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(7) ABSTRACT

An apparatus and method to use steam to atomize water to
produce a mixture of moisture and heat for application to the
web of a paper machine for both production improvement
and paper quality control. The method allows independent
droplet size and heat control in the mixture, resulting in
flexibility that can not be offered by conventional steam
showers or water spray systems individually. In one embodi-
ment the apparatus consists of a plurality of actuator nozzle
modules which control the water volume flow feeding the
nozzle through a pneumatic pressure signal. Pressurized
steam feeding the nozzle is used to break the water into fine
droplets. The resulting nozzle spray is a mixture of moisture
in fine water droplets and steam vapor, and heat stored in the
steam. Alternatively, a plurality of steam valves can be used
to regulate the steam volume flow feeding each atomizing
nozzle.
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STEAM WATER SPRAY SYSTEMS

FIELD OF THE INVENTION

[0001] This invention relates to a method and apparatus to
deliver both heat and moisture to a web of paper and more
particularly to a method and apparatus for atomizing water
with steam to improve the production and paper qualities of
a papermaking machine.

DESCRIPTION OF THE PRIOR ART

[0002] In the modern production of paper, a continuous
fiber/water slurry is formed as a moving web on a paper
machine. As the slurry moves down the paper machine the
water is removed to leave the fiber which forms the paper
sheet.

[0003] The paper machine has several sections. The first
section drains the water under the influences of gravity and
vacuum on the Fourdrinier table. After the Fourdrinier table
a web is produced with sufficient strength to be self-
supporting to feed itself into a second or press section.

[0004] The second section of the paper machine presses
the paper web and squeezes the water from the sheet. This
section typically consists of a series of rolls forming press
nips through which the paper web is fed. After pressing
removes all the water that it can, the remaining moisture in
the web must be evaporated.

[0005] The third section of the paper machine, normally
referred to as the dryer, evaporates the remaining moisture
in the paper web down to the final level desired for the grade
of paper being produced.

[0006] At the end of the paper machine is a calender that
adds gloss and smoothness to the paper surface. If the paper
surface requires higher gloss and smoothness than that
which can be achieved by the normal on-machine calender-
ing then off-machine supercalendering is further applied to
the paper surface.

[0007] During the production of paper it is important that
a consistent quality be produced and maintained. The mois-
ture profile in the cross-machine direction (CD) is one of
many important qualities of paper products. It is not only
important that the overall moisture level be controlled, but
also that the moisture distribution throughout the sheet be
controlled both in the direction that the sheet is moving
known as the machine direction (MD) and in the CD.
Variation in moisture content of the sheet will often affect
paper quality as much or even more than the absolute
moisture content.

[0008] There are numerous influences on the paper
machine that can cause variation of the moisture content
especially in the CD. Wet or dry edges and characteristic
moisture profiles are common occurrences on paper
machines. As with the moisture content of the sheet, similar
problems exist for sheet gloss profile and smoothness dis-
tribution in the CD. Thus a number of profiling systems have
been developed to offer control of the paper quality during
paper production.

[0009] Steam showers are conventional profiling systems
that work by selectively delivering steam onto the paper web
during production. Profiling steam showers deliver a vari-
able distribution of steam in zones across the paper web. The
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amount of steam passing through each zone of a steam
shower is adjusted through an actuator located in that zone.

[0010] Steam showers are widely used on the Fourdrinier
table to help drainage and increase production. In the press
section, steam is added before the press nips to increase the
temperature of the web. The added temperature makes the
water removal by pressing much more effective as the added
moisture removal is much greater than the added moisture
due to steam condensation. Profiling steam showers are also
used in the calendering process to improve gloss and
smoothness of the paper products.

[0011] Moisture spray systems are also conventional pro-
filing systems normally used in the evaporating sections of
paper machines. The water spray systems are designed to
apply a profile of moisture spray in the cross-machine
direction to counter an undesirable moisture profile in the
paper web. These systems consist of a series of flow-
controlling actuators capable of independently adjusting the
amount of spray in discrete adjacent zones in the CD.

[0012] In addition to the actuator, another key component
in moisture spray systems is the spray nozzle. The nozzle is
the device that breaks the water particles into fine droplets.
These nozzles typically use a separate air pressure line to
produce the droplets.

[0013] Steam showers basically add moisture and heat to
the web by impinging hot steam on to the surface of paper.
The latent energy in the steam is released when steam
condensation occurs on the paper surface, and causes the
web temperature to rise. Steam condensation continues until
a certain temperature on the paper surface is reached. Higher
web temperature implies less viscosity of the moisture, and
consequently less resistance to the dewatering of the press
section. It is the added heat that contributes to the improve-
ment of machine runnability and efficiency, and conse-
quently to the increase of the paper production.

[0014] Profiling steam showers are also used to improve
moisture content in the web. However the resulting benefits
are limited due to the capability of the paper sheet to
condense steam on to its surface. As mentioned before,
steam will not condense on the paper surface if the surface
temperature is too high, instead it bounces back into the
environment and is wasted.

[0015] Water spray systems directly add moisture to the
paper surface to improve the moisture profile. Before spray-
ing water to the web, the water is normally heated to the
temperature of the web to prevent any by-effects due to the
temperature disturbance. Compared to steam shower sys-
tems, water spray systems have more freedom for moisture
manipulation. However the water spray systems have lim-
ited effects on the temperature rise of the web. Therefore,
water sprays are generally used for quality improvements
while steam showers are used for improving both production
and quality.

[0016] The apparatus and method of the present invention
was developed in order to overcome the shortcomings of
both steam showers and water spray systems. The present
invention combines the advantages of steam showers with
that of water spray systems. The method involves impinging
a predetermined mixture of steam and spray on to the web
for both production and quality improvement. The prede-
termined mixture contains carefully calculated moisture and
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heat for a specific application without the limits arising from
only a steam shower or only a water spray.

[0017] The novel apparatus involves using existing actua-
tor nozzle modules that are able to use steam to break water
into fine droplets. The actuator controls the moisture content
in the mixture. The heat of the mixture can be controlled by
adjusting the steam pressure and the amount of superheating
of the steam.

[0018] Typically, there are two types of actuators that can
be used in the apparatus of the present invention. One
converts a control signal to a linear movement. The linear
movement is then employed to adjust proportionally an
opening area in a valve mechanism. The flow amount
passing through this valve is therefore controllable in a
linear fashion by keeping the upstream flow pressure con-
stant, and the varying opening area at the valve determines
the flow rate.

[0019] The other actuator type is referred to as the regu-
lator type. The regulator-type actuator regulates the flow
pressure feeding a constant opening based on a controlling
reference pneumatic pressure. The varying pressure feeding
the constant orifice determines the flow rate.

[0020] The regulator-type actuator is especially effective
for applications requiring small flow control. It can be
appreciated that precisely adjusting the opening of a small
orifice is very difficult. Thus it is much easier to keep the
opening of the small orifice untouched while regulating the
flow pressure feeding that orifice. Another advantage of the
regulator type actuator is its capability to fully close the
valve when needed. Therefore the regulator-type actuator is
used for the novel apparatus of the present invention because
of its superior performance.

SUMMARY OF THE INVENTION

[0021] A method of wetting and heating webs of paper or
other hygroscopic material. The method comprises:

[0022] (a) supplying a steam stream;

[0023] (b) supplying a flow of liquid into the steam
stream so that the flow of liquid is atomized by the
steam stream; and

[0024] (c) advancing a web of hygroscopic material
across the atomized liquid flow.

[0025] A method of wetting and heating webs of paper or
other hygroscopic material using an atomizing nozzle. The
method comprises:

[0026] (a) forming in the nozzle a steam stream;

[0027] (b) supplying a flow of liquid into the formed
steam stream so that the flow of liquid is atomized by
the formed steam stream; and

[0028] (c) advancing a web of hygroscopic material
across the atomized liquid flow.

[0029] A method of wetting and heating webs of paper or
other hygroscopic material. The method comprises:

[0030] (a) arranging at least first and second atomiz-
ing nozzles in an array wherein the at least first and
second nozzles are adjacent to each other;
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[0031] (b) forming in each of the at least first and
second nozzles a steam stream;

[0032] (c) supplying to each of said first and second
nozzles a flow of liquid into the formed steam stream
so that the flow of liquid is atomized by the formed
steam stream; and

[0033] (d) advancing a web of hygroscopic material
across the atomized liquid flow.

[0034] A method of wetting and heating webs of paper or
other hygroscopic material using an atomizing nozzle. The
method comprises:

[0035] (a) creating an array of the atomizing nozzles;

[0036] (b) forming in each of the nozzles a steam
stream;

[0037] (c) supplying a flow of liquid into the formed
steam stream so that the flow of liquid is atomized by
the formed steam stream; and

[0038] (d) advancing a web of hygroscopic material
across the atomized liquid flow.

[0039] An apparatus for atomizing a liquid with steam.
The apparatus comprises:

[0040] a)a housing having a steam discharging outlet
and a liquid discharging outlet aligned flush with
each other;

[0041] b) a first nozzle in the housing for producing
at the steam discharging outlet and along a prede-
termined axis a steam stream;

[0042] c¢) a second nozzle disposed in the first nozzle
for producing at the liquid discharging outlet a
controlled stream of liquid; and

[0043] d) a steam stream divider disposed in the first
nozzle and outside of the second nozzle, the steam
stream divider maintaining the concentricity of the
steam stream and the controlled liquid stream.

[0044] An apparatus for atomizing a liquid with steam.
The apparatus comprises:

[0045] a) a first nozzle for producing in the apparatus
and along a predetermined axis a steam stream;

[0046] b) a second nozzle disposed in the first nozzle
for producing in the apparatus a controlled stream of
liquid; and

[0047] c) a steam stream divider disposed in the first
nozzle and outside of the second nozzle, the steam
stream divider maintaining the concentricity of the
steam stream and the controlled liquid stream.

[0048] In a nozzle, a method for atomizing a liquid with
steam. The method comprises:

[0049] (a) forming a steam stream; and

[0050] (b) supplying a flow of liquid into the formed
steam stream so that the flow of liquid is atomized by
the steam stream.
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[0051] A method for atomizing a liquid with steam. The
method comprises:

[0052] (a) forming a steam stream;

[0053] (b) atomizing a flow of liquid with the formed
steam stream to produce fine droplets of the liquid.

DESCRIPTION OF THE DRAWING

[0054] FIG. 1 shows a segment of the preferred embodi-
ment for the steam water spray of the present invention.

[0055] FIG. 2 shows an actuator nozzle module that is
used in the preferred embodiment of FIG. 1.

[0056] FIG. 3 shows an embodiment for the regulator type

actuator that is part of the actuator nozzle module of FIG.
2.

[0057] FIG. 4 shows an embodiment for the nozzle por-
tion of the actuator nozzle module of FIG. 2.

[0058] FIG. 5 shows an enlargement of the stream divider
of FIG. 4 for the steam-atomizing nozzle.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0059] FIG. 1 shows a segment of the preferred embodi-
ment for the steam water spray system 1 of the present
invention. System 1 consists of a plurality of actuator nozzle
modules 10 mounted on a plate 6 across the paper web in the
CD. A common water chamber 2 in sealed communication
with a water supply unit (not shown) feeds pressurized water
to each actuator nozzle module 10 through a hole (not
shown) in the plate 6. A water return pipe 5 recycles unused
water back to a water tank (not shown) of the water supply
unit. A common steam chamber 3 in sealed communication
with a steam preparation system (not shown) feeds pressur-
ized steam to each actuator nozzle module 10 through
another hole (not shown) in the plate 6. A remotely gener-
ated pneumatic signal of 6 PSIG to 30 PSIG sent through air
tubes 4 controls the water volume flow passing through each
actuator nozzle module 10.

[0060] Referring now to FIG. 2 there is shown an embodi-
ment for integrated actuator nozzle module 10. Module 10
consists of an atomizing nozzle 22 and a regulator-type
actuator 20. Nozzle 22 includes a port 28 which is in sealed
communication with the common water chamber 2 through
the plate 6 of FIG. 1. The port 28 receives pressurized water
from the water chamber 2 and then feeds that water to the
regulator type actuator 20.

[0061] The actuator 20 regulates the water pressure
between 0 PSIG and 24 PSIG feeding a pair of orifices 12
and 14 and a water nozzle 26 downstream of the orifices.
The feeding pressure and the sizes of the orifices 12 and 14
and the water nozzle 26 fully determine the water volume
flow through the module 10.

[0062] There are two pressure ports 18 and 16 in the water
passage. The pressure port 18 is located upstream of the pair
of orifices 12 and 14, while the other port 16 is linked to the
space between the two orifices 12 and 14. The pressure
measurements at the two pressure ports 16 and 18 can, as
will be described below, be used to monitor the status of the
two orifices 12 and 14 and the water nozzle 26.
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[0063] Preferably, steam is feed into a channel 70 of the
atomizing nozzle 22 through a port 30 which is in sealed
communication with the common steam chamber 3 through
the plate 6 of FIG. 1. Steam in the channel 70 then splits into
three streams: one stream through a circumferential gap 72
around the water nozzle 26, another stream through a flat
gap 76 adjacent to the nozzle exit, and yet another stream
through two off-center orifices 86. The separated streams
then mix again in a mixing chamber 74 before emitting to
the environment through an annulus 78 around the water
nozzle 26. Steam passing through the two off-centered
orifices 86 in opposite directions creates a swirling compo-
nent of the mixed flow in the mixing chamber 74. This
swirling component does not exist in conventional steam
showers.

[0064] When the valve of the actuator 10 is fully closed,
there is no water flow through the nozzle 22 and the actuator
module 10 delivers only steam to the web. As is described
below in connection with FIG. 3 which shows a preferred
embodiment for the regulator type actuator 20, a valve stem
46 which is attached to a piston 44 combined with a valve
seat 48 forms a valve at the source water inlet.

[0065] The steam water spray system 1 of the present
invention is superior to conventional steam showers,
because of the added swirling component in the steam jet.
The swirling movement allows the steam to easily penetrate
the boundary layer formed by the air carried by the moving
web. Improved contact between the steam and the paper
surface increases the efficiency of the steam treatment.

[0066] When the valve of the actuator 10 opens, water
passing the valve feeds into the water nozzle 26. The steam
jet emitting through the annulus 78 acts as atomizing fluid in
this case. The use of the combination of three steam streams
in the mixing chamber 74 before emitting steam to the
environment results in a moisture distribution that is mostly
suitable to the profiling applications. Another benefit of the
three atomizing streams is that the resulting size of the water
droplets are effectively appropriate for paper rewet applica-
tion. It is found that the three-stream atomizing nozzle can
produce averaged droplets as small as 50 microns.

[0067] Alternatively, a plurality of steam valves upstream
of the port 30 (not shown) can be used to regulate the steam
volume flow feeding the atomizing nozzle 22. This configu-
ration allows, as does conventional steam showers, tempera-
ture profiling across the web in the CD. However, the added
water associated with the present invention extends the
range of moisture manipulation of a conventional steam
shower. The capability of regulating steam volume flow also
adds size control to droplets produced by the atomizing
nozzle. As is well known, the more the atomizing fluid flow,
the smaller the droplets produced by an atomizing nozzle.

[0068] The steam atomizing of the present invention pro-
vides when compared to air atomizing benefits to the spray
system. As is well known the large water volume flow for
heavy grade paper requires more atomizing fluid flow to
atomize the water. For a nozzle with fixed geometry, more
atomizing flow indicates a higher atomizing pressure. It is
much more expensive to compress air to a pressure higher
than 15 PSIG, because of the difference in cost between the
air blower that is capable of compressing the air up to 15
PSIG and the compressor needed to compress the air to
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pressures higher than 15 PSIG. However, steam with a
pressure higher than 15 PSIG is readily available in any
paper mill.

[0069] Another benefit of using steam to atomize water is
the expected reduction in droplet size. Latent energy in the
steam heats the atomized water and consequently reduces
the viscosity of the water. Lower viscosity results in smaller
resistance to the atomizing process and therefore smaller
droplets in the spray.

[0070] The regulator-type actuator 20 of FIG. 2 is
described in commonly owned U.S. Pat. No. 6,394,418 for
“Bellows Actuator for Pressure and Flow Control”, the
disclosure of which is incorporated herein by reference.

[0071] Referring now to FIG. 3 there is shown an embodi-
ment for the regulator-type actuator 20.

[0072] Actuator 20 consists of an internal chamber 32 and
an external chamber 34 separated by a flexible metal bellows
36. The external chamber 34 is the space formed by actuator
body 40, the bellows 36, the end piece 42 and the piston 44.
The control air inlet 24 feeds into the external chamber 34.
The internal chamber 32 is the space formed by the water
inlet end piece 42, the bellows 36 and the piston 44. The
source water inlet 50 in sealed communication with the
water port 28 of FIG. 2 feeds into the internal chamber 32.
A valve stem 46 attached to the piston 44 combined with a
valve seat 48 forms a valve at the source water inlet 50. A
spray water outlet 52 directs the water to the double orifices
12 and 14 and the nozzle orifice 26 through the water inlet
62 of FIG. 4.

[0073] Initial setup of the actuator 20 involves compress-
ing the metal bellows 36 a predetermined amount and
attaching the valve stem 46 such that the valve orifice 54 is
closed at this pre-compressed setting. In addition, the water
inlet end piece 42 and the piston 44 are designed to dia-
metrically guide each other in their relative movement as
well as act as an anti-squirm guide for the bellows 36.

[0074] The actuator 20 works to control the pressure fed to
the double orifices 12 and 14 and the nozzle orifice 26 using
the pneumatic control air pressure at the port 24 as a
reference. Source water is fed to the source water inlet 50 at
a pressure in excess of the maximum desired pressure for the
spray nozzle 22. Control air is fed to the metal bellows 36
through actuator body 40.

[0075] The air pressure in the external chamber 34 acts
against the effective area of the bellows 36 and creates an
operating force, which is resisted by three opposing forces.
The first opposing force is formed by the spring action of the
pre-compressed metal bellows 36. The second opposing
force is formed by the pressure of the source water acting
against the relatively small area of the valve orifice 54
opening. The third opposing force is formed by the spray
water pressure in the internal chamber 32 acting against the
effective area of the bellows 36. The first two reactive forces
are substantially small or constant which allows changes to
the control air pressure to predictably affect the pressure of
the water feeding the double orifices 12 and 14 and the
nozzle orifice 26. The actuator 20 operates on a balance of
these forces.

[0076] If the control air pressure is less than the kickoff
pressure of 6 PSIG, determined by the amount of pre-
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compression of the bellows 36, the valve stem 46 remains
against the valve seat 48 and no water passes through the
valve orifice 54. The double orifices 12 and 14 and nozzle
orifice 26 downstream receive no water pressure to feed
them.

[0077] When the control air pressure exceeds the kickoff
pressure of the actuator 20, the valve stem 46 is pushed
down by the piston and water flows through the valve orifice
54 into the internal chamber 32 and out to the double orifices
12 and 14 and nozzle orifice 26. The double orifices 12 and
14 and the nozzle orifice 26 downstream allow water flow
through it but also offer resistance to such flow. Thus the
pressure in the internal chamber 32 builds.

[0078] As the pressure in the internal chamber 32
increases, the sum of the opposing forces increase until it
matches the force of the control air pressure in the external
chamber 34. A balance point between control force and
reactive opposite force results in regulated water pressure of
between 0 PSIG and 24 PSIG, proportional to the pneumatic
control pressure of between 6 PSIG and 30 PSIG. The
regulated water pressure and the size of the double orifices
12 and 14 determine the flow rate passing through the
actuator nozzle module.

[0079] A brief description of the mechanism of the actua-
tor nozzle modules 10 is needed before one can fully
understand how the actuator nozzle module 10 works. The
atomizing nozzle 22 used in module 10 is described in U.S.
patent application Ser. No. 10/001,408 (“the 408 Applica-
tion”) filed on Oct. 22, 2001 for “Spraying Nozzle For
Rewet Showers”, the disclosure of which is incorporated
herein by reference. The atomizing nozzle 22 uses a com-
bination of three air streams to break the water into small
droplets and produce an appropriate moisture profile that is
suitable for paper quality improvement applications.

[0080] Referring now to FIG. 4, there is shown an
embodiment for the nozzle portion 22 of the actuator nozzle
unit 10. The nozzle portion consists of a nozzle body 56, a
double orifice device 12 and 14, a water nozzle tube 58, a
stream divider 82 and a steam cap 60. The nozzle body 56
also serves as a mounting base for the actuator 20. The
source water inlet 28 on the nozzle body 56 is connected to
the source water inlet 50 of FIG. 3 to the actuator 20. The
spray water outlet 52 from the actuator 20 of FIG. 3 is
aligned with the regulated water inlet 62 on the nozzle body
56. Water from the actuator 20 feeds into the water inlet 62,
passing through the double orifices 12 and 14, and finally
emits from the water nozzle 26.

[0081] Atomizing steam feeds into the steam chamber 70
formed by the nozzle body 56, the water tube 58, the stream
divider 82 and the steam cap 60 through the atomizing steam
inlet 30. The atomizing steam in the steam channel 70 is then
separated into three different flow streams by using the
cylindrical stream divider 82 an enlargement of which is
shown in FIG. 5. One of the streams passing through the
holes 98 (shown in FIG. 5) drilled towards the central axis
of the cylindrical stream divider 82 gets into the chamber 80
formed by the water tube 58 and the stream divider 82. This
stream then flows into the gap 72 between the divider 82 and
the water tube 58 before it enters the mixing chamber 74 to
form the first steam stream around the water tube 58.

[0082] There are two flat surfaces 96 (shown in FIG. 5)
machined from the cylindrical outer surface of the stream
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divider 82 and located on one end of the divider 82. The two
flat surfaces are located opposite to each other. Two steam
channels 84 are formed between the two flat surfaces 96 on
the stream divider 82 and the inner surface of the steam cap
60. The two steam channels 84 are connected to the steam
channel 70. Atomizing steam in channels 84 are used for the
second and the third streams.

[0083] The second steam stream passes through the two
holes 86 drilled off-center on the two flat surfaces 96 of the
stream divider 82 and flows tangentially into the mixing
chamber 74. The two off-centered holes 86 are aligned in
opposite directions so that swirling flow is produced in the
mixing chamber 74 around the first steam stream. The size
of the two orifices 86 and the steam pressure in the channel
70 determine the strength of the swirl in the mixing chamber
74. The swirl determines the spray pattern of the final jet,
especially the width of the final jet.

[0084] The third steam stream is generated by atomizing
steam in the two steam channels 84 passing through the gap
76 formed between the steam cap 60 and the steam divider
82. A ring 88 is used to control the width of the gap 76, and
consequently the shape of the resulting spray profile. The
third stream passes through the gap 76, bends towards the
chamfered surface 90 on the steam cap 60 due to the Coanda
effect. The Coanda effect indicates that flow tends to attach
to a solid surface. The third stream wraps the swirling flow
and the first stream within it in the mixing chamber 74. The
combination of the three streams rushes out of the annulus
78 around the water jet emitting from nozzle orifice 26.

[0085] There are several benefits associated with the
design of the three-stream nozzle. One of the benefits is the
efficiency of the atomizing nozzle. When the third stream
bends at the chamfer 90 of the steam cap 60, an area with
low pressure is created near the chamfer 90 of the steam cap
60 also due to the Coanda effect. This low pressure in
chamber 74 created by the third stream reduces the resis-
tance on both the first steam stream and the swirling second
stream. This reduction of the resistance indicates that exactly
the same spray pattern (particle size and mass profile) that is
created by the three air streams used in the atomizing nozzle
described in the 408 Application can also be created with
relatively low atomizing steam source pressure.

[0086] Another benefit of the atomizing nozzle design is
that the design allows control of the two slopes of the water
mass profile generated by the nozzle. The third stream which
is a result of the design adds axial momentum to the outer
region of the swirl that steepens the two slopes on the outer
edges of the profile and makes the profile closer to an ideal
square in shape.

[0087] Yet another benefit of the atomizing nozzle design
arises from the additional shearing force produced by the
mixing atomizing steam streams. Larger water particles in
the swirl move away from the center of the jet faster due to
the greater centrifugal force. The shearing force created in
the mixing range of the third stream and the swirl breaks
those particles into even smaller particles. The resulting
spray has a more uniform particle size distribution across the
whole profile.

[0088] Still yet another benefit of the nozzle design is also
efficiency related. The swirl generated by the two off-
centered holes 86 in the mixing chamber 74 is compressed
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in the convergent area formed by the chamfer 90 on the
steam cap 60. The tangential velocity in the swirl increases
dramatically during the compression. The chamfer 90 of the
steam cap 60 drags the tangential velocity to zero on the
chamfer surface. The friction on the chamfer surface dissi-
pates the strength of the swirl and causes inefficiency in the
nozzle. The third stream located between the swirl and the
chamfer surface acts as a cushion for the swirl and preserves
the vortical strength of the swirl.

[0089] As was described above, the pressure measure-
ments at ports 16 and 18 in the water passage (see FIG. 2
and FIG. 4) can be used to monitor the status of the flow
control orifices 12 and 14 and water orifice 26. This moni-
toring is described in U.S. Pat. No. 6,460,775, for “Flow
Monitor for Rewet Showers” the disclosure of which is
incorporated herein by reference.

[0090] The monitoring capability of this actuator nozzle
unit 10 is achieved by pressure measurement at two pressure
ports 16 and 18 of FIG. 2. As is shown in FIG. 2 there is
a pressure port 16 located right between the two orifices 12
and 14. There is also another pressure port 18 upstream of
the two orifices 12 and 14 that monitors the regulated water
pressure from the actuator 20 included in the module 10. The
upstream pressure measured is compared with the pneumatic
control pressure sent to the actuator 20 through port 24. This
comparison results in the performance diagnosis of the
actuator 20.

[0091] The pressure measured between the two orifices 12
and 14 in combination with the pressure measured upstream
can be used to monitor the status of the double orifices 12,
14 and the water orifice 26. Orifice monitoring is achieved
by using a double orifice technique. The double orifice
technique is based on the fact that there is always a pressure
drop when a moving fluid passes an orifice. The pressure
change at port 16 between the orifices 12 and 14 is moni-
tored over time comparing to the upstream pressure at port
18. The pressure between the double orifices 12, 14 should
be a portion of the upstream pressure, and the ratio of the
two pressures is a constant regardless of flow conditions, if
there is no geometrical variation in the flow passage.

[0092] If the upstream orifice 12 of the double orifices is
partially blocked, the measured pressure between the double
orifices 12 and 14 will be lower than normal. A zero pressure
measurement between the orifices 12 and 14 indicates full
blockage at the upstream orifice 12 during normal operation.
When wearing occurs to the upstream orifice 12, increasing
pressure should be expected between the double orifices 12
and 14. Similarly, a blockage at the downstream orifice 14
or the water nozzle 26 resists the flow more and conse-
quently a higher pressure should occur between the orifices
12 and 14. When the downstream orifice 14 is fully blocked,
the pressure between the two orifices 12 and 14 equals the
upstream pressure. Downstream orifice wearing results in a
pressure drop.

[0093] In short, a pressure drop between the orifices 12
and 14 indicates either blockage at the upstream orifice 12
or wearing downstream. Pressure increasing between the
orifices 12 and 14 implies that there is either wearing at the
upstream orifice 12 or blockage downstream. Although there
is no way to tell which orifice has caused the variation in the
measured pressure one should be able to conclude that it is
time to change the orifices. The double orifices 12 and 14
can be designed as one component for easy replacement.



US 2004/0074981 Al

[0094] The nozzle orifice 26, which affects the droplet size
from the nozzle 22, is the same for all applications. Orifice
diameters of the double orifices 12, 14 determine the maxi-
mum water flow capacity for each individual application.
For most of the applications, the nozzle orifice 26 is much
larger than the flow orifice diameter. Therefore the pressure
drop through the water orifice 26 is substantially less than
the pressure drop through any one of the two orifices 12, 14.
Acrelatively large pressure value at the port 16 makes precise
pressure measurement there easier. That is why the moni-
toring technique uses two orifices 12, 14 instead of one in the
design. In practice, the diameters of the two orifices 12, 14
can be either identical or different.

[0095] Tt is to be understood that the description of the
preferred embodiment(s) is (are) intended to be only illus-
trative, rather than exhaustive, of the present invention.
Those of ordinary skill will be able to make certain addi-
tions, deletions, and/or modifications to the embodiment(s)
of the disclosed subject matter without departing from the
spirit of the invention or its scope, as defined by the
appended claims.

What is claimed is:
1. Amethod of wetting and heating webs of paper or other
hygroscopic material, comprising:

(2) supplying a steam stream;

(b) supplying a flow of liquid into said steam stream so
that the flow of liquid is atomized by said steam stream;
and

(c) advancing a web of hygroscopic material across the

atomized liquid flow.

2. Amethod of wetting and heating webs of paper or other
hygroscopic material using an atomizing nozzle, compris-
ing:

(a) forming in said nozzle a steam stream;

(b) supplying a flow of liquid into said formed steam
stream so that the flow of liquid is atomized by said
steam stream; and

(c) advancing a web of hygroscopic material across the

atomized liquid flow.

3. The method of claim 2 wherein said supplying includes
inserting a liquid discharging tube into the path of said
formed steam stream so that said formed steam stream
surrounds said tube.

4. The method of claim 2 wherein said steam stream is the
combination of one or more steam streams.

5. Amethod of wetting and heating webs of paper or other
hygroscopic material, comprising:

(a) arranging at least first and second atomizing nozzles in
an array wherein said at least first and second nozzles
are adjacent to each other;

(b) forming in each of said at least first and second nozzles
a steam stream;

(c) supplying to each of said at least first and second
nozzles a flow of liquid into said formed steam stream
so that the flow of liquid is atomized by said formed
steam stream; and

(d) advancing a web of hygroscopic material across the
atomized liquid flow.

Apr. 22, 2004

6. The method of claim 5 wherein said steam stream is the
combination of one or more steam streams.

7. Amethod of wetting and heating webs of paper or other
hygroscopic material using an atomizing nozzle, compris-
ing:

(a) creating an array of said atomizing nozzles;
(b) forming in each of said nozzles a steam stream;

(c) supplying to each of said nozzles a flow of liquid into
said formed steam stream so that the flow of liquid is
atomized by said formed steam stream; and

(d) advancing a web of hygroscopic material across the
atomized liquid flow.
8. The method of claim 7 wherein said steam stream is the
combination of one or more steam streams.
9. Apparatus for atomizing a liquid with steam compris-
ing:

(a) a housing having a steam discharging outlet and a
liquid discharging outlet aligned flush with each other;

(b) a first nozzle in said housing for producing at said
steam discharging outlet and along a predetermined
axis a steam stream;

(c) a second nozzle disposed in said first nozzle for
producing at said liquid discharging outlet a controlled
stream of liquid; and

(d) a steam stream divider disposed in said first nozzle and
outside of said second nozzle, said steam stream
divider maintaining the concentricity of said steam
stream and said controlled liquid stream.

10. The apparatus of claim 9 wherein said steam stream is

the combination of one or more steam streams.

11. Apparatus for atomizing a liquid with steam compris-

ing:

(a) a first nozzle for producing in said apparatus and along
a predetermined axis a steam stream;

(b) a second nozzle disposed in said first nozzle for
producing in said apparatus a controlled stream of
liquid; and

(c) a steam stream divider disposed in said first nozzle and
outside of said second nozzle, said steam stream
divider maintaining the concentricity of said steam
stream and said controlled liquid stream.

12. The apparatus of claim 11 further comprising a
housing having a steam discharge outlet and a liquid dis-
charge outlet aligned flush with each other.

13. In a nozzle, a method for atomizing a liquid with
steam comprising:

(a) forming a steam stream; and

(b) supplying a flow of liquid into said formed steam
stream so that the flow of liquid is atomized by said
steam stream.

14. The method of claim 11 further comprising emitting
said liquid atomized by said formed steam stream from said
nozzle.

15. The method of claim 13 wherein said liquid atomized
by said formed steam stream is received by a web of
hygroscopic material that advances across said emitted
atomized liquid.
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16. A method for atomizing a liquid with steam compris-
ing:

(2) forming a steam stream; and

(b) atomizing a flow of liquid with said formed steam
stream to produce fine droplets of said liquid.
17. The method of claim 16 wherein said steam stream is
the combination of one or more steam streams.
18. An apparatus comprising:

one or more nozzles, each of said nozzles atomizing a
flow of liquid by a steam stream to thereby provide both
moisture and steam to a web of hygroscopic material.

19. The apparatus of claim 18 wherein said steam stream

is the combination of one or more steam streams.

20. The apparatus of claim 19 where in said steam stream

is the combination of a swirling steam stream, one straight
steam stream and another straight steam stream.
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21. The apparatus of claim 18 further comprising a
chamber for providing said flow of liquid to all of said one
or more nozzles in said array.

22. The apparatus of claim 18 further comprising a
chamber for providing a flow of steam to all of said one or
more nozzles in said array.

23. The apparatus of claim 18 further comprising a
chamber for providing said flow of liquid to all of said one
or more nozzles in said array and a chamber for providing
a flow of steam to all of said one or more nozzles in said
array.

24. The apparatus of claim 18 further comprising a
pneumatic signal connected to each of said one or more
nozzles for controlling the flow of liquid in each of said one
or more nozzles.



