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(567)  Disclosed is a method for spraying with a nozzle
which enables to properly switch between one-fluid spray
of spraying only a liquid and two-fluid spray of spraying
a mixture of a liquid and air without varying a spraying
angle etc. using a single nozzle.

The nozzle is connected to a liquid feeding tube and
an air feeding tube so as to combine the one-fluid spray

METHOD FOR SPRAYING WITH NOZZLE AND NOZZLE

of spraying only a liquid and the two-fluid spray of spray-
ing a mixture of a liquid and air.

The one-fluid spray of spraying only a liquid is per-
formed when a fluid pressure is high, that is when the
amount of a supplied liquid is large, and two-fluid spray
of spraying a mixture of a liquid and air is performed when
the fluid pressure is low, that is when the amount of the
supplied liquid is small.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a spray method
to be carried out by a nozzle and the nozzle and more
particularly to a spray method and a nozzle preferably
used to cool slab, bloom, billet, and a roller having high
temperatures.

BACKGROUND ART

[0002] Continuous casting equipmentproducesawide
variety of steel plates. Itis necessary to adjust the amount
of spray jetted from the nozzle according to the kind of a
steel plate. Either single fluid nozzle which sprays only
water or a binary fluid nozzle which sprays a mixture of
water and air is hitherto used.

Of these nozzles, it is often the case that a binary fluid
consisting of the mixture of water and air is sprayed from
the nozzle because the binary fluid spray allows the
amount of spray to be easily adjusted by changing the
balance between the pressure of the liquid and that of
the air to be supplied to the nozzle.

[0003] For example, a nozzle 100 shown in Fig. 12 is
conventionally used. In the nozzle 100, an orifice 103 is
formed at the front end of an independent hole 102
formed along the axis of the nozzle 100, and a cutout
portion 104 communicating with the orifice 103 is formed
at a jetting side to form a jet port.

The nozzle 100 has a problem that with a change of the
spray amount of the nozzle 100, a spray angle and a flow
rate distribution change and as aresult, a uniform cooling
cannot be performed. More specifically, in spraying the
mixture of water and air from the nozzle 100, when the
ratio of the flow rate of air to that of water is decreased
and finally only water is jetted to lower the flow rate of
the water, the spray angle in the spray width direction
and that in the spray thickness direction become small.
That is, the spray angle is liable to become unstable.
[0004] The binary fluid nozzle 105 which sprays the
mixture of the liquid (water) and the air is disclosed in
Japanese Examined Patent Application Publication No.
3-15493 shown in Fig. 13. In the nozzle 105, the nozzle
tip 106 is mounted at the front end of the adaptor 109
into which the mixture of the liquid and the gas flows. At
the nozzle tip 106, the sectionally circular stirring cham-
ber 107 is formed. A front portion 106a of side wall of the
stirring chamber 107 is inclined to an opposite direction.
Two inlets 108 opposed to each other are formed on the
side wall of the stirring chamber 107.

[0005] In the binary fluid nozzle 105, the spray amount
is changed by adjusting the balance between the pres-
sure of the liquid and that of the air to make the spray
angle and the flow rate distribution constant. But the noz-
zle 105 has a problem that with a change in the flow rate
of the liquid, the spray angle in the spray width direction
fluctuates and thus nonuniform cooling is liable to occur.
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In the case where the ratio of the flow rate of a gas to
that of the liquid is lowered to spray only the liquid, there
occurs a problem that the configuration of the flow rate
distribution in the spray width direction becomes unsta-
ble. For example, when a binary fluid consisting of the
mixture of the water and the air is sprayed, as shown in
Fig. 14(A), the spray angle is large. When a single fluid
consisting of the water is sprayed, as shown in Fig. 14
(B), the spray angle becomes small. Thus the nozzle 105
has another problem that when the ratio of the flow rate
of the gas to that of the liquid is greatly fluctuated, a stable
spray pattern cannot be obtained.

[0006] When the mixture of the liquid (water) and the
gas (air) is always sprayed, a large amount of the air is
consumed. With an increase of the consumption amount
of the air, the power consumption of an air supply com-
pressor increases. Thus there is an increase in the cost.
Therefore upon request of cost reduction, to save energy
by decreasing the power consumption of the air supply
compressor, a decrease (or only liquid is sprayed) in the
ratio of the flow rate of the air to that of the liquid is de-
manded. To this end, it is necessary to obtain a stable
spray pattern, even though the ratio of the flow rate of
the air to that of the liquid is lowered. But the above-
described nozzle cannot comply with the need to a suf-
ficient extent.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS

[0007] Patent document 1: Japanese Examined Pat-
ent Application Publication No. 3-15493

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0008] Itis an object of the presentinvention to provide
amethod, to be carried out by a nozzle, which is capable
of stabilizing the pattern of spray jetted from the nozzle
without greatly fluctuating a spray angle and a flow rate
distribution, even though the nozzle is used by timely
switching spray of a binary fluid to spray of a single fluid
and vice versa and is capable of decreasing the con-
sumption amount of air by lowering air-to-water ratio
which specifies the ratio of the amount of a gas (air) to
that of a liquid.

MEANS FOR SOLVING THE PROBLEM

[0009] To solve the above-described problems, the
present invention provides a spray method to be carried
out by a nozzle, connected to a liquid supply tube and
an air supply tube, which sprays a single fluid consisting
of a liquid and a binary fluid consisting of a mixture of the
liquid and air in combination with each other. When a
pressure of the liquid is high when a supply amount of
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the liquid is large, the nozzle sprays only the liquid,
whereas when the pressure of the liquid is low when the
supply amount of the liquid is small, the nozzle sprays
the binary fluid consisting of the mixture of the liquid and
the air.

[0010] In the present invention, when the pressure of
the liquid is high, and thus when the flow rate of the liquid
increases, i.e., at the time of a high flow rate, a spray
angle is comparatively wide and a flow rate distribution
is stable. When the pressure of the liquid becomes high,
i.e., at the time of the high flow rate, the nozzle sprays
only the liquid, namely, a single fluid. As described above,
at the time of the high flow rate, the spray angle and the
flow rate distribution are stable. Therefore even though
the nozzle sprays only the liquid, namely, the single fluid,
it is possible to stably maintain the spray angle and the
flow rate distribution.

On the other hand, when the liquid pressure decreases
and thus the flow rate thereof becomes low, the spray
angle and the flow rate distribution become unstable if
the spray of the single fluid, namely, the spray of only the
liquid is continued. Therefore the spray of the single fluid
is switched to the spray of the binary fluid consisting of
the mixture of the liquid and the air. As described above,
when the liquid pressure decreases and thus the flow
rate thereof becomes low, by adding the air to the liquid,
it is possible to stably spray the binary fluid at a spray
angle and a flow rate distribution similar to those to be
obtained when only the liquid is sprayed at a high flow
rate.

[0011] The present invention provides a nozzle to be
used in carrying out the spray method. The nozzle has
a liquid inflow path connected to a liquid supply tube, an
air inflow path connected to an air supply tube, and a
main fluid flow path having a jet port at a front end thereof.
Aliquid inlet and an air inlet communicating with the liquid
inflow path and the air inflow path respectively are dis-
posed in confrontation each other or at inside and outside
positions in such a way that the liquid inflow path and the
air inflow path are in parallel with each other, the liquid
inlet is always open, the air inlet is opened and closed
by a switching valve, and when the pressure of a liquid
supplied from the liquid supply tube decreases, the
switching valve is opened so that the nozzle sprays a
binary fluid.

[0012] Specifically, a valve body of the switching valve
of the air inlet is urged by a spring, a pressure of air
supplied from the air supply pipe is set to a constant pres-
sure of P2, and a pressure of the spring is set to P3.
When the pressure of the liquid supplied from the liquid
supply tube is high and P1+P3>P2, the nozzle sprays
only the liquid. When the liquid pressure P1 is low and
P1+P3<P2, the switching valve is opened by the air pres-
sure to introduce air into the main fluid flow path accord-
ing to a decrease rate of the liquid pressure so that the
nozzle sprays a binary fluid.

[0013] In the above-described construction, the pres-
sure P3 of the spring for urging the valve body of the
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switching valve which closes the air inlet does not fluc-
tuate, and the air pressure P2 is constant. Therefore
when the liquid pressure P1 is high, the liquid pressure
P1 acts on the valve body in addition to the spring pres-
sure P3. As a result, the valve body securely closes the
airinlet. Thusitis possible to prevent the air from flowing
into the flow path of the switching valve.

On the other hand, when the air pressure P2 becomes
higher than the pressure obtained by the addition of the
liquid pressure P1 and the spring pressure P3 as a result
of a decrease of the liquid pressure P1, the air inlet is
automatically opened by the air pressure and the air flows
into the flow path of the switching valve. As a result, the
air mixes with the liquid. Thus the nozzle sprays the bi-
nary fluid. The inflow amount of the air automatically fluc-
tuates according to the pressure of the liquid. When the
flow rate of the liquid becomes low as a result of a de-
crease in the pressure of the liquid, the flow rate of the
air increases.

As described above, as a result of the automatic addition
of the air to the liquid according to the fluctuation of the
liquid pressure, it is possible to stably spray the binary
fluid at a spray angle and a flow rate distribution similar
to those to be obtained when only the liquid is sprayed
at a high flow rate.

It is possible to provide the air inlet with the valve body
to be urged by the spring to differentiate the spring pres-
sure and the pressure of the spring mounted at the air
inlet from each other.

[0014] It is possible that an electromagnetic valve is
used as the switching valve of the air inlet and that when
the pressure of the liquid supplied from the liquid supply
tube becomes less than a set value, the switching valve
is controlled so that the switching valve is opened to spray
the binary fluid.

[0015] Itis preferable thatthe above-described set val-
ue of the liquid pressure is in a range of 0.005MPa to
0.9MPa and that a ratio of an amount of air to a maximum
amount of a liquid when the binary fluid is sprayed is set
to arange of 0.5 to 5.0.

By using the electromagnetic valve as the switching valve
and automatically opening and closing the switching
valve according to the liquid pressure, it is possible to
simplify the construction of the nozzle. It is preferable to
adjust the open angle of the switching valve according
to the liquid pressure.

[0016] The construction of the nozzle is not limited to
a specific one, provided that the nozzle is capable of
spraying the single fluid consisting of the liquid and the
binary fluid consisting of the mixture of the liquid and the
air. Itis possible to preferably use a nozzle so constructed
as to allow fluids to collide with each other in the neigh-
borhood of the jet port and the spray angle to be specified
owing to the collision.

[0017] As a nozzle to be used, it is preferable to form
a large-diameter main fluid flow path along the axis of a
nozzle body, form a plurality of independent holes at the
front end of the main fluid flow path, and gradually de-
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crease the area of a flow path at a spray side of each of
the independent holes to close the front end of each of
the independent holes.

It is preferable to diametrically form a notched portion on
an end surface of a spray side of the nozzle body in such
a way that the bottom surface of the notched portion is
circular arc-shaped or tapered and has a required width
and that both lateral surfaces sandwiching the bottom
surface thereof therebetween are parallel with the axis
of the nozzle body or the front end of an opening thereof
is soinclined as to become wider in an opposite direction.
Itis preferable to cut out the lateral surface of the notched
portion at the side of the axis of the nozzle body disposed
apart from afront-end closed portion of each independent
hole to form L-shaped jet ports on the lateral surface of
the notched portion and on the bottom surface thereof
perpendicular thereto so that the fluid returns from the
front-end closed portion of each independent hole to the
jet ports.

It is preferable to increase the spray thickness owing to
the collision between fluids jetted from the opposed jet
ports formed at both sides of the notched portion and
guide the fluids sprayed from the jet ports inside the
notched portion to control the spray width.

[0018] As described above, according to the spray
method of the present invention to be carried out by the
nozzle, by adjusting the liquid pressure to adjust the spray
amount of the liquid, the spray angle and the flow rate
distribution are not fluctuated. Thus a steel plate or the
like can be uniformly cooled in a required range. There-
fore the spray method of the present invention is most
favorably used as a means for cooling the steel plate
disposed in the secondary cooling zone of the continuous
casting equipment. The spray method of the present in-
vention is effective at a step of performing controlled cool-
ing of arolled thick plate and a step of changing the cool-
ing speed of the steel plate such as a run-out table.

In addition to the above-described uses, the spray meth-
od and the nozzle of the present invention can be pref-
erably used for other purposes.

EFFECT OF THE INVENTION

[0019] Accordingto the presentinvention, by changing
the liquid pressure according to a condition in which an
object is cooled by spray, it is possible to easily and au-
tomatically switch the spray of the fluid consisting of the
liquid to the spray of the binary fluid consisting of the
mixture of the liquid and the airand vice versa. In addition,
the flow rate of the liquid is so fluctuated that when the
flow rate of the liquid is high, the nozzle sprays the single
fluid consisting of the liquid and that when the flow rate
of the liquid is low, the nozzle sprays the binary fluid con-
sisting of the mixture of the liquid and the air. Even though
the spray method is switched from the spray of the single
fluid to the spray of the binary fluid and vice versa, the
angle of the spray jetted from the nozzle and the flow
rate distribution are not fluctuated between the spray of

10

15

20

25

30

35

40

45

50

55

the single fluid when the flow rate of the liquid is high and
the spray of the binary fluid when the flow rate of the
liquid is low. Thus it is possible to stably maintain the
spray angle and the flow rate distribution.

Further because it is possible to lower the ratio of the
flow rate of the gas to that of the liquid (air-to-water ratio)
while maintaining a stable spray pattern, itis possible to
save the power consumption of the gas supply compres-
sor and save energy.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Fig. 1 is an overall view of a nozzle of a first embod-
iment of the present invention.

Fig. 2 is a front view showing mixing step of the first
embodiment.

Fig. 3 is a sectional view in which main parts of Fig.
2 are enlarged.

Fig. 4(A) shows a spray angle when a single fluid is
sprayed in the case where the flow rate of a liquid is
high; and 4(B) shows a spray angle when a binary
fluid is sprayed in the case where the flow rate thereof
is low.

Fig. 5 is a sectional view of a nozzle of a second
embodiment.

Fig. 6 is a sectional view orthogonal to Fig. 5.

Fig. 7 is a front view of a jetting side of the nozzle of
the second embodiment.

Fig. 8 is a rear view of an inlet side of the nozzle of
the second embodiment.

Fig. 9(A) is a sectional view in which main parts of
Fig. 5 are enlarged; and Fig. 9(B) is a sectional view
in which main parts of Fig. 6 are enlarged.

Fig. 10 is a front view of a nozzle of a third embodi-
ment.

Fig. 11 is a sectional view in which main parts of a
nozzle of a fourth embodiment are enlarged.

Fig. 12 is a sectional view of a conventional nozzle.
Fig. 13 is a sectional view of another conventional
nozzle.

Figs. 14(A) and 14(B) show problems of the conven-
tional nozzles.

MODE FOR CARRYING OUT THE INVENTION

[0021] The embodiments of the present invention are
described below with reference to the drawings.

Figs. 1 through 4 show a first embodiment. A nozzle 1 of
the first embodiment is disposed at a secondary cooling
zone of a continuous casting equipment to cool slab hav-
ing a high temperature.

[0022] As shown in Figs. 1 and 2, the nozzle 1 has a
liquid inflow path 3 connected to a liquid supply tube 2,
an air inflow path 5 connected to an air supply tube 4,
and a main fluid flow path 6 having a jet port 6a at its
front end.
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[0023] As shown in Fig. 2, the nozzle 1 has an auto-
matic switching valve 7 adopting a spray method (here-
inafter referred to as a switching valve 7). The switching
valve 7 is mounted at a boundary position between the
liquid inflow path 3 and the main fluid flow path 6 and
between the liquid inflow path 3 and the air inflow path 5.
[0024] The switchingvalve 7 has aflow path 7a orthog-
onal to the main fluid flow path 6. One end of the flow
path 7a is set as a liquid inlet 7b communicating with the
liquid inflow path 3. The other end of the flow path 7a is
set as an air inlet 7c communicating with the air inflow
path 5 in such a way that the air inlet 7c confronts the
liquid inlet 7b. A spring 8 is accommodated inside the
flow path 7a of the switching valve 7. A valve body 9 for
closing the air inlet 7c is disposed at a front end of the
spring 8. The air inlet 7c is opened and closed by the
valve body 9.

Avalve body is notdisposed atthe liquidinlet 7b to always
open the liquid inlet 7b so that a liquid is always flowed
into the flow path 7a. Thus a liquid pressure P1 of the
liquid and a spring pressure P3 of the spring 8 are always
applied to the valve body 9.

[0025] The air supply tube 4 is connected to a com-
pressor 30 to set an air pressure to be always supplied
to the air inflow path 5 through the air supply tube 4 to a
constant pressure P2.

Therefore when the liquid pressure P1 of the liquid sup-
plied from the liquid supply tube 2 is high and thus
P1+P3>P2, the valve body 9 is in a closed state. There-
fore air does not flow into the flow path 7a of the switching
valve 7, but only the liquid is supplied to the main fluid
flow path 6.

On the other hand, when the liquid pressure P1 is low
and thus P1+P3<P2, the valve body 9 is opened by the
air pressure to flow the air into the flow path 7a of the
switching valve 7.

Thus a mixture of the liquid and the air is supplied to the
main fluid flow path 6.

[0026] The liquid pressure P1 of the liquid is set by a
discharge pressure of a pump 31 connected with the lig-
uid supply tube 2. The discharge pressure is set accord-
ing to the kind or temperature of a steel plate cooled by
the nozzle to set the flow rate of the liquid.

[0027] As described above, in the nozzle 1 of the
present invention, when the liquid pressure P1 is high
and P1+P3>P2, the valve body 9 is in the closed state.
Thus only the liquid is supplied to the main fluid flow path
6. Therefore spray from the jet port is single fluid spray
of spraying only the liquid.

As shown in Fig. 4(A), when single fluid is sprayed, a
spray angle 6 in a width direction is comparatively wide
and has an angle 61.

On the other hand, when the liquid pressure P1 is low
and P1+P3<P2, the valve body 9 is opened by the air
pressure. As a result, the air flows into the flow path 7a
of the switching valve 7. Thus a mixture of the liquid and
the airis supplied to the main fluid flow path 6. Thus spray
from the jet port is binary fluid spray of spraying the mix-
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ture of the liquid and the air.

When the flow rate of the liquid is low, the spray angle
becomes narrow. But the air is added to the liquid to form
abinary fluid. Thus the spray angle increases. Therefore
as shown in Fig. 4(B), the spray angle 62 is similar to that
in the single fluid spray (62 = 61), and the flow rate dis-
tribution in the thickness direction is uniformly main-
tained. When the flow rate of the liquid lowers, the air is
added to the liquid to form the binary fluid. Thereby it is
possible to restrain the spray angle and the flow rate dis-
tribution from fluctuating.

[0028] Let it be supposed that there is a variation in
the configuration of the main fluid flow path 6 of the nozzle
1 and the configuration of the jet port of the nozzle 1 at
its front end. In the case where the flow rate of the liquid
to be sprayed is high, the spray angle becomes compar-
atively large. In the case where the flow rate of the liquid
to be sprayed is low, the spray angle becomes compar-
atively small. According to the present invention, when
the flow rate of the liquid is low, the air is automatically
added to the liquid. As a result, the total of the flow rate
of the liquid and that of the air can be set almost equally
to that of only the liquid. Thereby it is possible to restrain
a decrease of the spray angle and set the spray angle
equivalently to that when the flow rate of the liquid is high.
[0029] Figs. 5through 9 show the second embodiment.
The construction of a nozzle 10 to be used in the second
embodiment is different from the nozzle 1 to be used in
the first embodiment in the construction of the main fluid
flow path 6 at its jet port side. Similarly to the nozzle 1 of
the first embodiment, in the nozzle 10, the main fluid flow
path 6 communicates with the liquid inflow path 3 con-
nected to the liquid supply tube 2 through the switching
valve 7 and the air inflow path 5 connected to the air
supply tube 4 to switchingly spray single fluid consisting
of the liquid and a binary fluid consisting of the mixture
of the liquid and the air from the jet port.

[0030] A partitioning wall 19 is formed at a front end of
the cylindrical main fluid flow path 6 formed along the
center line of a nozzle body 15, namely, along the axis
of the nozzle 10. Independentholes 17 and 18 are formed
at both sides of the partitioning wall 19.

Front-end closed portions 17a and 18a each having a
gradually decreased flow path area are formed at front
end portions of the independent holes 17 and 18 respec-
tively. A notched portion 22 is concavely formed from the
front end of a spray side of the nozzle body 15 to com-
municate the notched portion 22 with one lateral portion
of the front-end closed portion 17a opposed to one lateral
portion of the front-end closed portion 18a. Openings of
the front-end closed portions 17a and 18a communicat-
ing with each other through the notched portion 22 serve
as jet ports 20 and 21.

[0031] A bottom surface 22a of the notched portion 22
is formed concavely in the shape of a circular arc in such
away that the bottom surface 22a becomes wider toward
the spray side. A lateral surface 22b of the notched por-
tion 22 is parallel with the axial direction of the nozzle 10.
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The radius of curvature of the circular arc of the bottom
surface 22a is in arange of 4 to 50mm and is determined
according to the size of the nozzle body and a requested
spray width.

[0032] The bottom surface 22a of the notched portion
22 and the lateral surface 22b thereof are orthogonal to
each other in such a way that the jet ports 20 and 21 are
sectionally L-shaped. As shown in Fig. 9(A), at the front-
end closed portions 17a and 18a, there are formed U-
shaped portions 17b and 18b so configured as to U-turn
the fluid to the partitioning wall 19 from the front ends of
the independent holes 17 and 18 through the jet ports 20
and 21. A tapered portion 23 which becomes wider in an
opposite direction is formed continuously with the front
end of the spray side of the lateral surface 22b of the
notched portion 22.

[0033] Inthe nozzle 10 of the second embodiment, the
step of spraying the single fluid and the step of spraying
the binary fluid when the single fluid consisting of the
liquid or the binary fluid consisting of the mixture of the
liquid and the air flows into the main fluid flow path 6 are
identical to each other and are described below.

[0034] As shown in Figs. 9(A) and 9(B), the fluid which
has flowed into the main fluid flow path 6 flows into the
independent holes 17 and 18 separately. With the fluid
which has flowed into the independent holes 17 and 18
increasing its flow speed with a decrease of the area of
the flow paths at the front-end closed portions 17a and
18a, fluids which have flowed out from the opposed jet
ports 20 and 21 collide with each other inside the notched
portion 22.

[0035] The collision accelerates the diffusion of the flu-
ids in a spray thickness direction T and a spray width
direction W. The U-shaped portions 17b and 18b so con-
figured as to U-turn the fluid to the partitioning wall 19
from the front ends of the independent holes 17 and 18
through the jet ports 20 and 21. Thus at that time, a small
amount of the fluids jetted from the jet ports 20 and 21
flow in a return direction. Owing to this flow, the fluids are
stirred, and the collision between the two flows can be
enhanced. Therefore even when the flow rate is low, it
is possible to sufficiently secure a spray angle 6n in the
spray thickness direction T and a spray angle 6w in the
spray width direction W.

[0036] The fluids which have collided with each other
are guided by the lateral surface 22b of the notched por-
tion 22 in the spray thickness direction T and smoothly
guided by the circular arc-shaped bottom surface 22a of
the notched portion 22 in the spray width direction W.
Therefore even though the flow rate of the liquid fluctu-
ates, it is possible to provide the stable spray angle 6n
in the spray thickness direction T and the stable spray
angle 6w in the spray width direction W.

Because the bottom surface 22a of the notched portion
22 constituting a guide wall is circular arc-shaped, the
fluids can be sprayed at a small energy loss in the spray
width direction W.

[0037] Atthe final stage of the spray step, the spray in
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the spray thickness direction T which has been stabilized
by the lateral surface 22b of the notched portion 22 is
guided by the tapered portion 23 formed continuously
with the front end of the spray side of the lateral surface
22b of the notched portion 22 to enlarge the spray angle
on.

[0038] As described above, because the spray is suf-
ficiently diffused, it is possible to uniformly keep the flow
rate distribution in the spray width direction, even though
the flow rate of the liquid fluctuates. The bottom surface
22a of the notched portion 22 and the lateral surface 22b
thereof are orthogonal to each other in such a way that
the jet ports 20 and 21 are sectionally L-shaped. There-
fore it is possible to make the openings of the jet ports
20 and 21 large, raise the upper limit value of the flow
rate, and make the jet ports 20 and 21 large without
changing the size of the nozzle body 15. Therefore it is
possible to make the nozzle 10 compact.

[0039] The spray pattern is stable. Thus when the flow
rate of the liquid fluctuates, it is possible to lower the ratio
of the flow rate of the gas to that of the liquid (air-to-water
ratio), restrain the power consumption of the gas supply
compressor, and thus save energy.

The spray pattern is stable. Thus even though the ratio
of the flow rate of the gas to that of the liquid (air-to-water
ratio) is lowered, it is possible to stably hold the spray
angle withoutfluctuating the spray angle when the nozzle
10 sprays the single fluid consisting of the liquid.
[0040] According to the nozzle 10, the fluids which
have flowed out from the opposed jet ports of the inde-
pendent holes collide with each other and diffuse. There-
by it is possible to increase the spray thickness and the
spray width. Because the fluids are sprayed under the
guidance of the lateral surface of the notched portion and
the circular arc-shaped bottom surface thereof, it is pos-
sible to obtain a stable spray thickness and spray width
and uniformly maintain the flow rate distribution, even
though the flow rate fluctuates. Further in the independ-
ent holes, the front-end closed portion having the grad-
ually decreased flow path area is formed at the front side
of each of the jet ports. Therefore the fluids collide with
each other at a high speed and a high pressure, and thus
the diffusion effect of the spray can be enhanced. Fur-
thermore by providing the U-shaped portion in the range
from the front end of each of the independent holes to
each of the jet ports, a small amount of the fluids sprayed
from the opposed jet ports flow in the return direction and
thus the fluids are stirred, and further the collision be-
tween the two flows can be enhanced. Therefore even
when the flow rate is small, it is possible to secure a
sufficient spray area.

[0041] Asdescribed above, the spray patternis stable.
Thus even though the flow rate of the liquid fluctuates
and the ratio of the flow rate of the gas to that of the liquid
(air-to-water ratio) is lowered, it is possible to use the
nozzle 10 without replacing it by switching the spray of
the single fluid consisting of the liquid to the spray of the
binary fluid consisting of the mixture of the liquid and the
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air and vice versa. In addition, because the air-to-water
ratio can be decreased, it is possible to save the power
consumption of the gas supply compressor and save en-
ergy.

[0042] Fig. 10 shows the third embodiment.

In the nozzle of the third embodiment, instead of the
switching valve of the first embodiment which opens and
closes the air inlet by urging the valve body with the
spring, an electromagnetic switching valve 50 is mounted
atthe air inlet. When an air pressure supplied by the liquid
supply tube becomes below a set value, the electromag-
netic switching valve 50 opens so that the nozzle sprays
the binary fluid by mixing the air with the liquid.
Because the construction of the nozzle is similar to that
of the second embodiment, the description thereof is
omitted herein.

[0043] The above-described set value of the liquid
pressure at which the spray of the single fluid consisting
of the liquid is switched to the spray of the binary fluid is
in the range of 0.005MPa to 0.9MPa. The air-to-water
ratio which is the ratio of the amount of the air to a max-
imum amount of the liquid when the nozzle sprays the
binary fluid is set to the range of 0.5 to 5.0.

[0044] Fig. 11 shows the fourth embodiment.

In the first through third embodiments, the air supply tube
is laterally confluent with the liquid supply tube provided
along the axis of the nozzle. Butin the fourth embodiment,
a double tube construction is adopted. More specifically,
air flows in a central flow path inside an inner tube 40. A
mixing adaptor 43 accommodating the switching valve
7c having a spring and a valve body is mounted at a front
end of the inner tube 40.

An outer tube 41 is disposed on the outer periphery of
the inner tube 40 by interposing a liquid flow path 42
between the outertube 41 and the innertube 40. A nozzle
body 45 is coupled to the front end of the outer tube 41.
An adaptor (not shown) coupled to an air supply source
and a liquid supply source through pipes is coupled to
the proximal side of each of the inner tube 40 and the
outer tube 41.

[0045] In the fourth embodiment, when the pressure
ofaliquid flowing through the liquid flow path 42 disposed
on the outer periphery of the inner tube 40 decreases
and the pressure of air supplied into the inner tube 40
becomes higher than the pressure of the liquid, the
switching valve 7cis opened to jet the air from an opening
43a disposed at the front end of the mixing adaptor 43
so that the air is mixed in the liquid. The mixture of the
liquid and the air is sprayed from a jet port 45a disposed
at the front end of the nozzle body 45.

When the pressure of the liquid is high, the switching
valve 7c¢ remains closed so that the nozzle sprays the
single fluid consisting of the liquid.

EXPLANATION OF REFERENCE NUMERALS AND
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Claims

A spray method to be carried out by a nozzle, con-
nected to a liquid supply tube and an air supply tube,
which sprays a single fluid consisting of a liquid and
binary fluid consisting of a mixture of said liquid and
air in combination with each other,

wherein when a pressure of said liquid is high when
a supply amount of said liquid is large, said nozzle
sprays only said liquid, whereas when said pressure
of said liquid is low when said supply amount of said
liquid is small, said nozzle sprays a mixture of said
liquid and said air.

A nozzle to be used in carrying out a spray method
according to claim 1, comprising a liquid inflow path
connected to a liquid supply tube, an air inflow path
connected to an air supply tube, and a main fluid flow
path having a jet port at a front end thereof;
wherein a liquid inlet and an air inlet communicating
with said liquid inflow path and said air inflow path
respectively are disposed in confrontation each oth-
er or at inside and outside positions in such a way
that said liquid inflow path and said air inflow path
are in parallel with each other, said liquid inlet is al-
ways open, said air inlet is opened and closed by a
switching valve, and when a pressure of a liquid sup-
plied from said liquid supply tube decreases, said
switching valve is opened so that said nozzle sprays
a binary fluid.

A nozzle according to claim 2, wherein a valve body
of said switching valve of said air inlet is urged by a
spring, a pressure of air supplied from said air supply
pipe is set to a constant pressure of P2, and a pres-
sure of said spring is set to P3;

when said pressure of said liquid supplied from said
liquid supply tube is highand P1+P3>P2, said nozzle
sprays only said liquid; and when said liquid pressure
P1 is low and P1+P3<P2, said switching valve is
opened by said air pressure to introduce air into said
main fluid flow path according to a decrease rate of
said liquid pressure so that said nozzle sprays a bi-
nary fluid.

A nozzle according to claim 2, wherein an electro-
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magnetic valve is used as said switching valve of
said air inlet, and when said pressure of said liquid
supplied from said liquid supply tube becomes less
than a set value, said switching valve is controlled
so that said switching valve is opened to spray said
binary fluid.

A nozzle according to claim 4, wherein said set value
of said liquid pressure is in a range of 0.005MPa to
0.9MPa; and a ratio of an amount of air to a maximum
amount of a liquid when said binary fluid is sprayed
is set to a range of 0.5 to 5.0.
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