe in fluid communication with the aeration tubes through the first ends of
the aeration tubesto provide the aeration tubes with air. The first common pipe is perpendicular to the aeration tubes. The closer to
both ends of the first common pipe the aeration tubes are, themore densely the aeration tubes are arranged.
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Description
Title of Invention: AERATION UNIT AND FILTERING

APPARATUS COMPRISING THE SAME
Technical Field

The present invention relates to an aeration unit and a filtering apparatus comprising
the same, and more particularly, to an aeration unit capable of improving the filtration
efficiency of a filtering apparatus by clearing all the hollow fiber membranes of the
apparatus sufficiently and uniformly and a filtering apparatus comprising the same.
Background Art

Separation methods for water treatment include a heating or phase-change method, a
filtration membrane method, and the like. According to the filtration membrane
method, it is possible to obtain the water of quality as desired by controlling the size of
the fine pores of the filtration membrane, which advantageously improves the re-
liability of process. Furthermore, since the filtration membrane method does not
require a heating process, it can be advantageously used for water treatment using mi-
croorganisms that could be adversely affected by heat.

Among the filtration membrane methods is a method using a hollow fiber membrane
module in which hollow fiber membranes are disposed in the form of a bundle. Con-
ventionally, the hollow fiber membrane module is widely used in the field of precision
filtration such as preparation of sterile water, drinking water, ultrapure water or the
like. Recently, however, the application field of the hollow fiber membrane module is
extending tosewage/waste water disposal, separation of solids in sewage disposal tank,
removal of suspended solids (SS) in industrial waste water, filtration of stream water,
filtration of industrial water, filtration of pool water and the like.

The hollow fiber membrane module may be classified into a submerged module and
a pressurized module depending on the operation manner thereof.

The submerged module is immersed in a bath containing fluids to be purified. As a
negative pressure is applied inside the hollow fiber membrane, only pure fluid is
allowed to permeate the membrane and come into the hollow thereof while the con-
taminants such as impurities or sludge remains outside the membrane. The submerged
module is advantageous in that it can decrease the costs for setting up the facilities and
for operating thereof since it does not require any facilities for the fluid circulation.

Continuous water treatment by the hollow fiber membranes, however, causes the
fouling of the membranes which significantly decreases the water permeation per-
formance of the hollow fiber membranes.Since the membrane fouling materials con-

taminate the membranes in various ways, it is required to clean the contaminated
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hollow fiber membranes in various ways corresponding thereto.

Among the various methods for cleaning the hollow fiber membranes is a aeration
cleaning method.

Hereinafter, the aeration cleaning method of the related art will be described with
reference to the FIGs 1 and 2.

FIG. 1 schematically shows the cleaning of an unit module according to the cleaning
method of the related art, and FIG. 2 is a top view of the filtering apparatus of the
related art.

As shown in FIG. 1, the hollow fiber membrane module 10 comprises a pair of
headers 11 and hollow fiber membranes therebetween. During the filtration process,
each header 11 is disposed in a direction (Z direction) substantially perpendicular to
the surface of the water to be processed, and the hollow fiber membranes 12 are
disposed in a direction (X direction) substantially parallel to the surface of the water.
Both ends of each hollow fiber membrane 12 is respectively potted in the headers 11
through the fixing parts 11b. The filtrate passing through the hollow fiber membranes
12 is delivered to a filtrate storage tank (not shown) through the outlet port 11a.

Below the hollow fiber membrane module 10 is an aeration tube 20. The hollow fiber
membranes 12 are cleaned as the bubbles ejected from the aeration holes (H) of the
aeration tube 20 raises.

Asthe filtration process is performed for a long time, the contraction of the hollow
fiber membranes 12 occurs thereby causing the ends of the hollow fiber membranes 12
connected to the headers 11 to be broken or causing the separation of the hollow fiber
membranes 12 from the headers 11. To solve this kind of problem, both ends of the
hollow fiber membrane 12 are generally potted in the pair of headers 11 in such a way
that there is slack in the hollow fiber membrane 12.

Due to the slack in the hollow fiber membrane 12, however, during the aeration
cleaning process, the raising bubbles and water flow make the hollow fiber membrane
have a shape convex toward the upper direction.

The bubbles ejected from the aeration tube 20 through the aeration holes (H) thereof
hit the hollow fiber membranes 12 having a shape convex toward the upper direction
and, as a result thereof, raise gradually toward the middle portions of the hollow fiber
membranes 12.

Consequently, as shown in FIG. 2, while the middleportions of the hollow fiber
membranes 12 corresponding to the high bubble density area (HA) can be sufficiently
cleaned, the both end portions of the hollow fiber membranes 12 corresponding to the
low bubble density area (LA) cannot be sufficiently cleaned, which makes the whole

filtration efficiency of the filtering apparatus decreased.
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Disclosure of Invention

Technical Problem

Therefore, the present invention is directed to an aeration unit and a filtering
apparatus comprising the same capable of preventing these limitations and drawbacks
of the related art.

An aspect of the present invention is to provide an aeration unit capable of improving
the filtration efficiency of a filtering apparatus by clearing all the hollow fiber
membranes of the apparatus sufficiently and uniformly.

Another aspect of the present invention is to provide a filtering apparatus of high
filtration efficiency all the hollow fiber membranes of which can be sufficiently and
uniformly cleaned.

Additional advantages, objects, and features of the present invention will be set forth
in part in the description which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the following or may be learned
from practice of the invention. The objectives and other advantages of the invention
may be realized and attained by the structure particularly pointed out in the written de-
scription and claims hereof.

Solution to Problem

In accordance with one aspect of the present invention, there is provided an aeration
unit comprising: a plurality of aeration tubes parallel to each other, each of the aeration
tubes comprising a first end and a second end opposite the first end; and a first
common pipe in fluid communication with the aeration tubes through the first ends of
the aeration tubesto provide the aeration tubes with air, wherein the first common pipe
is perpendicular to the aeration tubes, and wherein the closer to both ends of the first
common pipe the aeration tubes are, themore densely the aeration tubes are arranged.

In accordance with another aspect of the present invention, there is provided a
filtering apparatus comprising: a hollow fiber membrane module comprising hollow
fiber membranes to be disposed, during a filtration process, parallel to a surface of
water to be processed; and an aeration unit below the hollow fiber membrane module,
wherein the aeration unit comprises: a plurality of aeration tubes parallel to each other,
each of the aeration tubes comprising a first end and a second end opposite the first
end; and a first common pipe in fluid communication with the aeration tubes through
the first ends of the aeration tubesto provide the aeration tubes with air, wherein the
first common pipe is perpendicular to the aeration tubes, and wherein the closer to both
ends of the first common pipe the aeration tubes are, themore densely the aeration
tubes are arranged.

The general description provided above and the detailed description provided below
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are provided only for illustration of the present invention and be construed as
providing a more detailed description of inventions defined in claims.
Advantageous Effects of Invention

According to the present invention, all the hollow fiber membranes of a filtering
apparatus can be cleaned both sufficiently and uniformly, and thus the filtration ef-
ficiency of the filtering apparatus can be remarkably increased. Further, the filtering
apparatus of the present invention can be prepared at relative low cost.

Brief Description of Drawings

The above and other objects, features and other advantages of the present invention
will be more clearly understood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 schematically shows the cleaning of an unit module according to the cleaning
method of the related art;

FIG. 2 is a top view of the filtering apparatus of the related art;

FIG. 3 is a perspective view of the filtering apparatus of the present invention;

FIG. 4 is a plane view of the aeration unit according to the first embodiment of the
present invention; and

FIG. 5 is a plane view of the aeration unit according to second embodiment of the
present invention.

Mode for the Invention

Those skilled in the art will appreciate that various modifications, additions and sub-
stitutions are possible, without departing from the scope and spirit of the invention.
Accordingly, the present invention includes all alternations and modifications that fall
within the scope of inventions described in claims and equivalents thereto.

Hereinafter, an aeration unit and a filtering apparatus comprising the same according
to the embodiments of the present inventionwill be described in detail with reference to
the annexed drawings.

FIG. 3 is a perspective view of the filtering apparatus of the present invention.

As illustrated in FIG. 3, a filtering apparatus of the present invention comprises a
plurality of hollow fiber membrane modules 100 and an aeration unit 200. The hollow
fiber membrane modules 100 are arranged, during a filtration process, in a line (Y
direction) parallel to a surface of water to be processed.The aeration unit 200 is po-
sitioned below the plurality of The hollow fiber membrane modules 100. The hollow
fiber membrane modules 100 and aeration unit 200 of the present invention may be
combined to a frame structure (not shown) to form an unit filtering apparatus.

Each of the hollow fiber membrane module 100 comprises a pair of headers 110 and

a plurality of hollow fiber membranes 120. Both ends of each hollow fiber membrane
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120 are potted into the opposite facing sides of the pair of headers 110 respectively
through the fixing parts 112 formed of polyurethane.

The filtering apparatus is submerged into the water to be purified in such a way that
the longitudinal direction (Z direction) of the each header 110 is substantially per-
pendicular to the surface of the water and the longitudinal direction (X direction) of the
hollow fiber membranes 120 is substantially parallel to the surface of the water.

To prevent the breakage of the hollow fiber membrane 120 at the ends thereof and/or
the separation of the hollow fiber membrane 120 from the headers 110 which may
occur due to the contraction of the hollow fiber membrane during the filtration process,
both ends of the hollow fiber membrane 120 are potted in the pair of headers 110 in
such a way that there is slack in the hollow fiber membrane 120. FIG. 3 illustrates the
hollow fiber membranes 120 affected by the bubbles ejected from the aeration unit 200
such that they have shapes convex toward the upper direction

There is a collecting space (not shown) inside each header 110 to receive the filtrate
passing through the hollow fiber membranes 120. The hollow spaces of the hollow
fiber membranes 120 are in fluid communication with the collecting spaces of the
headers 110. As a negative pressure is applied to the hollow spaces of the hollow fiber
membranes 120, the filtrate passes through the hollow fiber membranes 120, is
collected in the collecting spaces of the headers 110, and then delivered to a filtrate
storage tank (not shown) through the outlet ports 111 of the headers 110.

The hollow fiber membranes 120 of the hollow fiber membrane modules 100 are
cleaned by the bubbles ejected from the aeration unit 200.

Hereinafter, the aeration units accordingto the embodiments of the present inventions
will be described in detail with reference to FIGs 4 and 5.

FIG. 4 is a plane view of the aeration unit according to the first embodiment of the
present invention.

As illustrated in FIG. 4, the aeration unit 200 according to the first embodiment of
the present invention comprises a common pipe 210 and a plurality of aeration tubes
220.

The common pipe 210 may be a one body-type pipe. Optionally, the common pipe
210 may comprise a plurality of unit pipes connected to each other through cross-
connectors.

The aeration tubes 220 are connected to the common pipe 210 through their one ends
in such a manner that they are disposed in symmetrical pattern having the common
pipe 210 as an axis of symmetry. When a plurality of unit pipes are connected to each
other through the cross-connectors to form the common pipe 210, a pair of aeration
tubes 220 are respectively connected to each cross-connector.

Above the aeration unit 200 are disposed a plurality of hollow fiber membrane
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modules 100 (illustrated with dotted line). The longitudinal direction of the hollow
fiber membranes 120 is substantially parallel to the longitudinal direction of the
aeration tubes 220. The cleaning effect can be maximized by positioning the hollow
fiber membranes 120 directly above the aeration tubes 220.

Each aeration tube 220 has a plurality of aerationholes (H) formed along the lon-
gitudinal direction thereof. Optionally, as illustrated in FIG. 4, a pair of aeration holes
(H) areformed along a direction (Y direction) substantially perpendicular to the lon-
gitudinal direction of an aeration tube 220, and a plurality of such pairs of aeration
holes (H) are formed along the longitudinal direction (X direction) of an aeration tube
220.

Air from an air supply unit (not shown) passes through the common pipe 210 and is
ejected from the aeration tubes 220 through the aeration holes (H) thereof to create the
bubbles. The bubbles so created directly hit or vibrate the hollow fiber membranes 120
to clean them, thereby preventing the fouling thereof.

As explained above, during the aeration cleaning process, the hollow fiber
membranes 120 get to have a shape convex toward the upper direction (Z direction)
due to the raising bubbles and water flow caused by them. The bubbles ejected from
the aeration tube 220 through the aeration holes (H) thereof hit the hollow fiber
membranes 120and, as a result thereof, raise gradually toward the middle portions of
the hollow fiber membranes 120. Consequently, the relatively higher the hollow fiber
membrane 120 is located (i.e., the closer to the surface of the water the hollow fiber
membrane 120 is located), the less amount of the bubbles are supplied to both end
parts thereof.

To solve such problem, the aeration tubes 220 according to the first embodiment of
the present invention have more aeration holes (H) at theportions corresponding to
both end parts of the hollow fiber membrane 120 than at the portions corresponding to
the middle part of thehollow fiber membrane 120. In other words, the farther from the
one end of the aeration tube 220 through which the aeration tube 220 is connected to
the common pipe 210 and the closer to the other opposite end the aeration holes (H)
are, the more densely the aeration holes (H) are formed.The aeration tube 220 has no
aeration hole at the predetermined area from its one end through which the aeration
tube 220 is connected to the common pipe 210.

Thus, according to the first embodiment of the present invention, the probability that
the bubbles will be supplied to both end parts of the hollow fiber membrane 120 can be
increased, and thus the bubbles can be uniformly supplied to the whole hollow fiber
membrane 120.

However, the aeration unit 200 of the first embodiment of the present invention has

some drawbacks as below.
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First, since each aeration tube 220 is connected to thecommon pipe 210 only through
its one end, it is difficult to maintain the aeration tubes 220 in a horizontal position
during the aeration cleaning process. If the horizontal position of the aeration tubes 220
is broken even slightly, the bubbles cannot be supplied to the hollow fiber membranes
120 uniformly.

Second, since the aeration tube 220 has no aeration hole at the predetermined area
from its one end through which the aeration tube 220 is connected to the common pipe
210, the predetermined area of the aeration tube 220 only functions as a path for air
and cannot directly contribute to the aeration cleaning. The more the portion which
cannot directly contribute to the aeration cleaning the aeration tube 210 has, the more
the economic loss or waste occurs.

Hereinafter, described in detail will be the second embodimentof the present
invention which can overcome the aforementioned problems of the first embodiment.

FIG. 5 is a plane view of the aeration unit according to second embodiment of the
present invention.

As illustrated in FIG. 5, the aeration unit 200 of the second embodiment of the
present invention comprises a first common pipe 240 and a plurality of aeration tubes
230 disposed parallel to each other.

The first common pipe 240 provides the aeration tubes 230 with air and has an inlet
port 241 to receive the air from air supply unit (not shown).

Each of the aeration tubes 230 comprises a first end and a second end opposite to the
first end. Each aeration tube 230 has a plurality of aeration holes (H1) formed at equal
intervals along the longitudinal direction (Y direction) thereof. Optionally, as il-
lustrated in FIG. 5, a pair of aeration holes (H1) are formed along a direction (X
direction) substantially perpendicular to the longitudinal direction of the aeration tube
230, and a plurality of such pairs of aeration holes (H1) are formed at equal intervals
along the longitudinal direction (Y direction) of the aeration tube 230.

Since the aeration tube 230 of the secondembodiment of the present invention has the
aeration holes (H1) formed at equal intervals, unlike the first embodiment, there is not
a portion in the aeration tube 230 which causes the economic loss or waste and the
whole parts of the aeration tube 230 can perform the aeration cleaning function
equivalently.

Above theaeration unit 200 are disposed a plurality of hollow fiber membrane
modules 100 (illustrated with dotted line). The longitudinal direction of the hollow
fiber membranes 120 is substantially perpendicular to the longitudinal direction of the
aeration tubes 230. The cleaning effect can be maximized by positioning the hollow
fiber membranes 120 directly above the aeration holes (H1) of the aeration tubes 230.

Each of the aeration tubes 230 is in fluid communication with the first common pipe
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240 through the first end thereof to receive the air for aeration cleaning from the first
common pipe 240. The first common pipe 240 is perpendicular to the aeration tubes
230.

The air from an air supply unit (not shown) passes through the common pipe 240 and
is ejected from the aeration tubes 230 through the aeration holes (H1) thereof to create
the bubbles. The bubbles so created directly hit the hollow fiber membranes 120 or
vibrate the hollow fiber membrane modules 100 to clean them, thereby preventing the
fouling thereof.

As explained above, during the aeration cleaning process, the hollow fiber
membranes 120 get to have a shape convex toward the upperdirection (Z direction) due
to the raising bubbles and water flow caused by them. The bubbles ejected from the
aeration tube 230 through the aeration holes (H1) thereof hit the hollow fiber
membranes 120 and, as a result thereof, raise gradually toward the middleportions of
the hollow fiber membranes 120. Consequently, the relatively higher the hollow fiber
membrane 120 is located (i.e., the closer to the surface of the water the hollow fiber
membrane 120 is located), the less amount of the bubbles are supplied to both end
parts thereof.

To solve such problem, according to the second embodiment of the present
invention, the closer to both ends of the first common pipe 240 the aeration tubes 230
are, themore densely the aeration tubes 230 are arranged. That is, the number of the
aeration tubes 230 corresponding to the end parts of the hollow fiber membranes 120 is
larger than that of the aeration tubes 230 corresponding to the middle parts of the
hollow fiber membranes 120.

Optionally, as illustrated in FIG. 5, there may be no aeration tube corresponding to
the middle parts of the hollow fiber membranes 120. In other words, the middle part of
the first common pipe 240 is not connected to any of the aeration tubes 230. In detail,
the first common pipe 240 is not connected to the aeration tubes 230 at a prede-
termined area from its very middle.

Thus, according to the second embodiment of the present invention, the probability
that the bubbles will be supplied to both end parts of the hollow fiber membrane 120
can be increased, and thus the bubbles can be uniformly supplied to the whole hollow
fiber membrane 120. The uniform supply of the bubbles to the whole hollow fiber
membrane 120 can improve both the cleaning efficiency and the filtration efficiency of
the filtering apparatus at the same time.

As shown in FIG. 5, the aeration unit 200 of the second embodiment of the present
invention further comprises a second common pipe 250. Each of the aeration tubes 230
is in fluid communication with the second common pipe 250 through the second end

thereof. The first and second common pipes 240 and 250 are parallel to each other.



WO 2013/048005 PCT/KR2012/006461

[67]

[68]

[69]

[70]

Consequently, since the aeration unit 200 of the second embodiment of the present
invention has a structure in which each aeration tube 230 is connected to the first and
second common pipes 240 and 250 through its first and second ends respectively, it is
relatively easy to maintain the aeration tubes 230 in a horizontal position during the
aeration cleaning process.The aeration tubes 230 maintained in a horizontal position
can supply the bubbles uniformly to the hollow fiber membranes 120.

Optionally, to minimize the probability that the horizontal position of the aeration
tubes 230 will be broken, a certain part of the aeration unit 200 may be combined to a
frame (not shown) into which the hollow fiber membrane modules 100 are supposed to
be installed.

As illustrated in FIG. 5, the first common pipe 240 may have a plurality of aera-
tionholes (H2). Further, the second common pipe 250 may also have a plurality of
aeration holes (H3). The ejection of the bubbles from the first and second common
pipes 240 and 250 through their aeration holes (H2, H3) facilitates more effective
cleaning of the hollow fiber membranes of the first and last modules among the hollow
fiber membrane modules 100 arranged in a line along the longitudinal direction (Y
direction) of the aeration tubes 230.

Optionally, to supply the bubbles uniformly, it is possible for the first common pipe
240 to have no aeration holes at a predetermined area from its very middle. For the
same reason, it is also possible for the second common pipe 250 to have no aeration

holes at a predetermined area from its very middle.
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Claims

An aeration unit comprising:

a plurality of aeration tubes parallel to each other, each of the aeration
tubes comprising a first end and a second end opposite the first end;
and

a first common pipe in fluid communication with the aeration tubes
through the first ends of the aeration tubes to provide the aeration tubes
with air,

wherein the first common pipe is perpendicular to the aeration tubes,
and

wherein the closer to both ends of the first common pipe the aeration
tubes are, the more densely the aeration tubes are arranged.

The aeration unit of claim 1, wherein none of the aeration tubes is
connected to a middle of the first common pipe.

The aeration unit of claim 1, wherein the first common pipe has
aeration holes.

The aeration unit of claim 1, further comprising a second common pipe
in fluid communication with the aeration tubes through the second ends
thereof.

The aeration unit of claim 4, wherein the first and second common
pipes are parallel to each other.

The aeration unit of claim 4, wherein the second common pipe has
aeration holes.

A filtering apparatus comprising:

a hollow fiber membrane module comprising hollow fiber membranes
to bedisposed, during a filtration process, parallel to a surface of water
to be processed; and

an aeration unit below the hollow fiber membrane module,

wherein the aeration unit comprises:

a plurality of aeration tubes parallel to each other, each of the aeration
tubes comprising a first end and a second end opposite the first end;
and

a first common pipe in fluid communication with the aeration tubes
through the first ends of the aeration tubes to provide the aeration tubes
with air,

wherein the first common pipe is perpendicular to the aeration tubes,

and
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wherein the closer to both ends of the first common pipe the aeration
tubes are, themore densely the aeration tubes are arranged.

The filtering apparatus of claim 7, wherein none of the aeration tubes is
connected to a middleof the first common pipe.

The filtering apparatus of claim 7, wherein the aeration unit further
comprises a second common pipe in fluid communication with the
aeration tubes through the second ends thereof.

The filtering apparatus of claim 9, wherein the first and second
common pipes are parallel to each other.

The filtering apparatus of claim 9, wherein the first and second

common pipes have aeration holes respectively.
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