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[DEScrIPTION]

[Tnvention Titlel

SCRUBBER APPARATUS HAVING INTEGRATED VENTURI

[Technical Field]

The present invention relates to a scrubber apparatus for
collecting and removing harmful substances contained in exhaust
gas of a vessel engine, and more particularly, to a venturi-
integrated scrubber apparatus in which a venturi structure is
integrally installed inside a scrubber main Dbody, and the
scrubber main body is configured to be installed or
disassembled 1in multiple stages, thereby reducing a size,
volume and weight of the entire scrubber apparatus, so that the
transportability, installation, spatial applicability or the
like are improved and engines having various sizes are

effectively applied thereto.

[RBackground Art]

In general, a vessel is operated after installing a main
engine configured to drive a propeller for propelling a vessel,
and a plurality of power generation engines configured to
supply power to various equipment or annexes mounted on the
vessel.

Since an exhaust gas discharged after combustion from a

diesel engine of the vessel contains a plurality of suspended
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particulates, such as dust or fine dust and contains a
plurality of harmful gaseous substances such as nitrogen oxide
NOx and sulfur oxide SOx, the exhaust gas 1s regarded as a
factor causing the environmental pollution.

In order to reduce the discharge of the environmental
pollutants, the emissions are regulated through environmental
regulations in countries around the world. In addition, since
the International Maritime Organization (IMO) has a tendency to
more strictly regulate the emission control of Tharmful
substances in international waters as well as in ports, the
removal of harmful substances contained in exhaust gas of a
vessel engine has emerged as an important issue 1in vessel
operations.

Accordingly, in order to satisfy the environmental
regulations, people actively respond to the environmental
regulations on the exhaust gas, especially for the wvessel
engine, by installing and operating, as one of a harmful
substances dust collecting apparatus, a selective catalytic
reduction (SCR) apparatus for removing nitrogen oxides, a
scrubber apparatus for reducing sulfur oxides (SOx removal), or
a diesel particulate filter (DPF) apparatus for removing
particulate substances in an exhaust line of the engine.

Among the harmful substances dust collecting apparatuses
as described above, the scrubber apparatus, as an apparatus for

removing foreign substances in the exhaust gas through the
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contact and aggregation effect between gas and liquid, is an
apparatus serving to purify the exhaust gas by collecting and
removing gaseous substances such as sulfur oxides SOx in the
exhaust gas and suspended particulates such as dust and fine
dust.

Hereinafter, the conventional scrubber apparatus will be
briefly described with reference to FIGS. 1 and 2.

Herein, FIG. 1 is a schematic diagram showing a scrubber
module system for removing harmful substances in exhaust gas of
a conventional vessel engine. FIG. 2 1is a schematic diagram
showing a conventional general scrubber.

As shown in FIG. 1, the scrubber module system for
removing harmful substances in the exhaust gas of a vessel
engine is configured to form one module system by connecting a

scrubber, a vessel main engine MAIN ENGINE, and a gas and

seawater monitoring system GAS & SEA WATER MONITORING SYSTEM

for inspecting exhaust gas discharged after scrubbing and sea
water introduced to or discharged from the scrubber to each
other.

The scrubber is configured as an OUTSIDE VENTURI TYPE, and
a venturi pipe 1is separately mounted to a side of a scrubber
main body as shown in the drawing.

Accordingly, the exhaust gas discharged from the exhaust

line of the main engine is introduced to a lower portion of the



10

15

20

25

scrubber main body wvia the venturi pipe, scrubbed while moving
upward along the inside of the scrubber main body, and
discharged to the top of the scrubber main body.

As shown 1in FIG. 2, the above-described conventional
general scrubber includes a scrubber main body 100 and a
venturi pipe 150, and the venturi pipe 150 is installed to be
connected to a lower portion of the scrubber main body 100.

Meanwhile, the scrubber main body 100 is installed therein
with dust collection layers 110 in two stages, and provided
with a plurality of spraying pipes 120 for spraying moisture to
the exhaust gas introduced into the scrubber main body 100 and
the dust collection layers 110.

The dust collection layer 110 refers to a portion filled
with packing balls, pall-rings or the like having a plurality
of pores through which the exhaust gas passes.

Accordingly, as indicated using an arrow, the exhaust gas
EXHAUST GAS of the main engine introduced from an upper side of
the wventuri pipe 150 is 1inputted to a lower side of the
scrubber main body 100 via the venturi pipe 150. At this time,
the exhaust gas is diffused and expanded by the Venturi effect
and moved upward from the lower portion of the scrubber main
body 100.

In the above process, the exhaust gas is scrubbed, in
which the gaseous particles such as sulfur oxides and

particulates such as dust or fine dust, which are contained
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therein, come into contact with and aggregate with the moisture
particles to fall downward. In addition, after the harmful
substances are also collected and removed from the dust
collection layer 110, the exhaust gas is discharged upward from
the scrubber main body 100.

The conventional scrubber has been variously proposed
according to properties of exhaust gas. As a related art
document, Patent Document 1 (Korean Unexamined Patent
Publication No. 10-2018-0038420, and Patent Document 2 (Korean
registered Patent Publication No. 10-1549560 discloses a
scrubber including an external venturi pipe, a dust collection
layer, a spraying nozzle, and so on, like the above-described
conventional scrubber.

However, the conventional scrubber as described above has
the following problems.

First, since the venturi pipe capable of diffusing and
expanding the exhaust gas is separately mounted to the outside
of the scrubber main body, thereby increasing a size, volume,
or weight of the entire scrubber, so that the installation cost
and time increases significantly. In addition, there are a lot
of restrictions on securing a space for installation due to the
lack of space caused by the nature of a vessel having a spatial
restriction.

Second, since the scrubber main body is manufactured to

have an integrated cylindrical structure, transported and
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installed, the transportability or installation is
significantly deteriorated due to the nature of a heavy-duty
vessel engine scrubber of generally about 30 tons and
maintenance costs are increased.

Third, the structural feature of the cylindrical venturi
pipe may cause a venturi hole to be easily blocked, due to
changes in characteristics such as temperature, flow rate and
moisture content of the exhaust gas, or due to the occurrence
of scale caused by property changes in ©particle size
distribution, density or the like of a particulate substance
required to be removed. Accordingly, the stability of operation
is deteriorated.

Fourth, since it is difficult to expand the conduit of the
cylindrical venturi pipe when the amount of exhaust gas to be
treated increases, the venturi pipe itself is required to be
replaced to have a larger capacity, or a separate venturi pipe
is required to be installed. Thus, production costs increases
and engines having various sizes are not effectively
applicable.

Fifth, the exhaust gas moving inside the scrubber main
body receives a back pressure due to structural obstruction of
an internal material such as a scrubber packing, a moisture
collector (demister) or the 1like, and due to cleaning water
sprayed 1in a reverse direction with respect to a flowing

direction of the exhaust gas. Accordingly, side effects such as
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increased engine load and reduced power are generated.

In order to prevent the back pressure, a separate power-
driven forced draft fan has been installed in the related art.
In this case, installation costs due to the installation of the
additional forced draft fan and the operation costs due to

additional power consumption are increased.

[Disclosurel

[Technical Problem]

The present invention 1is disclosed to solve the above
problems. An object of the present invention is to integrally
install a venturi unit inside a scrubber main body, so that an
overall size, volume, or weight of the scrubber apparatus is
significantly reduced, thereby implementing a miniaturized and
compact feature.

In addition, the work convenience for storage,
transportation, installation or the 1like is improved by
configuring the scrubber main body to have a rectangular
polyhedral shape and allowing the scrubber main body to be
installed or disassembled after separated in multiple stages.

Another object of the present invention is to ensure the
expandability of the venturi conduit by forming a plurality of
narrow and long venturi conduits using a plurality of guide
vanes.

In addition, venturi conduits are formed through guide
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vanes having arc shapes facing each other, and cleaning water
spraying pipes are properly disposed along the inside of the
scrubber main body as well as the venturi conduits, so that the
fluidity of exhaust gas and the dust collection efficiency of
harmful substances are improved.

Still another object of the present invention 1s to
provide a venturi-integrated scrubber apparatus in which a
plurality of spraying nozzles installed inside the scrubber
main body are disposed in a forward direction to a flowing
direction of the exhaust gas so as to add additional kinetic
energy to the exhaust gas by using the self-propelled force of
the sprayed cleaning water, so that a back pressure against the

exhaust gas is effectively prevented from being generated.

[Technical Solutionl]

To implement the objects, the present invention includes:
a scrubber main body formed in a lower portion thereof with a
gas inlet through which exhaust gas is introduced, formed in an
upper portion thereof with a gas outlet for discharging the
exhaust gas to an outside, and having an empty inside to
provide a main flow channel to allow the exhaust gas to move;
at least one collection layer installed spaced apart inside the
scrubber main body; a venturi unit installed at a lower inner
portion of the scrubber main body and formed with at least one

venturi conduit through which the exhaust gas passes so as to
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allow the gas inlet to communicate with the main flow channel;
and a plurality of cleaning water spraying pipes installed
along a movement path of the exhaust gas to multi-spraying
cleaning water in the forward direction of the exhaust gas.

Accordingly, the wventuri wunit is integrally installed
inside the scrubber main body, so that an overall size, volume,
or weight of the scrubber apparatus may be significantly
reduced, thereby implementing a miniaturized and compact
feature.

In addition, the scrubber main body may be formed by
connecting box-shaped tubular members having a rectangular
polyhedral shape in multiple stages, and at least one drain
hole for discharging the cleaning water to the outside may be
installed at the lower portion thereof.

Accordingly, the installing or disassembling work of the
scrubber may be easily performed, and costs for maintenance and
repair may be reduced.

Meanwhile, the wventuri unit of the present invention may
include a partition wall horizontally installed to block a part
of the main flow channel, and at least one guide member
disposed at predetermined intervals between a lower side of the
scrubber main body and the partition wall so that the wventuri
conduit is spaced apart.

The guide member may include a support having both ends

coupled to the both side walls of the scrubber main body,
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respectively, and guide vanes installed to face each other on
upper and lower sides in a longitudinal direction of the
support and provided to form an outwardly convex arc surface so
that the venturi conduit formed between the guide members 1is
narrowed.

Accordingly, the ©present invention may improve the
expandability of the wventuri conduit since the guide member for
forming the venturi conduit is selected and applied at a proper
length to correspond to a displacement of the engine.

In addition, the wventuri vanes having long arc shapes
facing each other are applied, so that the smooth flow of the
exhaust gas 1is guided and the dust collection efficiency of
harmful substances may be increased.

Meanwhile, the cleaning water spraying pipes of the
present invention may include a venturi spraying pipe installed
at a front side of the venturi conduit to spray the cleaning
water toward the venturi conduit.

In addition, the cleaning water spraying pipes may include
at least one reverse spraying pipe for spraying the cleaning
water 1in a reverse direction with respect to a flowing
direction of the exhaust gas in an upper portion of the main
flow channel.

After the exhaust gas passes through the venturi portion,
the reverse spraying pipe is disposed at an upper portion of

the main flow channel after the velocity of the gas mixture is
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significantly lowered due to the rapid increase in the space
volume, so that the back pressure may be prevented from being
applied to the exhaust gas and the exhaust gas and the cleaning
water may be mixed with each other more effectively.

Accordingly, the present invention may minimize the
obstruction on the flow of the exhaust gas, so that the dust
collection efficiency of harmful substances may be increased,
and the back pressure may be prevented from being applied to
the exhaust gas, thereby blocking the increased load or reduced
power of the engine.

Meanwhile, a plurality of auxiliary spraying pipes for
multi-spraying the cleaning water in the forward direction of
the exhaust gas may be further provided at an inlet side of the
venturi unit, in which the auxiliary spraying pipes may be
disposed such that a plurality of spraying nozzles for spraying
the cleaning water in the flowing direction of the exhaust gas
form at least one row in the longitudinal direction.

When configured as described above, the exhaust gas
entering the venturi unit after exiting the gas inlet is cooled
and the wvolume is reduced, so that the back pressure is more
effectively prevented from being applied to the exhaust gas.

Meanwhile, a guide plate may be installed in the main flow
channel of the scrubber main body such that the exhaust gas
discharged from the venturi unit and moving upward is diffused

to a central portion of the scrubber main body.
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In addition, the guide plate may be installed slantingly
at a predetermined angle along a side wall inside the scrubber
main body, and formed of a porous plate having a plurality of
through-holes to allow the exhaust gas to pass therethrough, in
which a plurality of drain grooves may be formed along a
contact surface coming into contact with the side wall.

Accordingly, the exhaust gas moving upward along the side
wall of the scrubber main body after exiting the venturi unit
may be effectively diffused to the central portion of the
scrubber main body, and the cleaning water may be discharged

downward through the drain groove.

[Advantageous Effects]

As described above, the advantageous effects according to
the present invention are as follows.

First, the scrubber Dbecomes small and 1lightweight by
selecting the scrubber having the venturi-integrated structure,
so that the transportability or installation of the apparatus
can be improved and the restriction of installation space can
be minimized.

Second, the scrubber main body is configured to have a
plurality of rectangular polyhedral so that the production can
be facilitated, multiple stages can be separated from or
coupled to each other so that the installing or disassembling

work can Dbe facilitated, and the cost for maintenance and

12
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repair can be reduced.

Third, the venturi conduit has the excellent
expandability, so that vessel engines having various properties
can be effectively applied, and the installation cost and the
construction period can be reduced.

Fourth, a plurality of long venturi conduits are formed
through guide vanes having arc shapes, so that the smooth flow
of the exhaust gas can be guided, a cleaning work can be easily
performed, and the stable operation can be ensured.

Fifth, the cleaning water is sprayed in the forward
direction of the exhaust gas to block the back pressure with
respect to the exhaust gas, so that the engine can be stably
operated and the fuel consumption can be reduced by preventing

the increased load or decreased output of the engine.

[Description of Drawings]

FIG. 1 is a schematic diagram of a scrubber module system
for removing harmful substances in exhaust gas of a
conventional vessel engine.

FIG. 2 is a schematic diagram of a conventional general
scrubber.

FIG. 3 is a schematic diagram of a scrubber module system
to which an example of a venturi-integrated scrubber apparatus
of the present invention is applied.

FIG. 4 is a front view of one embodiment of the wventuri-

13
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integrated scrubber apparatus according to the present
invention.

FIG. 5 1is an internal perspective view of the scrubber
apparatus of FIG. 4 when viewed from the side thereof.

FIG. 6 is a front view of a scrubber main body in the
venturi-integrated scrubber apparatus according to the present
invention, in which a lower portion of the scrubber main body
is incised in a state where only a partition wall and a guide
member of a venturi unit are installed.

FIG. 7 is a front perspective view of the scrubber main
body, in the venturi-integrated scrubber apparatus according to
the present invention, in a state where only a collection layer
and a plurality of cleaning water spraying pipes are installed
inside the scrubber main body.

FIG. 8 is an enlarged view of an auxiliary spraying pipe
installed in a lower portion 1inside the scrubber main body
shown in FIG. 5 according to the present invention.

FIG. 9 1is an explanatory diagram of operations of the
venturi-integrated scrubber apparatus according to the present

invention.

[Best Model

[Mode for Inventionl]

First, an example of a scrubber module system to which a

venturi-integrated scrubber apparatus of the present invention
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is applied will be described with reference to FIG. 3.

Herein, FIG. 3 is a schematic diagram showing a scrubber
module system to which an example of a venturi-integrated
scrubber apparatus of the present invention is applied.

As shown in the drawing, the wventuri-integrated scrubber
apparatus 1in the scrubber module system of the present
invention is connected to an exhaust line of a main engine MAIN
ENGINE, of a vessel, thereby serving to remove gaseous
substances such as sulfur oxides (SOx) and harmful particulate
substances, such as dust or fine dust 1in an exhaust gas
discharged from the engine, by contacting, aggregating and
collecting the substances with cleaning water.

A gas monitoring system GAS MONITORING SYSTEM for
inspecting the cleaned exhaust gas discharged after scrubbing
is connected to the scrubber apparatus.

Meanwhile, since the scrubber apparatus of the present
invention has an inside-venturi type integrated structure, the
main engine of the vessel is directly connected to the scrubber
main body as shown in the drawing.

In addition, since the venturi-integrated scrubber
apparatus of the present invention is used in the vessel, sea
water is used as the cleaning water, in which the sea water is
supplied using a pump.

A sea water monitoring system INLET SEA WATER MONITORING

SYSTEM for inspecting the adequacy of inputted seawater, and a
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discharge water monitoring system DISCHARGE WATER MONITORING
SYSTEM for inspecting the safety of seawater discharged after
scrubbing are connected to the scrubber apparatus of the
present invention.

Accordingly, the venturi-integrated scrubber apparatus of
the present invention, as a component of the scrubber module
system as described above, is configured to purify the exhaust
gas of the engine.

Hereinafter, exemplary embodiments of the venturi-
integrated scrubber apparatus of the present invention will be
described in detail with reference to FIGS. 4 to 9.

First, FIG. 4 is a front view showing one embodiment of
the venturi-integrated scrubber apparatus according to the
present invention. FIG. 5 1s an internal perspective view
showing the scrubber apparatus of FIG. 4 when viewed from the
side thereof.

As shown in the drawing, a venturi-integrated scrubber
apparatus 1 of the present invention includes a scrubber main
body 10, a collection layer 30, a venturi unit 50, and a
cleaning water spraying pipe 80.

The scrubber main body 10 serves as a housing that
provides a path through which the exhaust gas of the main
engine moves, and is configured to have a box-shaped structure
having an empty inside and a predetermined height.

Accordingly, the scrubber main body 10 is formed therein

16
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with a main flow channel 19 through which the exhaust gas moves
upward during a scrubbing process.

The scrubber main body 10 is formed to have a rectangular
box-shaped structure, and may be manufactured by combining box-
shaped hollow members having a rectangular polyhedral shape in
multiple stages.

The hollow members may be coupled to each other through a
bolt or welding work by using a flange 17 structure.

Accordingly, since the scrubber apparatus 1 is a heavy-
duty facility having tens of tons, an installing or
disassembling work may be easily performed by configuring the
scrubber main body 10 in the multiple stages as described
above, thereby improving storage and transportability, and
facilitating a maintenance and repair work.

Meanwhile, the scrubber main body 10 is installed therein
with at least one gas inlet 11 through which the exhaust gas of
the engine is introduced, and a plurality of gas outlets 12 for
discharging the scrubbed exhaust gas.

In the modular system shown in FIG. 3, the gas inlet 11 is
connected to the main engine of the vessel, and installed in a
front lower portion of the scrubber main body 10, and the gas
outlet 12 is upwardly installed at the top.

As shown in FIG. 4, three gas inlet 11 and two gas outlet
12 are installed, respectively. However, these are shown as an

example, and the size, number, or installation position may be
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selected and applied appropriately by comprehensively
considering an environment in use or a type, size, displacement
or the like of the engine to be connected.

Meanwhile, openings 15 and 16 are provided in a front
upper portion and a rear lower portion of the scrubber main
body 10.

The openings 15 and 16 are configured to be installed to
observe the inside of the scrubber main body 10 or maintain and
repair the cleaning water spraying pipe 80 or the 1like, and
provided to be opened and closed using a door, in which a size,
position or the like may be appropriately selected and applied
in consideration of the use environment.

In addition, a plurality of drain holes 13 connected to
the discharge water monitoring system shown 1in FIG. 3 1is
installed at the bottom of the scrubber main body 10.

When the cleaning water and the exhaust gas are mixed in
contact with each other inside the scrubber main body 10,
moisture particles of the cleaning water and particles of
harmful substances in the exhaust gas aggregate together and
fall downward. At this +time, the harmful substances and
moistures collected and accumulated on the lower surface of the
scrubber main body 10 are discharged to the outside through the
drain holes 13.

Meanwhile, at least one collection layer 30 is formed

inside the scrubber main body 10.
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As shown in the drawing, the collection layer 30 1is
horizontally installed and spaced in two stages at regular
intervals in a vertical direction inside the scrubber main body
10.

The collection layer 30 may be formed of a demister that
collects and removes moisture contained in the exhaust gas.

The demister functions as a filter for filtering the
moisture contained in the exhaust gas, and is formed of fiber,
plastic or metal.

The demister applied to the present invention, as shown in
FIG. 6, 1is applied with a chevron type formed of plastic or
metal, and has a large number of 'V'-shaped or zigzag micro-
channels through which the exhaust gas passes.

Accordingly, while the exhaust gas passes through the many
micro-channels formed in the demister as described above, a
surface area thereof is widened, the speed is lowered, and the
area and time of contact with a wall surface of the micro-
channel are increased. Accordingly, the moisture contained in
the exhaust gas is effectively attached to the wall surface of
the micro-channel, so that the moisture is removed.

The collection layer 30 may be provided by applying
various demisters of generally used products, so further
detailed description will be omitted.

Meanwhile, the collection layer 30 in the present

invention has Dbeen described as a demister for removing
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moisture, but also may be configured as a conventional dust
collector having a dust collecting function capable of
collecting and removing dust or the like in the exhaust gas.

The dust collector is filled with packing balls or pall-
rings having a plurality of pores through which gas passes, so
that particulate substances such as dust or the like in the
exhaust gas are adsorbed and removed.

Accordingly, the <collection layer 30 of the present
invention may be composed of a demister or a dust collector by
considering features of the engine, using environments or the
like, or may be composed of a combination thereof.

Hereinafter, the venturi unit and the guide member applied
to the venturi-integrated scrubber apparatus of the present
invention will be described in detail with reference to FIGS. 5
and 6.

FIG. 6 is a front view showing a scrubber main body, in
the venturi-integrated scrubber apparatus according to the
present invention, in which a lower portion of the scrubber
main body is incised in a state where only a partition wall and
a guide member of a venturi unit are installed.

FIG. 6 shows a state in which only the venturi unit 50 is
installed inside the scrubber main body without installing the
cleaning water spraying pipe 80 and an auxiliary spraying pipe
90 for the convenience of description.

The venturi unit 50 is provided with a wventuri conduit 53

20
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that has a relatively small sectional area of a flow channel to
increase the flow rate of the exhaust gas passing through the
venturi conduit 53, and induce diffusion and expansion together
with a pressure decrease of the exhaust gas after passing
through the venturi conduit 53, so that a contact area between
the exhaust gas and the cleaning water 1is increased and a
uniform mixing is induced, thereby effectively agglomerating
the moisture particles of the cleaning water with the harmful
substance particles contained in the exhaust gas.

The venturi unit 50 of the present invention is installed
at a lower inner side of the scrubber main body 10 to allow the
gas 1inlet 11 installed in the scrubber main body 10 to
communicate with the main flow channel 19 formed inside the
scrubber main body 10, and installed in a position
corresponding to the gas inlet 11 so as to be provided such
that the exhaust gas passing through the gas inlet 11 directly
enters the venturi unit 50.

The venturi unit 50 is formed with at least one venturi
conduit 53 through which the exhaust gas introduced from the
gas inlet 11 passes.

The venturi unit 50 includes a partition wall 51 and a
guide member 55.

The partition wall 51 is configured to form an upper wall
of the wventuri unit 50, has a rectangular plate structure, and

horizontally installed spaced upward at a predetermined
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distance from an inner lower side of the scrubber main body 10.

The partition wall 51 is fixed to an inner wall of the
scrubber main body 10, and installed to block only a part of
the main flow channel 19 as shown in FIG. 5.

Accordingly, after the exhaust gas passing through the
venturi unit 50 hits a rear wall of the scrubber main body 10,
the exhaust gas may move upward along the main flow channel 19
through an opening between a front end surface of the partition
wall 51 and the rear wall of the scrubber main body 10.

Meanwhile, a plurality of guide members 55 are provided
between the lower side of the scrubber main body 10 and the
partition wall 51.

The guide member 55 is horizontally installed to be spaced
at a predetermined distance in the vertical direction between
the partition wall 51 and the lower side of the scrubber main
body 10, in which both end surfaces are fixed to both side
walls of the scrubber main body 10, respectively, as shown in
FIG. 6.

The guide member 55 includes a support 57 having both ends
coupled to the both side walls of the scrubber main body 10,
respectively, and two guide vanes 58 coupled to the support 57.

The support 57 has a long plate structure having a
predetermined thickness and width, and the guide vanes 58 are
symmetrically installed to face the upper and lower sides of

the support 57.
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The guide wvanes 58 are installed in the longitudinal
direction of the support 57, and provided to form convex arc
surfaces toward outsides of the support 57, respectively, so
that a venturi conduit 53 having a relatively narrow vertical
width and a long length is horizontally formed between the
guide members 55 as shown in FIG. 6.

Meanwhile, a guide vane 58 1is provided on the lower side
of the front end portion of the partition 51 to correspond to
an upper guide vane 58 of the guide member 55 positioned at the
uppermost side.

Accordingly, the guide wvane 58 installed on the partition
wall 51 and the guide member 55 exerts a venturi effect to the
exhaust gas passing therethrough by forming a plurality of
venturi conduits 53 in the vertical direction in a rear portion
of the venturi unit 50 as shown in FIG. 5.

The partition 51, the guide member 55, the guide vane 58
and the 1like of the wventuri unit 50 may be fixed to the
scrubber main body 10 by welding or the like.

Meanwhile, as shown in FIGS. 5 and 6, a guide plate 20 is
installed on an inner rear wall of the scrubber main body 10.

The guide plate 20 is installed in the main flow channel
19 slightly above the wventuri unit 50, and serves to change a
flowing direction of the exhaust gas so that the exhaust gas
moving upward along the rear wall of the scrubber main body 10

after discharged from the venturi unit 50 is diffused and moved
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to a central portion of the scrubber main body 10.

The guide plate 20 may be formed of a porous plate formed
with a plurality of through-holes 21 so that some of the
upwardly moving exhaust gas pass through.

The guide plate 20, as shown in FIG. 5, is installed on
the rear wall inside the scrubber main body 10, and installed
slantingly upward at a predetermined angle not to exert an
impact to the flow of the exhaust gas.

Accordingly, some of the exhaust gas moving upward pass
through the through-holes 21 of the guide plate 20 and move
upward, and the remaining of the exhaust gas flows along a
lower surface of the guide plate 20, thereby moving to even the
central portion of the main flow channel 19.

Meanwhile, 1in the guide plate 20, a plurality of drain
grooves 25 are formed along a surface coming into contact with
a rear side wall of the scrubber main body 10.

The drain grooves 25 are spaced and separated apart at
predetermined lengths along a rear end surface of the guide
plate 20, so that a plurality of drain holes may be formed at
regular intervals along the coupled surface when the guide
plate 20 is coupled to the rear side wall of the scrubber main
body 10 through welding or the like.

Accordingly, the cleaning water falling from the top above
the guide plate 20 may pass through the drain holes defined by

the drain groove 25 and move to the lower portion of the
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scrubber main body 10.

Hereinafter, the cleaning water spraying pipe provided in
the ©present invention will be described in detail with
reference to FIGS. 5 and 7.

FIG. 7 is a front perspective view showing the scrubber
main body, in the venturi-integrated scrubber apparatus
according to the present invention, 1in a state where only a
collection layer and a plurality of cleaning water spraying
pipes are installed inside the scrubber main body.

FIG. 7 shows a state in which the cleaning water spraying
pipes are installed in a state in which the wventuri unit 50 is
removed for the convenience of description.

The cleaning water spraying pipe 80 is installed along the
path through which the exhaust gas introduced through the gas
inlet 11 of the scrubber main body 10 moves, and functions to
mix the cleaning water with the exhaust gas by spraying the
cleaning water in the flowing direction, that is, in the
forward direction of the exhaust gas.

Accordingly, since the cleaning water sprayed from the
cleaning water spraying pipe 80 1is sprayed in the forward
direction of the exhaust gas, a self-propulsion force may be
added to kinetic energy of the exhaust gas, so that an
unnecessary back pressure is prevented from being applied to
the exhaust gas.

As shown in FIG. 5, three cleaning water spraying pipes 80
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are 1installed spaced apart from each other in the vertical
direction between the guide member 55 of the wventuri unit 50
and the rear side wall of the scrubber main body 10, and four
cleaning water spraying pipes 80 are also installed on the main
flow channel 19 at the lower portion of each collection layer
30.

In addition, the cleaning water spraying pipe 80 may
include four venturi spraying pipes 85 installed in a front
portion of the venturi conduit 53 of the wventuri unit 50.

The cleaning water spraying pipe 80 includes a spraying
pipe body 81 horizontally installed in a horizontal direction
of the main flow channel 19, and a plurality of spraying
nozzles 83 installed spaced apart from each other along the
spraying pipe body 81.

The spraying pipe body 81, as shown in FIG. 7, 1is
configured to have a pipe structure having an empty inside to
which the cleaning water moves, and have both ends coupled to
the Dboth side walls of the scrubber main body 10 and
horizontally fixed.

As shown in FIG. 7, the cleaning water spraying pipe 80 is
provided with a cleaning water inlet 82 protruding to one side
wall of the scrubber main body 10.

Meanwhile, as shown in FIG. 7, a plurality of spraying
nozzles 83 are installed spaced apart from each other at

predetermined distances along the spraying pipe body 81.
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The injection nozzle 83 may be installed to spray the
cleaning water in the flowing direction of the exhaust gas.

Meanwhile, a plurality of spraying nozzle 86 of the
venturi spraying pipe 85 (shown in FIG. 5) are horizontally
installed to be spaced apart from each other along the wventuri
conduit 53 so as to spray the cleaning water toward the venturi
conduit 53, and the spraying nozzles 83 of the three cleaning
water spraying pipes 80 installed adjacent to the lower rear
side wall of the scrubber main Dbody 10 in the vertical
direction are installed to be directed upward.

Since the cleaning water spraying pipe 80 sprays the
cleaning water in the same forward direction as the flowing
direction of the exhaust gas, moisture is effectively contacted
and mixed with the exhaust gas, and the back pressure is
prevented from being applied to the exhaust gas, so that side
effects such as increased engine load or reduced power may be
prevented.

Meanwhile, since a residual exhaust gas, which has not yet
been mixed, is easily mixed in a state in which the velocity of
the gas mixture rapidly having increased in a space volume is
significantly lowered after passing through the venturi unit
50, the cleaning water spraying pipe 80 installed at the lower
portion of the collection layer 30 may include a reverse
spraying pipe capable of spraying the cleaning water in a

reverse direction of the flowing direction of exhaust gas.
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Accordingly, as shown in FIGS. 5 and 7, among the four
cleaning water spraying pipes 80 disposed at the lower portion
of the <collection 1layer 30, the lower two cleaning water
spraying pipes 80 are configured as reverse spraying pipes that
spray the cleaning water in the reverse direction of the
exhaust gas.

In other words, among the four cleaning water spraying
pipes 80 under the collection layer 30, the upper two cleaning
water spraying pipes 80 upwardly spray the cleaning water in
the forward direction of the exhaust gas toward the upper
collection layer 30, and the lower two reverse spraying pipes
downwardly spray the cleaning water spray.

Although the two reverse spraying pipes installed under
the collection layer 30 spray the cleaning water in the reverse
direction of the exhaust gas, the two reverse spraying pipes
are positioned at the upper portion of the main flow channel
19, and the wvelocity of the gas mixture 1is significantly
lowered due to the rapid increase in the space volume after the
exhaust gas passes through the wventuri unit 50, so that the
back pressure is prevented from being applied to the exhaust
gas, and the moisture of the cleaning water and the harmful
substance particles in the exhaust gas more effectively contact
and mix with each other.

In addition, the number, arrangement or the like of the

cleaning water spraying pipe 80 may be appropriately selected
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and applied in consideration of the engine output,
displacement, and use environment, and the number of the
spraying nozzles 83 and 86 may also be appropriately selected
and applied in consideration of the processing capacity of the
scrubber apparatus 1.

Hereinafter, the auxiliary spraying pipe 90 will Dbe
described with reference to FIGS. 5 and 8.

FIG. 8 is an enlarged view showing the auxiliary spraying
pipe installed in a lower portion inside the scrubber main body
shown in FIG. 5 according to the present invention.

The auxiliary spraying pipe 90, as shown in FIG. 5, 1is
installed to a rear of the gas inlet 11, that is, an inlet side
of the wventuri unit 50, and installed to spray the cleaning
water in the flowing direction of the exhaust gas.

The auxiliary spraying pipe 90 is configured to spray the
cleaning water 1in the forward direction to the exhaust gas
entering the venturi unit 50 after exiting the gas inlet 11 to
mix the cleaning water with the exhaust gas, in which two
auxiliary spraying pipes may be installed spaced apart in the
vertical direction.

In general, since the exhaust gas 1is a high-temperature
gas of about 250°C, the auxiliary spraying pipe 90 mixes the
relatively cold cleaning water with the high-temperature
exhaust gas entering the wventuri unit 50 to quickly cool the

exhaust gas, thereby reducing the volume, so that the back
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pressure is prevented from being applied to the exhaust gas due
to the venturi unit 50.

The auxiliary spraying pipe 90, 1like the cleaning water
spraying pipe 80, includes a spray pipe body 91 for moving the
cleaning water and a spraying nozzles 92 and 93.

The spraying pipe body 91 has both ends coupled to both
inner side walls of the scrubber main body 10, thereby being
installed in a transverse direction inside the scrubber main
body 10, like the cleaning water spraying pipe 80, in which a
plurality of spraying nozzles 92 and 93 are spaced apart along
the spraying pipe body 91.

The spraying nozzles 92 and 93, as shown in FIG. 8, may be
provided in three rows to include central portion side spraying
nozzles 92 installed spaced apart along the spraying pipe body
91, and both sides spraying nozzles 93 protruding in the
vertical direction of the spraying pipe body 91 to spray the
cleaning water toward the rear side (the flowing direction of
the exhaust gas).

Accordingly, the auxiliary spraying pipe 90 mixes the
cleaning water with the exhaust gas more effectively, so that a
rapid cooling effect can be obtained.

Hereinafter, an operating process of the venturi-
integrated scrubber apparatus of the present invention will be
described with reference to FIG. 9.

FIG. 9 is an explanatory diagram showing operations of the
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venturi-integrated scrubber apparatus according to the present
invention, 1in which the cleaning water sprayed from the
cleaning water spraying pipe 80 and the auxiliary spraying pipe
90 are indicated by dotted lines.

First, since the gas inlet 11 is connected to the exhaust
line of the engine, the exhaust gas discharged to the engine
enters the gas inlet 11 of the scrubber main body 10 as shown
by an arrow 200.

The exhaust gas exiting after passing through the gas
inlet 11 is cooled after mixed with the cleaning water sprayed
in the forward direction from the auxiliary spraying pipe 90,
thereby entering each venturi conduit 53 of the venturi unit 50
while having reduced volume.

The exhaust gas is mixed with the cleaning water sprayed
from the wventuri spraying pipe 85 installed in the front
portion of the venturi conduit 53 at the same time entering the
venturi conduit 53, and then passes through the venturi conduit
53.

As the exhaust gas passes through the wventuri conduit 53,
the flow rate increases. Then, the exhaust gas exiting the
venturi conduit 53 has a reduced pressure and is diffused and
expanded due to the wventuri effect, thereby hitting the rear
wall of the scrubber main body 10 and moving upward.

After mixed with the cleaning water sprayed from the three

cleaning water spraying pipes 80 installed on a discharge
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portion side of the wventuri unit 50 and moving upward, some
pass through the through-hole 21 of the guide plate 20 and move
upward as it is, and some move to a central portion of the main
flow channel 19 along a lower surface of the guide plate 20.

The exhaust gas moved to the central portion of the main
flow channel 19 is mixed with the cleaning water sprayed upward
and downward from the four cleaning water spraying pipes
installed below the collection layer 30, thereby moving to the
collection layer 30.

After the exhaust gas is introduced from the gas inlet 11
as described above, the gaseous particles such as sulfur oxides
and particulates such as dust or fine dust contained therein
are brought into contact with and aggregated with the moisture
particles of the cleaning water to fall downward in the process
of passing through the venturi unit 50 and moving upward along
the main flow channel 19, so that harmful substances are
removed.

Meanwhile, since the exhaust gas contains a lot of water
particles after mixed with the cleaning water, the flow rate is
decreased and the surface area 1is increased while passing
through the demister of a first collection layer 30, and thus
the moisture particles present therein are attached to the wall
surfaces of micro-channels of the collection layer 30 and
collected, thereby removing the moisture and then the exhaust

gas moves upward.
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After the exhaust gas 1s mixed with the cleaning water
sprayed by the cleaning water spraying pipe 80 above the first
collection layer 30, the moisture is removed once again from a
second collection layer 30, thereby being discharged to the
outside through the gas outlet 12.

The exhaust gas 1s discharged to the outside through the
gas outlet 12 in a state in which the harmful substances and
the moisture particles contained therein are removed.

Accordingly, the present invention adopts the scrubber
main body 10 having the multi-stage structure, so that an
installing or disassembling work is easily performed, and the
transportability and the storage are improved. In addition, the
venturi wunit 50 1is integrally installed inside the scrubber
main body 10, so that an overall size, volume, or weight of the
scrubber apparatus 1 is significantly reduced, thereby
implementing a miniaturized and compact feature, and improving
the dust collection efficiency.

In addition, since the venturi unit 50 may be easily
expanded according to using environments, effectively applied
to various engine characteristics or using environments, and
since the cleaning water is sprayed in the forward direction
with respect to the flowing direction of the exhaust gas, the
back pressure is prevented from generated to the exhaust gas,
so that the increased engine load or reduced power 1is

prevented, and additional facilities, such as a separate power-
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assisting forced draft fan, are unnecessary.

The above-described embodiment is merely described as an
example for convenience of description and thus the claims are
not limited, and various modifications may be made within the
technical scope of the present invention.

For example, the position or number of the gas inlet 11,
gas outlet 12, cleaning water spraying pipe 80, or the like is
not limited to the drawings, and may be selected and applied in
various ways according to the using environments. In addition,
the demister or the dust collector as the collection layer 30
may be appropriately selected and applied.

In addition, although the scrubber apparatus 1 of the
present invention has been described as a structure installed
to be erected, the scrubber apparatus 1 may also be applied to

horizontally installed environments.

[Industrial Applicability]

The above-described venturi-integrated scrubber apparatus
of the present invention may be connected to wvarious engine
facilities such as a main engine, a power generation engine, or
a boiler of a wvessel so as to be used to reduce harmful

substances in the exhaust gas.
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[cratms]

[ciaim 1]

A venturi-integrated scrubber apparatus comprising:

a scrubber body formed in a lower portion thereof with a
gas inlet for introducing exhaust gas, formed in an upper
portion thereof with a gas outlet for discharging the exhaust
gas to an outside, and having an inside empty to provide a main
flow channel to allow the exhaust gas to move;

at least one collection layer installed spaced apart
inside the scrubber body;

a venturi unit installed at a lower inner portion of the
scrubber main body to allow the gas inlet to communicate with
the main flow channel and provided with at least one venturi
conduit through which the exhaust gas passes; and

a plurality of cleaning water spraying pipes installed
along a movement path of the exhaust gas to multi-spray
cleaning water in a forward direction of the exhaust gas,
wherein

the scrubber body is configured by connecting box-shaped
tubular members having a rectangular polyhedral shape in
multiple stages, and installed at the lower portion thereof
with at least one drain hole for discharging the cleaning water
to the outside, and

the wventuri unit includes a partition wall horizontally
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installed to block a part of the main flow channel, and at
least one guide member disposed at predetermined intervals
between a lower side of the scrubber body and the partition
wall so that the venturi conduit is spaced apart, in which

the guide member includes a support having both ends
coupled to the both side walls of the scrubber body,
respectively, and guide vanes installed to face each other on
upper and lower sides in a longitudinal direction of the
support and provided to form an outwardly convex arc surface so
that the venturi conduit formed between the guide members 1is

narrowed.

[claim 2]

The venturi-integrated scrubber apparatus of claim 1,
wherein the cleaning water spraying pipes includes a venturi
spraying pipe installed at a front side of the wventuri conduit

to spray the cleaning water toward the venturi conduit.

[ciaim 3]

The venturi-integrated scrubber apparatus of claim 2,
wherein the cleaning water spraying pipe includes at least one
reverse spraying pipe for spraying the cleaning water in a
reverse direction with respect to a flowing direction of the

exhaust gas in an upper portion of the main flow channel.
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[c1aim 4]

The venturi-integrated scrubber apparatus of claim 3,
wherein a plurality of auxiliary spraying pipes for multi-
spraying the cleaning water in the forward direction of the
exhaust gas are further provided to an inlet side of the
venturi unit, in which

the auxiliary spraying pipes are disposed such that a
plurality of spraying nozzles for spraying the cleaning water
in the flowing direction of the exhaust gas form at least one

row in the longitudinal direction.

[c1aim 5]

The venturi-integrated scrubber apparatus of claim 1,
wherein a guide plate is installed in the main flow channel of
the scrubber body, such that the exhaust gas moving upward
after discharged from the venturi unit is diffused to a central

portion of the scrubber body.

[ciaim 6]

The venturi-integrated scrubber apparatus of claim 5,
wherein the guide ©plate is installed slantingly at a

predetermined angle along a side wall inside the scrubber body,
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and formed of a porous plate having a plurality of through-
holes to allow the exhaust gas to pass therethrough, in which a
plurality of drain grooves are formed along a contact surface

coming into contact with the side wall.
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