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(57) Abrege/Abstract:
According to an embodiment, an ultraviolet irradiation device includes a barrel, an inflow pipe, and an outflow pipe. An ultraviolet
Irradiation tube Is placed through the barrel. The ultraviolet irradiation tube irradiates an inflow of water to be treated with ultraviolet
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(57) Abrege(suite)/Abstract(continued):

ight. The water to be treated flows Into the barrel through the inflow pipe. The water to be treated flows out of the barrel through the
outflow pipe. The inflow pipe and the outflow pipe are arranged to allow the water to be treated to form into a swirl flowing along an
iInner wall of the barrel.
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AESTRACT

An ultraviolet irradiation device (10) of an embodiment

includes a barrel portion (22) i1n which ultraviolet

irradiation tubes (16-1 to 16-3) irradiating ultraviolet

pr——

light to an inflow of water to be treated (W) are arranged,

an inflow pipe (12) through which the water to be treated

flows into the barrel portion, and an outflow plpe (14)

through which the water to be treated flows out of the barrel

portion. The inflow pipe and the outflow pipe are arranged

to allow the water to be treated to form 1into a swirl (FR)

ﬁ

flowing along an inner wall of the barrel portion. Thereby,

the water to be treated can be i1rradiated with entire

ultraviolet light emitted from an ultraviolet lamp without

excess or deficiency and can be subjected to ultraviolet

treatment sufficiently even with a change in the type or

P

volume of water.
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DESCRIPTION

L+]
H
L

ULTRAVIOL] IRRADIATION DEVIC.

L+

FIELD

[0001] Embodiments of the present i1nvention relate to an

ultraviolet irradiation device.

BACKGROUND

[0002] Ozone and chemicals such as chlorine are

conventlionally used to disinfect and sterilize treated water
(such as tap water or groundwater) 1n water supply and

sewage, deodorize and decolor i1ndustrial water or bleach

pulp, as well as to disinfect medical eqguipment. A

conventional sterilizing apparatus reqguires a retention tank

and an agltator such as a spray pump to uniformly dissolve

ozone cr chemicals 1n the treated water, therefore, 1t cannot

ﬁ
o
-

promptly deal with a sudden change in quality or volume o:
water. . . | .
[C003] On the other hand, ultraviolet light exerts

disinfection, sterilization, and decoloring, deodorilzation

i

and decoloring of industrial water or bleach of pulp.

Further, an ultraviolet lamp can gquickly deal with a sudden

change in the quality or volume of water by adjusting 1ts
output.

(0004 ] As a technique using such an ultraviolet lamp,

there i1s a structure (refer to Patent Literature 1) including

a cylindrical water passage barrel and a lamp housing having

a clrcular tube with a diameter smaller than that of the

passing water barrel, in which the barrel 1s joined

~—

crisscross to the lamp housihg and a plurality of ultraviolet

lrradiation tubes made of quartz glass and accommodating



28964-191

CA 02923950 2016-04-13

2

ultraviolet lamps is'installéd in the lamp housing in

parallel to the axis of the lamp housing. An ultraviolet

irradiation device

having the aforementioned configuration is

suitable for a relatively large-scale treatment system

because it has a large water pipe diameter and the number of

lamp housings to be installed can be i1ncreased oOr decreased

as appropriate to cope with a wvariation 1n the amount oL

amal

ultraviolet light required.

CITATION LIST

Patent Literature

[0005] Patent Literature 1l: U.S. Patent No. .704510Z

Patent Literature 2: U.S. Patent No. 73825204

Patent Literature 3: U.S. Patent No. 6976508

SUMMARY OF THE INVENTION

[0006] Conventi

the pipe diameter

—

wilith the length of

the amount of irra
(1) to (4).

[0007] - (1) The
the output thereof

Lo

in density.

onally, however, it i1s difficult to match

determined according to treatment capacility

the ultraviolet lamp selected according to

diation regquired, for the following reasons

length of the ultraviolet lamp increases as

increases.

(2) Amount of ultraviolet light required for treatment

differs since materials to be treated are diverse and differ

(3) Ultraviolet irradiation efficlency varies dependilng

on ultraviolet transmittance (UVT) of raw water.

(4) The pipe

diameter adopted in a treatment facility
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differs depending on its planned treatment capacity.

[0008] For the aforementioned reasons, it is difficult to
match the pipe diameter determined according to the treatment
capaclty with the length of the ultraviolet lamp selected
according to the amount of irradiation required. Particularly,
when a large amount of irradiation (such as several ten to
several hundred times that applied in water purification) 1is
neeced because of a low UVT or advanced oxidation from hydrogen
percoxide and ultraviolet light or ozone and ultraviolet light

1n sewage treatment, an irradiation device identical to that

for water purification needs to reduce a treatment flow rate to
one tenth or less. In such a water treatment plant having a

small connecting pipe diameter, a flow passage is uneven and

not uniformly irradiated with ultraviolet light from a high-

output lamp with a long luminous length, resulting in lowering

lrradiation efficiency.

[0009] In view of the above, an aspect of the present

P

disclosure is directed to the provision of an ultraviolet

lrradiation device which can irradiate water to be treated with

all of ultraviolet light emitted from an ultraviclet lamp

without excess or deficiency and perform sufficient ultraviolet

S~
—

water treatment even with a change in the type or volume of

water.

[0009%9a] According to an aspect of the present invention,
there 1s provided an ultraviolet irradiation device comprising:
a barrel i1n which a plurality of ultraviolet irradiation tubes

1s placed, the ultraviolet irradiation tubes being arranged for

irradiating an inflow of water to be treated with ultraviolet
light; an inflow pipe through which the water toc be treated
flows 1nto the barrel; and an outflow pipe through which the

water to be treated flows out of the barrel, wherein the barrel

CA 29239%50 2017-07-18
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includes an annular barrel having a circular cross-section and

a columnar shape with a height smaller than a diameter, the

diameter larger than a diameter of the inflow pipe; the 1nflow

pipe and the outflow pipe are aligned along a tangent line to

the circle formed by the circular cross section, and thereby,

in use, flowing from the inflow pipe to the outflow pipe, the
water to be treated forms i1nto a swirl along an inner wall of
the barrel; and the ultraviolet 1rradiation tubes are arranged

P

1n a direction corthogonal to a central axis of the annular

barrel on at least one virtual plane perpendicular to a height

F

direction of the column or the ultraviolet i1rradiation tubes

are arranged on at least one virtual plane tilted with respect

to the central axis.

[0009b ] According to another aspect, there 1s provided an
ultraviolet 1i1irradiation device comprising: a barrel in which an
ultraviolet irradiation tube i1is placed, the ultraviolet
irradiation tube irradiating an inflow of water to be treated
with ultraviolet light; an inflow pipe through which the water
to be treated flows into the barrel; and an outflow pipe

pr——

through which the water to be treated flows out of the barrel,

wherein the inflow pipe and the outflow pipe are arranged to

allow the water to be treated to form into a swirl flowing

alocng an inner wall of the barrel.

[0009c¢] According to another aspect, there is provided an
ultraviolet i1rradlatlion device comprising: a barrel in which a
straight ultraviolet 1rradiation tube is placed, the
ultraviolet 1rradiation tube 1rradiating ultraviolet light to

an 1nflow of water to be treated; an inflow pipe through which

the water to be treated flows 1nto the barrel; and an outflow

pipé through which the water to be treated flows out of the

CA 29239%50 2017-07-18
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barrel, whereiln a zigzag passage 1s configured within the
parrel by a partition board, and the ultraviolet irradiation
tube 1s aligned 1n a flowing direction of the water to be

treated 1n the passage.

[0010] An ultraviolet irradiation device of an embodiment

comprises: a barrel portion in which an ultraviolet irradiation

tube 1s placed, the ultraviolet irradiation tube irradiating an

inflow of water to be treated with ultraviolet light; an inflow
plpe through which the water to be treated flows into the
barrel portion; and an outflow pipe through which the water to

pe treated flows out of the barrel portion, wherein the inflow

plipe and the outflow pipe are arranged to allow the water to be
treated to form into a swirl flowing along an inner wall of the

barrel portion.

BRIEF DESCRIPTION OF DRAWINGS

[0O011] FIG., 1 1s an external view of an ultraviolet

lrradiation device (ultraviolet irradiation unit) according to

a first embodiment.

FIG. 2 1s a cross sectional view of FIG. 1 along the

line indicated by the arrows A-A in the first embodiment.

pr—
—

FIG. 3 1s a schematic illustrative diagram of an

CA 29239%50 2017-07-18
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ultraviolet 1rradiation tube 1in the first embodiment.

FIG. 4 1s an external view of an ultraviolet
lrradiation device (ultraviolet i1rradiation unit) according to

a second embodiment.

FIG. o 1s a cross sectional view of FIG. 4 along the

line i1ndicated by the arrows A-A 1n the second embodiment.
FIG. 6 1s an external view of an ultraviolet

irradiation device (ultraviolet irradiation unit) according to

a third embodiment.

FIG. 7 is an external view of an ultraviolet

lrradiation device (ultravioclet irradiation unit) according to
a fourth embodiment.
FIG. 8 1s a cross sectional view of FIG. 7 along the
line indicated by the arrows A-A 1n the fourth embodiment.
FIG. 9 1s an external view of an ultraviolet
lrradiation device (ultraviolet irradiation unit) according to

a fifth embodiment.

FIG. 10 1s a cross sectional view of FIG. 9 along the

line indicated by the arrows A-A 1n the fifth embodiment.

FIG. 11 1s an external view of an ultraviolet
lrradiation device (ultraviolet irradiation unit) according to

a sS1Xth embodiment.

FIG. 12 1s a c¢ross sectional view of FIG. 11 along

the line indicated by the arrows A-A 1n the sixth embodiment.

DETAILED DESCRIPTION

(0011a] According to an embodiment, generally, an ultraviolet

lrradiation device comprises a barrel, an inflow pipe, an
outflow pipe. An ultraviolet i1rradiation tube 1s placed through
the barrel. The ultraviolet irradiation tube i1rradiates an

intlow of water to be treated with ultraviclet light. The water
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to be treated flows 1nto the barrel through the inflow pilpe.
The water to be treated flows out of the barrel through the

outflow pipe. The inflow pipe and the outflow pipe are arranged

to allow the water to be treated to form into a swirl flowiling

along an i1nner wall of the barrel.

0012] Embodiments will now be described with reference to

the drawings.

(1] First Embodiment
FIG. 1 1s an external view of an ultraviolet

irradiation device (ultraviolet irradiation unit) according to

a first embodiment.

FIG. 2 1s a cross sectional view of FIG. 1 along the

line 1ndicated by the arrows A-A.

[0013] An ultraviolet irradiation device 10 includes an

inflow pipe 12 having a first flange joint 11 connected to a

flange joint of an existing pipe, an outflow pipe 14 having a
second flange jolnt 13 connected to a flange joint of an
exlsting pilpe, an annular barrel 15 having a columnar
(cylindrical) outer shape, and a plurality of (three 1n FIG. 1)
ultraviolet i1irradiation tubes 16-1 to 16-3 1nserted 1n the

annular barrel 1505.

(0014] Whille according to the present embodiment the three
ultraviolet i1rradiation tubes 16-1 to 16-3 are provided, one,
two, or four or more ultraviolet irradiation tubes may be

provided depending on the amount of ultraviolet light reqguired.
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[0015] The annular bérre' 15 includes a disk-shaped f{irst

top plate 21, a cylindrical barrel body 22, and a disk-shaped
second top plate 23.

Moreover, the annular barrel 15 has a total of six

through holes, two through holes for each of the ultraviolet
lrradiation tubes 16-1 to 16-3. Bushings 25a, 25b, and 2Z5c

are 1nserted through the six through holes and fixed therein.
The barrel body 22 includes the inflow pilipe 12 extending
along a tangent line CL1 to the second top plate 23 (or the

flrst top plate 21, the same applies hereinafter) when

regarded as a circle in a plénar view as 1llustrated 1n FIG.

2. An 1nner wall Z3I of the second top plate 23 1s

1llustrated in FIG. 2.

[0016] Moreover, the outfilow pipe 14 1s provided 1n

parallel to the extension of the 1nflow pipe 12, namely along

a tangent line CLZ parallel to the tangent line CL1, at a

P

position point-symmetric with a position of the inflow pipe

12 relative to a center point C of the :irst.top plate 21,

when the second top plate 23 1s regarded as a circle.

The inflow pipe 12 and the outflow pipe 14 are provided

at different positions along the height (h-~direction) of the

annular barrel 15 (barrel body 22) as 1llustrated 1n FIG. 1.

More specifically, the inflow pipe 12 1s provided closer to

the first top plate 21 while the outflow pipe 14 is provided

closer to the second top plate 2Z3.
[0017] Now, the ultraviolet irradiation tubes lo-1 to 16-3

will be described.

FIG. 3 1is a schematic illustrative diagram of the

ultraviolet 1rradiation tube.

Since the ultraviolet irradiation tubes 16-1 to 16-3
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have the identical configuration, the ultraviolet irradiation

tube 16-1 will be described as an example.

[0018] The ultraviolet irradiation tube 16-1 1ncludes an

ultraviolet lamp 31 and a quartz glass tube 3Z2.

The ultraviolet lamp 31 is a lamp that l1rradiates water

to be treated W flowing through the annular barrel 15 with
ultraviolet light.

P

The ultraviolet lamp 31 of the present embodiment

includes a light-emitting portion that emits ultraviolet

)

light and has a length (luminous length) within the range of

~102% to +10% of an inner diameter of the annular barrel 15.

Moreover, the ultraviolet lamp 31 emits ultraviolet light

P

with wavelengths of 200 nm to 300 nm.

[0019] The quartz glass tube 32 is a protective tube made

of quartz glass and houses the ultraviolet lamp 31l.

The ultraviolet irradiation tube 16-1 further includes

O-ring holders 33, caps 34 and positioning pileces 35 1n
addition to the ultraviolet lamp 31 and the quartz glass tube
32. '

A power supply wiring 36 1s connécted to both ends of
the ultraviolet irradiation tube 16-1 as illustrated in FIG.
3.

[0020] The O-ring holders 33 are adapted to hold O-rings.

" ket

The positioning pieces 35 are attached to both ends of the

ultraviolet lamp 31 and hold the ultraviolet lamp 31 in the

aand

center of the quartz glass tube 3Z.

(0021 The caps 34 are attached to both ends of the quartz

glass tube 32 to protect both ends of the quartz glass tube

32 and prevent leakage of the ultraviolet light irradiated

A

from the ultraviolet lamp 31 to the outside. The caps 34
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each 1nclude a conductor hole through which the power supply

wiring 36 for the ultraviolet lamp 31 inserts. .
[0022] The ultraviolet irradiation tubes 16-1 to 16-3 are
provided 1n parallel'to one another on a plane 1ntersecting
the height (h-direction) of the annular barrel 15 (barrel
body 22) (or a plane including a direction intersecting the
h-direction). Specifically, the three ultraviolet

irradiation tubes 16~1 to 16-3 are arranged in parallel to

pr—
—_—

cne another on a plane orthogonal to (an example o:
intersecting) the h-direction. That is, the ultraviolet
irradiation tubes 1l6-1 to 16-3 are arranged in a row

vertically along the sectional line A-A as illustrated in

FIG. 1.

[0023] The ultraviolet irradiation tubes 160-1 to 16-3 are

mounted 1n the annular barrel 15 with both ends thereof

inserting i1nto the bushings 25a, 25b and 25c fixed to the six
through holes of the annular barrel 15. '

fr—

[0024] Moreover, not-illustrated triangular grooves for

the O-rings are formed at or near outer ends of the bushings

25a, 25b and 25c¢ to place the O-rings i1in the triangular

grooves and secure them with the O-ring holders 33 (refer to

FIG. 3). Thereby, the ultraviolet irradiation tubes 16-1 to

16-3 are water-tightly fixed to the annular barrel 15.

yr—

[0025] Next, there will be described an overviliew of an

ultraviolet light irradiation of the ultraviolet i1rradiation

device 10 of the first embodiment.

With the aforementioned configuration, flowing 1nto the

inflow pipe 12, the water to be treated W does not form into

a direct short-circuit flow to the outflow pipe 14 but flows

in a swirl FR (refer to FIGS. 1 and 2) along an inner wall
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1

[0026] The swirl FR of the water to be treated W having

flowed through the inflow pipe 12 eventually becomes a spiral

and flows along the inner wall 22I of the barrel body 22

toward the ocutflow pipe 14.
[0027] Thus, the

i

formed swirl (spiral) FR of the water tTO

be treated W repeatedly flows around the ultraviolet lamp 31

(ultraviolet irradiation tubes 16-1 to 16-3) from the intlow

pipe 12 toward the outflow pipe 14, increasing an eff

F
p—

passage length and an effective irradiation amount oI

ultraviolet light per unit volume of the water to be

W.

P
—

ective

treated

[0028] That is, according to the present embodiment, Dy

flowing through the inflow pipe 12 connected to the annular

barrel 15 along the tangent line CL1, the water to be treated

W forms into the swirl FR and flows inside the annular barrel

15.

0029 ] As a result, the water to be treated W is uniformly

irradiated with the ultraviolet light output (emitted) from

the ultraviolet lamp 31. The ultraviolet light can thus

contribute to the sterilizing (disinfecting) TCreatment Or

g

oxidation treatment of target substances such as

microorganisms, organic matter and inorganic matter contained

in the water to be treated W and can 1improve irradiation

g~
—

efficiency (disinfection ef

ficiency, sterilization

efficiency, oxidation efficiency and the like).

(0030] (2] Second Embodiment

F

FIG. 4 is an external view of an ultraviolet irradiation

device (ultraviolet irradiation unit) according to a second

embodiment.
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FIG. 5 is a cross sectional view of FIG. 4 along the

line indicated by the arrows A-A.

(0031 ] An ultraviolet irradiation device 10A of the second

embodiment is different from the ultraviolet irradiation

device 10 of the first embodiment in that an annular barrel
is taller (longer) in height (in an h- direction), a
plurality (two sets 1in FIG. 4) of ultraviolet irradiation

tube groups is arranged in parallel to one another at a

certain distance away from one another, and an inflow pipe

and an outflow pipe are provided on the same side of the

annular barrel to reverse the directions of an 1nflow and an

F

ocutflow of water to be treated. The ultraviclet irradiation

tube group are a plurality of ultraviolet irradiation tubes

provided in parallel to one another on a plane intersecting

the height (h-direction) of the annular barrel (or a plane
including a direction intersecting the h- direction).

[0032] The ultraviolet irradiation device 10A includes.an

inflow pipe 12 having a first flange joint 11 connected to a

- 1

flange joint of an existing pipe, an outflow pipe 14 having a

P

second flange joint 13 connected to a flange joilnt of an

exlisting pipe, an annular barrel 15A having a columnar shape,

=

and a plurality of

(six in FIG. 4) ultraviolet irradiation

rubes 16-1 to 16-6 inserted in the annular barrel 10A.

[0033] The annular barrel 15A includes a disk-shaped first
top plate 21, a cylindrical barrel body 227, and a clrcular

second top plate 23.

The ultraviolet irradiation tubes 16-1 to lo-3 form an

yltraviolet irradiation tube group 16Gl while the ultraviolet

irradiation tubes 16-4 to lo-6 form an ultraviolet

irradiation tube group 16GZ.
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[0034] In place of the two ultraviolet irradiation tube
groups 16G1l and 16G2 (16G) in the present embodiment, three or

more sets can be provided as well. In such case, the number of

F

ultraviolet 1rradiation tubes of the ultraviolet irradiation tube

groups 16G may be one (also referred to as ultraviolet

irradiation tube group for the sake of convenience), two, or four

or more depending on the amount of ultraviolet light required.

(0035] In this case the ultraviolet irradiation tubes of

each ultraviolet irradiation tube group 16G are provided in

parallel to one another on a plane intersecting the height

(h-direction) of the .annular barrel 15A (barrel body 22A7A) (or
a plane including a direction intersecting the h-direction).
Specifically, the three ultraviolet irradiation tubes 16-1 to
16-3 are arranged in parallel to one another on a plane

orthogonal to the h-direction.

10036] The ultraviolet irradilation tube groups 16G are
arranged at a certaln distance L away from each other. The
certain distance I is set to a distance to be able to

approximately equally divide the space in the annular barrel

15A (barrel body 22A). For example, in FIG. 4 the two

ultraviolet i1rradiation tube groups 16Gl and 16G2 are placed

with a distance (L = H/3) to approximately equally divide

the space in the annular barrel 15A (barrel body 22A) into

three.

[0037] The barrel body 22A includes the inflow pipe 12
extending along a tangent line CL1 to the second top plate 23

(or the first top plate 21; the same applies hereinafter)

when regarded as a circle in a planar view as illustrated in

FIG. 5. An inner wall 23I of the second top plate 23 is
1llustrated in FIG. 5. '
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[00381] Moreover, as illustrated in FIG. 5, the outflow

pipe 14 is provided at a position along a tangent line CLZ

parallel to the tangent line CL1 plane-symmetrically with a

=

position of the inflow pipe 12 relative to a plane including

P

the axis of the ultraviolet irradiation tube 1l6-Z and

perpendicular to the front face of FIG. 5, when the second

top plate 23 is regarded as a circle in a planar view.

[0039] The inflow pipe 12 and the outflow pipe 14 are

*
p—

provided at different positions along the height (h-

direction) of the annular barrel 15A (barrel body 2ZA) as

illustrated in FIG. 4. More specifically, the inflow pipe 12

is provided closer to the first top plate 21 while the

outflow pipe 14 is provided closer to the second top plate

23.

—
p—

10040] Next, there will be described an overview of

ultraviolet light irradiation of the ultraviolet irradiation

device 10A of the second embodiment.

With the aforementioned configuration, flowiling 1into the

inflow pipe 12, water to be treated W does not form into a

direct short-circuit flow from the inflow pipe 12 to the

outflow pipe 14 but forms into a swirl FR (refer to FIGS. 4

and 5) flowing along an inner wall 22AI cof the barrel body

=

227 and reaches the vicinity of the ultraviolet irradiation

tube group 16Gl. The swirl FR of water repeatedly flows
around the ultraviolet irradiation tubes 1l6-1 to 16-3, and

then reaches the vicinity of the ultraviolet irradiation tube

group 16G2. Then, the swirl FR of water repeatedly Flows
around the ultraviolet irradiation tubes 16-4 to 16-6.

(0041 ] The swirls FR of the water to be treated W having

flowed into the inflow pipe 12 eventually becomes a spiral
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and flows along the inner wall 22AI of the barrel body Z22A
toward the outflow pipe 14.

(0042] Since the‘outflow pipe 14 1s provided at a positioﬁ
along the tangent line CLZ parallel to the tangent line CL1
plane-symmetrically with the position of the'inflow.pipe 12

relative to the plane including the axis of the ultraviolet

1)

irradiation tube 16-2 and perpendicular to the front face or

FIG. 5 when the second top plate 23 is regarded as a circle

in a planar view the swirl FR (splral) of water does not

.-

become turbulent while

14 .

"lowing out through the outflow pipe

10043] According to the second embodiment as well, as

described above, the swirl (spiral) FR of the water to be

treated W repeatedly flows around the ultraviolet irradiation

tube groups 16Gl and 16G2 from the inflow pipe 12 toward the’

outflow pipe 14, increasing an effective passage length and

an effective irradiation amount of ultraviolet light per unit

volume of the water to be treated W.

(00447 That i1s, as in the first embodiment, the water to

be treated W according to the second embodiment flows into

the inflow pipe 12 connected to the annular barrel 15A along

the tangent line CL1 and forms into the swirl FR 1nside the

annular barrel 15A and is uniformly irradiated with the
ultraviolet light output (emitted) from an ultraviolet lamp

31. Thus, the ultravioclet light can contribute to the

sterilizing (disinfecting) treatment or oxidation treatment

of target substances such as microorganisms, organic matter

and inorganic matter contained in the water to be treated W

and can improve irradiation efficiency (disinfection

efficiency, sterilization efficiency, oxidation efficiency
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and the like).

(004 5] Moreover, according to the second embodiment, the

F

swirl FR (spiral) of water flows out from the outflow pipe 14

without turbulence, which can reduce passage reslstance and

further enhance treatment efficilency.

(004 6] 3] Third Embodiment

P

FIG. 6 1is an external view of an ultraviolet irradiation

device (ultraviolet irradiation unit) according to a third

embodiment.

An ultraviolet i1rradiation device 10B of the third

P
o

ferent from the ultravioclet irradiation

embodiment is di:

]

device 10A of the second embodiment 1n that ultraviolet

irradiation tubes 16-1 to 16-3 of an ultraviolet irradilation

tube group 16Gl and ultravioclet irradiation tubes 16-4 to 16-

P

6 of an ultraviolet irradiation tube group 16G2 are arranged

on a plane tilted by a certain angle © with respect to a

r—

plane perpendicular to a central axis AX of an annular barrel

22B.
(00477 ] According to the third embodiment, the swirl FR

(spiral) can flow closer to the arranged ultraviolet

irradiation tubes 16-1 to 16-3 and 16-4 to 1lo-6 of the

L}

ultraviolet irradiation tube groups 16Gl and 16G2Z2. Because of
this the water to be treated W can stay longer near the
ultraviolet irradiation tube group 16Gl or the ultraviolet
irradiation tube group 1loGZ énd be continucusly i1rradiated

with ultraviolet light at certain intensity or higher, which

r—
p—

can further improve treatment efficiency.

[0048] (4] Fourth Embodiment

FIG. 7 is an external view of an ultraviolet irradiation

device (ultraviolet irradiation unit) according to a fourth
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embodiment.

FIG. 8 is a cross sectional view of FIG. 7 along the

line indicated by the arrows A-A.

p—

[0049] An ultraviolet irradiation device 10C of the fourth

F
p—

embodiment is different from the ultraviolet 1rradiation

device 10A of the second embodiment in that ultraviolet

irradiation tubes 16-1 to 16-3 of a first ultraviolet

[

irradiation tube group 16Gl are configured tc extend 1n a

direction orthogonal to (turned 90 degrees from) the

—

extension of ultraviolet irradiation tubes le—-4 to 16-6 of a

second ultraviolet irradiation tube group 10GZA.

[0050] According to the fourth embodiment, the

(1)

aforementioned configuration can decrease the occurrence O

short-circuit flow of water to be treated W in a direction

perpendicular to the front face of FIG. 5 1n the second
embodiment, and allow the water to be treated W to stay
longer near the ultraviolet irradiation tube group 16Gl or
the ultraviolet irradiation tube group 16GZA and Dbe

continuously irradiated with ultraviolet light at certain

intensity or higher, which can further lmprove treatment

efficiency.

(0051 ] [5] Fifth Embodiment

TG, 9 is an external view of an ultraviolet irradiation

device (ultraviolet irradiation unit) according to a fifth

embodiment.

N
1]

FIG. 10 is a cross sectional view of FIG. 9 along the

line indicated by the arrows A-A.

In FIGS. 9 and 10, like or same elements to those 1n

FIGS. 1 and 2 are assigned the like or same reference

numerals as those in FIGS. 1 and Z2.
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100521 An ultraviolet irradiation device 10D of the fifth

embodiment includes an inflow pipe 12 having a first fliange

joint 11 connected to a flange joint of an existing pilpe, an

outflow pipe 14 having a second flange Jjoint 13 connected to
a flange joint of an existing pipe, a barrel 22D including a

columnar (cylindrical) annular barrel 22D1 and a truncated-

cone (funnel) barrel 22D2 having a truncated cone shape, and

a plurality of (three in FIG. 9) ultraviolet irradiation

+ubes 16-1 to 16-3 inserted in the annular barrel 22D1.

[0053] According to the fifth embodiment, the three

ultraviolet irradiation tubes 16-1 to 16-3 are provided,

however, one, two, or four or more ultraviolet irradlation

gr——

tubes may be provided depending on the amount of ultraviolet

light required.
[0054] The annular barrel 22D1 includes a disk-shaped top
plate 21D and a cylindrical barrel body 22Z2D1A.

Moreover, the barrel body 22D1A has a total of six

b

through holes, two through holes for each of the ultraviolet

irradiation tubes 16-1 to 16-3. Bushings 25a, 25b, and 25c

are inserted and fixed into the six through holes.

[00535] The barrel body 22D1A includes an inflow pipe 1Z
extending along a tangent line CL1 to the top plate 21D when

regarded as a circle as illustrated in FIG. 10. An innevr

surface 22D2T of the truncated-cone barrel 22D2 1s

illustrated in FIG. 10.

The truncated-cone barrel 22D2 further includes, at the

bottom end, an outflow pipe 14 extending downward.

P
—

[0050] Next, there will be described an overview of

all

ultraviolet light irradiation of the ultraviolet irradiation

device 10D of the fifth embodiment.
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Water to be treated W flows into the inflow pipe 12 and

forms into a swirl FR flowing inside the annular barrel 22D1

along a peripheral surface thereof.

[0057] Upon reaching the truncated-cone barrel 22D2, the

swirl FR flows toward the outflow pipe 14 while gradually

decreasing 1in the swirl dlameter.

The formed swirl (spiral) FR of the water tc be treated

W repeatedly flows around the ultraviolet irradiation tubes

le-1 to 16-3

i

from the inflow pipe 12 toward the ocutflow pipe

o d i
p— p—st

14, increasing an effective passage length and an effective

pr—

irradiation amount of ultraviolet light per unit volume of

the water to be treated W.

(0058 ] That is, in the fifth embodiment as well, the water

to be treated W forms into the swirl FR, flows from the

inflow pipe 12 toward the outflow pipe 14, and is uniformly

irradiated with ultraviolet light output (emitted) from an

ultraviolet lamp 31. The ultraviolet light can thus

contribute to the sterilizing (disinfecting) treatment or

oxidation treatment of target substances such as

microorganisms, organic matter and inorganic matter contained

in the water to be treated W and can increase irradiation

efficiency (disinfection efficiency, sterilization

—
p—

Ficiency, oxidation efficiency and the like).

.

af!
[0059] [6] Sixth Embodiment

FIG. 11 is an external view of an ultraviolet

irradiation device (ultraviolet irradiation unit) according

to a sixth embodiment.

h
I

FIG. 12 is a cross sectional view of FIG. 11 along the

line indicated by the arrows A-A.

[0060 ] As illustrated in FIGS. 11 and 12, an annular
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barrel 15E of an ultraviolet irradiaticn device 10E 1s

sectioned into three rooms R1 to R3 by a first partition
board 52 having an opening 51 and a second partition board 54
having an opening 53. An ultraviolet irradiation tube 16-3 1s
placed in the room R1l, an ultraviolet irradiation tube 16-2

is placed in the room R2, and an ultraviolet irradiation tube

16-1 is placed in the room R3.
[0061] Here, the openings 51 and 53 are located such that

water to be treated W flows zigzag inside the annular barrel

15E.

L

[0062] As a result, the water to be treated W flows 1nto

1

the annular barrel 15E through an inflow pipe 12, flows

-

around all the ultraviolet irradiation tubes 16-1 to 16-3

pr—

along the extension of an ultraviolet lamp 31, and flows out

from an outflow pipe 14.

[0063] Therefore, according to the sixth embodiment, the

water to be treated W flows along the extension of the

ultraviolet lamp 31 so that it is uniformly irradiated with

ultraviolet light emitted from the ultraviolet lamp 31. The

ultraviolet light can thus contribute to the sterilizing

(disinfecting) treatment or oxidation treatment of target
substances such as microorganisms, organic matter and

inorganic matter contained in the water to be treated W.

(0064 ] [ 7]

y—
—

ffect of Embodiments

[

r—

According to each embodiment described above, all oI the

water to be treated W surely flows in a spiral or zigzag 1n

the vicinity of the ultraviolet lamp 31 and 1s uniformly

irradiated with the ultraviolet light emitted from the
ultraviolet lamp 31. Thus, the ultraviolet light can

contribute to the sterilizing (disinfecting) treatment oOr
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oxidation treatment of target substances such as

microorganisms, organic matter and inorganic matter contained

in the water to be treated W.

[0065] While several embodiments of the present i1nvention

have been described, these embodiments have been i1llustrated

by way of example and are not intended to limit the scope of

the invention. These novel embodiments can be implemented 1n

various other modes and be subjected to various omissions,
from the

substitutions and modifications without departing

scope of the invention. These embodiments and variations

thereof are included in the scope of the i1nvention as well as

in the inventions described 1n claims and 1ts equivalents.
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CLAIMS:

1. An ultraviolet 1rradiation device comprising:

a barrel i1n which a plurality of ultraviolet
lrradiation tubes 1is placed, the ultraviolet irradiation tubes

being arranged for irradiating an inflow of water to be treated

with ultraviolet 1light;

an 1nflow pipe through which the water to be treated

flows 1nto the barrel; and

an outflow pipe through which the water to be treated

flows out of the barrel, wherein

the barrel 1ncludes an annular barrel having a

circular cross section and a columnar shape with a height

R

smaller than a diameter, the diameter larger than a diameter of

the 1nflow pipe;

the 1nflow pipe and the outflow pipe are aligned
along a tangent line to the circle formed by the circular
cross=-section, and thereby, in use, flowing from the inflow

plipe to the outflow pipe, the water to be treated forms into a

swlirl along an inner wall of the barrel; and

the ultraviolet irradiation tubes are arranged in a

direction orthogonal to a central axis of the annular barrel on

at least one virtual plane perpendicular to a height direction
of the column or the ultraviolet i1rradiation tubes are arranged
on at least one virtual plane tilted with respect to the

central axis.

2. The ultraviolet 1rradiation device according to

CA 29239%50 2017-07-18
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claim 1, wherein

the inflow pipe and the outflow pipe are arranged at

a certaln distance away from each other in a height direction

—

of the column.

3. The ultraviolet i1rradiation device according to

claim 1 or 2, whereiln

an inflow direction of the water to be treated into
the 1nflow pipe and an outflow direction of the water to be
treated through the ocutflow pipe are parallel and opposite to

each other.

4, The ultraviolet irradiation device according to

claim 1 or 2, whereiln

P

an inflow direction of the water to be treated into

the inflow pipe and an outflow direction of the water to be
treated through the outflow pipe are parallel to each other and

a same direction.

5. The ultraviolet irradiation device according to any

one of claims 1 to 4, wherein

the plurality of ultraviolet irradiation tubes is

arranged 1in parallel to one another on a same virtual plane.

6. The ultraviolet irradiation device according to any

F

one of claims 1 to 4, wherein

the plurality of ultraviolet irradiation tubes are

arranged in parallel to one another on each of a plurality of

virtual planes, the virtual planes being arranged parallel to,

CA 29239%50 2017-07-18



10

15

817954706

27

and spaced apart from one another.

7. The ultraviolet irradiation device according to

claim 6, wherein

the ultraviolet 1rradiation tubes are arranged on the
plurality of virtual planes such that the ultraviolet
lrradiation tubes on one virtual plane intersect the
ultraviolet irradiation tubes on another virtual plane, when

viewed from the height direction.

8 . The ultraviolet irradiation device according to

claim 1, wherein

the barrel 1ncludes the annular barrel and a

truncated-cone barrel that are connected continuously, the

truncated-cone barrel having a truncated cone shape, and

the outflow plpe 1s placed at one end of the
truncated-cone barrel, the one end having a smaller diameter

than that of the other end.

CA 29239%50 2017-07-18
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