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The submerged manifold is connected to a plurality of submerged distribution pipes that are
also submerged within the wastewater and generally arranged in a parallel configuration
along the bottom of the treatment tank when such tank is of rectangular design. Each
distribution pipe typically supports a number of diffuser assemblies such that the diffuser

assemblies are also submerged within the wastewater along the bottom of the tank.

[0004] Each diffuser assembly includes a diffuser body and includes a membrane coupled
to the diffuser body. The membrane includes a perforation pattern that generates the fine
bubbles. Diffuser assemblies can include circular or rectangular diffuser bodies and include
corresponding circular or rectangular membranes. Many different types of membranes are

known and are described in detail below.



bubbl es. Diffuser assenblies can include circular or
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[0007] On round membrane diffusers, unsegmented patterns do not divide the piercing

pattern into repeatable angular segments. Known types of unsegmented patterns include a
circumferential slitting pattern, a spiral slitting pattern, and a random puncturing pattern. The
circumferential slitting pattern includes rows of slits spaced at radial intervals across the
surface area of the circular membrane. The relative spacing between adjacent slits is not
consistent and varies depending upon the location of the slit on the membrane. The spiral
slitting pattern is similar except that it includes a single row of slits that gradually increases
its radial position around the circular membrane such that the row wraps or spirals around

itself. The random puncturing pattern does not include any repeatable pattern and therefore
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[0010] Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a plan view of a circular membrane of the prior art with a segmented

square pattern.

[0012] Fig. 1a is an enlarged view of the square pattern of the membrane of Fig, 1.



other in a circular arrangenent to substantially cover
t he nmenbrane. Each segnent includes a plurality of
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""DRAW NGS [0011] Fig. 1 is a plan view of a circular
menbrane of the prior art with a segmented square
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S, li:are pattern of the nmenmbrane of Fig. 1.[0013] Fig. 2
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meant to encompass the items listed thereafter and equivalents thereof as well as additional
items. Unless specified or limited otherwise, the terms “mounted,” “connected,”
“supported,” and “coupled’” and variations thereof are used broadly and encompass both

direct and indirect mountings, connections, supports, and couplings. Further, “connected”

and “coupled” are not restricted to physical or mechanical connections or couplings.

[0018] Fig. 2 illustrates a portion of an aeration system 10 of the type commonly used in
wastewater treatment tanks to introduce oxygen into wastewater contained in the treatment
tanks. The treatment tank usually includes a network of air distribution piping for
transferring air to the aeration system 10. The aeration system 10 includes distribution pipes
12 that are generally arranged in a parallel configuration along the bottom of the treatment
tank. The distribution pipes 12 are fluidly coupled to a fluid source through, for example, a

drop pipe and a manifold.
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[0022] With specific reference to Fig. 3a, the line b extending between midpoints of
adjacent slits 26 in a common row 24 is approximately the same length as the line a
extending between midpoints of adjacent slits 26 of adjacent rows 24. In other embodiments,
the length of line b can be between 80 percent and 120 percent of the line a. The lines a, b
define an acute interior angle A that is approximately 60 degrees. In other embodiments,
angle A can be between 40 and 80 degrees or can be less than 75 degrees. The common
length and the 60 degree angle define the diamond pattern. In contrast, a parallelogram
pattern can also be used when the angle is less than 90 and the lines a, b are not equal. In

order to avoid coalescence of the fine bubbles, a bubble diameter D of 0.100 inches is
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[0026]SOTE‘Lfab kc)il f‘fa*uselp membrane 18 of the pre%ent invention can use a regular piercing
pattern consisting of a "diamond" shape (or parallelogram) having one 60 degree base angle
A (the other base angle being 120 degrees). For a given maximum bubble size, this pattern

maximizes the bubbles per square inch.

[0027] Use of a parallelogram with one base angle which is larger than 60 degrees but
smaller than 90 degrees, or a parallelogram with one base angle less than 60 degrees, will
result in the potential for more perforations per square inch than for a pattern with a base

angle of 90 degrees, but fewer than for a pattern using 60 degrees. In general, the use of any
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[ 0029] The foregoing description of the present
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description is not intended to limt the invention to

the formdisclosed herein. Consequently, variations

and nodifications commensurate with the above
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. . di ments descri bed herein are further intended
Vﬂnﬁl{@%g%p g?n best nodes known for practicing the

invention and to enable others skilled in the art to

Uti| i zA diffeser essembilyofor idiffisings fluid foorherfluid spoee Wine medium to

nd wi.th varj.ous nodifications required by the
aerate %ﬁ@%ﬂ%iﬁh%hgfﬁ% gﬁeg}l]’);y BYPHERS of the present
I nvent j airafckrb A MREd Em@haicaReh with the fldiddbhifcesad
assenbly for di fusigg afluid froma fluid sognce,
into aamembuana eonaerted to thadiffisar bedy, theanemprage Bping circular and

T
adjacefi0faRAGIIR it @ cirbelatirtdngsernitodybsthrtiallyeoberthe nteeibngne, each

circular and inpcluding a slittin tt di vided into ..
segmep! g hydeng HPIEIHY PRFOVETGG i}?@% @rpgwgﬁtY&ﬁ{% gwgpomts of te sits
w1th1n§ﬁ%§§§ﬂént %‘F’t‘lﬁﬂgéa e rpathﬂléa?o r%génlg %H{téﬂh, RhERMIEARALiné Extending

ntially“cove ane, each segnent
betwesmibleudidpgings of adjaent sfitoih ar consmemodw Fsspbsignizalhy the sanpq lpngth as a

. slits,. mdpoint f.th i 1. i t,hi e t
scon S esng R o Blos s b Bl RO CTRTL,
i ne extendi ng between the m dpoints of adjacent slits

in a conmon row is substantially the sane length as a
s2cond Thiedéffieser assainhly ofelaimeh whcseipikplsnahof ge first line 1s

adjacent slits ' n Lffuser
vetwe g ATRERGE 0 @M GEER e e seck MR T 20,

line is between 80 percent and 120 percent of the

l ength of the second line. 3, The diffuse e of

cBai m Lhehpsst AsseRbly @?@elm bevhggeinghe @{*g‘fhi O?@ﬁ? ﬁg{eﬁmﬂs equal
toﬂmﬁ&lhﬁg hgqg&&¥§ﬁm§he second line. 4. The diffuser

ade Fy of ¢ '

alm 3, wherein the length of the lines
equal s about 0. 100 i nches.

4, The diffuser assembly of claim 3, wherein the length of the lines equals about
0.100 inches.

5. The diffuser assembly of claim 1, wherein the first line and the second line

define an included relative acute angle.

6. The diffuser assembly of claim 5, wherein the angle is between 40 and 80
degrees.

7. The diffuser assembly of claim 5, wherein the angle is less than 75 degrees.

8. The diffuser assembly of claim 5, wherein the angle is 60 degrees.



5. The diffuser assenbly of claim11, wherein the first

line and the second |ine define an included rel ative
weacuis@szngl e. 6. The di ffuser assenbly of cl ai FCHUS2005/005730

wherein the angle is between 40 and 80 degrees. 7. The

di ffuser assenbly of claim5, wherein_ the angle is |

Yess flFendiffSsategsaddy ofclairh 8, wherisihe leag&‘eﬁ#ﬂ%? figst line is equal

cl aj wherej.n the angle is 60 degrees. 9. The
tOHWI@Wgﬁgtayaﬁﬁg%ﬁg?? of claim8, wherein the length of

the first line is equal to the |length of the second

line. 10. The diffuser assenbly of claimJ, erein .

A6} ac drhe digtseramsanmay of gleimi% yherein iaceqt @V@%ﬁiwwhty of

b i st y i s i . .
rows aiRbe fyHSHENE Fsh0 o HLARESo QRLURRD. AL RAGH X hoisent across
the segage®€nbl y of claim 10, wherein the distance equals 86%

of the length of the |line between the m dpoints of

adj acent slits. 12. The diffuser assenbly of claim 10,

wher eii;*@éﬁﬁls&% ér§1%1§tdf@1aglht102%e&hﬁth@ ldistddee NS 86, ®f the

par al | to eachsot er. 13. The diffuser assenbly of

length of thiertink, betivesrethn nadpeiotsf adjacenst shifst hin a row of the
plurality of rows are separated by a distance, the
di stance between adjacent slits being consistent

agy. 0S Srh& QiffudYt astdmbIA cthiff 105 @hefdis echlrywas stedightnmd wherein
wherein the slits are curved. 15. The diffuser

the rowsare pratlebfo eachiothel4, wherein the slits within each
segnent are oriented in the sane direction. 16. The
di ffuser assenbly of claim1l, wherein the series of
argul arns diffmet sssemblyudetaim Bouderdiy adjaged skegrithin 8 row of the

17. The diff bl Laim 1, wherei i
plurally proNRATE ARSTHCA FY § s ibe A el opt afiepes? 2 oeing
consisthfacbsthantkal Iy equal .

14.  The diffuser assembly of claim 1, wherein the slits are curved.

15.  The diffuser assembly of claim 14, wherein the slits within each segment are

oriented in the same direction.

16.  The diffuser assembly of claim 1, wherein the series of angular segments

includes 8 equally sized segments.

17.  The diffuser assembly of claim 1, wherein each slit includes a slit length,

wherein all slits lengths are substantially equal.



