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(57) Abstract: A steam
distributor (1) that uses a porous
metal plate to replace the
conventional screen plate (3) of
a steam shower for distributing
steam to a moving web (2) such
as the web of a paper making
machine. Steam showers using a
steam distributor with this porous
metal plate can deliver extremely
uniform steam to the surface of
a paper web. Profiling steam
3 showers constructed by using an
array of the steam distributors are

able to deliver the best profiling

results for various paper products.

The porous metal plate can be

considered as an equivalent of

a screen plate with thousands of

2 micro-orifices arranged tightly in
both the machine direction and
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Steam Distributor for Steam Showers

1. Field of the Invention

This invention relates to efficiently distributing
steam to a web of a paper machine, and more specifically,
to a steam distributor that can be used in steam showers
to deliver steam with a predetermined mass profile.

2. Description of the Prior Art

Steam showers are widely used 1in a papermaking
machiné for production gain and qgquality control. Figure 1.
shows a papermaking machine and four possible mouht’ing
locations for the steam showers. Steam is usually added
before the press nips to increase the production with the
effect of i1ncreasing the temperature of all of' the
moisture 1n the web. The added temperature makes the
water removal by pressing much more effective. The
molisture removed by pressing 1S much greater than the
added moisture resulting from steam condensation. The web
leaves the press nips and enters the dryer. A web with
higher dryness at the end of pressing allows the dryer to
run at a higher speed and hence results in increased
paper production.

Steam 1s also added by using profiling steam showers
to improve the paper <quality such as moisture
distribution across the paper. Profiling steam showers
work by selectively delivering steam to segments (or
zones) of the web in the cross~maChine (CD) direction to

compensate an. unfavorable moisture distribution in that

direction.
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Tt 1s well known that there are numerous 1influences

on the paper machine that can cause a variation of the

moisture content, especially 1in the CD direction. Wet

edges and characteristic moisture profiles are common

occurrences on paper machines. Profiling steam showers

are also used for finishing purposes on calenders or

supercalenders to 1mprove paper smoothness, gloss and

callper etc.

Existing profiling steam showers are constructed

with an array of steam distributors along the CD

direction. A single steam distributor 1s also used for

non-profiling applications that delivers a constant

pattern of steam across the CD direction. The steam

distributor usually consists of a screen plate that is

F
p—

"mounted nearby and facing the surface of the web to be

steam treated. Traditionally, the screen plate has a

number of orifices with a constant spacing along the CD

direction through which steam impinges upon the moving

web. The amount of steam passing through each steam

distributor is adjustable by changing the steam pressure

feeding the screen plate. Positioning or regulator-type

actuator wvalves controlled by pneumatic signals generated

r—~

remotely o the machine are usually employed to

manipulate the steam  pressure within each steam

distributor for profiling purpose.

p—
—

Uniformly distributing steam across the web of paper

in a paper machine requires the steam distributing screen

plate of a steam shower to have enough small orifices

arranged tightly along the cross-machine (CD) direction.

This is especially true for steam shower applications 1in

the drver end or finishing calendering where steam flow

is wvery small. A wavy molsture profile 1n the CD

direction of the paper resulting from steam treatment

using conventional screen plates 1s a common phenomenon.

There  are two very important parameters for

profiling steam showers. One of the parameters 1s the
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mass (moisture or heat) distribution within a single zone
and the other is the coupling between adjacent zones.

Ideally, a

achieved if the mass distribution is a perfect square 1n

Lt}

flat moilsture profile at reel could be

shape within a single zone and the coupling 1s zero

between neighboring zones, as long as the zone size 1s

small enough. As is well known, the velocity profile and

the mass profile of a single orifice jet both have a

bell-shaped distribution. A single steam distributor

consisting of a number of such orifices produces a wavy

mass profile on the surface of the sheet. There 1s also a

substantial coupling between adjacent distributors

similar to the coupling between neighboring jets.

g—
—

The magnitude of the fluctuation of the mass

distribution 1is a function of several parameters

including single jet mass distribution, orifice spacing

and the distance between the orifices and the paper

surface. Theoretically the smaller the orifice spacing

the flatter the resulting mass profile, and the less the

coupling between adjacent zones as a result of reduced:
sheet distance. However, smaller orifice spacing results

in more orifices reguired 1n a single zone as well as

smaller orifice diameter to mailntain the flow rate and

consequently higher cost for the screen plate, and the

steam distributor or the steam shower.

To overcome the shortcomings of conventional steam

showers, a new steam distributing method and apparatus 1s

disclosed. The steam distributor of the present invention

consists of a steam distributing plate made trom porous

metal. The width of the porous metal plate represents the

zone size of the steam shower 1in the CD direction. The

steam flow rate passing through a single porous metal

plate with a fixed zone size is determined by the media

grade of the porous metal, the thickness and the length

-

in the machine direction of the plate as well as the

steam pressure feeding the porous metal plate.
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The porous metal plate is typically manufactured by
preparing metal powders with a precisely controlled
particle size based on the media grades produced. Powders
with constant particle size are then compressed into a
plate before being sintered. This procedure produces

porous metal plates with uniform porosity and required

bonds between the particles. The low cost and ready

availability of the porous metal plates with different

media grades make the steam distributor of the present

invention practical yvet affordable.

Summary of the Invention

A steam distributor for use with a machine that

produces a web. The steam distributor comprises a steam

" housing having a steam inlet in sealed communication with

the housing; and one or more porous metal plates mounted

in the housing in an orientation to face the web when the

steam distributor is mounted at a predetermined location

on the web producing machine, each of the one or more

porous metal plates having a plurality of steam outlets

which are in sealed communication with the steam housing..

An apparatus for distributing a fluid for use with a

machine that produces a web. The apparatus comprises a

housing for the fluid having a fluid inlet 1in sealed
communication with the housing; and one o0r more pPOXrous

metal plates mounted in the housing in . .an orientation to

face the web when the fluid distributing apparatus 1is
mounted at a predetermined location on the web producing
machine, each of the one or more porous metal plates

having a plurality of fluid outlets which are 1n sealed

communication with the housing.

A steam shower for use with a machine that produces

a web. The steam shower comprises two or more steam
housings, each of the two or more steam housings
separated from an adjacent one of the two or more

housings and having a steam inlet in sealed communication

with an associated one of the two or more housings; and
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one or more porous metal plates mounted in the housing in

an orientation to face the web when the steam shower 1is

mounted at a predetermined location on the web produciling

—

machine, each of the one or more porous metal plates

having a plurality of steam outlets which are 1n sealed

communication with an associlated one of the two or more

steam housings.

In combination a machine for producing a web and one

or more fluid distributors each mounted at an associlated

one of one or more predetermined locations along the web

producing machine, ecach of the one or more fluid
distributors comprising:
a fluid housing having a fluid 1inlet 1in sealed

communication with the housing; and

one or more porous metal plates mounted 1n the

housing in an orientation to face the web when each of

the one or more fluid distributors 1is mounted at the

H

associated one o: the one or more predetermined

locations, each of the one or more pPOrous metal plates

having a plurality of f£fluid outlets which are 1n sealed
communication with the fluid housing.

Tn combination a machine for producing a web and one

or more steam showers each mounted at an associated one

of one or more predetermined locations along the web
producing machine, each of the one or more steam showers
comprising:

—

two Or more steam housings, each of the two or more

—

steam housings separated from an adjacent one of the two

or more housings and having a steam inlet 1n sealed

—
—

communication with an associliated one of the two or more

housings; and

one or more porous metal plates mounted 1in the

housing in an orientation to face the web when each of

the one or more steam showers 1s mounted at the

associated one of the one or more predetermined

locations, each of the one or more porous metal plates
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having a plurality of steam outlets which are 1n sealed
communication with an associated one of the two or more
steam housings.

In one aspect, the 1nvention provides a steam
distributor for use with a machine that produces a web, the
steam distrilbutor comprising:

a steam housing having a steam inlet; and

one oOr more porous metal plates mounted 1in said steam

housing in an orientation to face said web when said steam
distributor 1s mounted at a predetermined location on said
web producing machine, each o0of said one or more porous
metal plates being formed from metal powder that 1is

sintered such that each of said one or more porous metal

plates comprises micro orifices.

In one aspect, the 1invention provides an apparatus for
distributing a fluid for use with a machine that produces a
web, the apparatus comprising:

a fluid housing having a fluid inlet; and

one or more porous metal plates mounted in said fluid

housing in an orientation to face said web when said fluid
distributing apparatus 1is mounted at a predetermined
location on said web producing machine, each of said one or

more porous metal plates being formed from metal powder

~that 1s sintered such that each of said one or more porous

metal plates comprises micro orifices.

In one aspect, the 1invention provides a steam shower
for use with a machine that produces a web, the steam

shower comprising:

two or more steam housings, each of said two or more
steam housings separated from an adjacent one of said two

or more housings and having a steam inlet; and



10

20

30

CA 02515549 2008-07-04

6a

one or more porous metal plates mounted 1in each of said

two or more steam housings 1n an orilientation to face said

web when said steam shower 1s mounted at a predetermined

F

location on sailid web producing machine, each of sailid porous

metal plates being formed from metal powder that 1is

sintered such that each of said porous metal plates

comprises micro orifices.

In one aspect, the 1nvention provides in combination:

a machine for producing a web; and
one or more fluid distributors each mounted at an
assoclated one of one or more predetermined locations along
said web producing machine, each of said one or more fluid
distributors comprising: ‘
a fluid housing having a fluid inlet; and

one or more porous metal plates mounted 1n said

fluid housing in an orientation to face said web when

each of said one or more fluid distributors 1s mounted

at sald assoclated one of said one or more

predetermined locations, each of said one or more

porous metal plates being formed from metal powder

-

that 1s sintered such that each of said one or more

porous metal plates comprises micro orifices.
In one aspect, the invention provides 1in combination:
a machine for producing a web; and
one or more steam showers each mounted at an associlated

one of one or more predetermined locations along said web

F

producing machine, each of salid one or more steam showers

comprising:

two or more steam housings, each of said two or more

steam housings being separated from an adjacent one of
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sald two or more housings and having a steam 1nlet;

and

one Or more porous metal plates mounted 1n each of
sald two or more steam housings 1in an orientation to
face said web when each of said one or more steam

showers 1s mounted at said associated one of said one

or more predetermined locations, each of said porous
metal plates being formed from metal powder that is

sihtered such that each of said porous metal plates

10 - comprises micro orifices.

Description of the Drawing

Fig. 1 shows a schematic for a papermaking machine

and four well known locations for the steam showers of the
present invention.

Fig. 2 shows a schematic section view through an
embodiment of the steam distributor of the present
invention that can be used in steam showers. '

Fig. 3 shows a schematic view of an embodiment of
the steam shower of the present invention.

Description of the Preferred Embodiment (s)

Referring now to Fig. 2, there is shown a schematic

20 section view through an embodiment of the steam
distributor 1 according to the present invention for
delivering steam to the web 2 of a papermaking machine.

The steam distributor. 1 is mounted close to the paper web

2 that is to be steam treated by supports (not shown) .

The arrow 7 shows the machine direction (MD) , that 1is,

the moving direction of the web 2. |

The steam distributor 1 comprises a steam housing 4

and a steam inlet 9 that is in sealed communicatioh with

the steam housing 4. One or several pieées of porous
metal plates 3 facing the web 2 at the bottom of the
steam distributor 1 form the steam outlets of the housing

30 4. The steam outlets on the porous metal plate 3 are also
in sealed communication with the steam housing 4.

Preferably, the porous metal plate 3 is placed. parallel
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" to the web of the paper sheet. The porous metal plate 3
is flat if the steam distributor 1 is mounted above a
flat web. The porous metal plate 3 can also be formed
into a curved metal sheet to match the curvature of the
web 2 1if the steam distributor 1 is mounted to face a
roll. Arrow 6 shows the straight streamlines of the steam

flow passing through the porous metal plate 3.
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The width of the porous plate 3 in the cross-machine

‘direction defines a band on the web surface that 18

affected by the steam. This band could cover the whole

web surface if a non-profiling steam shower i1s to be

ITn the case of profiling steam showers, the width

used.

of the band in the CD direction defines the zone size.

The sgize of a single zone can be arbitrary, however 2

inches (about 5 cm) to 6 inches (about 15 cm) are typical

for existing profiling steam showers.

For a steam distributor 1 with a fixed width of the
porous metal plate 3, the steam flow rate passing through
the steam distributor 1 is determined by several

p—

properties of the porous plate 3 as well as the steam

pressure 1in the steam housing 4. The 1nfluencing

=

the porous metal plate 3 include the length

of .the porous plate 3 in the machine direction, the media
grade and the thickness of the porous plate 3. The
variety in the selection of the porous metal plate 3

p—

allows the users of the steam distributor 1 to design a

steam shower that gives the best fit to their specific

application. The application could be in the wet end

(Location #1 and #2 in Figure 1) or 1in the dry end

(Location #3 in Figure 1, for example), or even 1in a

finishing calender (Location #4 in Figure 1) of a paper
making machine.

After being mounted on the paper machine, the steam

distributor 1 can deliver controllable steam flow to the

web 2 by manipulating the steam pressure in the steam
housing 4. An actuator valve 8 located between the inlet
9 and the steam housing 4 can be used to provide the

required steam pressure in the steam housing 4. The inlet

9 is 1in sealed communication with a pressurized steam

source (not shown) that is located off the paper-machine

and readily available in any paper mill. The web 2 will

receive no steam from the steam distributor 1 1f the

steam pressure in the steam housing 4 is zero. Increasing
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the steam pressure inside the housing 4 increases the

steam flow passing through the porous metal plate 3 and

consequently increases the amount of steam recelved by

the moving web 2.

One benefit of the steam distributor 1 is that it

delivers steam with extreme uniformity. The porous metal

plate 3 can be considered as a conventional screen plate
having thousands of thousands of micro-orifices aligned

‘n both the cross-machine direction and the machine

direction with spacing in the range of microns. The

result is a flat mass or moisture or heat profile within

the span (or =zone) of the steam distributor. The flat

steam distribution of the steam distributor 1 benefits

all steam shower applications.

Another benefit of the steam distributor 1 1s the

minimum coupling between neighboring distributors of a

p—
p—

steam shower. The minimum coupling is a direct result of

the almost perfect sguare-shaped steam mass profile

generated by a single steam distributor 1. The result 1is

the highest resolution achievable by a steam shower with

a fixed zone size.

Vet another benefit associated with the minimum

coupling of the steam distributor 1 is the insensitivity

of the steam distributor’s distance to the web or sheet

2. Sheet distance  1s a sensitive parameter  for

conventional steam showers that require time-consumlng on

machine fine-tuning at start wup. Inappropriate sheet

distance of conventional steam showers causes streaking

on the surface of the paper. The collimated beams of

steam delivered Dby  the steam distributor 1 can

potentially eliminate the streaking without fine-tuning

the sheet dilistance.

i |

Yet another benefit of the steam distributor 1 1is

its increased controllability. The pressure drops through

2 conventional screen plate are less than a couple of PST

in unit. TIncreased pregsure drop in the conventional
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screen plate results 1in excessive steam velocity and

R,

~he steam. The porous metal

t 1

consequently over-spray oI

plate 3 of the steam distributor 1 allows the pressure

drop to be much larger than that through a conventional
screen plate thanks to the added frictions through the

micro orifices in the porous plate 3. The efficient

mixing between environment air and micro steam Jets at

the porous metal plate 3 during the distribution of the

steam may also benefit the increased pressure drop.

Larger pressure drops in steam distributor 1 provide a

wider control range, as the flow rate passing through the

steam distributor 1 is regulated by adjusting the

pressure feeding the screen plate or the porous metal
plate 3.

The steam distributor 1 1s not limited to the

configuration of one porous metal plate 3 per

distributor. It is possible to construct a steam shower

with steam distributing zones that share a single pilece

of porous metal plate across the CD direction.

Figure 3 shows a schematic steam shower 10 that 1is

p—
—

consisting of an array of the steam distributor 1 of the

present invention across the machine direction. The steam

housings 4 are separated by metal plate 12. Each steam

distributor 1 has an actuator wvalve 8 that controls the

steam pressure in the corresponding steam housing 4. All

the steam distributors 1 share a common steam chamber 18,

which 1s in sealed communication with a steam inlet 14.

The steam inlet 14 is in sealed communication with a

steam source (not shown) off the machine.
Pressurized steam from the steam source flows into

the common chamber 18 through the inlet 14. Based on the

measured profile near the reel, steam actuators 3

manipulate the steam pressure 1in each 1ndividual steam

housing 4, such that the steam flow through each steam

distributor 1 is exactly the required amount to achleve a

flat profile at the reel.
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The porous metal plate 3 in Figure 3 can be one

single piece across the whole steam shower 10 to reduce

the manufacturing and maintenance costs. In this case,

sealing between adjacent steam housing 4 may |be

necessary.

A porous metal plate 3 in Figure 3 with shapes other

than a rectangle could be used to produce a deslired mass

profile in the CD direction. A single steam distributor 1

as shown in Figure 2 with a porous metal plate 3 cut into

a special contour along the CD direction according to a

measured profile of a selected paper property to Dbe

controlled could be used for profiling purposes. The

measured profile can be a moisture profile, a Jgloss

profile or any other profile that affects the quality of

the paper products in the cross-machine direction. In

this case, zone actuators and the conventional on-machine

profiling are unnecessary. More 1importantly, a perfect

d be achieved as

flat moisture profile at the reel cou

this custom designed steam distributor has i1infinite

resolution. A variety of other arrangements can be

devised which would operate on the same principles

disclosed above.

It will be clear to a person skilled in the art that

the steam distributor and the steam shower wusing the

porous metal plate 3 are useful in many  other

applications. The present invention 1s appropriate where

the need exists for a tailorable distribution of a fluid

(steam, gas or 1liquid) to a surface of a medium. The

distribution could be extremely uniform, or follow a

predetermined profile as required.

Another potential use of the porous metal plate using

the embodiment of Fig. 2 1is a paper suspension device that

supports the moving paper web without even touching the

surface of the paper. This is especially useful for coated

paper. As can be appreciated when the embodiment of Fig. 2

is used for a paper suspension device, element 9 1s an
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inlet for compressed ailr. Alr delivered through the porous

metal plate forms a pressurized ailr cushion between the

porous metal plate and the moving web. The air cushion

serves as a medium for the contactless support to the

moving web.

Yet another potential application of the porous metal

plate using the embodiment of Fig. 2 is a highly efficient

21r curtaln or air knife. Air curtains or air knifes are

now widely used with water spray systems 1n papermakiling

machine to confine the spraying water droplets to the

defined rewet area without causing problems to the

papermaking process. Alir curtains made of porous metal

plates can be mounted very close to the moving web without

interference to the process. Because the gap between the

porous plates and the web sheet can be very small, the air

p—

that 1is required to curtain off water droplets 1is

substantially reduced. By using a porous metal ‘air

curtain, it 1s possible to retain water droplets within

the defined rewet area with sufficiently less air

consumption. As can be appreciated when the embodiment of

—

Fig. 2 is used for an air curtain or air knife, element 9

igs an inlet for compressed alir.

—

Tt is to be understood that the description of the

preferred embodiment(s) is (are) intended to be only

illustrative, rather than exhaustive, of the present

invention. Those of ordinary skill will be able to make

certain additions, deletions, and/or modifications to the

embodiment (s) of the disclosed subject matter without
departing from the spirit of the inventlon or 1ts scope,

as defined by any appended claims.
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The embodiments of the 1nvention 1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. A steam distributor for use with a machine that
produces a web, the steam distributor comprising:

a steam housing having a steam inlet; and

one or more porous metal plates mounted in said steam
housing in an orientation to face said web when said steam
distributor 1s mounted at a predetermined location on said
web producing machine, each of said one or more porous
metal plates being formed from metal pdwder that 1s

sintered such that each of said one or more porous metal

plates comprises micro orifices.

2. The steam distributor of claim 1, wherein said one or
more porous metal plates are oriented to be parallel to

sald web when said steam distributor 1s mounted on said web

producing machine.

F

3. The steam distributor of claim 1, wherein each of said

one or more porous metal plates have a profile that matches

the profile of said web at said predetermined location

where sald steam distributor is to be mounted on said web

producing machine.

4 . The steam distributor of claim 1, wherein each of said

one or more porous metal plates are rectangular in shape.

5. The steam distributor of c¢laim 1, wherein each of said
one or more porous metal plates are cut into a contour
along the cross direction of a web producing machine on

which sald steam distributor is mounted according to a
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measured profile of a selected controlling property of said

web at sailid predetermined mounting location.

6. The steam distributor of any one of claims 1 to 5,

further comprising an actuator valve connected between said

housing steam 1nlet and a source of steam.

7. The steam distributor of claim 6, further comprising a

steam 1nlet connected between said actuator valve and said

steam source when said steam distributor is mounted on said

web producing machine.

8. An apparatus for distributing a fluid for use with a
machine that produces a web, the apparatus comprising:

a fluld housing having a fluid inlet; and

one or more porous metal plates mounted in said fluid
housing 1n an orientation to face said web when said fluid
distributing apparatus is mounted at a predetermined
location on said web producing machine, each of said one or
more porous metal plates being formed from metal powder

that 1s sintered such that each of said one or more porous

metal plates comprises micro orifices.

- 9. The apparatus of claim 8, wherein said one or more
porous metal plates are oriented to be parallel to said web

when sald apparatus is mounted on said web producing

machine.

10. The apparatus of claim 8, wherein each of said one or

aling

more porous metal plates have a profile that matches the
profile of said web at said predetermined location where

sald apparatus is to be mounted on said web producing

machine.
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11. The apparatus of claim 8, wherein each of said one or

more porous metal plates are rectangular 1n shape.

12. The apparatus of claim 8, wherein each of said one or

more porous metal plates are cut 1nto a contour along the

cross direction of a web producing machine on which said
apparatus is mounted according to a measured profile of a
selected controlling property of said web at said

predetermined mounting location.

13. The apparatus of any one of claims 8 to 12, further

comprising an actuator valve connected between said housing

fluid inlet and a source of fluid.

14. The apparatus of claim 13, further comprising a fluid
inlet connected between said actuator valve and said fluid

source when said apparatus 1s mounted on sald web producing

machine.

15. A steam shower for use with a machine that produces a

web, the steam shower comprising:

two or more steam housings, each of said two or more

P

‘rom an adjacent one of said two

L__21

steam housings separated
or more housings and having a steam inlet; and

one or more porous metal plates mounted in each of said
two or more steam housings in an orientation to face said
web when said steam shower is mounted at a predetermined
location on saild web producing machine, each of-said POrous
metal plates being formed from metal powder that is

sintered such that each of said porous metal plates

comprises mlcro orifices.
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16. The steam shower of claim 15, wherein said porous
metal plates are oriented to be parallel to said web when

sald steam shower 1s mounted on said web producing machine.

17. The steam shower of claim 15, wherein each of said
porous metal plates have a profile that matches the profile
of said web at said predetermined location where said steam

shower 1s to be mounted on said web producing machine.

18. The steam shower of claim 15, wherein each of said

porous metal plates are rectangular in shape.

19. The steam shower of any one of claims 15 to 18,
further comprising two or more actuator valves connected
between said two or more housings steam inlets,

respectively, and a source of steam.

20. The steam shower of claim 19, further comprising two
or more steam inlets connected between said two or more
actuator valve, respectively, and salid steam source when

said steam shower 1s mounted on said web producing machine.

21. In combination:

a machine for producing a web; and

one or more fluld distributors each mounted at an
assoclated one of one or more predetermined locations along
said web producing machine, each of said one or more fluid
distributors comprising: \
a fluid housing having a fluid inlet; and

one or more porous metal plates mounted in said

fluid housing in an orientation to face said web when
each of said one or more fluid distributors is mounted

at sald assoclated one of said one or more
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predetermined locations, each of said one or more
porous metal plates belng formed from metal powder

that is sintered such that each of said one or more

porous metal plates comprises micro orifices.

22. The combination of claim 21, wherein said fluid 1is

steam.

23. The combination of claim 21, wherein said fluid 1is

ailr.

24, In combination:
a machine for producing a web; and

one or more steam showers each mounted at an associlated
one of one or more predetermined locations along said web

producing machine, each of said one or more steam showers

comprising:

ﬁ

two or more steam housings, each of said two or more

steam housings being separated from an adjacent one of
said two or more housings and having a steam 1nlet;
and

one or more porous metal plates mounted in each of
said two or more steam housings in an orientation to

face said web when each of said one or more steam
showers 1s mounted at said associated one of said one

or more predetermined locations, each of said porous

metal plates being formed from metal powder that is
sintered such that each of said porous metal plates

comprises micro orifices.
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