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WATER TREATMENT APPARATUS 

TECHNICAL FIELD 

[0001] The present disclosure relates to a water treatment apparatus, and 

	

5 	particularly relates to a water treatment apparatus that subjects water to be 

treated to ultraviolet treatment using ultraviolet light. 

BACKGROUND 

[0002] As techniques for disinfecting water to be treated such as drinking 

	

10 	water, techniques using ultraviolet irradiation (ultraviolet treatment) have 

been studied in recent years. For ultraviolet treatment on water to be treated, 

a water treatment apparatus including a flow channel through which water to 

be treated flows and a light source that irradiates the water to be treated 

flowing in the flow channel with ultraviolet light is used. 

	

15 	[0003] In the water treatment apparatus used for ultraviolet treatment, dirt 

may adhere to the light source during use, and cause a decrease in treatment 

performance. In view of this, as an example, PTL 1 discloses ultrasonically 

cleaning an ultraviolet lamp as a light source installed in a sewage pipe using 

an ultrasonic oscillator directly attached to the ultraviolet lamp, to prevent a 

	

20 	decrease in the treatment performance of the water treatment apparatus. As 

another example, PTL 2 discloses ultrasonically cleaning an ultraviolet lamp 

installed in an apparatus body into which water to be treated flows using an 

ultrasonic oscillator attached to the bottom surface of the apparatus body, to 

prevent a decrease in the treatment performance of the water treatment 

	

25 	apparatus. 
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SUMMARY 

(Technical Problem) 

[0005] A water treatment apparatus using ultraviolet irradiation is required to 
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uniformly irradiate water to be treated with ultraviolet light in sufficient 

irradiation quantity, to obtain treated water having improved and uniform 

water quality. 	However, since the ultraviolet light intensity typically 

decreases as the distance from the light source increases, in the case of 

	

5 	applying ultraviolet light in a direction intersecting the flow direction of the 

water to be treated (e.g. a direction orthogonal to the flow direction of the 

water to be treated), it is difficult to uniformly irradiate the water to be treated 

with ultraviolet light in sufficient irradiation quantity. 

[0006] This problem may be addressed by, for example, a water treatment 

	

10 	apparatus 20 illustrated in FIG. 3. The water treatment apparatus 20 includes 

an ultraviolet irradiation portion 22 that applies, via a window portion 21, 

ultraviolet light in a direction (leftward in FIG. 3) opposite to the inflow 

direction of the water to be treated, to enable uniform ultraviolet treatment 

over a wide range in the flow direction of the water to be treated and ensure 

	

15 	sufficient irradiation quantity. The water treatment apparatus having such a 

structure has, however, a problem in that a device for cleaning the window 

portion or a sensor for detecting the state of the window portion and the like is 

hard to be mounted because the flow channel of the water to be treated is in 

the way. 

	

20 	[0007] It could therefore be helpful to provide a water treatment apparatus 

that can uniformly irradiate water to be treated with ultraviolet light in 

sufficient irradiation quantity and in which a cleaning device and the like can 

be mounted easily. 

(Solution to Problem) 

	

25 	[0008] A water treatment apparatus according to the present disclosure is a 

water treatment apparatus that subjects water to be treated to ultraviolet 

treatment using ultraviolet light, the water treatment apparatus comprising: a 

flow channel through which water to be treated flows; and an ultraviolet 

irradiation portion that is located on an opposite side of the flow channel from 

	

30 	an inlet side, and irradiates the water to be treated flowing in the flow channel 

with ultraviolet light via a window portion toward the inlet side, the window 

portion being formed by a transparent member, wherein the flow channel 

includes a diameter increase portion, and the diameter increase portion is 

provided with at least one of: a cleaning device used to clean the window 
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portion; and a sensor. By providing the ultraviolet irradiation portion on the 

opposite side of the flow channel from the inlet side and irradiating the water 

to be treated flowing in the flow channel with ultraviolet light toward the inlet 

side, the water to be treated can be uniformly ultraviolet-treated over a wide 

	

5 	range in the flow direction of the water to be treated. Moreover, by 

providing the diameter increase portion in the flow channel, the cleaning 

device used to clean the window portion or the sensor can be mounted easily 

even in the case where the flow channel, the window portion, and the 

ultraviolet irradiation portion are in the above-described arrangement. 

	

10 	[0009] Preferably, in the water treatment apparatus according to the present 

disclosure, the diameter increase portion has a reverse tapered shape that 

gradually increases in inner diameter in a flow direction of the water to be 

treated. If the diameter increase portion has a reverse tapered shape, the 

cleaning device or the sensor can be easily mounted so as to be oriented to the 

	

15 	center of the window portion. 

[0010] Preferably, in the water treatment apparatus according to the present 

disclosure, the diameter increase portion is provided with at least a cleaning 

device including an ultrasonic oscillator, and the flow channel is lined with 

polytetrafluoroethylene on an inner circumferential surface thereof. If the 

20 inner circumferential surface of the flow channel is lined with 

polytetrafluoroethylene (PTFE), the water to be treated can be 

ultraviolet-treated more favorably using reflection of ultraviolet light on the 

inner circumferential surface. A PTFE lining does not transmit ultrasound 

well. Even in the case of using a cleaning device including an ultrasonic 

	

25 	oscillator, however, if the cleaning device is located in the diameter increase 

portion, the ultrasonic oscillator can be oriented to the window portion to 

favorably clean the window portion. 

[0011] Preferably, in the water treatment apparatus according to the present 

disclosure, the diameter increase portion is provided with at least a cleaning 

	

30 	device including an ultrasonic oscillator, and an ultrasonic oscillation surface 

of the ultrasonic oscillator is oriented to a center of the window portion. By 

installing the ultrasonic oscillator so as to be oriented to the center of the 

window portion, the window portion can be cleaned effectively. 

(Advantageous Effect) 
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[0012] It is thus possible to provide a water treatment apparatus that can 

uniformly irradiate water to be treated with ultraviolet light in sufficient 

irradiation quantity and in which a cleaning device and the like can be 

mounted easily.  

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] In the accompanying drawings: 

FIG. 1 is a sectional diagram illustrating a schematic structure of an 

example of a water treatment apparatus; 

10 	FIG. 2 is a sectional diagram illustrating a schematic structure of 

another example of a water treatment apparatus; and 

FIG. 3 is a sectional diagram illustrating a schematic structure of 

another example of a water treatment apparatus. 

15 	 DETAILED DESCRIPTION 

[0014] One of the disclosed embodiments will be described in detail below, 

with reference to drawings. In the drawings, the same components are given 

the same reference signs. 

[0015] A water treatment apparatus according to the present disclosure can be 

20 	used, for example, when disinfecting water to be treated in large-scale 

facilities such as water purification plants, small-scale water dispensers, 

sewage treatment plants, and ultrapure water production equipment, without 

being limited thereto. The water treatment apparatus according to the 

present disclosure is particularly suitable for use in, for example, disinfection 

25 	treatment in production of drinking water in water purification plants. 

[0016] (Water treatment apparatus) 

FIG. 1 illustrates a schematic structure of an example of the water 

treatment apparatus according to the present disclosure, in a section along the 

flow direction of water to be treated. A water treatment apparatus 10 

30 	illustrated in FIG. 1 is an apparatus that irradiates water to be treated, which 

has flown into the water treatment apparatus 10, with ultraviolet light to 

ultraviolet-treat the water to be treated and obtain treated water. 

The water treatment apparatus 10 includes: a flow channel 1 through 

which the water to be treated flows; a window portion 5 and an ultraviolet 
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irradiation portion 6 located on the opposite side of the flow channel 1 from 

the inlet 2 side (the left side in FIG. 1); a treated water flow channel 3 through 

which treated water obtained as a result of ultraviolet-treating the water to be 

treated flows; and an outlet 4 through which the treated water flows out of the 

5 treated water flow channel 3. The flow channel 1 includes a diameter 

increase portion 7 that increases in inner diameter from the inlet 2 side to the 

window portion 5 and ultraviolet irradiation portion 6 side. The diameter 

increase portion 7 of the flow channel 1 is provided with an ultrasonic 

oscillator 8 as a cleaning device used to clean the window portion 5, and a 

10 	sensor 9 that detects the dirt state of the window portion 5. 

[0017] <Flow channel of water to be treated> 

The flow channel 1 can be formed using a pipe such as a SUS pipe, 

without being limited thereto. The flow channel 1 may be formed by 

connecting a plurality of pipes using a known connecting member such as a 

15 	flange. 

[0018] The flow channel 1 in the water treatment apparatus 10 includes a 

small-diameter portion, the diameter increase portion 7, and a large-diameter 

portion larger in inner diameter than the small-diameter portion, in this order 

from the inlet 2 side along the flow direction of the water to be treated. The 

20 	diameter increase portion 7 of the flow channel 1 has a reverse tapered shape 

that gradually increases in inner diameter from the small-diameter portion 

side to the large-diameter portion side (i.e. in the flow direction of the water 

to be treated). The large-diameter portion of the flow channel 1 constitutes a 

double pipe structure with a pipe forming the treated water flow channel 3 

25 	(described in detail later), and the edge (the right edge in FIG. 1) of the 

large-diameter portion on the opposite side from the inlet 2 side in the flow 

direction of the water to be treated (the left-right direction in FIG. 1) 

terminates without being in contact with the window portion 5. That is, the 

flow channel 1 through which the water to be treated flows terminates while 

30 	leaving a gap with the window portion 5. 

[0019] In terms of causing ultraviolet light emitted from the ultraviolet 

irradiation portion 6 to reflect favorably on the inner circumferential surface 

of the flow channel 1 to ultraviolet-treat the water to be treated more 

favorably, the inner circumferential surface of the flow channel 1, in 
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particular the inner circumferential surface of the large-diameter portion, is 

preferably lined with polytetrafluoroethylene, without being limited thereto. 

[0020] <Window portion> 

The window portion 5 is formed by a transparent member capable of 

	

5 	transmitting ultraviolet light emitted from the ultraviolet irradiation portion 6, 

and located on the opposite side (the right side in FIG. 1) of the flow channel 

1 from the inlet 2 side in a watertight manner to prevent the water to be 

treated from flowing into the ultraviolet irradiation portion 6. The window 

portion 5 has a larger diameter than the inner diameter of the large-diameter 

	

10 	portion of the flow channel 1, and is configured so that ultraviolet light 

emitted from the ultraviolet irradiation portion 6 is applied to the entire water 

to be treated flowing in the flow channel 1. 

Non-limiting examples of the transparent member forming the window 

portion 5 include quartz glass, sapphire glass, and fluorine-based resin. In 

	

15 	terms of durability and ultraviolet light transparency, quartz glass is 

preferable. As the method of watertight installation of the window portion 5, 

for example, a method by which a depression for installing the transparent 

member forming the window portion 5 is formed in a flange (not illustrated) 

for connecting the pipe forming the treated water flow channel 3 and the 

	

20 	ultraviolet irradiation portion 6 and the flange connecting portion is sealed to 

be watertight using an 0-ring, packing, etc. may be used, without being 

limited thereto. 

[0021] <Ultraviolet irradiation portion> 

The ultraviolet irradiation portion 6 includes a light source of 

	

25 	ultraviolet light, and emits ultraviolet light toward the inlet 2 side via the 

window portion 5. Specifically, for example, the ultraviolet irradiation 

portion 6 contains the number of light sources that can ensure desired 

ultraviolet light intensity, in a housing chamber. The ultraviolet irradiation 

portion 6 thus irradiates the water to be treated flowing in the large-diameter 

	

30 	portion of the flow channel 1 with ultraviolet light of approximately uniform 

intensity. 

The light source of ultraviolet light may be any light source such as a 

mercury lamp, a xenon lamp, or an ultraviolet LED, without being limited 

thereto. In terms of safety and cost, an ultraviolet LED is preferable. The 
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wavelength of ultraviolet light emitted from the light source is preferably 200 

nm or more and more preferably 240 nm or more, and preferably 300 nm or 

less and more preferably 285 nm or less, without being limited thereto. 

Ultraviolet light in such wavelength ranges has high disinfection power. 

	

5 	[0022] <Treated water flow channel> 

The treated water flow channel 3 can be formed using a pipe such as a 

SUS pipe, without being limited thereto. 	Specifically, using a pipe 

(hereafter also referred to as "outer pipe") located on the outside of the 

large-diameter portion of the flow channel 1 and constituting the double pipe 

	

10 	structure with the large-diameter portion of the flow channel 1, the treated 

water flow channel 3 can be formed between the outer circumferential surface 

of the large-diameter portion of the flow channel 1 and the inner 

circumferential surface of the outer pipe. 

[0023] In the water treatment apparatus 10, the outer pipe is coaxial with the 

	

15 	flow channel 1. The end of the outer pipe on one side (the left side in FIG. 1) 

in the axial direction is connected in a watertight manner to the edge of the 

pipe forming the large-diameter portion of the flow channel 1 on the inlet 2 

side. The end of the outer pipe on the other side (the right side in FIG. 1) in 

the axial direction is connected in a watertight manner to the window portion 

	

20 	5. 

[0024] <Ultrasonic oscillator> 

The ultrasonic oscillator 8 as the cleaning device for the window 

portion 5 is located in the diameter increase portion 7 of the flow channel 1 

with its ultrasonic oscillation surface being oriented to the window portion 5. 

	

25 	Specifically, the ultrasonic oscillator 8 is mounted on the inner side of a case 

composed of a cylindrical body attached in a watertight manner to the 

diameter increase portion 7 using a means such as welding so that its 

ultrasonic oscillation surface is oriented to the center of the window portion 5, 

without being limited thereto. Here, the ultrasonic oscillator 8 may be fixed 

30 to the case using a known fixing member such as a clamp, without being 

limited thereto. The end of the case on the opposite side from the flow 

channel 1 may be sealed in a watertight manner using a sealing member such 

as a lid. Part of the case and the ultrasonic oscillator 8 may extend into the 

flow channel 1. 
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[0025] <Sensor> 

The sensor 9 that detects the dirt state of the window portion 5 is 

located in the diameter increase portion 7 of the flow channel 1 so as to be 

oriented to the window portion 5. Specifically, the sensor 9 is mounted on 

5 the inner side of a case composed of a cylindrical body attached in a 

watertight manner to the diameter increase portion 7 using a means such as 

welding so that its detection surface is oriented to the window portion 5, 

without being limited thereto. Here, the sensor may be fixed to the case 

using a known fixing member such as a clamp, without being limited thereto. 

10 	The end of the case on the opposite side from the flow channel 1 may be 

sealed in a watertight manner using a sealing member such as a lid. Part of 

the case and the sensor 9 may extend into the flow channel 1. 

[0026] The sensor 9 may be a known sensor such as an ultraviolet light sensor 

capable of detecting the dirt state of the window portion 5 from changes in the 

15 	intensity of ultraviolet light transmitted through the window portion 5, 

without being limited thereto. The detection surface of the sensor 9 may be 

oriented to any position in the window portion 5. In terms of cleaning the 

window portion 5 at appropriate timing based on dirt detected by the sensor 9, 

however, the detection surface of the sensor 9 is preferably oriented to the 

20 	same position as the ultrasonic oscillation surface of the ultrasonic oscillator 

8 as the cleaning device. 

[0027] <Ultraviolet treatment> 

The water treatment apparatus 10 having the structure described above 

can irradiate the water to be treated flowing from the inlet 2 toward the 

25 	window portion 5 (rightward in FIG. 1) with ultraviolet light from the 

ultraviolet irradiation portion 6 via the window portion 5 toward the inlet 2 

side (leftward in FIG. 1). Accordingly, a sufficient amount of ultraviolet 

light can be uniformly applied over a wide range in the flow direction of the 

water to be treated, to favorably ultraviolet-treat the water to be treated. 

30 	Moreover, since the inner circumferential surface of the flow channel 1 is 

lined with polytetrafluoroethylene in the water treatment apparatus 10, 

ultraviolet light can be favorably reflected on the inner circumferential 

surface of the flow channel 1 to more favorably ultraviolet-treat the water to 

be treated. 
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[0028] In the water treatment apparatus 10, the treated water obtained as a 

result of ultraviolet-treating the water to be treated can be flown into the 

treated water flow channel 3 through the gap between the flow channel 1 and 

the window portion 5 and taken out of the outlet 4. 

	

5 	[0029] <Cleaning of window portion> 

In the water treatment apparatus 10, the flow channel 1 includes the 

diameter increase portion 7, so that the ultrasonic oscillator 8 and the sensor 9 

can be easily mounted in a state of being oriented in a desired direction. The 

water treatment apparatus 10, as a result of including the ultrasonic oscillator 

	

10 	8 and the sensor 9, can detect the dirt state of the window portion 5 by the 

sensor 9 and clean the window portion 5 using the ultrasonic oscillator 8, thus 

preventing a decrease in the ultraviolet irradiation quantity for the water to be 

treated due to dirt on the window portion 5. Especially, since the ultrasonic 

oscillation surface of the ultrasonic oscillator 8 is oriented to the center of the 

15 window portion 5 in the water treatment apparatus 10, the window portion 5 

can be cleaned uniformly using ultrasound propagated through the water to be 

treated. 	Furthermore, since the ultrasonic oscillation surface of the 

ultrasonic oscillator 8 is oriented to the window portion 5 in the water 

treatment apparatus 10, the window portion 5 can be cleaned favorably even 

	

20 	in the case where the inner circumferential surface of the flow channel 1 is 

lined with a material that does not transmit ultrasound well (e.g. 

polytetrafluoroethylene). 

[0030] In the case where a plurality of ultrasonic oscillators 8 are located in 

the diameter increase portion 7 in the water treatment apparatus 10, the 

	

25 	ultrasonic oscillators 8 are preferably spaced evenly in the circumferential 

direction of the diameter increase portion 7, in terms of uniformly cleaning 

the window portion 5. If scale precipitates on the window portion 5, such 

scale is hard to be removed by ultrasound irradiation alone, and also scale 

removed from the window portion 5 might clog the gap between the flow 

	

30 	channel 1 and the window portion 5. Hence, the ultrasonic oscillator 8 

preferably performs cleaning at short intervals. 

[0031] While the water treatment apparatus according to the present 

disclosure has been described above by way of an embodiment, the water 

treatment apparatus according to the present disclosure is not limited to the 
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foregoing embodiment. The water treatment apparatus according to the 

present disclosure can be subjected to changes as appropriate. 

Specifically, for example, although the ultrasonic oscillator 8 as the 

cleaning device and the sensor 9 are both attached to the diameter increase 

	

5 	portion 7 in the water treatment apparatus 10 of the foregoing embodiment, 

the water treatment apparatus according to the present disclosure may have a 

structure in which only the cleaning device is attached to the diameter 

increase portion without the sensor and cleaning is performed at 

predetermined intervals, or a structure in which only the sensor is attached to 

	

10 	the diameter increase portion and, upon detecting dirt, disassembly and 

cleaning are performed or the window portion is replaced. 

Although the diameter increase portion 7 of a reverse tapered shape 

that gradually increases in inner diameter in the flow direction of the water to 

be treated is used in the water treatment apparatus 10 of the foregoing 

	

15 	embodiment, the shape of the diameter increase portion 7 is not limited to a 

reverse tapered shape. Specifically, for example, the diameter increase 

portion may be a diameter increase portion 7A that extends in a direction 

orthogonal to the flow direction of the water (i.e. the inner diameter of the 

flow channel 1 increases in steps), as in a water treatment apparatus 10A 

	

20 	illustrated in FIG. 2. In terms of easily mounting the cleaning device or the 

sensor in a state of being oriented to a desired position in the window portion, 

however, the diameter increase portion preferably has a reverse tapered shape 

that gradually increases in inner diameter in the flow direction of the water to 

be treated. 

	

25 	 Although the diameter increase portion 7 is provided with only the 

ultrasonic oscillator 8 used to clean the window portion 5 and the sensor 9 in 

the water treatment apparatus 10 of the foregoing embodiment, the diameter 

increase portion 7 may be provided further with a sensor that detects the dirt 

state of the ultrasonic oscillator 8 used to clean the window portion 5 and the 

	

30 	sensor 9, and/or a cleaning device that, in the case where dirt adheres to the 

ultrasonic oscillation surface of the ultrasonic oscillator 8 used to clean the 

window portion or the detection surface of the sensor 9, cleans the dirt. 



INDUSTRIAL APPLICABILITY 

[0032] It is thus possible to provide a water treatment apparatus that can 

uniformly irradiate water to be treated with ultraviolet light in sufficient 

irradiation quantity and in which a cleaning device and the like can be 

	

5 	mounted easily. 
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CLAIMS 

1. A water treatment apparatus that subjects water to be treated to 

ultraviolet treatment using ultraviolet light, the water treatment apparatus 

	

5 	comprising: 

a flow channel through which water to be treated flows; and 

an ultraviolet irradiation portion that is located on an opposite side of 

the flow channel from an inlet side, and irradiates the water to be treated 

flowing in the flow channel with ultraviolet light via a window portion toward 

	

10 	the inlet side, the window portion being formed by a transparent member, 

wherein the flow channel includes a diameter increase portion, and 

the diameter increase portion is provided with at least one of: a 

cleaning device used to clean the window portion; and a sensor. 

	

15 	 2. The water treatment apparatus according to claim 1, wherein the 

diameter increase portion has a reverse tapered shape that gradually increases 

in inner diameter in a flow direction of the water to be treated. 

3. The water treatment apparatus according to claim 1 or 2, wherein 

	

20 	the diameter increase portion is provided with at least a cleaning device 

including an ultrasonic oscillator, and 

the flow channel is lined with polytetrafluoroethylene on an inner 

circumferential surface thereof. 

	

25 	 4. The water treatment apparatus according to any of claims 1 to 3, 

wherein the diameter increase portion is provided with at least a cleaning 

device including an ultrasonic oscillator, and 

an ultrasonic oscillation surface of the ultrasonic oscillator is oriented 

to a center of the window portion. 

30 


