1 Description Utraviolet Liquid Treatnent Apparatus 5 Technical Field:
.The present invention relates generally to ultraviolet liquid treatnent

~apparatus and net hods which use ultraviolet irradiation tomm hniggiui d
treatnent, such as sterilization or disinfection of liquid mmmw
bacteria in the liquid, oxidation- decodposition of a very small, 0 anount

- of organic substances in the liquid or deconposition of

deconposition-retardant (hard-to- deconpose) organic substan ]

liquid. More particularly, the pr es@cﬁts%ﬁilé’?lh ion relates to ﬂm@"‘mwmwmmn
pl acenent, in the ultraviolet liquid treatnent apparatus, of a ba%do@zit for
illumnating an ultraviolet |lanp. 15 Background Art: Utraviolet 1 quid

Stori |1 zatioh or di st nt deahoe Fida A ARt AP S bact ori & i the.
liquid by ultraviolet irradiation, have been used extensively 20 in a
variety of fields including pure water production lines in the
sem conductor, i.ndustry, sterilized water production lines in the
phar na@euti“&hmpgldﬁﬁecl_éy water sterilization lines in the food industry,
fTshes. shel | 7| <heR BFESentalavARYPE WAVEERs SRRSEALT cdbmariravioles. Dsed
Generally, each ultraviolet lanp used_in such liquid treatnent is,
acconmodatt@aatment napraratnanapdr methpdswhich awe wdtrgvpdet parrdigtioguiet 2
perform liquid treatment, such as sterilization or disinfection of liquid,
killing of bacteria in the liquid, oxidation-decomposition of a very small
10 amount of organic substances in the liquid or decomposition of
decomposition-retardant (hard-to-decompose) organic substances in the
liquid. More particularly, the present invention relates to improvement in
placement, in the ultraviolet liquid treatment apparatus, of a ballast for
illuminating an ultraviolet lamp.
15
Background Art:

Ultraviolet liquid treatment apparatus or systems for performing
liquid treatment, such as sterilization or disinfection of liquid and killing of
bacteria in the liquid by ultraviolet irradiation, have been used extensively

20 in a variety of fields including pure water production lines in the
semiconductor industry, sterilized water production lines in the
pharmaceutical industry, water sterilization lines in the food industry,
water sterilization lines in marine product processing and cultivation of
fishes, shellfishes etc., and waste water/sewage treatment lines.

25 Generally, each ultraviolet lamp used in such liquid treatment is

accommodated in a hard, transparent lamp protecting pipe, made of quartz

glass, in a liquid-tight manner, and each of the lamp protecting pipes with



glass, in a.liquid-tight manner, and each of the |lanp protecting pipes with
.2 the respective ultraviolet |anps accommbdated therein is soaked in a
~liquid to be treated. Such ultraviolet liquid treatnent apparatus or
systens are classified into two major types: an open-water-path type where
each ultraviolet lanp is placed in an &pen water path through which the
-liquid to 5 be treated is caused to flow, and a cl osed-water-path (seal ed

tube) type, where each.ultrgvjolet |a is pla in a closeq : r th or
soal bd 1 uihe FRPEEGRE ML PR he R mnRe t PY InekPinciCiolied 0h Fof The
ultraviolet . | ig i r 4.1 1 um nat ed. bei ng,suppl.ied with

or edet er i ielf %'rfﬁ)aéﬁaf ré%ﬂf%n%b%\'@%ﬁéq? fregﬁgle&t@éﬁp@gﬁw Sy StERFEI i al
A.C. power . 1Q.supply via a lanp.illumnnating ballast. In the

Convent | orARTSERHORL FEadnalar tYPeth o PDRLAER(CIAALE: dVHE WheTs| GRSk ¢y
of the la Il lumnatin | 1 asts are provided wi{hin.a power upply box
"n spaced-SpsErvioles lamm it iaceflan ésre Wﬁ&%aam@%ﬂ}}%} wihipk the Tidthy o

hi gh-frequency signals output yia the indjvidual |anp. illumpating 15

bal | ast’s, Bt dUeated 15 canse stﬁoﬁ‘éi‘i"ng”qdelaaﬁ ogpd teater P athy t%\?ﬁn‘b‘ré‘ﬂ‘ FgrﬁSB? are
fed via respective electric wres to the coryresponding ultraviqlet |anps.
In the apPheER a3clulineaiolgblabieirIaned 18 dnplose mermélweffe@?eﬁéuke”p
ultraviolet I|anps_are placed.in the sealed tube, maintenance (iover,s are
provi ded athroyghowhich gheldignditeche dxgatqdiisneavmed o Hliaw. | i fhe ltrpwielet
treated is caused to 20 flow, and_each of these mai ptengnce covers .defi nes
an interioempade ditatori slluminateds by oheinge sunmliad, wath ; peedetgradnedpe in
a liquid-tight manner but kept in comrunicatjon with an interior space of
each of t heighsfreapeper cignyls ghzﬁeg.re wWreduged Heomp aceomerargid fyCt pawer

mai nt enance covers, the electric wres extending fromthe ballasts are

el ect rikal $yprplyrmiact kanpiilugyoréing hallast.

In the conventionally-known ultraviolet liquid treatment apparatus,

a plurality of the lamp illuminating ballasts are provided within a power
supply box in spaced-apart relation to the corresponding ultraviolet lamps.

The high-frequency signals output via the individual lamp illuminating

15  ballasts, provided in corresponding relation to the ultraviolet lamps, are fed
via respective electric wires to the corresponding ultraviolet lamps. In the
apparatus of the above'mentioned sealed tube type where the ultraviolet
lamps are placed in the sealed tube, maintenance covers are provided at
opposite ends of the sealed tube where the liquid to be treated is caused to

20 flow, and each of these maintenance covers defines an interior space that is
shut off from the interior of the sealed tube in a liquid-tight manner but
kept in communication with an interior space of each of the lamp protecting
pipes. Within the space defined by the maintenance covers, the electric
wires extending from the ballasts are electrically connected via sockets to

25  the corresponding ultraviolet lamps accommodated in the protecting pipes.
Further, each of the ultraviolet lamps can be replaced with another one by

detaching/attaching the sockets at the positions of the maintenance covers.



25 'the corresponding ultraviolet |anps accombdated in the protecting
.pipes. Further, each of the ultraviolet |anps can be replaced w th another
. one by detaching/attaching the sockets at the positions of the maintenance
covers. 3 Because the lanp illum nating ballasts produce consi derabl e heat
during energization of the ultraviol et Banps, reliable nmeasures nust be

- taken to permt heat radiation. For this purpose, it has been conventi onal

to provide a he radi at,i ng fin. or_plate for,each of; the illum nati

bal st s 5 and dpebieoltiei bl fim e RS Toiubs opsidtFaBet Bge
acconmodat i n these.il l.um in al l.asts,.. The proyision of the radjiatin
e or pldfsue GEsiRiaHa oot Y AR ERL Japlps® BIRRS, BRainid Ryptihe" ' "
bal l asts, and, in additiqgn, the provuisiqn of the coolli fan woul d

naver dabl kercdcnedtiteatGadiaioRs ” Hisk s Rurhfte 1f B e B ipnal
consi derabl e degree., Further,. the 10 cool i.ng fan esi.gned to bl.ow ai.r into
t he power té)uwvgd%gx}}e#ewdﬁapgg By ag%f?’?e%‘ﬁ’ebfgh?ﬂ}g't‘{m%ﬁgﬁ l?/ﬁvjylﬂs&sthus
requir perié)%:lc mai ntenan(%ﬁ. Sych 'Pﬁ“ di ¢ _nai nteni\nge are al so,essenti al
for a Pongahd AlPEVIARG E0ine: 1 arPAI-the Rawes SubBln O asCormBodsiine
extending fromthe power supply box.to the . indjvidual. ultraviolet. |anps,
whi ch are &esgr m&at%g@gsgﬁ-ghé‘h%ﬁﬁ?éﬂwnl%%E)%élait’rr}?e nfsr%"rrplﬂégp
illumnating ballasts, would produce undesired . high-frequency noise.
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invention to _provide an 20 ultraviolet Ijquid treatnent apparatus apd

met hod whi %@lgml, sidrevprostisiogaet the ﬁQOBfigtﬂ@gl af@m—lmaé&aé%ﬁpmqraasedrtge
problenms. An ultraviglet ray |iquid,_ treatnent ggp%r atus in a%cordancgewi th

the preser®varallcsiee oh the pgmies supply bexitara considernble degregy  Haweher 40gh

liquid to be_treated, a light-transm ssive | a rotectin j pe provi ded
g 10  cooling fan, designedgto blow air into the powr(g?' S?lpp y %ox, geneispto IF))roduce

dirt due to dust, which would thus require periodic maintenance. Such
periodic maintenance are also essential for a longer life of the cooling fan.
Furthermore, the electric wires extending from the power supply box to the
individual ultraviolet lamps, which are externally-exposed high-frequency
15 output lines from the illuminating ballasts, would produce undesired

high-frequency noise.

Disclosure of the Invention
It is therefore an object of the present invention to provide an
20 ultraviolet liquid treatment apparatus and method which can solve at least
one of the above-discussed prior art problems.

An ultraviolet ray liquid treatment apparatus in accordance with
the present invention comprises a tubular path for passing therethrough
liquid to be treated, a light-transmissive lamp protecting pipe provided

25  within the tubular path to contact the liquid to be treated and an ultraviolet
lamp accommodated in the lamp protecting pipe, so as to treat the liquid

with ultraviolet rays irradiated by the ultraviolet lamp. The ultraviolet



25 'within the tubular path to contact the liquid to be treated and an
.ultraviolet |anp accommobdated in the |anp protecting pipe, so as to treat
~the liquid with ultraviolet rays irradiated by the ultraviolet |anp. The
ultraviolet 4 ray liquid treatnent apparatus of the invention is
characterized in that a ballast for opérating the ultraviolet lanmp is

- provided in close proximty to the outer surface of the tubular path in
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require a Iarge installation area for the power su&‘glé%gg,ox,an whi ch can

be easlQy thesgby edtharepliminatesameeddon separiecnsans latingheat from

conveni ence of use. To supplenment the cooling effect on_{he ballast, there
may be prothejballagisor reducepphe size of the heat radiation means if emp oyeda.‘ As

a result, the size of the ballast can be reduced. Further, such omission or
size reduction of the heat radiation means can effectively avoid the
necessity for the ballast to be provided within a power supply box, for the
15 purpose of heat radiation, as was the case with the conventionally-known
techniques. That is, the present invention allows the ballast to be placed
in or close to the tubular path apart from the power supply box, thereby
considerably downsizing the power supply box as compared to the
conventional counterparts. As a result, the present invention can provide
20 an improved ultraviolet liquid treatment apparatus which does not require
a large installation area for the power supply box and which can be easily
applied even to a small space and can achieve improved convenience of use.
To supplement the cooling effect on the ballast, there may be provided, as
necessary, a cooling fan at an appropriate position on the outside of the

25  tubular path, in which case too the cooling fan can be of a small size.
In one embodiment of the present invention, there are provided a

plurality of the ultraviolet lamps, and at least one single-lamp-operating




necessary, a cooling fan at an appropriate position on the outside of the
.25 tubular path, in which case too the cooling fan can be of a small size.

. I n one enbodi nent of the present invention, there are provided a plurality
of the ultraviolet |anps, and at | east one single-lanp-operating 5 ball ast
corresponding to at |east one of the ul®raviolet |anps is provided on the
- outer surface of the tubular path. In this case, the single-Ianp-operating
ballast indirectly contagts the to-be-tr ed,liquid ihn the tubular path,
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on the outer surface of e tubul ar. path. In this case, the 10
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in the tubular path, altfhough not . directly,. so that a considerable coolin
ef f ect O caffible %‘Wé’dwwﬁllpﬁg@trow §§Br?36#1‘3&?%¥a£%tc{ﬂ‘§f3‘t mroédﬁé'f‘?-ng ’
fin or plate. In_still another, enbodinent of the present_ invention,, tae
ballast is provinianothar embadiaent pl the) RyesegtJosantion, AT AFRIDERYide y

i nterposed 15 between the ballast and the outer surface of the tubul ar
path. In tainjugaliey of khe pdinayioletilamps, and: aelenst jonet mudH-lanRIOPLEREBE vi a
such a thermally conductive adhesive, to the outer surface of th ubul ar
path in cl balashearzespondiagdeiatnleash twpaat thedtltygvieles 1amnSal§tp@ah§%§e0n
effectiveI%/ radiated via the thermally conductjve adhesive to the outer
surface of thee autbul ajuniagen, oindtlxo ttﬁésll?!ﬂ'IeP@ébl ing BF tthés bAgasast tPAr ough
the indirect contact with the to-be-treated liquid within the seal ed tube
can halk amsltirlampepesatingthallastsmdirechlyoeontactsbaritadertrenteddiqyiddnnt

invention, the ballast is . . .
the tubular path, although not directly, so that a considerable cooling effect

can be obtained without provision of a particular heat radiating fin or plate.
In still another embodiment of the present invention, the ballast is
provided, with an adhesive having good thermal conductivity interposed
15 between the ballast and the outer surface of the tubular path. In this case,
the bottom surface of the ballast can be attached, via such a thermally
conductive adhesive, to the outer surface of the tubular path in close contact
therewith, so that heat of the ballast can be effectively radiated via the
thermally conductive adhesive to the outer surface of the tubular path, and
20 thus the cooling of the ballast through the indirect contact with the
to-be-treated liquid within the sealed tube can have a sufficient effect.

In still another embodiment of the present invention, the ballast is
provided, with a soft cushioning member having good thermal conductivity
interposed between the ballast and the outer surface of the tubular path.

25 In this case, the flat bottom surface of the ballast can be attached, via such
a soft and thermally conductive adhesive, to the curved outer surface of the

tubular path in close contact therewith, so that heat of the ballast can be



provi ded, wi.th a soft cushi oni ng menber having good thermal conductivity
.interposed between the ballast and the outer surface of the tubul ar path.
.25 In this case, the flat bottom surface of the ballast can be attached,
via such a soft and thermally conductive adhesive, to the curved outer
surface of the tubular path in close céntact therewith, so that heat of
- the ballast can be 6 effectively radiated via the thermally conductive

cushi oni ng ern to.,the, auter surfage of the.tubul.ar path, apd t he
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surface oft‘ﬁ’r?ecatlh grad ﬁgﬁﬁ?e”ctcﬁg%‘it ain a cooling medium (such as a 10
cooling liquid),. and . the ballast may be pr.ovided in contact w th fhe .heat
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I n accordance with L another agpect of fhe present jnvention c ri ses;a

t ubul ar paEIFPVrlé‘?‘i,‘H @ﬁi‘@a‘f KafthRg IPFhmtﬁrP%S%]eﬂ?tt”\é%ﬁ‘b ,eggﬁaSt and
light-transm ssive |lanmp 15 protectjng pipe provided within_ the tubular path
to cont acttheneutergpstace Ofetha tehulag rarh.ul Asadn axamplem Yeab FasumiBg | n
the | anp protecting pipe, ,a _heat radiating, section containin hea

radi ati ng medium carainenhuchsas foeoolypk Higuid danks nmay rbgvaégeia%t i ch
is provided in contact with the heat. radiating section in such a nanner
that heat eaterpsunfach af she ubulae ppéht togoRtainA icpglingdradiumpisuphas a

ultraviolet ray liquid treatnent apparatus, the heat radiating section is
provi dil i epadings bigqpidkiand yhe pallastomeasr be prpyigdedom contact with the heat

radiating medium container.

An ultraviolet ray liquid treatment apparatus in accordance with
another aspect of the present invention comprises a tubular path for
passing therethrough liquid to be treated, a light-transmissive lamp

15 protecting pipe provided within the tubular path to contact the liquid to be
treated, an ultraviolet lamp accommodated in the lamp protecting pipe, a
heat radiating section containing a heat radiating medium, and a ballast for
operating the ultraviolet lamp which is provided in contact with the heat
radiating section in such a manner that heat can be radiated via the heat

20 radiating medium. In this ultraviolet ray liquid treatment apparatus, the
heat radiating section is provided in close proximity to the outer surface of
the tubular path in such a manner that heat can be radiated to the tubular
path. This ultraviolet ray liquid treatment apparatus affords the same
benefits as stated above. Namely, with the arrangement that the heat

25 radiating section is provided in close proximity to the outer surface of the
tubular path passing therethrough the to-be-treated liquid, the heat

radiating medium, having absorbed the heat of the ballast, can be cooled



the tubul ar .path in such a manner that heat can be radiated to the tubular
.path. This ultraviolet ray liquid treatnment apparatus affords the sane

. benefits as stated above. Nanely, with the arrangenent that the heat 25
radi ati ng section is provided in close proximty to the outer surface of
the tubular path passing therethrough tthe to-be-treated |iquid, the heat
- radi ating nmedium having absorbed the heat of the ballast, can be cooled 7

efficiently.by the cool,to-be-treated Ligquj.d.. a,conse n e
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provi des a . nethod for pl.aci a, bagllast for operatin n ultraviolet |anp
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for passing therethrough liqﬁl{Jﬁid tg be treated, a light-transm ssive | anp
prot ect i ngalﬁiaﬁgegrte\li e hgatintothe Ayl ar path to contact the liquid to
be treated, and an 10 ultraviolet |anp accommobdat ed inbilhg |.anp. pr.ot ecting
pi pe. The met hoduptherhdhenpesremsninventipn progdesed methpdt fameladngadt is
placed in close proximty to the outey surface of the tupylar path i.n such
a manner tbakasthdar operabing a4 d%léba‘tlﬁfeﬁhg‘mﬂbm a"f‘anﬁF\'?‘VﬁetBrrlaéff t“qul‘q
Description of the Drawings Fig. .1 is a ?\i;i ona}h vi ew of an. ul té};vi 0] et
liquid treieatment ARparatus cOMRIEESLIA % pagh fopanshs therethygug
invention, which is of the type that passes Jiquid to he treated t, rgugh a
tubul ar paliguiditg. be treatedstilightairapsmipaive; lpanp | RXQTeHANR NPEnBEHESe
enbodi rent 20 of the present invention;, Fig. 3 is a sectional perspective
vi ew showi Withinj the atithwler path to contact the liquid to be treated, and an
10 ultraviolet lamp accommodated in the lamp protecting pipe. The method
of the invention is characterized in that the ballast is placed in close
proximity to the outer surface of the tubular path in such a manner that

heat can be radiated to the tubular path.

15  Brief Description of the Drawings
Fig. 1 is a sectional view of an ultraviolet liquid treatment
apparatus in accordance with an embodiment of the invention, which is of
the type that passes liquid to be treated through a tubular path;
Fig. 2 is a sectional perspective view showing another embodiment
20 of the present invention;
Fig. 3 is a sectional perspective view showing still another
embodiment of the present invention;
Fig. 4 is a view explanatory of an example of the ultraviolet liquid
treatment apparatus where an adhesive is interposed between a ballast and
25 the outer surface of the tubular path;
Fig. 5 is a view explanatory of another example of the ultraviolet

liquid treatment apparatus where a cushioning member is interposed



enbodi nent of the present invention; Fig. 4 is a view explanatory of an
.exanmple of the ultraviolet liquid treatnent apparatus where an adhesive is
~interposed between a ballast and 25 the outer surface of the tubular path;
Fig. 5is a view explanatory of another exanple of the ultraviolet Iiquid
treat ment apparatus where a cushioni ng fenber is interposed 8 between the

- bal l ast and the outer surface of the tubul ar path; Fig 6 is a view

expl anat or,y_,of angt her,, e anp of e uldraviol e t r eat ment
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t hat treata |IC]UId Pwthultraviolet rays by passing the to- be treated

liquid Pt eRt IRYERdOR ar path 1. The sealed tubular path
(hereinafter referred.to as a "seal ed tube", for convenience, of
description) 1 afg skl edsethnﬁwlaw BoeVYH: AR aaseftsgal?pﬁogwlénends
w th sealjng nmemqers and 3. e li Uld Pto be treated, which is

i nt r oducediewid n%ﬁnd,haélfasrc Oxl‘% ed t hrough the interior of the seal ed
tube 1 and then discharged through an outlet 1b. Utraviolet lanp 5 is
acconmodated in a

10 Best Mode for Carrying out the Invention
Detailed description will be made hereinbelow about embodiments
of the present invention, with reference to the accompanying drawings.
Fig. 1 is a sectional schematic view of an ultraviolet liquid treatment
apparatus in accordance with an embodiment of the invention, which is of
15 the type that treats liquid P with ultraviolet rays by passing the
to-be-treated liquid P through a sealed tubular path 1. The sealed tubular
path (hereinafter referred to as a “sealed tube”, for convenience of
description) 1 are sealed, in a liquid-tight manner, at its opposite ends with
sealing members 2 and 3. The liquid P to be treated, which is introduced
20 via an inlet 1a, is passed through the interior of the sealed tube 1 and then
discharged through an outlet 1b. Ultraviolet lamp 5 is accommodated in a
hard, light-transmissive lamp protecting pipe 4, made of quartz glass, in a
liquid-tight manner, and the lamp protecting pipe 4 with the ultraviolet
lamp 5 accommodated therein is placed in the sealed tube 1. End covers 6
25 and 7 mounted at opposite ends of the sealed tube 1 are shut off, via the
respective sealing members 2 and 3, from the interior of the sealed tube 1 in

a liquid-tight manner but kept in communication with an interior space of



hard, |ight-transm ssive |anp protecting pipe 4, made of quartz glass, in a
diquid-tight manner, and the lanp protecting pipe 4 with the ultraviolet

. lanp 5 accommpdated therein is placed in the sealed tube 1. End covers 6 25
and 7 mounted at opposite ends of the sealed tube 1 are shut off, via the
respective sealing members 2 and 3, frofithe interior of the sealed tube 1
-in aliquid-tight manner but kept in comrunication with an interior space
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t he conventional | y-known counterparts; that is, the ballast 8 _converts a
conmer ci al comventiingdl-knews mephanissm fnef shewmk wfsousse, dhese end copexs 6
signal into a predeterm ned high-frequency signal for illum nation of 20
t he ullQd avaed &tateope®d Whendihghuktraviplat| lamp 8 isdothecremaygsl andftheinew 1
does one is to be inserted. Ballast 8 for illuminating the ultraviolet lamp 5 is
provided at an appropriate position of the outer peripheral surface of the
sealed tube 1 in close contact with the outer peripheral surface. Normally,
the sealed tube 1 is made of, for example, metal having good thermal
15 conductivity, such as stainless steel.
The function of the lamp-illuminating ballast 8 itself is similar to
that of the conventionally-known counterparts; that is, the ballast 8
converts a commercial A.C. signal into a D.C. signal and then converts the
D.C. signal into a predetermined high-frequency signal for illumination of
20 the ultraviolet lamp 5. Although the ballast 8 in the example of Fig. 1 does
not directly contact the to-be-treated liquid P within the sealed tube 1, it
contact the to-be-treated liquid P indirectly via the sealed tube 1 by being
mounted in close contact with the outer peripheral surface of the sealed
tube 1. Because the sealed tube 1 is cooled by the to-be-treated liquid P, a
25 considerable cooling effect can be achieved without provision of a particular

heat radiating fan or plate. Although it has heretofore been necessary to

provide a heat radiating fin or plate for the conventionally-known



not" directly contact the to-be-treated liquid P wthin the seal ed tube 1,
it contact the to-be-treated liquid Pindirectly via the sealed tube 1 by
_ being nounted in close contact with the outer peripheral surface of the
sealed tube 1. Because the sealed tube 1 is cooled by the to-be-treated
liquid P, a 25 considerable cooling ef fHt can be achi eved without

- provision of a particular heat radiating fan or plate. Al though it has
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Fig. 1, a plurality of .

commercial A.C. signal from the outside. Because the electric wire is

designed for introduction and delivery of the commercial A.C. signal, there

will occur no significant inconveniences such as high-frequency noise.

Lamp-illuminating high-frequency signal generated by the ballast 8 is fed,

15 via a suitable electric wire, socket connector and the like, to the

corresponding ultraviolet lamp 5 accommodated in the lamp protecting pipe

4. In this case, because the ballast 8 and the ultraviolet lamp 5 are located
close to each other, the problem of high-frequency noise can be minimized.

Whereas only one ultraviolet lamp 5 is shown in Fig. 1, a plurality of

20 such ultraviolet lamps 5, accommodated in the respective lamp protecting

pipes 4, may be provided in the sealed tube 1, as necessary, as illustratively

shown in Fig. 2 (in the illustrated example of Fig. 2, three ultraviolet lamps

5 are provided). In such a case, a plurality of the ballasts 8 are mounted

on the outside of the sealed tube 1 in corresponding relation to the

25 ultraviolet lamps 5. Each of the ballasts 8 is a single-lamp operating

ballast designed to illuminate only a single ultraviolet lamp, and the

lamp-illuminating high-frequency signal generated by each of the ballasts 8



20 ‘'such ul traviolet lanps 5 accommpdated in the respective |anp protecting
.pipes 4, may be provided in the seal ed tube 1, as necessary, as
.illustratively shown in Fig. 2 (in the illustrated exanple of Fig. 2,
three ultraviolet lanps 5 are providedi. In such a case, a plurality of
the ballasts 8 are nmounted on the outslle of the sealed tube 1 in
corresponding relation to the 25 ultraviolet lanps 5. Each of the ballasts
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cool i ng f aremiphgralgurfacecoisihosteatedtubs 1codPegagisedhg sealpd tuke Laveeqlgds an
can be of a small size. 15 \Wereas h. of bal | 8 i h L in_Fig.
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may be constructed and, , .
provided a cooling fan (not shown) at an appropriate position on the outer

portion of the sealed tube 1. In such a case, it is only necessary for the
cooling fan to attain the supplementary cooling, and thus the cooling fan
can be of a small size.

15 Whereas each of the ballasts 8 is shown in Fig. 2 as illuminating
only a single ultraviolet lamp, the ballast 8 may be constructed and used, in
some case, as a multi-lamp-operating ballast for illuminating two or more
ultraviolet lamps 5. As an example, the ballast 8 may be constructed and
used as a multi-lamp-operating ballast for illuminating three ultraviolet

20 lamps 5, as illustrated in Fig. 3. In such a case too, the ballast 8 is
mounted at an appropriate position on the outer peripheral surface of the
sealed tube 1 in close contact with the outer peripheral surface, and the
lamp-illuminating high-frequency signal generated by the ballast 8 is fed,
via a suitable electric wire, socket connector and the like, to the

25 corresponding ultraviolet lamps 5 accommodated in the respective lamp
protecting pipes 4. Although the ballast 8 illustrated in Fig. 3 does not

directly contact the to-be-treated liquid P within the sealed tube 1, it



used as a multi-lanp-operating ballast for illumnating three ultraviolet

.20 lanps. 5, as illustrated in Fig. 3. In such a case too, the ballast 8 is
. nounted at an appropriate position on the outer peripheral surface of the

sealed tube 1 in close contact with the outer peripheral surface, and the

| anp-i | | umi nating hi gh-frequency signallgenerated by the ballast 8 is fed,
-via a suitable electric wre, socket connector and the like, to the 25
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conduct i vi 1§ §uCh jancaspodleds netlledgcess@TB oot e8°°éﬁﬁ‘-gc %ns%lagga]t%lﬁbel. As
an exanple, the adhesive 10 may be ap adhesive that, coptain as its
primary cofiseplementagy ICP%HgO?n%ttBBP tﬂﬁt‘:@? 19g fan cgpke o %rsﬁ‘hqsn E¥fducti vity.
In this case, if_the LiiE)gllast 8 has a flat b ttorpsur,fac .and t he seal ed
tube 1 has a curfid % waansmqrpﬁﬁmplwffﬁ@e,u tnawigled iggyd; Beatmentce of
the bal|ast 8 can be appropriately attached via such a thernally |
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sealed tube 1 in close contact
interposed between the ballast 8 and the sealed tube 1. As an example,

the adhesive 10 may be an adhesive that contains, as its primary component,
silicon or other material of good thermal conductivity. In this case, if the
ballast 8 has a flat bottom surface and the sealed tube 1 has a curved outer
15 peripheral surface, the flat bottom surface of the ballast 8 can be
appropriately attached via such a thermally conductive adhesive 10 to the
curved outer peripheral surface of the sealed tube 1 in close contact
therewith with no gap formed between the bottom surface and the curved
outer peripheral surface. The close contact between the entire flat bottom
20 surface of the ballast 8 and the curved outer peripheral surface of the sealed
tube 1 can keep good thermal conductivity. In this way, the heat of the
ballast 8 can be radiated through the adhesive 10 to the outer surface of the
sealed tube 1, and thus the cooling of the ballast 8 through the indirect
contact with the to-be-treated liquid within the sealed tube 1 can have a

25  sufficient effect.
Fig. 5 shows still another example of the ultraviolet liquid treatment

apparatus, where a cushioning member 11 having good thermal




therewith wi.th no gap fornmed between the bottom surface and the curved
.outer peripheral surface. The close contact between the entire flat bottom
. 20 surface of the ballast 8 and the curved outer peripheral surface of the
sealed tube 1 can keep good thermal conductivity. In this way, the heat of
the ballast 8 can be radiated through ¥he adhesive 10 to the outer surface
- of the sealed tube 1, and thus the cooling of the ballast 8 through the
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sufficient thermal conductivity. In this way the heat of the baIIat 8

can be radfentagt Fh?’tﬂ)’@ﬁht‘ﬁ@hcﬁ%Bﬁﬁnﬁoﬁ@eﬁeh%ﬂ‘e%th? (E’Of‘}?én @H‘F@fces%‘?‘ilé & of
the sealed tube 1, and thus the cooli gﬂlof t he ball awough t
i ndirect coMivad:outer perkehergl surfacgat dihq quaﬁﬁd:omw @at% be 1

can have a sufficient effect. In this case, the balast 8.may be fixed to

the cut®edbeitenr speiacenirthe kallasicd and the cgém@@uﬁ%@empl@mhé\arﬁwe of

the sealed tube 1 can keep sufficient thermal conductivity. In this way,
the heat of the ballast 8 can be radiated through the cushioning member 11
to the outer surface of the sealed tube 1, and thus the cooling of the ballast 8
through the indirect contact with the to-be-treated liquid within the sealed
15  tube 1 can have a sufficient effect. In this case, the ballast 8 may be fixed
to the curved outer peripheral surface of the sealed tube 1, either by
applying an adhesive of good thermal conductivity to the cushioning
member 11 or by winding a fastening belt around the outer surface of the
sealed tube 1 from outside the ballast 8.In an alternative, the ballast 8,
20 having the cushioning member 11 interposed between the ballast 8 and the
outer surface of the sealed tube 1, may be fixed to the outer surface of the
sealed tube 1 by means of metal fittings or the like. As illustratively
shown in Fig. 6, there may be provided a pair of pedestals 12a and 12b at
predetermined positions on the outer surface of the sealed tube 1 such that
25 they are opposed to the opposite side surfaces of the ballast 8. In this case,
the ballast 8 is mounted, via the cushioning member 11, on the outer

surface of the sealed tube 1 between the two pedestals 12a and 12b.



appl yi ng an .adhesi ve of good thermal conductivity to the cushioning nenber
.11 or by winding a fastening belt around the outer surface of the sealed

. tube 1 fromoutside the ballast 8.1n an alternative, the ballast 8, 20
havi ng the cushi oni ng menber 11 interposed between the ballast 8 and the
outer surface of the sealed tube 1, maylde fixed to the outer surface of

- the sealed tube 1 by neans of netal fittings or the |like. As

i1 lustratipel shown in Fig. 6, ther y..b ovided a i+ of, pedestals
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of Fig. 6). By thus ttaching, the ball 8 by ns. of the tal
fittings, aHaching thet 8ty gr P&c’é‘eapstﬁgb‘élmﬁgﬁqeg‘tt:‘&ﬁsbéﬂ%tﬁg%ﬁ)@&t‘?ma t he
cushi oning nmenber 11 to the curved outer perjpheral surface of .the seal ed
tube 1 in wgée eégh%@@llaﬁhércawh%a%ae eth¥iaythe pashioning maraher A t8dbeom
surface and the curved 10 outer peripheral surfaée. hbte,thai t he
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resilient material as long as the naterial has good thermal conductivity
(i.e. as |bthryewdth matheregrnlformedabetiiaen theyibationy sarfacet ynd gheicuryed
descriftion wi || be made about anot her enbodi nent of the 15 present
i nvent {&n, ovwkarnpeepbeedlcsurigcei gdNote that the mughioning mespher g may be
made of any other suitable material than a resilient material as long as the
material has good thermal conductivity (i.e. as long as the material has a
heat radiating effect).
Next, a description will be made about another embodiment of the
15 present invention, with reference to Figs. 7 and 8. Fig. 7 is a schematic
perspective view of the other embodiment, while Fig. 8 is an enlarged
fragmentary view of the other embodiment. In this embodiment, a cooling
liquid tank 20 is secured, by welding or otherwise, to an appropriate
position on the outer peripheral surface of the sealed tube 1 in close contact
20 with the outer peripheral surface. Predetermined cooling liquid C fills the
cooling liquid tank 20 in a liquid-tight manner. Similarly to the sealed
tube 1, the cooling liquid tank 20 is formed of, for example, a metal material,
such as stainless steel, having good thermal conductivity. Ballast box 21
is mounted on the cooling liquid tank 20 in contact therewith, and the
25 ballast 8 is accommodated in the cooling liquid tank 20. Specifically, the

ballast 8 is fixed in the ballast box 21 in close contact with the wall surface

of the cooling liquid tank 20 so that the ballast 8 can be cooled by the cooling



perspective .view of the other enbodinent, while Fig. 8 is an enl arged
fragnentary view of the other enbodinent. In this enbodi nent, a cooling
~liquid tank 20 is secured, by welding or otherwi se, to an appropriate
position on the outer peripheral surface of the sealed tube 1 in close
contact 20 with the outer peripheral sut?ace. Predetermnined cooling Iiquid
- Cfills the cooling liquid tank 20 in a liquid-tight manner. Simlarly to
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bal |l ast box 21 is constructed to he opened and cl osed as necessary, so as

to perMt swpnblecirhmtaneyhaving exqallenghaataxchangmsrbaracteristes 14 bet

shoul d al so be obvious that the nunber of the ballast 8 provided w tQi n
t he bal | as#sasbas phe cpolingmediwg {3 Of course, the ballast box 21 is constructe

to be opened and closed as necessary, so as to permit replacement/repair of

the ballast 8 accommodated therein. It should also be obvious that the

number of the ballast 8 provided within the ballast box 21 in contact with

15  the cooling liquid tank 20 is not limited to just one; a plurality of such

ballasts 8 may be provided in corresponding relation to a desired number of

the ultraviolet lamps 5 provided within the sealed tube 1. Note that an

operation panel 22 including switches etc. provided thereon may be

mounted at an appropriate position near the ballast box 21 (e.g., on the end

20 cover 6 of the sealed tube 1 or on a side surface of the ballast box 21). In

such a case, the operation panel 22 and the ballast box 21 are of course
electrically interconnected via an electric wire (not shown).

Whereas the preceding paragraphs have described the ultraviolet

liquid treatment apparatus of the sealed tube type in relation to several

25 embodiments, it should be appreciated that the basic principles of the

present invention is also applicable to wultraviolet liquid treatment

apparatus of the open-water-path type.



15°'the cooling liquid tank 20 is not limted to just one; a plurality of
.such ballasts 8 may be provided in corresponding relation to a desired

. nunmber of the ultraviolet lanps 5 provided within the sealed tube 1. Note
that an operation panel 22 including smntches etc. provided thereon may be
mounted at an appropriate position nearl€he ballast box 21 (e.g., on the

. end 20 cover 6 of the sealed tube 1 or on a side surface of the ballast box
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radi ati on, as was the case with the conventionally -kno&g t echni ques, That
is, thtpressige radusiipsnohthevkeathsadimtion meang,cay gHgetively avoid the

necessity for the ballast to be placed within the power supply box, for the
purpose of heat radiation, as was the case with the conventionally-known
techniques. That is, the present invention allows the ballast to be placed
in or close to the tubular path apart from the power supply box, thereby
15 considerably downsizing the power supply box as compared to the
conventional counterparts. As a result, the present invention can provide
an improved ultraviolet liquid treatment apparatus and method which do
not require a large installation space for the power supply box and which
can be easily applied even to a small space and can achieve improved

20 convenience of use.



inor close.to the tubular path apart fromthe power supply box, thereby 15
.consi derably downsi zi ng the power supply box as conpared to the

_ conventional counterparts. As a result, the present invention can provide
an inproved ultraviolet liquid treatnent apparatus and method which do not
require a large installation space for the power supply box and which can
- be easily applied even to a snmall space and can achi eve i nproved 20
conveni ence of use. 17 CLAIM5S 1. An Kiggﬁﬁ'olet ray liquid treatnent
apparatus conprising: a tubular pat If gassing therethrough liquid to be
treated; a light- transm ssive 5 |lanp protecting pipe provided within said
tubular path to contact the liquid to be treated; and an ultraviolet |anmp

accommodat ed i a tectin ipe, said ultraviolet ra ui d
treat ment appa rf“ﬂég& ﬁgy l'ﬂauldliigﬂ % taﬂ’p@ir?? COmPrIfags a ?/tr“rbd'ﬂﬁﬁt ed

by said ultr V|0Iet cha acterized. in that abIIat f or oper.at.i ng
said ult ral'?ﬁtg‘l dor Ipéﬁﬁl thrag ]ﬁ%u’éil Ggebeprtﬁ%tﬁat P ightitran ’é’r‘s%w?f ace
of said tubul ar pathln sucha ei}rthaé ican ber&@gegtl

t ubul ar patep prot;gﬁ 1 PR Rproxid }71"? 1guiad ttPg'a‘ HePRthy Getag ](9I“é rred
in cIaiml ich conprises a plural.i f the uItra
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| east one of sai.d ultravyiolet a1 pl. ﬁlced on the outer surface pof said
tubul ar paRipteetingRIpe.+aad iiravie "Erwiw RAFRRIH: ARRAFATHE (ECA{ANE PAF ned
inclaiml or 2 wherein at |east one L ti-| operatlng bal | ast

cor r espondiiggid with ultmayielet raxsorsad @&ggbéﬂ%ﬁi Eﬂaé’tl(’lﬁhﬁ%@ms pl aced on the
outer surface of said tubular path. 4. An uItraV| olet_ray liquid treatnent
apparat us as cl dihegacterizad/inpplaton ballast for operating said ultraviolet lamp 1s

10 placed in close proximity to an outer surface of said tubular path in such a

manner that heat can be radiated to said tubular path.

2.  An ultraviolet ray liquid treatment apparatus as claimed in claim 1
which comprises a plurality of the ultraviolet lamps, and wherein at least
15 one single-lamp-operating ballast corresponding to at least one of said

ultraviolet lamps is placed on the outer surface of said tubular path.

3.  An ultraviolet ray liquid treatment apparatus as claimed in claim 1 or
2 wherein at least one multi-lamp-operating ballast corresponding to at
20 least two of said ultraviolet lamps is placed on the outer surface of said

tubular path.

4.  An ultraviolet ray liquid treatment apparatus as claimed in any one of
claims 1 to 3 wherein said ballast is provided, with an adhesive having good
25 thermal conductivity interposed between said ballast and the outer surface

of said tubular path.



cldims 1 to.3 wherein said ballast is provided, with an adhesive having
.good 25 thermal conductivity interposed between said ballast and the outer
~surface of said tubular path. 18 5. An ultraviolet ray liquid treatnent
apparatus as clainmed in any one of <clains 1 to 4 wherein said ballast is
provided, with a soft cushioning nenbek8having good thermal conductivity
. interposed between said ballast and the outer surface of said tubular

path. 5 6. An yltraviolet ray.liguid. tr t cl aj i@ an
one of cldi msgf\1 rav eetrreqsynllggﬁc#%%%P%g%g&)g’ aﬁ?ﬁgsia%%é%ﬁ% t%hl%a%gge of y
radi ati ng diu i nt,ergosed bet ween,sai al | ast. and .t he t f.ace of
sai d tubul‘gglrﬂgt .tolé e ﬁnhlsta?%%ﬂ%% gsé&)rloivg%dd \Q’?%lagrrgﬁﬁ g{pl%%{régltlﬁg as
claimed in claim6 wherein a he radi gti.ng .medi um cont ai ner_ i. roVi ded
" cont accmgpiet aving ead thrRabeGRiudiy ey BT RR ILAS el R act

is placed in ntact wt sai d. heat .radi aji ng medi um container. 15 8. An
ul t ravi ol éAng gﬁe o ﬁ“‘ftjﬁﬁ%lf’ﬁéﬂ]t‘iq'a‘aﬁg%tﬂﬁghasgcl aimed in claim7 wherein
said heat radiating mediumis a cooling liquid, and said heat radiating

medi um*container is a tank filled with the cooling liquid. 9. An

For passi iy 1 neveh Bt TR A b B ReBLEBATALS B clairrediand B pOE Fanp
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contact with said heat radiating section in such a manner t hat
10 7. An ultraviolet ray liquid treatment apparatus as claimed in claim 6
wherein a heat radiating medium container is provided in contact with the
outer surface of said tubular path, and said ballast is placed in contact with

said heat radiating medium container.

15 8. An ultraviolet ray liquid treatment apparatus as claimed in claim 7
wherein said heat radiating medium is a cooling liquid, and said heat

radiating medium container is a tank filled with the cooling liquid.

9. An ultraviolet ray liquid treatment apparatus comprising:
20 a tubular path for passing therethrough liquid to be treated;
a light-transmissive lamp protecting pipe provided within said
tubular path to contact the liquid to be treated;
an ultraviolet lamp accommodated in said lamp protecting pipe;
a heat radiating section containing a heat radiating medium; and
25 a ballast for operating said ultraviolet lamp, said ballast being
placed in contact with said heat radiating section in such a manner that

heat can be radiated via said heat radiating medium,



hedt can be .radiated via said heat radiating nmedium 19 wherein said heat
radi ating section is provided in close proximty to an outer surface of

. said tubular path in such a manner that heat can be radiated to said
tubular path. 5 10. An ultraviolet ray |liquid treatnent apparatus as
claimed in claim9 wherein said heat rb%iating mediumis a cooling |iquid,
- and said heat radiating section conprises a container filled with the

cing a ballast. f eratin
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to contact_the |iguidto bq treated; and an ultraviolet |anp acconmodated
insaid |l lﬁF%i g‘%??‘r‘?gtu% BEPAY®: characterized in that said ballast is

placed in close proximty to an outer surface of said tubular path in such
a manner that heat can be radiated to said tubular path.

5 10.  An ultraviolet ray liquid treatment apparatus as claimed in claim 9
wherein said heat radiating medium is a cooling liquid, and said heat

radiating section comprises a container filled with the cooling liquid.

11. A method for placing a ballast for operating an ultraviolet lamp in an

10 ultraviolet ray liquid treatment apparatus comprising: a tubular path for
passing therethrough liquid to be treated; a light-transmissive lamp
protecting pipe provided within said tubular path to contact the liquid to be
treated; and an ultraviolet lamp accommodated in said lamp protecting
pipe,

15 characterized in that said ballast is placed in close proximity to an
outer surface of said tubular path in such a manner that heat can be

radiated to said tubular path.



