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(57) A method for the measurement of the permeability to water of a pervious sheet material (16) comprising the steps
of placing a nozzle means (5) against one surface of said sheet material (16) and flowing water through the nozzle
means (5), characterized by maintaining a constant water flow through the nozzle means (5) and measuring the
pressure of the constant water flow in the nozzle means (5). Optionally, a gas, such as air, is introduced into the water
tlow. An apparatus for performing the method, comprising means (1) for supplying a constant water flow, nozzle
means (5) for the constant water flow and means (6) for measuring the pressure of the constant water flow within

the nozzle means (5). The apparatus optionally also comprises means (8) for introducing a gas, such as air, into the
hiquid flow.
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ABSTRACT
A method for the measurement of the permeability to water of
a pervious sheet material (16) comprising the steps of pla-
cing a nozzle means (5) against one surface of said sheet
material (16) and flowing water through the nozzle means (5),
characterized by maintaining a constant water flow through
the nozzle means (5) and measuring the pressure of the con-
stant water flow 1n the nozzle means (5). Optionaily, a gas,

such as air, is introduced into the water flow.

An apparatus for performing the method, comprising means (1)
for supplying a constant water flow, nozzle means (5) for the
constant water flow and means (6) for measuring the pressure
of the constant water flow within the nozzle means (5). The
apparatus optionally also comprises means (8) for introducing

a gas, such as air, into the liquid flow.
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METHOD AND APPARATUS

The present invention relates to a method and apparatus for
measuring the permeability to water of pervious sheets. More
specifically, it relates to a method and apparatus for mesu-
ring the permeability to water of pervious sheets such as
forming fabrics (also referred to as wires) and press felts

as used 1n paper, board and pulp production processes.

BACKGROUND OF THE INVENTION

In paper and board production plants, pervious sheets such as

felts and forming fabrics are used for dewatering of agueous

suspensions of the pulp fibers in the production of paper and

board. The permeability to water of these sheets is an impor-
tant factor to the production efficiency as well as to the
quality of the product obtained. Methods and apparatuses for

evaluating this factor accordingly have been sought.

Ssome 1nstruments of the prior art make use of the measurement
of the flow rate of a stream of air through the pervious
sheet used i1n the paper machine, see ng. US patents n®
2,722,837; 3,091,123 and 3,397,319. However, it 1is highly
questionable whether the measurement of the permeability to
alr could provide an accurate measurement of the felt or
forming fabric performance, as this is related not to the
permeability to air but to water. Moreover, as taught in the
Canadian patent n® 1,292,891, this instrumentation of the

prior art suffers from a poor reproducibility.

In view of this, instruments for the measurement of the water
permeability by use of a flow of water have been developed.
The first ones of this type of instruments were of a statio-
nary nature and were used 1n laboratory measurements, see
e.g. the US patents n®” 3,577,767 and 4,385,517. To be able to
make a measurement of the permeability to water of a pervious
sheet used on a paper machine, one thus had to cut out a
sample piece and take 1t to the laboratory. This obviously

excludes the method from being applicable in an on-line mode,
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such as would be desirable from a production efficiency point

of view.

Consequently, in the art a need still existed for a method
and apparatus for measuring the permeability to water of a
pervious sheet on a paper machine in an on-line mode, to be
able to quickly ascertain the performance of the pervious
sheet, without having to destroy it such as by cutting out a
plece of it. This was the object of the Canadian patent n°
1,252,891, wherein a method and an apparatus for measuring
the permeability to water of a pervious sheet material are
disclosed. The method taught in this patent can be used in a
dynamic mode, i.e. on a pervious sheet material, such as a
press felt or a forming fabric in rapid movement in the paper
machine, and consists of measuring the flow of a stream of
water 1njected at constant pressure through the material.
Thus, this document discloses placing a nozzle against one
surface of the material, flowing water through said nozzle at
a pressure between 2 kPa and 1000 kPa and measuring the rate
of flow of the water. A commercially available instrument
operating according to this principle is the SCANPRO FELT-

PERM'™™, manufactured and sold by Lorentzen & Wettre, of

Sweden.

This measuring method as taught in said Canadian patent,
while being optimized for measuring the permeability to water
of a pervious sheet material such as a press felt, is less
adequate for measuring the permeability to water of a per-
vious sheet material of the type of a forming fabric. Indeed,
the properties of a forming fabric differ substantially from
those of a press felt. The former is a loose woven gauze of
rather coarse plastic threads and very permeable to water,
while the latter is a close woven structure of a much lower
permeability to water. It thus has been found that the dyna-

mics of the measurement signal is inadequate when using the

‘method based on measuring the flow of water at constant

pressure to assess the permeability of a forming fabric, i.e.
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the flow rate varies only negligibly in response to the
variation of permeability. As a result, the method will not
give an adequate indication of the degree of wear and clog-

ging of the forming fabric.

Moreover, 1in the instrumentation according to the Canadian
patent, the nozzle ranges from 1 to 4 mm in diameter, and the
pressure of injection of the water ranges from 2 to 1000 kPa.
While being suitable for measuring the permeability of a
press felt, the high pressure, small diameter water jet
produced, in the case of a forming fabric will lead to a
local cleaning away of fibres caught onto the surface of the
fabric and this in turn will result in an uneven dewatering

of the pulp on the thus locally cleaned forming fabric.

GENERAL DESCRIPTION OF THE INVENTION
According to an aspect of the present invention there is
provided a method of measuring the permeability to water of

pervious sheet materials, as specified in claim 1.

An aspect of the present invention thus is to provide a
method for the measurement of the permeability to water of a
pervious sheet material comprising the steps of placing a
nozzle against one surface of said sheet material and flowing
water through the nozzle, wherein a constant water flow is
maintained through the nozzle and the pressure of the water
flow in the nozzle is measured. This will result in the
advantage of providing a measurement signal of a better
dynamics, 1.e. being more sensitive to the variation in
permeability of the material on which the measurement is
performed, due to the fact that the pressure within the water
flow varies to a greater extent than the flow rate as a

function of the permeability of the material.

According to a further aspect of the present invention, the

method 1s performable on a pervious sheet such as a press

felt or forming fabric in a paper making machine while the
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machine 1s running, i.e. by an on-line measurement. This will
provide the advantage of being able to control as often as
desired the efficiency of the pervious sheet in the dewate-
ring process in the paper machine without having to interrupt

the production.

According to still a further aspect of the invention, a gas
such as air is introduced into the water flow. The introduc-
tion of air into the water flow will result in a water jet of
reduced density, and an advantageous effect of this will be
that the washing effect of the water flow on the pervious
sheet material will be reduced. As noted herein above, a
localized washing away of contaminating material, such as
fibers, tends to result in an uneven cleaning of the pervious
sheet material, which is‘not desirable er the obtention of a
uniform behaviour of the sheet material across the totality

of the surface thereof.

It has been found that at lower flow rate of the water, the
measurement signal has an undesirable tendency of becoming
dependent of the velocity of the pervious sheet running in
the paper machine. However, increasing the water flow rate
will result in an increased consumption of water, which may
be not desirable e.g. in the case of a portable apparatus
comprising a portable reservoir for the water to be used in
the method. By introducing air into the water flow, a reduc-
tion of the viscosity of the flowing water will be obtained
and an enhanced flow rate will result for the jet exiting the
nozzle, leading to the advantageous effect of reducing the

dependency of the velocity of the pervious sheet movement.

It also has been found that by introducing air into the water

flow, a measurement signal of further enhanced dynamics will

be obtainable.

According to another aspect of the present invention there is

provided an apparatus for use in a method of the invention,
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also as specified in the claims.

According to a further aspect of the present invention, the
apparatus may be used as a portable device or as a fixed

installation e.g. in a paper mill.

DETAILED DESCRIPTION OF THE INVENTION
A number of embodiments of the invention will now be descri -
bed 1n detail with reference to the figures in the drawings,

wherein:

Fig. 1 is a schematic diagram representing the main parts of

an apparatus according to the invention:

Fig. 2 1s a schematic diagram representing the main parts of

another apparatus according to the invention;

Fi1g. 3 represents a sectional view of a means for 1ntroducing
alr into the flow of water, coupled to a nozzle of an appara-

tus according to the invention;

Fig. 4 represents a view of a means for introducing air into
the flow of water coupled to a nozzle of an apparatus of the
invention, in use in a method of measuring the permeability

of a running forming fabric;

Fig. 5 represents the flow through a nozzle measured at con-
stant pressure vs. the pressure in the nozzle measured at
constant flow through the nozzle, by measurements performed

on a new and a used wire and felt, respectively; and

Fig. 6 represents the measured value of the permeability as a
function of the machine speed, in a method using a flow of

water and a method using a flow of water and air, respec-

tively.

The apparatus represented in fig. 1 comprises a constant flow
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device 1 to which water is supplied through a line 2.

The constant flow device 1 comprises a pressure regulator 3
and a flow regulator 4, the former providing a specified
pressure to the water flowing into the latter, such as from
50 kPa to 1000 kPa, more preferably from 100 kPa to 600 kPa.
By means of the flow regulator 4, the volume rate of flow of
the water may be regulated to a desired value, such as from S

to 100 ml/sec, preferably from 20 to 50 ml/sec.

The constant flow device 1 is coupled through the water flow
line 2 to a nozzle 5, the latter further being coupled to a
pressure gauge 6, also referred to as permeability gauge. The
permeabillity gauge 6 registers the pressure of the water
within the nozzle 5, the registered values optionally being
transmitted to a recordiﬁg device 7. The pressure values

registered within the nozzle 5 usually are from 0 to 100 kPa.

The nozzle 5 has an outlet orifice diameter of 2-15 mm,
preferably 3-7 mm. It preferably is of a shape suitable for
giving a tight seal towards the sheet material when held
against 1t, without causing any damage to the sheet material.
As an example, the nozzle 5 orifice may be of a rounded outer

shape, having rounded, somewhat protruding edges.

In performing a method according to the invention for measu-
ring the permeability of a pervious sheet material, such as a
press felt or a forming fabric in e.g. a paper machine, the
nozzle 5 1s pressed onto the sheet material and water is
passed through the nozzle at a constant flow rate. The nozzle
may be held immobile against the pervious sheet material or
may be moved across it, while the pervious sheet material in

turn may be at rest or running in the paper machine.

The volume rate of flow of the water through the nozzle 5 in

general is from 5 to 100 ml/sec, preferably from 20 to 50

ml/sec.
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Water may be supplied to the apparatus either from a water
tank, using a pumping device, or directly from a water dis-

tribution system, such as the municipal system.

In an embodiment of the invention, especially preferred in
the case of the pervious sheet material being a forming
fabric, an apparatus as represented in Fig. 2 is used.

This apparatus comprises, in addition to the elements of the
apparatus as represented in Fig. 1, means 8 for introducing
gas, such as air, into a liquid flow, such as the flow of
water used 1in the method of the invention. The means 8 for
introducing gas will in the description herein below be
referred to as an air injector, air being a preferable gas in
the present method for cost and availability reasons. The air
1njector 8 may be situated on the water flow line 2, between
the constant flow device 1 and the nozzle 5, or may be in-

tegrated 1n the flow regulator 4 of the constant flow device

1.

A preferred embodiment of the air injector 8 is represented
in Fig. 3. The air injector 8 as represented in Fig. 3
comprises an inlet duct 9 for air surrounded by a preferably
annular opening 10 for the flow of water in the line 2, both

debouching in a mixing zone 11 for the air and the flow of

water.

In the scaled area of Fig. 3 a preferred configuration of the
alr injector 8 is shown, comprising a radial constriction in
the mixing zone 1l1. The profile of the inner wall 12 of the

air injector 8, comprises an annular edge 13 corresponding to

the constriction.

The water flow entering from line 2 through the annular
opening 10 at a high flow rate hits the annular edge 13. As a
result, an air venturi effect is obtained, whereby air is

entrained through the inlet duct 9 into the flow of water.
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Mixing zone 11 is followed by a conduit 14, through which the

flow of water and air reaches the nozzle §.

In Fig. 4 the air injector 8 coupled to the nozzle 5 is
represented as used in a method of measuring the permeability
of a pervious sheet material 16, here a running forming
tfabric. By the channel 15, the interior of the nozzle § is
connected to the pressure gauge 6. The pressure of the flow
of water and air within the nozzle 5 thus may be continuously
measured, the pressure varying as a function of the permea-
bility to water of the forming fabric 16. As seen from the
Fig. 4, in performing the measurement, the nozzle 5 is held
CLightly against the forming fabric 16, and a mixture of water
and alr 1s made to flow through the nozzle 5 orifice. The
nozzle 5 may be moved over the running forming fabric 16, e.g

1n a direction sensibly transverse to the run direction of

the forming fabric 16.

Fig. 5 represents the use of pressure measurement at constant
flow vs. the use of flow measurement at constant pressure as
a way of measuring the permeability of a pervious sheet
material. The two upper curves in Fig. 5 show the flow vs.
pressure signal of a new forming fabric (wire) and a used
forming fabric, respectively, whereas the two lower curves
show the flow vs. pressure signal of a new press felt and a
used press felt respectively. From Fig. 5 it can be seen that
over most of the pressure and flow range, except for the very
low range of values of pressure and flow, the pressure varia-
tion 1s higher than a corresponding flow variation, this
<pbeing true for both the press felt and the forming fabric
material. Fig. 5 thus i1llustrates the superiority of measu-
ring the pressure at a constant flow as an indication of the

permeability of a pervious sheet material.

Fig. 6 represents the measured permeability as a function of
the machine speed. As noted herein above, at a lower flow

rate of the water, the measurement signal has a tendency of
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becoming dependent of the velocity of the pervious sheet
running in the paper machine. Indeed, at increasing machine
speed the permeability measured is substantially greater than
the one measured at lower machine speed. One way of avoiding
this biasing effect would be to use a higher volume rate of
flow of water. This, however also will result in a higher
water cdnsumption, a particularly serious drawback in the
case of a portable device comprising a portable water reser-
volr. By introducing air into the flow of water, to obtain a
mixed flow of water and air, the consumption of water may be

reduced by as much as e.g. 15%.

By use of the method and apparatus of the invention, the
degree of wear and clogging of a pervious sheet material such
as a press felt or a forming fabric in a paper machine may be
monitored in a convenient way with an increased degree of

sensitivity.

Moreover, the apparatus may be used on a pervious sheet
material such as a press felt or a forming fabric in a paper

machine for specifically determining the areas in need of

cleaning.

After cleaning the pervious sheet material, the satisfactory
result of the cleaning procedure may be checked by measuring

again the permeability of the thus cleaned material.

Furthermore, 1in the development and production of new per-
vious sheet materials, the method and apparatus may be used

to 1nvestigate the dewatering capacity of the material.

The apparatus may be portable as well as a fixed installation
ln e.g a paper machine, e.g. mounted on an overhead travel-
ling crane, or on an arm or bar extending into the paper

machine.
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CLAIMS
1. A method for the measurement of the permeability to
water of a pervious sheet material (16) comprising the steps
of placing a nozzle means (5) against one surface of said
sheet material (16) and flowing water through the nozzle
means (5), characterized by maintaining a constant water flow
through the nozzle means (5) and measuring the pressure of

the constant water flow in the nozzle means (5).

2. The method according to claim 1, characterized in that

the constant water flow has a volume rate of flow from 5 to

100 ml/sec, preferably from 20 to 50 ml/sec.

3. The method according to claim 1 or 2, characterized by
being performable on a pervious sheet material (16) such as a
press felt or forming fabric in a paper making machine while

the machine 1s running.

4 . The method according to any of claims 1-3, characterized

by introducing a gas, such as air, into the water flow.

5. An apparatus for performing the method according to any

of claims 1-3, comprising means (1) for supplying a constant

water flow, nozzle means (5) for the constant water flow and

means (6) for measuring the pressure of the constant water

flow within the nozzle means (5).

6. The apparatus according to claim 5, wherein the means
(1) for supplying a constant water flow comprises means (3)
for regulating the pressure of a flow of water and means (4)

for regulating the volume rate of flow of the water.

7. The apparatus according to claim 5 or 6, wherein the

nozzle means (5) comprises an outlet orifice having a diame-

ter of 2-15 mm, preferably 3-7 mm.
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8 . An apparatus according to any of claims 5-7 for perfor-
ming the method of claim 4, characterized by further comp-

rising means (8) for introducing a gas, such as air, into the
flow of water.

9. The apparatus according to claim 8, wherein the means
(8) for introducing a gas into the flow of water comprises an
inlet duct (9) for the gas surrounded by a preferably annular
opening (10) for the flow of water, debouching in a mixing

zone (1l1) for the gas and the flow of water.

10. The apparatus of claim 9 wherein the mixing zone (11) is
of a geometry providing a venturi effect i1n the vicinity of
the orifice of the inlet duct (9) for the gas so as to en-

train gas from the inlet duct (9) into the water flow.

11. The apparatus according to claim 9 or 10 wherein the

mixing zone (11) 1s connected to the nozzle means (5) orifice
by a conduit (14).

12. A means (8) for introducing gas into a liquid flow in a

line (2), comprising an inlet duct (9) for the gas surrounded
by a preferably annular opening (10) for the liquid flow line
(2), debouching in a mixing zone (11), an annular edge (13)

being provided in the mixing zone (11) whereby gas is entrai-

ned from the inlet duct (9) into the ligquid flow in the line
(2) .

omart & Bigg~.
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