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(57) Abréegée/Abstract:

The invention relates to a device for disinfecting liquids by means of ultraviolet radiation in a continuous flow method, with a reactor
chamber (2) through which flow can take place and in which a number of UV radiator units (10) Is arranged, the reactor chamber
(2) being provided with a wall, which is open at two end sides (14, 15), and locally surrounded by at least one pre-chamber (3, 4).
Advantageous flow conditions are achieved If the at least one pre-chamber (3, 4) Is welded to the wall at a distance from the end
side (14, 15) so that an annular intermediate space (6) with an internal width (r) Is formed between a side of the pre-chamber (3, 4)
and the wall, and an essentially axisymmetric annular gap (d) is formed between the end side (14, 15) and the pre-chamber (3, 4).
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Abstract

The invention relates to a device for disinfecting liquids

F

by means of ultraviolet radiation 1in a continuous flow

method, with a reactor chamber (2) through which flow can

take place and in which a number of UV radiator units (10)
is arranged, the reactor chamber (2) being provided with a
wall, which 1s open at two end sides (14, 15), and locally
surrounded by at least one pre-chamber (3, 4). Advantageous
flow conditions are achieved 1f the at least one pre-
chamber (3, 4) 1s welded to the wall at a distance from the

end side (14, 15) so that an annular 1ntermediate space (06)

with an internal width (r) 1is formed between a side of the

pre-chamber (3, 4) and the wall, and an essentilally

axisymmetric annular gap (d) 1s formed between the end side

(14, 15) and the pre-chamber (3, 4).

Figure 1
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Pre-chamber reactor

The invention relates to a reactor for disinfecting liquids

by means of ultraviolet radiation in a continuous flow

method.

The disinfection of water by ultraviolet radiation has been
known for decades. Ultraviolet radiation dislinfects Dboth
effluent and drinking water by damaging the DNA of
pathogenic microorganisms, which compromises their ability

to multiply and consequently prevents infections.

Whereas effluent 1s conventionally 1rradiated 1in the
context of water treatment plants 1in open tanks or

unpressurised pipe systems, 1n the field of drinking water

and for disinfecting media with reduced UV transparency 1t
is conventional to usé closed stainless steel channels with
UV radiators arranged in them. The irradiation space 1in

these channels 1s also referred to as a reactor.

For effective disinfection of pathogenic germs in drinking

water, it is necessary for every microorganism contained 1in
the water to receive a particular minimum dose of
ultraviolet radiation. The dose is equal to the irradiation
intensity multiplied by the irradiation time. Conventional
reactors have an 1inlet and an outlet, which are arranged at

the ends of the reactor in the flow direction and are
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aligned in a radial direction. They feed the medium
directly into the 1irradiation space. The medium to be
irradiated 1is guided through the reactor either 1in an
approximately U-shaped or Z-shaped direction, depending on
the alignment of the connections. With this arrangement, it
has been found that preferred flow paths are formed. In
these flow paths, the water with the microorganisms
contained in it 1is delivered particularly rapidly through
the reactor. The speed in this region entails a short
residence time, which necessitates a relatively high
radiation intensity for a good disinfection result. Other
flow paths, in which the flow rate 1is lower, recelve a
substantially higher radiation dose than 1s actually

necessary, owing to the rather homogeneous radiation

distribution inside the reactor. The radiation is therefore

not utilised optimally.

US Patent 4,296,066 discloses a reactor in which a single
UV radiator is surrounded by a coaxial glass tube and,
further outwards, by a coaxial influx chamber. The water to

be irradiated firstly enters the influx chamber and passes

externally around the glass tube into an open end. In this
way, the microorganisms in the flowing water recelve a
first radiation dose which passes through the coaxial inner
tube. The flow then enters the inner tube‘at'an open end,
and passes through between the inner tube and the radiator,
before emerging at the other end of the inner tube. On the

second sub-path between the radiator and the coaxial inner
tube, the microorganisms contained in the water receive a
second, significantly higher radiation dose. The total dose
which is relevant to the disinfection is the sum of the two

doses, i.e. the first dose received in the outer space and

the dose subsequently received in the inner space. Owing to
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the coaxial arrangement of the inner tube and the radiator and the relatively narrow
annular gap between these two components, it is not likely that zones with a

particularly low flow rate will form. The reactor according to US 4,206,066, however,

is elaborately designed and suitable only for a single UV radiator.

According to an aspect of the present invention, there is provided a device for
disinfecting liquids, the device comprising a generally tubular member formed by a
wall of UV opaque material defining a reactor chamber, the opaque wall having an
annular end surface at each end, a UV radiation unit in the reactor chamber, a pre-
chamber adjacent one end surface, the pre-chamber including a bottom wall having
an interior surface axially spaced from its adjacent end surface, the bottom wall
having an axially extending connecting element connected to the outer surface of the
opaque wall inwardly of its adjacent end surface to form an annular space
therebetween, the connection between the bottom surface and the axially extending
connecting element being located outwardly of its adjacent end surface to form an
annular gap, the connecting element communicating with a fluid opening located
inwardly of its adjacent end surface whereby the annular space, the annular gap and
pre-chamber form a flow path between the fluid opening and the reactor chamber, the
flow path being configured to provide a uniform distribution of liquid inside the reactor

chamber.

Another aspect provides a device for disinfecting liquids by means of uitraviolet
radiation in a continuous flow method, with a reactor chamber through which flow can
take place and in which a number of UV radiator units is arranged, the reactor
chamber being provided with a UV-opaque wall, which is open at two end sides, and
locally surrounded by at least one pre-chamber, wherein the at least one pre-
chamber is connected to the wall at a distance from the end side so that a
circumferential intermediate space with an internal width (r) is formed between a side

of the pre-chamber and the wall, and a gap (d) is formed between the end side and

the pre-chamber.



10

15

CA 02522367 2012-05-24

78328-2

3a

Some embodiments may provide a less elaborately designed reactor for a plurality of
UV radiators, which ensures a more uniform flow in the interior of the reactor

chamber.

Because the at least one pre-chamber is welded to the wall at a distance from the
end side, so that an annular intermediate space with an internal width is formed
between a side of the pre-chamber and the wall, and because an essentially
axisymmetric annular gap is formed between the end side and the pre-chamber, a
flow rate profile of the flow in the reactor chamber is set up which is homogeneous

and formed without pronouncedly rapid flow paths.

If the reactor is made of a material which is not UV-transparent, preferably stainless
steel, the structure is particularly simple and durable. ltis also feasible to make the

reactor from polyethylene.

For particularly good flow conditions, a first pre-chamber may be arranged upstream
of the reactor chamber and a second pre-chamber may be arranged downstream of

the reactor chamber. It is then preferable for the first pre-
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chamber and the second pre-chamber to have essentially

equal dimensions.

It is in this case sufficient for each of the pre-chambers
to cover the reactor chamber to about 20% of the lengthwise

extent of the reactor chamber.

The flow conditions are further improved 1if the internal
width of the intermediate space 1in the radial direction
between the pre-chamber and the reactor chamber 1s about
1.5 times as large as the distance from the end side of the

pre—chambér to the end side of the reactor chamber.

The present invention will be described below with

reference to exemplary embodiments.

Figure 1 shows a reactor according to an embodiment of

rhe invention in a perspective representation;

Figure 2 shows the reactor according to Figure 1 in a side

view;

Figure 3 shows the reactor according to Figure 1 and

Figure 2 in a plan view;

Figure 4 shows the reactor in an end view; and

Figure 5 shows a reactor with a differently configured

pre-chamber in a representation corresponding to

Figure 1.

Figure 1 illustrates a reactor 1 1in a perspective
representation, here as an exemplary embodiment of the

irradiation of drinking water with ultraviolet radiation.
The reactor 1 has a cylindrical tubular reactor.chamber 2,

which respectively carries a first pre-chamber 3 and a
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second pre-chamber 4 at 1ts two ends. The pre-chambers 3

and 4 are designed in the manner of a dished bottom, and
they are arranged coaxially with the reactor chamber 2. An
annular connecting element 5 respectively connects the pre-
chambers 3 and 4 to the reactor chamber 2 in a water- and
gas-tight fashion. Between the pre-chambers 3, 4 and the
wall of the reactor chamber 2, an annular intermediate
space with the internal width r is formed. On their upper
side, the pre-chambers 3 and 4 respectively carry a round

tlange 7/, 8 for connection to a water pipe installation. On

1ts end side facing away from the reactor chamber 2, the

pre-champer 3 carries a bulging dished bottom 9. This

cdished bottom 9 1is penetrated by a total of five openings,
1n which five UV radiator arrangements 10 are fitted in a
water-tight fashion. The radiator arrangements 10 extend

into the reactor chamber 2, parallel with its symmetry

ACCEeSS.

This 1s 1llustrated in more detail in Figure 2.

F

The dished bottom 9 carries a total of five flanges 11,

which lead into the interior of the pre-chamber 3. Terminal

elements 12 for the radiator arrangements 10 are fitted

onto the flanges 11, so that the radiator arrangements 10
can be fastened water-tightly. The radiator arrangements 10
respectively have an envelope tube 13 of quartz glass or
another UV-transparent material. The envelope tube 13

extends axially parallel through the entire reactor chamber

2. The reactor chamber 2 protrudes into each of the pre-

chambers 3 and 4 far enough to cover the extent of the

fr—

flanges 7 and 8 1in the axial direction of the reactor

champer 2. A distance r 1is in this case provided between

the flanges 7 and 8 and the reactor chamber 2, which

corresponds approximately to the width of the connecting
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elements 5 1n this direction, 1.e. approximately the

F

difference between the radii R of the reactor chamber 2 on

the one hand, and the pre-chambers 3 and 4 on the other

hand. A distance d 1s furthermore provided between each end

face 14, 15 of the reactor chamber 2 and the respectively

F

nelghbouring dished bottom of the pre-chambers 3 and 4,

respectively, which allows annular gap-shaped access from

the flange 7, 8 through the pre-champber 3, 4 1nto the

reactocr chamber 2.

FFigure 3 shows the reactor described so far in a plan view.

Components which are the same are provided with the same

references. In this representation, the distance d between
the end side 15 of the reactor chamber and the dished
pottom of the pre-chamber 4 1is again 1llustrated. The

annular gap between the outer side surface of the pre-

chamber 3 and the reactor chamber 2 1is furthermore denoted

Py r.

Lastly, Figure 4 shows the reactor described so far in a
side view. It can be seen that the radiator units 10, of
which five units are provided in this case, are distributed

symmetrically around the mid-axis of the reactor chamber 2.

FFlgure 5 shows another embodiment of a pre-chamber reactor

according to the invention 1n a representation

corresponding to Figure 1. In this embodiment, the end-side

ﬁ

pottoms of the pre-chambers 3 and 4 are not domed but flat.

pr—

As regards the rest of the design features, the comments

relating to Figure 1 apply.

In practice, the UV reactor is used to disinfect drinking

water. To this end, the supply of the microbiologically

untreated drinking water 1s connected to the flange 7,
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whereas the discharge after disinfection 1s connected to

the flange 8. The water then flows from the flange 7 1nto

the pre-chamber 3, specifically 1nto 1ts annular space with

the width r between the side surface of the pre-chamber 3

and the outer wall of the reactor chamber 2. Entry from the

pre-chamber 3 1nto the reactor chamber 2 takes place

ﬁ

through the annular gap between the end side 14 of the

reactor chamber 2 and the dished bottom 9. Since the

dlstance d here 1s less than the width r between the pre-

chamber 3 and the reactor chamber 2, the flow through the

annular gap 1s distributed almost uniformly along the

entire circumference. The influx 1nto the reactor chamber 2

is therefore approximately distributed uniformly about the
mid-axls of the reactor chamber 2. A virtually homogeneous
flow distribution 1s obtained 1inside the reactor chamber 2,
parallel to the envelope tubes 13 of the radiator units 10.

Pronounced velocity maxima do not occur. The UV radiation

which 1s emitted by the radiator units 10 therefore acts
essentially with an equal radiation dose on all of the
microorganisms contained in the flowing ligquid. With this
arrangement, 1t 1s not necessary to maintain a particularly

high intensity so that the microorganisms in isolated flow

paths with a flow rate far above the average can also be
1rradiated sufficiently. The energy efficiency of this UV
reactor 1s therefore significantly better than that of

conventional UV reactors.

After the drinking water has been irradiated inside the
reactor chamber 2, 1t again passes through an annular gap
petween the end side 15 and the pre-chamber 4, into the
annular space between the reactor chamber 2 and the pre-

chamber 4, and then leaves the UV reactor 1 through the

flange 8.
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Owlng to the materials used (stainless steel) and the free

-

arrangement of the radiator units 10 inside the reactor

chamber 2, the described UV reactor can be scaled virtually

arpbitrarily.

In the exemplary embodiment described, the following
dimensions are advantageous for achieving a uniform

through-flow:
The i1nner radius R of the reactor chamber 2 is 280 mnm.

The annular gap r (intermediate space 6) between the pre-

p

champber 3 and the outside of the reactor chamber 2 is

approximately 30 mm.

T'hne gap d 1s 20 mm between the end side 14 and the dished
pottom 9, and between the end side 15 and the dished bottom
9 of the pre-chamber 4.

The diameter of the envelope tube 13 of the radiator units

10 1s respectively 50 mm.
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S,
CLAIMS:
1. A device for disinfecting liquids, the device comprising a generally

tubular member formed by a wall of UV opaque material defining a reactor chamber,
the opaque wall having an annular end surface at each end, a UV radiation unit in the
reactor chamber, a pre-chamber adjacent one end surface, the pre-chamber
including a bottom wall having an interior surface axially spaced from its adjacent end
surface, the bottom wall having an axially extending connecting element connected to
the outer surface of the opaque wall inwardly of its adjacent end surface to form an
annular space therebetween, the connection between the bottom surface and the
axially extending connecting element being located outwardly of its adjacent end
surface to form an annular gap, the connecting element communicating with a fluid
opening located inwardly of its adjacent end surface whereby the annular space, the
annular gap and pre-chamber form a flow path between the fluid opening and the
reactor chamber, the flow path being configured to provide a uniform distribution of

liquid inside the reactor chamber.

2. A device in accordance with claim 1, wherein the interior surface Is

concave.
3. A device in accordance with claim 2, wherein the annular space has a

dimension that is larger than the smallest distance of the gap between the annular

end surface and the bottom surface.

4. A device in accordance with any one of claims 1 to 3, wherein the

connecting member covers about 20% of the axial extent of the outer wall of the

reactor chamber.

S. A device in accordance with claim 1 or 2, wherein the annular gap has a

dimension about 1.5 times larger than the smallest gap between the bottom wall and

the one end surface.
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6. A device in accordance with any one of claims 1 to 5, wherein the
bottom wall is dish shaped.
7. A device in accordance with any one of claims 1 to 6, wherein the

device includes another pre-chamber at the open outlet end of the reactor chamber
5 which another pre-chamber is the same as the pre-chamber at the open inlet end.
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