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Description
[Technical Field]

[0001] The present invention relates to a smoke re-
moval system installed in a building, and more particu-
larly, to an intake-type smoke removal system that quick-
ly sucks smoke and toxic gas created in the event of a
fire, mixes the smoke and toxic gas with water, and then
removes the smoke and toxic gas mixed with the water,
thereby preventing smoke from being diffused to a preset
smoke removal zone, a fire room (living room), and hall-
ways, stairs, and the like that are escape routes, prevent-
ing inflows of smoke and toxic gas, and minimizing hu-
man casualties.

[Background Art]

[0002] Various firefighting facilities are mandatorily in-
stalled in most of buildings built recently, and the fire-
fighting facilities meet criteria prescribed in the enhanced
building firefighting law. These firefighting facilities in-
clude fire extinguishing facilities, smoke discharge facil-
ities, smoke removal (control) facilities, alarm facilities,
evacuation facilities, firefighting water facilities, and fa-
cilities related to fire extinguishing processes. The basic
purpose of the firefighting facility is, of course, to minimize
damage to lives and property due to fires by detecting a
fire early, protecting or evacuating people in the building,
and enabling the people to extinguishing the fire at the
initial time of the fire.

[0003] Among the above-mentioned various facilities,
the smoke removal (control) facility is a positive-pressure
facility. For example, the smoking removal (control) fa-
cility serves to blow air into each floor in the event of a
fire to make internal pressure of an escape route in a
building higher than pressure of toxic gas, thereby block-
ing an inflow of smoke and toxic gas into the escape
route, and preventing escapers from being suffocated.
While the smoke discharge facility refers to a facility that
discharges toxic gas out of the building, the smoke re-
moval facility is to block and maintain the toxic gas to
prevent the toxic gas from entering the building.

[0004] Thatis, the smoke removal (control) facility is a
type of firefighting facility. The smoke removal (control)
facility detects smoke or the like created at the initial time
of a fire, discharges the smoke in the fire room (living
room), prevents smoke from spreading to hallways,
stairs, and the like that are evacuation pathway, thereby
protecting residents from smoke and allowing the resi-
dents to be evacuated safely. Further, the smoke removal
(control) facility controls smoke and discharges smoke
to the outside (fire smoke ventilation) to enable firefight-
ers to extinguish the fire.

[0005] Depending on installation locations, the smoke
removal (control) facilities may be classified into a smoke
removal (control) facility for a living room and a smoke
removal (control) facility for a staircase room and ancil-
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lary room. However, these smoke removal (control) fa-
cilities are almost identical in technology.

[0006] The smoke removal (control) facility for a living
room includes an air supply blower and an air discharge
blower to discharge smoke and heat in a living room in
which a fire occurs. The air supply blower supplies air
largerinamountthan gas discharged by the air discharge
blower to enable evacuation and fire extinguishing oper-
ations. In addition, the smoke removal (control) facility
for a staircase room and ancillary room makes internal
pressure in the staircase room and ancillary room (here-
inafter, referred to as a 'smoke removal zone’) higher
than pressure in the living room to prevent smoke from
entering the living room, thereby protecting the escapers
from toxic gas.

[0007] Meanwhile, the smoke removal (control) facility
for a staircase room and ancillary room in the related art
supplies outside air into the smoke removal (control)
zone by using a control air blower and a vertical air duct.
That is, the smoke removal (control) facility prevents the
inflow of smoke into the smoke removal (control) zone
by increasing pressure by supplying air into the smoke
removal (control) zone through a smoke removal damper
by using an air blower installed in a basement or on a
roof. However, because the smoke removal (control) fa-
cility cannot perform a normal function in case that the
pressure is discharged to the outside of the control zone
(through a window, an entrance, or an exit), the control
zone, the hallway, the stair, and the like are filled with
smoke and toxic gas, which suffocates the escapers. The
fact that the smoke removal (control) facility has the
above-mentioned great problem and is already useless
has been known from various types of news reports, of-
ficial field experiments, and inspections.

[0008] FIGS.1and2areviews forexplaining a problem
with the smoke removal (control) facility in the related art.
[0009] Asillustrated,anairduct11is provided between
a residential space 13 and a smoke removal (control)
zone 15 of a building 10. The air duct 11 is a vertical duct
installed in a common duct (not illustrated) and guides
upward air supplied from a lower fan 17 in a basement.
Malfunction in which the air flowing through the air duct
is excessively introduced through a smoke removal
damper 15a installed in a smoke removal (control) hall-
way 15, a stair, or the like in each floor has been known
from several field experiments and inspections. This mal-
function excessively increases pressure in the smoke re-
moval zone, such that the pressure is higher than an
allowable value, which causes a great problem in that
the elderly, as well as the healthy adult men, cannot open
a door in the residential space 13 and cannot be evacu-
ated.

[0010] Incase thatawindow 15c or an entrance or exit
15e in the smoke removal (control) zone 15 is opened,
the internal pressure of the smoke removal (control) zone
cannot be increased as if the vehicle tire is punctured.
For this reason, the internal pressure of the smoke re-
moval zone does not increase no matter how much air
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is supplied by the blower fan 17.

[0011] In addition, various additional devices are ap-
plied to seal or isolate the smoke removal (control) zone
15, the hallway, the stair, and the like, but ventilation is
never performed in a normal condition when the hallway,
the stair, and the like are completely sealed. In midsum-
mer, a temperature in the smoke removal (control) zone
15 is raised to a high temperature of 40°C or higher, and
the clothes are soaked in sweat during an elevator waiting
time, which causes many adverse effects such as incon-
venience of residents (especially children, the elderly,
and the disabled).

[0012] There is an acute need for a technology to al-
ways make a real living space pleasant in any season
regardless of whether the smoke removal (control) zone
is sealed and to reduce a lethal dose of various types of
toxic gas to a safe range or less by maximally ensuring
a safe escape passageway and an escape time and max-
imally removing deadly poisonous gas or the like such
as hydrogen chloride (HCL) and hydrogen cyanide
(HCN) fatal to a human body from the escape passage-
way to save even one person’s life in the event of a fire.

[Disclosure]
[Technical Problem]

[0013] The presentinvention has been made in an ef-
fort to solve the above-mentioned problems, and an ob-
ject of the present invention is to provide an intake-type
smoke removal system that may minimize human casu-
alties by preventing smoke and toxic gas for moving into
a smoke removal zone in the event of a fire, implement
air purification in an interior even in a situation in which
no fire occurs, and prevent contaminants from being dis-
charged in an industrial site that discharges contami-
nants.

[Technical Solution]

[0014] Asa means for achieving the above-mentioned
object, there is provided an intake-type smoke removal
system, which discharges gas flowing into a smoke re-
moval zone to the outside of the smoke removal zone,
the intake-type smoke removal system including: a vac-
uum-generating multistage Venturi configured to allow
water provided from the outside to pass therethrough,
the vacuum-generating multistage Venturi being config-
ured to generate negative pressure based on the Venturi
effect while the water passes therethrough to suck the
gas in the smoke removal zone, mix the sucked gas with
the water, and discharge the gas mixed with the water;
a water supply unit configured to supply the water to the
vacuum-generating multistage Venturi; and a nozzle
configured to spray the water, which is supplied through
the water supply unit, into the vacuum-generating multi-
stage Venturi.

[0015] In addition, the vacuum-generating multistage
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Venturi may be installed in a common duct that commu-
nicates with the smoke removal zone of each floor
through a through-path, and the water supply unit may
include: a water supply pump configured to pump the
water; a main water supply pipe configured to guide the
water, which is pumped by the water supply pump, to the
vacuum-generating multistage Venturi; and a branch
pipe connected to the main water supply pipe, extending
to aninlet part of the vacuum-generating multistage Ven-
turi, and connected to the nozzle.

[0016] Further, the vacuum-generating multistage
Venturi may be provided as a plurality of vacuum-gener-
ating multistage Venturis disposed to be spaced apart
from one another vertically, and a blocking guide plate
may be provided between the vacuum-generating multi-
stage Venturis to prevent water sprayed from the upper
vacuum-generating multistage Venturi from striking the
lower vacuum-generating multistage Venturi.

[0017] Inaddition, the intake-type smoke removal sys-
tem may further include: a mixing conduit extending ver-
tically and configured to accommodate the vacuum-gen-
erating multistage Venturi and the blocking guide plate
and guide downward a mixture of gas and water dis-
charged from the vacuum-generating multistage Venturi.
[0018] Further, the vacuum-generating multistage
Venturi may include: a spray pipe having an upper end
at which the nozzle is provided, the spray pipe being con-
figured to discharge the water sprayed from the nozzle;
and a Venturi casing configured to surround the spray
pipe and guide downward the water sprayed through the
spray pipe, the Venturi casing having a shape having a
diameter that increases downward.

[0019] In addition, the spray pipe may include: a first
spray pipe coupled to the nozzle and having an inlet port
through which water and gas are simultaneously intro-
duced, and an outlet part through which the water mixed
with the gas is discharged; a second spray pipe config-
ured to accommodate the first spray pipe and having an
inlet port through which gas is sucked, and an outlet part
through which the introduced gas and the water mixed
with the gas discharged from the first spray pipe are
mixed and discharged; and mixing blades may be formed
in the outlet parts of the first and second spray pipes and
mix the introduced water and gas by allowing the intro-
duced water and gas to collide with each other.

[0020] In addition, the Venturi casing may include: a
fixed pipe configured to accommodate the second spray
pipe and having an inlet port provided at an upper end
thereof so that gas is sucked through the inlet port; a
rotary pipe rotatably installed at a lower end of the fixed
pipe; andimpellerblades positioned inside the rotary pipe
and configured to rotate the rotary pipe by receiving ki-
netic energy from water while colliding with the sprayed
water.

[0021] Further, an accommodation groove may be
formed at a lower end of the fixed pipe, extend in a cir-
cumferential direction, and have a predetermined cross-
sectional shape in the circumferential direction, and a
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bent insertion end portion may be formed at an upper
end of the rotary pipe, supported by being inserted into
the accommaodation groove, and configured to be slidable
in the circumferential direction while being kept inserted
into the accommodation groove.

[0022] In addition, the intake-type smoke removal sys-
tem may further include: an oilless solid lubrication coat-
ing or a ring-shaped bearing installed between the bent
insertion end portion and the accommodation groove.
[0023] In addition, the intake-type smoke removal sys-
tem may furtherinclude: a water supply pump configured
to reuse water discharged through the mixing conduit.

[Advantageous Effects]

[0024] The intake-type smoke removal system of the
present invention configured as described above forms
a negative pressure in the event of a fire, suctions sur-
rounding smoke and toxic gas, and then mixes the same
with water to discharge the mixture to the outside, thereby
preventing smoke and toxic gas from moving to a smoke
removal zone and minimizing human casualties.

[0025] In addition, even in a situation where there is
no fire, various airborne pollutants such as indoor yellow
dust or fine dust are suctioned and removed to purify the
indoor air. Furthermore, the present invention not only
can be used inindustrial sites such as coal storage yards,
cement factories, construction sites, oil refineries, steel
mills and shipyards that emit dust, oil vapors, or toxic
chemicals, but also can be used as an air purifier for
agricultural and fisheries purposes or military purposes.

[Description of Drawings]
[0026]

FIGS. 1 and 2 are views for explaining a problem
with a facility in the related art that controls smoke
and discharge the smoke to the outside (fire smoke
ventilation) .

FIGS. 3 and 4 are views for explaining a basic struc-
ture of and a method of operating an intake-type
smoke removal system according to an embodiment
of the present invention.

FIGS. 5 and 6 are views illustrating a configuration
of the intake-type smoke removal system according
to the embodiment of the present invention.

FIGS. 7A to 7C are views for explaining a structure
of a vacuum-generating multistage Venturi illustrat-
edin FIG. 5.

[Best Mode]

[0027] Hereinafter, one embodiment according to the
present invention will be described in more detail with
reference to the accompanying drawings.

[0028] An intake-type smoke removal system of the
present invention may quickly suck smoke and toxic gas
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created in the event of a fire, mix the smoke and toxic
gas with water, and then discharges the smoke and toxic
gas mixed with the water to the outside, thereby prevent-
ing inflows of smoke and toxic gas into a preset smoke
removal zone and minimizing human casualties.

[0029] That s, the intake-type smoke removal system
may quickly suck smoke and toxic gas created in the
event of a fire, mix the smoke and toxic gas with water,
and then remove the smoke and toxic gas mixed with the
water, thereby preventing smoke from being diffused to
a preset smoke removal zone, a fire room (living room),
and hallways, stairs, and the like that are escape routes,
preventing inflows of smoke and toxic gas, and minimiz-
ing human casualties.

[0030] The intake-type smoke removal system has a
structure that sucks high-temperature smoke and toxic
gas, which is expanded by heat and has high pressure,
mixes the smoke and toxic gas with water. The intake-
type smoke removal system removes gaseous and liquid
particulate-based toxic gas by dissolving and diluting the
toxic gas in water and cools the toxic gas. The intake-
type smoke removal system removes solid particulate-
based soot and ultra-fine dust by using physical adsorp-
tion.

[0031] The presentinvention may be variously applied
to fields such as subway stations, underground facilities,
underground parking lots, various types of multi-use fa-
cilities, smoke removal from various types of tunnels, re-
moval of various types of industrial solid particulate-
based ultra-fine dust, facilities for removing military gas,
liquid particulate-based gas, solid particulate-based gas,
various types of chemical substances, and toxic gas,
commercial facilities, hospitals, agricultural-livestock
sterilization, defense equipment, and adsorption and re-
moval of gaseous and liquid particulate-based offensive
odor substances.

[0032] FIGS. 3 and 4 are views for explaining a basic
concept of and a method of operating an intake-type
smoke removal system according to an embodiment of
the present invention, and FIGS. 5 and 6 are views illus-
trating a configuration of the intake-type smoke removal
system according to the embodiment of the present in-
vention in more detail.

[0033] As illustrated, an intake-type smoke removal
system 30 according to the present embodimentincludes
a mixing conduit 43, a plurality of vacuum-generating
multistage Venturis 50, a blocking guide plate 37, a water
supply unit, and a nozzle 51. The smoke removal system
30 of the present embodiment is positioned between a
residential space 13 and a smoke removal zone 15 in a
building 10.

[0034] In general, a vertical common duct (no refer-
ence numeral) may be provided between the residential
space 13 and the smoke removal zone 15 of the building,
and the smoke removal system 30 of the present em-
bodiment may be installed in the common duct. The com-
mon duct does not isolate the residential space 13 and
the smoke removal zone 15. Of course, persons in the
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residential space 13 may move to the smoke removal
zone 15.

[0035] Further, in the present description, the residen-
tial space 13 is a space in which persons using the build-
ing 10 are mainly positioned. For example, if the building
is an office building, the residential space 13 is an office,
a meeting room, or a restaurant. Also, if the building is
an apartment or officetel, the residential space is a space
for each family.

[0036] The smoke removal zone 15 may be a hallway,
a staircase room, or other ancillary rooms that the per-
sons use when escaping from the building in an emer-
gency situation. Because the smoke removal zone is a
passageway through which the persons in the building
pass or are evacuated in the event of a fire, for example,
smoke or toxic gas should not enter the smoke removal
zone.

[0037] The intake-type smoke removal system 30 ac-
cording to the present embodiment is disposed outside
the smoke removal zone 15 and communicates with the
smoke removal zone 15 of each floor through a smoke
removal damper 15a. For example, in case that negative
pressure is formed in the mixing conduit 43, air in the
smoke removal zone 15 is sucked into the mixing conduit
43. The smoke removal damper 15a connects the inside
and outside of the smoke removal zone 15.

[0038] As aresult, the intake-type smoke removal sys-
tem 30 of the present embodiment is installed outside
the smoke removal zone 15 and enables escape or evac-
uation through the smoke removal zone by discharging
gas, which is introduced into the smoke removal zone in
the event of a fire, to the outside of the smoke removal
zone. A rescue requester, who escapes from the resi-
dential space 13 in the event of a fire, may move to the
smoke removal zone 15 and then safely escape to the
outside of the building.

[0039] Meanwhile, the mixing conduit 43 is a vertically
extending pipe. The mixing conduit 43 accommodates
the vacuum-generating multistage Venturi 50, the block-
ing guide plate 37, and the water supply unit and moves
downward a mixture of gas and water discharged from
the vacuum-generating multistage Venturi 50.

[0040] The water discharged from the mixing conduit
43 may be separately collected and treated as sewage.
In some instances, the water may be collected in a sep-
arate water tank, purified, and then be circulated and
reused. That is, the water discharged through a lower
portion of the mixing conduit 43 is separately collected
and treated as sewage, or the water is collected in the
water tank, purified, circulated to an intake-type smoke
removal facility for removing smoke and toxic gas, and
then reused, which makes it possible to save water. The
shape of the mixing conduit43 may be changed as much
as needed. Further, a main water supply pipe 31 may be
separately disposed outside the mixing conduit 43.
[0041] The water supply unit serves to supply water to
each of the vacuum-generating multistage Venturis 50
and includes a water supply pump 39, the main water
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supply pipe 31, and a branch pipe 33.

[0042] The water supply pump 39 serves to move the
water upward through the main water supply pipe 31 by
pumping the water supplied from the outside. The water
supplied from the outside may be firefighting water sup-
plied from a fire engine or water stored in a separate
water tank. Alternatively, the water supplied from the out-
side may be service water.

[0043] The main water supply pipe 31 is a pipe extend-
ing vertically upward and extends up to an uppermost
floor of the building. The branch pipe 33 is a pipe con-
nected to the main water supply pipe 31 and extending
to each of the vacuum-generating multistage Venturis
50. The water, which flows upward through the main wa-
ter supply pipe 31, is introduced into the branch pipe 33
and supplied to the vacuum-generating multistage Ven-
turi 50. An extension end portion of the branch pipe 33
reaches a center of an upper end of the vacuum-gener-
ating multistage Venturi 50 and is coupled to the nozzle
51. The nozzle 51 is a nozzle embedded with a swirl
inducer. The nozzle 51 sprays water at high speed in a
vortex effect pattern, such that the nozzle 51 sprays
downward, at high speed, the water passing through the
branch pipe 33 to an inlet port 53a of a first spray pipe
53 to be described below. The shape of the swirl inducer
may be variously implemented as much as needed as
long as the swirl inducer may form a spiral stream line.
[0044] By the negative pressure, the water sprayed in-
to the vacuum-generating multistage Venturi 50 by the
nozzle 51 sucks high-temperature smoke and toxic gas
with increased pressure such as smoke, toxic gas dust,
fine dust, soot, various types of non-combustion flamma-
ble gas, heat, and the like created in the event of a fire,
and the gas is mixed with the water. Liquid particulate-
based toxic gas is removed by being dissolved and di-
luted in the water, solid particulate-based soot and vari-
ous types of ultra-fine dust generated in industrial sites
are removed by physical adsorption, and the gas mixed
with the water is discharged downward. Hydrogen cya-
nide (HCN) and hydrogen fluoride (HF), which are water
soluble toxic gas created in the event of afire, are infinitely
dissolved in water, hydrogen chloride (HCI) is dissolved
in water significantly well, and phosgene (COCl,), sulfur
dioxide (SO,), nitrogen dioxide (NO,), carbon dioxide
(CO,), and the like are easily dissolved in water.

[0045] Meanwhile, the vacuum-generating multistage
Venturi 50 serves to allow the water, which is supplied
through the branch pipe 33, to pass therethrough and
generate negative pressure based on the Venturi effect
while the water passes therethrough, thereby sucking
the gas in the smoke removal zone 15, mixing the sucked
gas with water, and discharging the gas mixed with the
water. That is, as illustrated in FIG. 5, the vacuum-gen-
erating multistage Venturi 50 sucks the gas in the smoke
removal zone 15 in the direction of the arrow e, mixes
the gas with water, and then discharges downward the
gas mixed with the water.

[0046] Further, in the present embodiment, three vac-
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uum-generating multistage Venturis 50 are applied in
parallel for each floor. The number of vacuum-generating
multistage Venturis 50 applied for each floor may be
changed as much as needed.

[0047] The blocking guide plate 37 is a plate-shaped
member installed between the vacuum-generating multi-
stage Venturis 50 positioned vertically. For example, the
blocking guide plate 37 prevents the water, which is
sprayed downward from the upper vacuum-generating
multistage Venturi, from striking the lower vacuum-gen-
erating multistage Venturi. The water passing through
the vacuum-generating multistage Venturi 50 collides
with the blocking guide plate 37, flows in the direction of
the arrow g in FIG. 5, and then falls.

[0048] Another function of the blocking guide plate 37
is to guide gas, which is extracted through the smoke
removal damper 15a, and allow the gas to smoothly move
to aninlet portion, i.e., an upper end of the vacuum-gen-
erating multistage Venturi 50. In other words, the blocking
guide plate 37 guides the extracted gas so that the gas
is quickly sucked into the vacuum-generating multistage
Venturi 50 without scattering upward. The structure of
the blocking guide plate 37 may be changed as much as
needed as long as the blocking guide plate 37 may per-
form the above-mentioned function.

[0049] FIGS. 7Ato 7C are views for explaining a struc-
ture of the vacuum-generating multistage Venturi 50 il-
lustrated in FIG. 5.

[0050] As illustrated, the vacuum-generating multi-
stage Venturi 50 has a three-stage structure including
the first spray pipe 53, a second spray pipe 55, and a
Venturi casing 57. According to the embodiment, the vac-
uum-generating multistage Venturi 50 may be manufac-
tured to have four or more stages.

[0051] The first spray pipe 53 is a cylindrical duct hav-
ing the inlet port 53a provided at an upper end thereof,
and an outlet part 53e provided at a lower end thereof.
The nozzle 51 is fixed to the upper end of the first spray
pipe 53. The water sprayed from the nozzle 51 flows
downward while passing through the inlet port 53a of the
first spray pipe 53. A plurality of mixing blades 53b is
formed at a lower side of the first spray pipe 53.

[0052] The mixing blade 53b collides with the water
flowing downward so that the water is uniformly mixed
with the gas. The gas is introduced through the inlet port
53a by the negative pressure formed in the vacuum-gen-
erating multistage Venturi 50.

[0053] The mixing blades 53b are portions made by
cutting lower portions of the first spray pipe 53 at equal
intervals in parallel in a longitudinal direction and then
folding the lower portions uniformly inward. The water
passing through the first spray pipe 53 has a vortex effect
pattern as the water collides with the mixing blades 53b
and is mixed with gas.

[0054] The second spray pipe 55 is a duct that accom-
modates the first spray pipe 53 therein. A length of the
second spray pipe 55 is approximately twice the length
of the first spray pipe 53. However, the length of the sec-
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ond spray pipe 55 may be changed. An interval between
an inner surface of the second spray pipe 55 and an outer
peripheral surface of the first spray pipe 53 is maintained
by a connection struts 54. The connection struts 54 are
disposed at predetermined intervals in a circumferential
direction of the first spray pipe 53 and supports the sec-
ond spray pipe 55.

[0055] Aninlet port 55c is provided at an upper end of
the second spray pipe 55, and an outlet part 55e is pro-
vided at a lower end of the second spray pipe 55. The
inlet port 55¢ is a passageway through which ambient
gas is sucked. In addition, the outlet part 55e is a pas-
sageway through which the gas introduced through the
inlet port 55¢ and the gas-water mixture (the fluid made
by mixing water and gas) sprayed from the first spray
pipe are mixed and discharged.

[0056] A plurality of mixing blades 55b is also provided
at the lower end of the second spray pipe 55. The mixing
blades 55b are portions made by cutting lower portions
of the second spray pipe 55 at predetermined intervals
in the longitudinal direction and then folding the cut por-
tions inward. The mixture of gas and water, which passes
through the second spray pipe 55, is mixed once again
while colliding with the mixing blades 55b.

[0057] The Venturi casing 57 accommodates the first
and second spray pipes 53 and 55 and guides downward
the water that is sprayed while passing through the first
and second spray pipes. The Venturi casing 57 has a
shape having a diameter that increases downward.
[0058] The Venturi casing 57 includes a fixed pipe 58
and a rotary pipe 59. The fixed pipe 58 is a duct fixed to
the second spray pipe 55 through connection struts 56.
The rotary pipe 59 is a downward expandable duct ro-
tatably mounted at a lower end of the fixed pipe 58.
[0059] An inlet port 57a, through which the gas is
sucked, is provided at an upper end of the fixed pipe 58,
and a support portion 58a is provided at the lower end
of the fixed pipe 58. The support portion 58a is a portion
that supports the rotary pipe 59 so that the rotary pipe
59 may rotate about an axis. The support portion 58a is
formed by bending the lower end of the fixed pipe 58.
The support portion 58a provides an accommodation
groove 58b that has a predetermined cross-sectional
shape in a circumferential direction of the fixed pipe 58
and is opened inward.

[0060] The rotary pipe 59 is a duct in which a diameter
of a lower end thereof is larger than a diameter of an
upper end thereof. The rotary pipe 59 has a bentinsertion
end portion 59a formed at the upper end thereof. The
bentinsertion end portion 59ais a portion made by bend-
ing the upper end of the rotary pipe outward. The bent
insertion end portion 59a is supported by being inserted
into the accommodation groove 58b. In addition, the bent
insertion end portion 59a may slide in the circumferential
direction while being kept accommodated in the accom-
modation groove 58b.

[0061] In particular, bearings 59e are mounted on up-
per and lower portions of the bent insertion end portion
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59a. The bearings 59e serve to reduce friction between
the bent insertion end portion 59a and the accommoda-
tion groove 58b. The rotary pipe 59 smoothly rotates
while being kept supported on the support portion 58a
by the bearings 59e.

[0062] In addition, impeller blades 599 are installed in-
side the rotary pipe 59. The impeller blades 59g are
blades disposed spirally. The impeller blades 59g serve
to rotate the rotary pipe 59 about the axis in a direction
indicated by the arrow k by receiving kinetic energy from
the water while colliding with the sprayed water.

[0063] In particular, the water sprayed from the nozzle
51 rapidly becomes moisture vapor by high-temperature
heat of smoke and toxic gas. The water is vaporized and
expanded in volume by about 1,700 or more times at
100°C, 2,400 or more times at 260°C, and 4,200 or more
times at 650°C at 1 atm.

[0064] In the event of a fire, high-temperature smoke
and toxic gas increase pressure in an upper layer in an
indoor space while being consistently moved upward to
and collected in the upper layer. The smoke and toxic
gas (non-combusted flammable gas and black smoke)
withincreased pressure are spread toward alocation with
low pressure. When the smoke and toxic gas reach a
predetermined critical point within about three minutes,
the smoke and toxic gas are ignited by radiant heat and
cause a flash-over phenomenon, such that the fire is fur-
ther diffused toward the periphery. The temperature of
the high-temperature smoke and toxic gas in the upper
layer may be raised to 600 to 900°C or higher by radiant
heat.

[0065] A flow velocity further increases when a volume
of a fluid passing through an inside of a flow field is in-
creased instantaneously by high-temperature heat.
Therefore, a fluid with a high velocity, i.e., a fluid mixture,
in which moisture vapor, gas, and water are complicat-
edly mixed, may further increase a suction force by rap-
idly decreasing pressure in the vacuum-generating multi-
stage Venturi 50 on the basis of the Venturi principle.
This is because vaporization and expansion may be in-
duced in a state in which the pressure in the vacuum-
generating multistage Venturi 50 is decreased to be lower
than 1 atm and the temperature is lower than 100°C, and
arate of vaporization and expansion is further increased
in a state of low pressure, which further increases a spray
flow velocity.

[0066] As a result, the fluid is sprayed at high speed in
the Venturi by the vaporization and expansion of the fluid
mixture, such that a suction force for sucking smoke and
toxic gas is greatly increased. This is the principle on
which the gas created in the event of a fire is sucked into
the vacuum-generating multistage Venturi 50.

[0067] With the operation of the vacuum-generating
multistage Venturi 50, among the gases passing through
the vacuum-generating multistage Venturi 50 in the
smoke removal system of the present embodiment, liquid
particulate-based toxic gas is dissolved or diluted in wa-
ter, solid particulate-based soot, ultra-fine dust, and the
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like are physically adsorbed, and hot heat and expanded
moisture vapor are cooled by the water.

[0068] The gas created in the event of a fire is a sub-
stance created when a combustible substance is com-
busted. The gas is a complex mixture having a high tem-
perature and containing very sticky solid particulates,
droplet particles such as liquid tar, atomized vapor, and
gaseous molecules. The toxic gas is dissolved or diluted
in water and then discharged to the outside while flowing
toward the lower portion of the mixing conduit 43.
[0069] While the presentinvention has been described
above in detail with reference to the specific embodi-
ments, the present invention is not limited to the embod-
iments but may be variously modified by those skilled in
the art without departing from the technical spirit of the
present invention.

Claims

1. An intake-type smoke removal system, which dis-
charges gas flowing into a smoke removal zone to
the outside of the smoke removal zone, the intake-
type smoke removal system comprising:

a vacuum-generating multistage Venturi config-
ured to allow water provided from the outside to
pass therethrough, the vacuum-generating
multistage Venturi being configured to generate
negative pressure based on the Venturi effect
while the water passes therethrough to suck the
gas in the smoke removal zone, mix the sucked
gas with the water, and discharge the gas mixed
with the water;

a water supply unit configured to supply the wa-
terto the vacuum-generating multistage Venturi;
and

a nozzle configured to spray the water, which is
supplied through the water supply unit, into the
vacuum-generating multistage Venturi.

2. The intake-type smoke removal system of claim 1,
wherein the vacuum-generating multistage Venturi
isinstalled in acommon duct that communicates with
the smoke removal zone of each floor through a
through-path, and
wherein the water supply unit comprises:

a water supply pump configured to pump the
water;

a main water supply pipe configured to guide
the water, which is pumped by the water supply
pump, to the vacuum-generating multistage
Venturi; and

a branch pipe connected to the main water sup-
ply pipe, extending to aninlet part of the vacuum-
generating multistage Venturi, and connected
to the nozzle.



5.

6.

7.
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The intake-type smoke removal system of claim 2,
wherein the vacuum-generating multistage Venturi
is provided as a plurality of vacuum-generating multi-
stage Venturis disposed to be spaced apart from one
another vertically, and

wherein a blocking guide plate is provided between
the vacuum-generating multistage Venturis to pre-
vent water sprayed from the upper vacuum-gener-
ating multistage Venturi from striking the lower vac-
uum-generating multistage Venturi.

The intake-type smoke removal system of claim 3,
further comprising:

a mixing conduit extending vertically and con-
figured to accommodate the vacuum-generat-
ing multistage Venturi and the blocking guide
plate and guide downward a mixture of gas and
water discharged from the vacuum-generating
multistage Venturi.

The intake-type smoke removal system of claim 1,
wherein the vacuum-generating multistage Venturi
comprises:

a spray pipe having an upper end at which the
nozzle is provided, the spray pipe being config-
ured to discharge the water sprayed from the
nozzle; and

a Venturi casing configured to surround the
spray pipe and guide downward the water
sprayed through the spray pipe, the Venturi cas-
ing having a shape having a diameter that in-
creases downward.

The intake-type smoke removal system of claim 5,
wherein the spray pipe comprises:

a first spray pipe coupled to the nozzle and hav-
ing an inlet port through which water and gas
are simultaneously introduced, and an outlet
part through which the water mixed with the gas
is discharged;

a second spray pipe configured to accommo-
date the first spray pipe and having an inlet port
through which gas is sucked, and an outlet part
through which the introduced gas and the water
mixed with the gas discharged from the first
spray pipe are mixed and discharged, and
wherein mixing blades are formed in the outlet
parts of the firstand second spray pipes and mix
the introduced water and gas by allowing the
introduced water and gas to collide with each
other.

The intake-type smoke removal system of claim 6,
wherein the Venturi casing comprises:
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10.

a fixed pipe configured to accommodate the sec-
ond spray pipe and having an inlet port provided
at an upper end thereof so that gas is sucked
through the inlet port;

a rotary pipe rotatably installed at a lower end
of the fixed pipe; and

impeller blades positioned inside the rotary pipe
and configured to rotate the rotary pipe by re-
ceiving kinetic energy from water while colliding
with the sprayed water.

The intake-type smoke removal system of claim 7,
wherein an accommodation groove is formed at a
lower end of the fixed pipe, extends in a circumfer-
ential direction, and has a predetermined cross-sec-
tional shape in the circumferential direction, and
wherein a bent insertion end portion is formed at an
upper end of the rotary pipe, supported by being in-
serted into the accommodation groove, and config-
ured to be slidable in the circumferential direction
while being kept inserted into the accommodation
groove.

The intake-type smoke removal system of claim 8,
further comprising:

an oilless solid lubrication coating or a ring-shaped
bearing installed between the bentinsertion end por-
tion and the accommodation groove.

The intake-type smoke removal system of claim 4,
further comprising:

a water supply pump configured to reuse water dis-
charged through the mixing conduit.
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