1 SPECI FI CATION Title of the Invention: M xed
Stream Nozzl e Technical Field This invention relates to a m xed
stream nozzle for a water treatnent apparatus and, nore particularly,
to a m xed stream nozzle for supplyingla m xed stream of raw water
and air used for a water treatnent apparatus which renoves iron,
manganese and ot her sol uble el enments dissolved in raw water such as

under ground water by oxidi zi i l.ubilizing these conponents

wi t hout using chenicals suchqggigﬁﬂgﬂﬁgﬁgﬁhﬁlagent and a coagul ant.
Background art As a water treatnment apparatus renoving iron,
mangan r elenents dissol ved.i.n raw water such as
undergﬁiﬁﬁgﬂag$%Eggﬁng%Fhﬁyﬁﬁﬁd ePRL NOEHIEi zi ng these el ements with
a sinple and conpact apparatus w thout using chem cals such as an

oxi di zt t a coagul ant, a water treatnent apparatus
di scl oggghlﬂn a};;gé\lgse Pat ent Application Laid-open Publication No,
2002- 126768 has been proposed. This water treatnment apparatus
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m xed str.eﬁmqoutlet for jetting out m xed strea{no raw water _
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t her eb§oagulsinty vehement aeration both in the water surface above the
filter layer and on the surface of the filter layer. By this

aera&;gn, sol ubl e substances such as iron and manganese contained in

t he agkgreupd artzed and t hereby are turned to insol uble substances
and are caught on the surfaces of particles of the filter 2 material

such as filtering sand which constitutes the filter layer either by
preci pi t at ¥6h 2oV 36T M Ayt mesdiaD P Aezidi ragloving ko), veanganssented other
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L hott e belrbiliESiE (bRt Slermenss ;i) spewmile aRel PpRpact apparatus
without using chemicals such as an oxidizing agent and a coagulant, a
water treatment apparatus disclosed in Japanese Patent Application
Laid-open Publication No. 2002-126768 has been proposed. This water
treatment apparatus comprises a mixed stream jet nozzle which is
connected at one end thereof to a raw water supply tube for supplying raw
water, has an air inlet such as an air inlet tube on the downstream side of
the raw water supply connecting portion, and has at the other end thereof a
mixed stream outlet for jetting out mixed stream of raw water supplied
from the raw water supply tube and air introduced from the air inlet. The
mixed stream including multitudes of air bubbles is blown out of the mixed
stream outlet and is struck against the water surface above the filter layer
disposed below the mixed stream outlet thereby causing vehement aeration
both in the water surface above the filter layer and on the surface of the
filter layer. By this aeration, soluble substances such as iron and
manganese contained in the water are oxidized and thereby are turned to
insoluble substances and are caught on the surfaces of particles of the filter



Descri bing the function of the m xed stream nozzle nore specifically,
raw wat er whi ch has passed this m xed streamnozzle is mxed wth air
introduced fromthe air inlet and dissolved oxygen is saturated.

Sol ubl e iron nonoxide ion in raw waterm i s oxidi zed by the dissol ved
oxygen and, as a result, an iron hydroxide ion filmis formed on
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wat erﬁﬁreat ment_ apparatus, it becones neceSsary to detac
strea 1}% 1odically, e.g., every several nonths, and scrape

of f the deposit of 3 the hydroxide and oxides by drilling. In case
the d ! ' |y high, the inside of the m xed stream nozzle
nmust %ggﬁﬁﬁ?ééogﬁéﬁ%ﬁéﬁ%ggh?oric acid or the |ike Water treatnent
work by the water treatnent apparatus nmust be suspended during this
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wor k efficiency. ntion has been nade in view of
t he above described problemin the prior art water treatnent

%nggaggf -eTFléré §saf )@Eﬂ:ﬂ%hl ?eéﬂ?alprt%sﬁ‘ﬂfs h’f}l IS PPe 131 E?fo%%;l]éj.e That is,
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f requi%nfnt%ga%%'eh ito raw water %cl)z%n%he air inlet of the mixed stream nozzle
not only forms iron (II) hydroxide on the filter layer but also oxidizes
soluble iron monoxide ion in raw water passing through the mixed stream
nozzle and forms iron hydroxide ion film on the inner wall of the mixed
stream nozzle. This film acts as a catalyst and causes iron (II) hydroxide
to be formed. Since, in this case, the nozzle tube of the mixed stream
nozzle is made of stainless steel, the inner wall of the nozzle is not rusted.
However, iron (II) hydroxide and other oxides accumulate rapidly on the
inner wall of the mixed stream nozzle on the downstream side of the air
inlet and this deposit is solidified to form a thick layer and, as a result,
blocking of the mixed stream nozzle takes place. Accordingly, in this water
treatment apparatus, it becomes necessary to detach the mixed stream

nozzle periodically, e.g., every several months, and scrape off the deposit of



Means for Solving the Problem Repeat ed studi es and experinents

by the inventors of the present invention for solving the above

descri bed probl em have resulted in the finding, which has led to the
present invention, that, by utilizing 8trength of energy of jet

stream fl owi ng through the m xed stream nozzl e and providing a nenber
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aspect agtetdieclfovenhl the wdids @fﬂi@eﬁh?.\/i ded a m xed stream nozzle
conprising, at one end thereof, a water supply tube connecting
portion which is connected to a water supply tube, an air inlet
formed on tHee dowssntdamesitden diad heewatresds uppliew wietleonheoti dscribed
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In a manner to swv 4°by force recelv m xed stream and

t hereby contacting the inner wall of the nozzle. In the second
aspectMehrishfori Bykihipothe Phebi@azl e i nner wal |l cl eaning neans is a
tw sted-ring chain. In the third aspect of the invention, the

twisted-ring chain is fixed to dianmetrically opposite positions of
the inner \peaded: beudirs lambyexpaim aitaby thengerdethbrishobudle phesent

upber BRROrS i QBI4RE tHLSLAAL! BEGNRLA BRGLAHAPEAYR TE8MRd in the
finding, Wthﬁ has led to the present invention, that, by utilizing strength
of energy of Jet stream flowing through the mixed stream nozzle and
providing a member which will collide with the mixed stream on the
downstream side of an air inlet of the mixed stream nozzle and move by
force received from the mixed stream and thereby contact the inner wall of
the nozzle, the inner wall of the mixed stream nozzle can be cleaned

automatically without requiring any input or power applied from outside.

For achieving the object of the invention, in the first aspect of the
mvention, there is provided a mixed stream nozzle comprising, at one end
thereof, a water supply tube connecting portion which is connected to a
water supply tube, an air inlet formed on the downstream side of the water
supply tube connecting portion, and a mixed stream outlet provided at the
other end of the mixed stream nozzle from which mixed stream of water
and air 1s jetted out characterized in that said mixed stream nozzle further
comprises nozzle inner wall cleaning means made of a member which is
fixed to an inner wall of the nozzle on the downstream side of the air inlet
and extends to the vicinity of the mixed stream outlet for colliding with the
mixed stream and moving continuously in the nozzle in a manner to swivel



In the fourth aspect of the invention, a pair of the pin are provided

in the longitudinal direction of the nozzle. In the fifth aspect
of the invention, the nozzle inner wall cleaning nmeans conprises a
plurality of wires which are attached4o0 a sw vel. In the sixth

aspect of the invention, the dianeter of the inner wall of the nozzle
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In the sixth aspect of the invention, the diameter of the inner wall of
the nozzle is larger in a downstream side than in an upstream side and the
diameter increases gradually in an intermediate portion from a small
diameter portion on the upstream side to a large diameter portion on the
downstream side.

Advantageous Results of the Invention

According to the first aspect of the invention, by providing the nozzle
inner wall cleaning means made of a member which is fixed to an inner
wall of the nozzle on the downstream side of the air inlet and extends to the
vicinity of the mixed steam outlet for colliding with the mixed stream and
moving continuously in the nozzle in a manner to swivel by force received
from the mixed stream and thereby contacting the inner wall of the nozzle,
cleaning of the inner wall of the mixed stream nozzle can be performed
automatically without requiring any input or power applied from outside
and, as a result, accumulation and solidifying of iron (II) hydroxide and
other oxides on the inner wall on the downstream side of the air inlet of the
mixed stream nozzle can be prevented and the work which has been



According to the third aspect of the invention, since the
twisted-ring chain is fixed to dianetrically opposite positions of
the inner wall of the nozzle by neans of a pin inserted through the
upper end portion of the tw sted-ring ghain and suspends from a
radially central p03|t|on of the nozzle, the twi sted-ring chain can
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Brief Description of the Draw ngs
According to the fourth aspect of the invention, a pair of the pin are
provided in the longitudinal direction of the nozzle whereby even if the
upper side pin which contacts the twisted-ring chain directly owing to
friction with the moving twisted-ring chain is cut off due to wear, the
twisted-ring chain can be supported by the lower side pin and thereby can
be prevented from falling.

According to the fifth aspect of the invention, by constructing the
nozzle inner wall cleaning means with a plurality of wires which are
attached to a swivel, these wires are swiveled to contact the inner wall of
the nozzle and, accordingly, the object of the invention can be achieved with
a simple device,

According to the sixth aspect of the invention, since the diameter of
the inner wall of the nozzle is larger in a downstream side than in an
upstream side and the diameter increases gradually in an intermediate
portion from a small diameter portion on the upstream side to a large
diameter portion on the downstream side, there is no step in this
intermediate portion and, therefore, this intermediate portion can be



FIG 1 is a partially sectional view show ng an enbodi nent of the

m xed stream nozzle of the present invention. FIG 2is a
perspective view of a twisted ring which constitutes a unit of a
twi sted-ring chain used for the abovegdescribed enbodi nment. FI G

3 is a perspective view showi ng an exanple of a pin for fixing the
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7 is ROEBEMi.onal view of a swivel used in the nozzle inner wall
cl eani ng means shown in FIG 6. Description of Enbodi nents of the

| nventj on o .
&Slr;zef Description of the Drawings

FIG. 1 is a partially sectional view showing an embodiment of the
mixed stream nozzle of the present invention.

FIG. 2 is a perspective view of a twisted ring which constitutes a unit
of a twisted-ring chain used for the above described embodiment.

FIG. 3 is a perspective view showing an example of a pin for fixing the
twisted-ring chain used for the above embodiment.

FIG. 4 is a partially sectional view of a modified embodiment of the
above embodiment.

FIG. 5 is a side view of a pin used for the modified embodiment.

FIG. 6 is a perspective view of nozzle inner wall cleaning means used
In another embodiment of the invention.

FIG. 7 is a sectional view of a swivel used in the nozzle inner wall
cleaning means shown in FIG. 6.

Description of Embodiments of the Invention

Description will now be made about preferred embodiments of the
present invention with reference to the accompanying drawings.

FIG. 1 is a partially sectional view of a preferred embodiment of the
mixed stream nozzle of the invention. The mixed stream nozzle of the
invention can be applied not only to a water treatment apparatus for
filtering underground water but also to various types of water treatment



Description will now be nade about preferred enbodi nents of the
present invention with reference to the acconpanying draw ngs.

FIG 1 is a partially sectional view of a preferred enbodi nent of the
m xed stream nozzle of the invention. Fhe m xed stream nozzle of the
invention can be applied not only to a water treatnment apparatus for
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alr inlet 3 and extends to the vicinity of the mixed steam outlet 4 for
colliding with the mixed stream and moving continuously in the nozzle 1 in
a manner to swivel by force received from the mixed stream and thereby
contacting the inner wall of the nozzle 1 is made of a twisted-ring chain 11
in the present embodiment.

Atwisted ring 11a shown in the perspective view of FIG. 2 isused as a
unit constituting the twisted-ring chain 11. The twisted ring 1la is an
oval ring which is deformed by partly twisting it. The twisted-ring chain
11 1s made of a plurality of the twisted rings 1la connected in series. As
this twisted-ring chain 11, a commercially available twisted-ring chain



8 made of steel or other netal may be used. The tw sted-ring chain 11
may be nmade of a material other than netal, e.g., hard plastic and
may al so be a twisted-ring chain which is of a configuration other
than the one showmn in FIG 2. As result of nunerous
experinments, it has been found that the twi sted-ring chain is very
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portions of the rise portions 12b and extend substantially in parallel with
the chain supporting portion 12a, the supporting portion 12a, the rising
portions 12b and the fixing portions 12¢ being formed integrally. The
spring may be made of metal or other material such as hard plastic.

The pin 12 is inserted through the twisted-ring chain 11 and the fixing
portions 12¢, 12¢ of the pin 12 are inserted in gaps between the tube portion
5 and the joint portion 7 of FIG. 1. By tightening the coupling 8, the
twisted-ring chain 11 is fixed to the diametrically opposite positions of the
inner wall of the nozzle 1. In state of use of the mixed stream nozzle 1 in
which the nozzle 1 is connected to the water supply tube, the twisted-ring
chain 11 is suspended from the radially central position of the nozzle 1
directly below. If the lower end of the twisted-ring chain 11 reaches in the
vicinity of the mixed stream outlet 4, accumulation and solidifying of oxides
will be mostly prevented even in a case where the lower end of the



twisted-ring chain 11 is located slightly above (i.e., upstream side)
the I ower end of the m xed streamoutlet 4. By positioning the

tw sted-ring chain 11 so that the I ower end of the twisted-ring chain
11 projects outwardly fromthe |ower end of the mxed streamoutlet 4
as shown in FIG 1, accunul ation of oxides can be prevented
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In the above described embodiment, a single pin 12 is used for fixing
the twisted-ring chain 11 to the inner wall. As a modified example, as
shown 1n I'IG. 5, a pair of pins each of which is of the same type of pin as



As described above, the dianeter of the inner wall of the m xed
stream nozzle 1 is larger in the downstream side tube portion 6 than
in the upstream side tube portion 5 and the joint portion 7. In the
nodi fi ed enbodi nent, the dianeter incL@ases gradually in an upper end
portion 13 of the tube portion 6 which is an internediate portlon
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Wires 16 which are atiached to a swivel 15. The swivel 15 comprises, as

shown in FIG. 7, an upper portion 15a and a lower portion 15b which are



12 twisted-ring chain is used and the enbodi nent in which the
radiating wwres are used as the nozzle inner wall cleaning nmeans. The
nozzl e inner wall cleaning neans however is not limted to these
embodi nents but any nenber may be usedjyegardless of its
configuration and material so long as the nenber is fixed to an inner
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exposed to the outside by about |Onmfromthe m xed streamoutlet 4.

As a contrast, a m xed stream nozzle which had the sanme shape and
size as the ¢peation phhrvrreleoinnas walgleaning meansoldgssimilar
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cl ayi ghreatighpnc gy cheiayl df ben eaghbyinienbed ey Hen@otind that this
movement is not a swiveling movement of the foremost end portion (lower
end portion) of the wires 16 but a swiveling movement of the wires 16 in
their major portion except for portions in the vicinity of the pin 21 and the
swivel 15. Accordingly, the wires 16 contact the inner wall of the nozzle in
a manner to scrub the inner wall in its substantially entire length of the
inner wall where accumulation and solidifying of oxides tend to take place
and thereby prevent accumulation of oxides on the inner wall. As a result,
accumulation and solidifying of oxides on the inner wall of the nozzle can be
prevented as long as the mixed jet stream continues to flow.

Description has been made above as to the embodiment in which the



In the exanpl e nozzl e of the present invention, amount of dissolved
oxygen in the m xed streamwas not different fromthat in the
contrast nozzle and this anmount did not differ between the tine of
start and tine of finish of the experijpgent. This neans that attaching
of the nozzle inner wall cleaning neans in the nozzle does not
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Fnner yalhifd SARENE TRAPSvAI LW 3oEIGiREaChE! Phese embodiments but any
member may be used regardless of its configuration and material so long as
the member is fixed to an inner wall of the nozzle on the downstream side of
the air inlet and extends to the vicinity of the mixed steam outlet for
colliding with the mixed stream and moving continuously in the nozzle in a
manner to swivel by force received from the mixed stream and thereby
contacting the inner wall of the nozzle.

Example

A mixed stream jet nozzle of the shape shown in FIG. 1 was used.
The nozzle had the entire length of 803mm, tube outer diameter of 34mm,
length of a flow portion from the end of the water supply tube connecting
portion 2 to the air inlet 3 being 173mm, length of a flow portion from the
air inlet 3 to the terminating end of the tube portion 5 being 150mm, length
of the tube portion 6 being 480mm, inner diameter of the small diameter
portion being 16mm, and inner diameter of the large diameter portion
being 26mm. All of the tube portions 5 and 6 and the joint portion 7 were
made of stainless steel tubes. As the nozzle inner wall cleaning means, a
commercially available twisted-ring chain was used. As the unit twisted
ring of the twisted-ring chain, a ring made of a steel wire having diameter
of Imm, having the major axis of the ring of 5.5mm and the minor axis of
the ring of 4.5mm was used. This chain was passed through the pin in such
a manner that the chain is exposed to the outside by about 10mm from the
mixed stream outlet 4. As a contrast, a mixed stream nozzle which had
the same shape and size as the above described nozzle of the example but
had no nozzle inner wall cleaning means, that is, a prior art mixed stream
nozzle, was used.

Underground water was caused to flow through the mixed stream
nozzle of the example of the invention and the mixed stream nozzle of the
contrast at a flow speed of 10 — 35m/second and state of accumulation and
sohidifying of oxides in the two nozzles was observed. As a result, in the
contrast nozzle, blocking of the nozzle occurred due to accumulation and



12pin 15swivel 16wires 14 Clains 1. A m xed stream nozzle
conprising, at one end thereof, a water supply tube connecting
portion which is connected to a water supply tube, an air inlet
formed on the downstream side of the wajer supply tube connecting
portion, and a m xed streamoutlet provided at the other end of the
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In the example nozzle of the present invention, amount of dissolved
oxygen i the mixed stream was not different from that in the contrast
nozzle and this amount did not differ between the time of start and time of
finish of the experiment. This means that attaching of the nozzle inner
wall cleaning means in the nozzle does not influence the amount of
dissolved oxygen in any way.

Description of Reference Characters

1 mixed stream nozzle

2 water supply tube connecting portion
3 alr inlet

4 mixed stream outlet

10, 14 mnozzle inner wall cleaning means

11 twisted-ring chain

12 pin

15 swivel

16 wires



3. A mxed streamnozzle as defined in claim2 wherein the
twisted-ring chain is fixed to dianetrically opposite positions of
the inner wall of the nozzle by neans of a pin inserted through the
upper end portion of the tw sted-ringjghain and suspends from a
radially central position of the nozzle. 4. A mxed stream nozzle as
defin Ln claim3 wherein a pair of the pin are provided in the

| ongi t ¥4 direction of the nozzle. 5. A nixed stream nozzle as
defined in claim1 wherein the nozzle inner wall cleaning neans
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di anePertiosy 13 6 glinedn raziietipgevided at the other end of the mixed
stream nozzle from which mixed stream of water and air is jetted out

characterized in that said mixed stream nozzle further comprises nozzle
mner wall cleaning means made of a member which is fixed to an inner
wall of the nozzle on the downstream side of the air inlet and extends to the
vicinity of the mixed stream outlet for colliding with the mixed stream and
moving continuously in the nozzle in a manner to swivel by force received
from the mixed stream and thereby contacting the inner wall of the nozzle.

2. A mixed stream nozzle as defined in claim 1 wherein the nozzle inner
wall cleaning means is a twisted-ring chain.

3. A mixed stream nozzle as defined in claim 2 wherein the twisted-ring
chain is fixed to diametrically opposite positions of the inner wall of the
nozzle by means of a pin inserted through the upper end portion of the
twisted-ring chain and suspends from a radially central position of the
nozzle.

4. A mixed stream nozzle as defined in claim 3 wherein a pair of the pin are
provided in the longitudinal direction of the nozzle.

5. A mixed stream nozzle as defined in claim 1 wherein the nozzle inner
wall cleaning means comprises a plurality of wires which are attached to a
swivel.

6. A mixed stream nozzle as defined in claim 1 wherein the diameter of the
immner wall of the nozzle is larger in a downstream side than in an upstream
side and the diameter increases gradually in an intermediate portion from
a small diameter portion on the upstream side to a large diameter portion
on the downstream side.



