1 ADJUSTABLE PULSED GAS AGQ TATOR Hel d of the Invention 100011The present
invention relates generally to gas/liquid agitation or m xing, and nore
particularly to an adjustable pul sed gas agitator that can change the
strength of discharged gas bubbl es. Background of the Invention

[ 00021Li quid could be m xed by machi nery and propeller, perpetuated by the

liquid itself through punped circul ation, andaggitated by ot her neans. Gas
m xi ng has the advant ageddBISESBLE NYLEED GASAEIFATOR i on effect. The

scouring action can be used to cleanse a surface such as a wall surface of
hol I ow fi ber nmenbrane and a reactor. The flotation effect can contribute to
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[ 0003] Gas nixing may be continugﬁggogﬁ“fﬁvg?ﬂ?qtent or pul sed. Continuous
gas mixing is sinple, generally achieved using an aeration device such as
aeration diffusers for providing a continuous gas supply. Mxing requires
wat er tugdsollence. |THeepidbdit @Mengads ralgick alchedllgan @htighid doheinabeixing,
turbul ence with | ower energy by their discrete bubble stirring but
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purpose. |In many cases, the agitated liquid requires a period of tinme such
as a femﬂ§%@%ﬁﬂggﬁ5mbb@éne calm non-oriented continuous gas supply instead
causes the offset of the energy. Intermttent gas supply can be realized by
val ve switches, but frequent switching particularly the ;reﬂuency mﬁtgir .
the range of a few seconds, will caus tigue failure of the valve. Pul se
gas agi '?ator bei ng made by u\g%"‘r%{g{ﬁ“ntdﬁ%gtﬁ?:l cﬁnﬁllog of the abrupt change of
air pressure has no mechani cal change; the gas supply could be continuous,
but the gas discharge could be pulsed. 2

[0002] Liquid could be mixed by machinery and propeller, perpetuated by the
liquid itself through pumped circulation, and agitated by other means. Gas mixing has the
advantages of scouring action and flotation effect. The scouring action can be used to
cleanse a surface such as a wall surface of hollow fiber membrane and a reactor. The
flotation effect can contribute to the uniform suspension of solid particles in liquid without
precipitation.

[0003] Gas mixing may be continuous, or intermittent or pulsed. Continuous gas
mixing is simple, generally achieved using an aeration device such as aeration diffusers for
providing a continuous gas supply. Mixing requires water turbulence. Intermittent gas
agitation can obtain the water turbulence with lower energy by their discrete bubble stirring
but continuous gas agitation requires higher energy consumption for same purpose. In
many cases, the agitated liquid requires a period of time such as a few seconds to become
calm; non-oriented continuous gas supply instead causes the offset of the energy.
Intermittent gas supply can be realized by valve switches, but frequent switching
particularly the frequency within the range of a few seconds, will cause fatigue failure of
the valve. Pulsed gas agitator being made by using of the principle of the abrupt change of
air pressure has no mechanical change; the gas supply could be continuous, but the gas

discharge could be pulsed.



[ 0004] The immersed ultrafiltration/mcrofiltration hollow 'fiber menbrane
has been widely used in |iquid-solid separation process, such as nenbrane
bi oreactor (MBR) used in the sewage treatnent process, and nenbrane

chem cal reactor (MCR) used in the water treatnent and recycling process.
In these processes, air scouring is crucial in order to prevent the '"film
surface from bei ng _contam nated. However, since air scouring requires

hi gher ef908) consdmptingRersehwlEailyaien/apergiraton hallavelibera nsmbdarehst ned
air scouring effect has. beco a key technol ogy. Gas sh can sw he
b ane PPHBRRE B J RS EomPaR HaRK S Mg g B R R et SN e
menbr ane ] t.he, e 1 , es the solji uch .as, sl udge
or 11 oot Ant S s lleey B BT B b AT AT T Rl A8 PO RV RD G
mechani ¢alu@aidh@d®ind $eStROE biokBss MnthRe kstieds | diotiothinns Ligdi f:omg! i d
m xi ng pr c?cesses, It hgy %Cs/e ng%?ré)ti rsfesnsfﬁk%je c@étb%s’téﬁg%o?fﬁﬁ?g% %Ilgglgl foiilfortaﬁe
medi um  t@preexa@nid Blm StifQRIr@E belisg OBk Reds ATbWEteY, Phcetdescbibnt fqhpye a
corrosive effect on nmetal. Using an inert gas as the stirring power can
over cone hgahehenangyuedrisgmption.gew Busavarcyergf ahthechiowenpicdntefrO06 ifheopimsent
invention provides an adjustable pulsed gas agitator. In one enbodi nent,

t he adj ustagihas pefogid kaistealjialesyorGasowmgshicon swineghe meathuime Bhdre o diva tiser

ahen | PGS s A T8 TGEDANS SAH e b TRESER, BUGHI B 1 op
f th | ati e I I 1. : I di. tirri
gas ot 5 ey B Rl AR Rl AP b R R RS S g

wthint as acc i 50t b s [AS: Al S, A6 | at ed
E@oﬁa meg%li 9&8%%@@% Ralerdefige §t b e 11cﬂﬂd91a§1|dsa§ﬁa1§%g&1“

Wi thin t gas accumnul ation c¢ ; and an adj ust abl e gas uni t
for di schafd@immgng Peocstdes, thBP agRsordtmbILiubieedtonht Ninfitdd8s @AShcaMmEM & on
chanber intermttently in the formof pulsed gas flows, wherein the
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di sposed over the |ower part of the gas discharge pi pe, and a gas cap

di sposedUsingenneat gastaséhestsrgaravtiecagayeisppe sugdoinsiféicienbien t he adj ust abl e
gas discharge unit is noved upward or downward, the volune of the 3
stirring gas accunmul ated within the gas accumul ati on chanber is decreased
or increased; thereby the fre uenc%ggqg sié$p th of the discharged pul sed
gas flows is varied. [0007] 1 n AHYPHOIdheLUYGHER of the adjustable pul sed
gas agitator, the gas accunul ati on chanber has a rectangular or cylindrical
configuration.

[0006] The present invention provides an adjustable pulsed gas agitator. In one
embodiment, the adjustable pulsed gas agitator comprises a gas accumulation chamber
with an inverted enclosure having a downward liquid communicable opening when
immersed in a liquid and having a gas discharge pipe through the top of the gas
accumulation chamber; a gas supply unit for providing a stirring gas at a position higher
than the downward liquid communicable opening within the gas accumulation chamber so
that the stirring gas is accumulated within the gas accumulation chamber; and an adjustable
gas discharge unit for discharging the stirring gas accumulated within the gas accumulation
chamber intermittently in the form of pulsed gas flows, wherein the adjustable gas
discharge unit comprises an elongatable gas pipe slidably disposed over the lower part of
the gas discharge pipe, and a gas cap disposed underneath the elongatable gas pipe; so that

when the adjustable gas discharge unit is moved upward or downward, the volume of the



[ 0008] I n anot her enbodi nent of the adjustable pulsed gas agitator, the gas
supply unit conprises a gas supply pipe in a gas comruni cation with an
external gas supply source. In a further enbodi nent of the adjustable

pul sed gas agitator, the external gas supply source is continuous,
intermttent or fluctuated. In another further enbodi nent of the adjustable

pul sed gas agitator, the gas .supply unit further conprises a gas supply
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[0012] I n anot her enbodi ment, ust abl e pul sed gas agitator further
conpr i sefoag)pi pe siz auﬁm’itemﬂoﬁﬂlﬁelﬁ bathecafusb®dld gursedaik Ygipliolg gRcak R4Phdshe gas

di scharge pi pe, wherein the pipe size controller can be changed with
di f f er ent sideneall dithmetagrble horght mahg botgorh Ipecventee tiedigehibpenaliretthe fldiveghar ged
gas bUbblth?gugh l4he gas cap, and the distance between the bottom tip of the elongatable gas pipe
and the bottom of the gas cap is changeable.
[0010] In another embodiment, the adjustable pulsed gas agitator further comprises
a secure means between the gas discharge pipe and the elongatable gas pipe so as to
prevent the air accumulated within the gas accumulation chamber from escaping from the
gap between the gas discharge pipe and elongatable gas pipe.
[0011] In another embodiment, the adjustable pulsed gas agitator, the adjustable
gas discharge unit further comprises three or more radial supports integrally connecting the
elongatable gas pipe and the gas cap so that they can be moved together upward and
downward. In a further embodiment of the adjustable pulsed gas agitator, the adjustable
gas discharge unit further comprises a translational means that is coupled to the bottom of
the gas cap for moving the adjustable gas discharge unit upward and downward.
[0012] In another embodiment, the adjustable pulsed gas agitator further comprises
a pipe size controller that can be removably plugged into the gas discharge pipe, wherein

the pipe size controller can be changed with different inner diameters for changing the size

and shape of the discharged gas bubbles.



[ 0013] I n anot her enbodi nent, the adjustabl e pul sed gas agitator further
conpri ses an adjustable partition disposed within the gas accunul ati on
chanber, wherein the adjustable partition can change the volunme of the gas
chanmber so as to control the volune of 4 he di scharged bubbles. [0014]In the
process of gas mxing, the frequency and intensity of m xing bubbles are
the key factors fig controlling the mxjng effects. Therefore, by
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requi rements,. t rel ease frequency.and intensity of mxing bubbles are so
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the acconpanying draw ngs. Brief Description of the Draw ngs _
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described with reference to the Figures, in which |like reference nunerals
denot e | iake ted dmerfiastory] 0@17¢FaBing showsixage elegs.sethdroforasi ey nodchtulieally
adj ust abl e pul sed gas agitator in accordance with one enbodi nent of the
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gas di sc?arge uni t .ip : .. ] . . . -
requency and intensity of mixing bubbles are so adjusted as to achieve optimal mixing
effect; this is the biggest advantage of an adjustable gas mixer over a static gas mixer.
[0015] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.
Brief Description of the Drawings

[0016] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0017] FIG 1 shows a cross-section view of the adjustable pulsed gas agitator in
accordance with one embodiment of the present invention.

[0018] FIG 2 shows an isometric view of the adjustable gas discharge unit in
accordance with one embodiment of the present invention.

[0019] FIG 3 illustrates the adjustment of the gas volume accumulated with the gas
accumulation chamber by adjusting the position of the adjustable gas discharge unit.

[0020] FIG 4 illustrates the operation of the adjustable pulsed gas agitator in
accordance with one embodiment of the present invention.

[0021] FIG 5 shows a cross-section view of the adjustable pulsed gas agitator in

accordance with another embodiment of the present invention.



accordance with one enbodi nent of the present invention. [0019]FIG 3
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I nvention. Detailed Description of the Invention

Detailed Description of the Invention

[0023] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0024] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0025] The present invention provides an adjustable pulsed gas agitator for being
used in situations where pulsed gas flows are needed to provide for liquid mixing. Briefly,
the adjustable pulsed gas agitator of the present invention employs an adjustable gas
discharge unit so that the velocity and strength of the discharged gas could be varied
according to the requirements of practical applications.

[0026] Referring now to FIG 1, there is provided an adjustable pulsed gas agitator
in accordance with one embodiment of the present invention. As shown in FIG 1, the
adjustable pulsed gas agitator 1 comprises a gas accumulation chamber 10 with an inverted
enclosure having a downward liquid communicable opening when immersed in a liquid, a
gas supply unit 20 for providing a stirring gas at a position higher than the downward
liquid communicable opening within the gas accumulation chamber 10, and an adjustable
gas discharge unit 30 for discharging a pulsed gas flow according to the gas volume
accumulated within the gas accumulation chamber 10.

[0027] The gas accumulation chamber 10 can have various shapes and
configurations. In certain embodiments, it has a rectangular or cylindrical configuration.

The gas accumulation chamber 10 has a gas discharge pipe 11 through its top as shown in



[ 0023] The present invention may be understood nore readily by reference to
the followi ng detail ed description of certain enbodinents of the invention.
[ 0024] Thr oughout this application, where publications are referenced, the
di scl osures of these publications are Iereby incorporated by reference, in
their entireties into this application in order to nore fully describe the
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di scharge pipe 11 through its top as shown in

a gas supply nozzle 22 with a gas supply orifice disposed at the distal end of the gas supply
pipe 21 for control of the supplied gas flow. In certain embodiments, the gas supply nozzle
is a large resistance gas supply device to prevent uneven distribution when the paralleled
adjustable pulsed gas agitators work together and gas supply nozzles are not installed in an
exact level.

[0029] The adjustable gas discharge unit 30 comprises an elongatable gas pipe 31
slidably disposed over the lower part of the gas discharge pipe 11, and a gas cap 32
disposed underneath the elongatable gas pipe 31. In certain embodiments, the gas discharge
pipe 11, elongatable gas pipe 31 and gas cap 32 have a cylindrical configuration. The gas
cap 32 has a side wall with a variable height according to practical applications and a
bottom preventing the liquid from directly flowing through the gas cap 32. The distance
between the bottom tip of the elongatable gas pipe 31 and the bottom of the gas cap 32 is
changeable according to practical applications. When the gas discharge pipe 11,
elongatable gas pipe 31 and gas cap 32 are assembled, a fluid communication is established
between the external space and the internal one within the gas accumulation chamber 10 so
that the gas accumulated within the gas accumulation chamber 10 is discharged to the

external fluid in a pulsed flow of gas bubbles. For the existence of the elongatable gas pipe

31, the overall length of the passage for discharging the pulsed flow of gas bubbles can be



6 FIG 1, where the gas discharge pipe 11 allows the liquid pass through the
gas accunul ati on chanber. [0028] The gas supply unit 20 is preferably

provi ding a continuous gas supply; but the gas supply is not so limted;
varyi ng gas supplies can be used as |lorfg as the requirenent of discharging
pul sed gases according to specific applications can be satisfied. As shown
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one enbodi nent of the present invention; (1) commencing the supply of snal
non oriented continuous gas into the gas accunul ati on chanber; (2)

i ncreasi ng the gas volune and pressure; (3) discharging the pressured gas
fromthe gas accunul ati on chanber to re ease pressured pul sed gas fl ows;
and (4) repeating the accunul ation of gas within the gas accunul ation
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diameters for changing the size and shape of the discharged gas bubbles.
[0035] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the scope

of the present invention. Accordingly, the scope of the present invention is defined by the

appended claims and is supported by the foregoing description.



9 CLAIMS What is clainmed is: 1. An adjustable pul sed gas agitator

conpri si ng: a gas accunul ati on chanber with an inverted encl osure
havi ng a downward |i quid comruni cabl e openi ng when imersed in a liquid and
havi ng a gas di scharge pipe through thedtop of the gas accunul ation
chanber; a gas supply unit for providing a stirring gas at a position
hi gher tqﬁgﬁhgﬁ downward |iquid comuni cabl e opening within the gas

accumul ath anber so that the stirring gas is accunulated within the gas
accumrul ati on chanber; and an adjustabl e gas discharge unit for

di scharging the stirring gas accunul ated within the gas accunul ati on
chanber ippgrmbigrtiky in the formof pressured pul sed gas flows, wherein

t he adj ustabl e gas discharge unit conprises an el ongatabl e gas pipe
slidably di sposed over the | ower part of the gas discharge pipe, and a gas
cap di sposed underneath the el ongatabl e gas pi pe; so that when the
adj ust ablle gas\rdidedtarigpulset gasiagitmovesmpypi@r:d or downward, the vol ume of
the stirring gas accunulated within the gas accunul ati on chanber is
decreased or iargss easwaylatidvieehaimpet mathf ancigquentaryeratiust neingt shdofnwind liquid

di scharged pul se as flows is varied. . The adj ust abl e pul sed gas

agi t at 0? CB@E}}%n&ia elgqpemé rEICR HRETgddn adisuiuandtiosie eteandisehnaspiac teevahgul ar
or cyIin%ricaI onfiguratio ) e adj ustabl e pul sed gas agitator of claim

. T
1, mhereiﬁﬁpﬂgf_ S 8ﬁPyﬂﬂﬂ¥¥§@6 ‘ises a gas supply pipe in a gas
conmuni cati on a‘@a& E\Jﬁ)@}/ it & rﬁ%w@iﬁﬁ assHH%lQ/ ga%%'tja %gs'ition higher than the downward

liquid communicable opening within the gas accumulation chamber so that the stirring gas
is accumulated within the gas accumulation chamber; and

an adjustable gas discharge unit for discharging the stirring gas accumulated within
the gas accumulation chamber intermittently in the form of pressured pulsed gas flows,
wherein the adjustable gas discharge unit comprises an elongatable gas pipe slidably
disposed over the lower part of the gas discharge pipe, and a gas cap disposed underneath
the elongatable gas pipe;

so that when the adjustable gas discharge unit is moved upward or downward, the
volume of the stirring gas accumulated within the gas accumulation chamber is decreased
or increased; thereby the frequency and strength of the discharged pulsed gas flows is

varied.

2. The adjustable pulsed gas agitator of claim 1, wherein the gas accumulation

chamber has a rectangular or cylindrical configuration.

3. The adjustable pulsed gas agitator of claim 1, wherein the gas supply unit

comprises a gas supply pipe in a gas communication with an external gas supply source.



10 4. The adjustable pul sed gas agitator of claim 3, wherein the external
gas supply source is continuous, intermttent or fluctuated. 5. The

adj ust abl e pul sed gas agitator of claim3, wherein the gas supply unit
further conprises a gas supply nozzle dDsposed at the distal end of the gas
supply pipe for control of the supplied gas flow. 6. The adjustable pul sed
gas agitator e wall with a

| ai ’ . h .
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t hr ough tspgrcg?Ssco%aﬁtémgn%tgg{l}gueg%ﬁ ﬁl@&ﬁ%tgft ween the bottomtip of the

cl ongat ahl'e gas pip h omao he gas cap is changeable. 7. The
adj ust abl e pul sed gas agitator of claiml1, further conprising a secure
means between the gas di scharge pipe and the el ongatable gas pipe so as to
prevent tshe ailheaepusmblap@sedbdshigtaton & @asmass GulEiathofas ?ﬁ@e&nif fL@fMer
escaping fromthe gap between the gas di scharge pipe and el ongat abl e gas
pi pe. 8.coffipasadj grstsabple noutls elispgas] @ight ditsat eof ofcthaigas dypphpipeifor ¢dnerol

adj ustabl e gas discharge unit further conprises three or nore radial

suppor t s of Hicegppliddeasdlomect i ng t he el ongat abl e gas pipe and the gas cap so
that they can be noved together upward and downward. 9. The adjustable
pul sed gas agitator of claim8, wherein the adjustable gas discharge

6. The adjustable pulsed gas agitator of claim 1, wherein the gas cap has a side wall
with a variable height and a bottom preventing the liquid from directly flowing through the
gas cap, and the distance between the bottom tip of the elongatable gas pipe and the bottom

of the gas cap is changeable.

7. The adjustable pulsed gas agitator of claim 1, further comprising a secure means
between the gas discharge pipe and the elongatable gas pipe so as to prevent the air
accumulated within the gas accumulation chamber from escaping from the gap between the

gas discharge pipe and elongatable gas pipe.

8. The adjustable pulsed gas agitator of claim 1, wherein the adjustable gas discharge
unit further comprises three or more radial supports integrally connecting the elongatable

gas pipe and the gas cap so that they can be moved together upward and downward.

9. The adjustable pulsed gas agitator of claim 8, wherein the adjustable gas discharge
unit further comprises a translational means that is coupled to the bottom of the gas cap for

moving the adjustable gas discharge unit upward and downward.

10. The adjustable pulsed gas agitator of claim 1, further comprises a pipe size

controller that can be removably plugged into the gas discharge pipe, wherein the pipe size



unit further conprises a translational neans that is coupled to the bottom
of the gas cap for noving the adjustable gas discharge unit upward and
downward. 10. The adj ustable pul sed gas agitator of claiml, further
conprises a pipe size controller that ddan be renovably plugged into the gas
di scharge pi pe, wherein the pipe size 11 controller can be changed with

di fferent inq r dianeters for angi ng the size and shape of the discharged
gas bubb88o iﬂf% © Segsd %‘ihedclE‘aqegb@n@l‘a@alaafiefsa@b?ha@gn@|tm P ang ghape af
conpri se | UsSit tition disposed within the gas accunul ati on
chanber,Sth g?@?%¥$ﬁgpg§?@§%able partition can change the volune of the gas
chanber so as to control the volune of the di scharged gas bubbl es.

11. The adjustable pulsed gas agitator of claim 1, further comprises an adjustable
partition disposed within the gas accumulation chamber, wherein the adjustable partition
can change the volume of the gas chamber so as to control the volume of the discharged

gas bubbles.



