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Description

[0001] The invention concerns a method for evapora-
tion drying of the paper web that comes from the press
section of a paper machine from a dry solids content of
ko = 35...55 % to a dry solids content of k; = 90...98 %.
[0002] Also, the invention concerns a dryer section of
a paper machine for carrying out the method.

[0003] Asis known from the prior art, in multi-cylinder
dryers of paper machines, twin-wire draw and/or sin-
gle-wire draw is/are employed. In twin-wire draw the
groups of drying cylinders comprise two wires, which
press the web one from above and the other one from
below against heated cylinder faces. Between the rows
of drying cylinders, which are usually horizontal rows, in
twin-wire draw, the web has free and unsupported draws,
which are susceptible of fluttering, which may cause web
breaks, in particular so in the stages of the drying in which
the web is still relatively moist and, therefore, of low
strength. This is why, in recent years, ever increasing
use has been made of said single-wire draw, in which
each group of drying cylinders includes just one drying
wire, on whose support the web runs through the whole
group so that the drying wire presses the web on the
drying cylinders against the heated cylinder faces,
whereas on the reversing cylinders or rolls between the
drying cylinders the web remains at the side of the outside
curve. Thus, in single-wire draw, the drying cylinders are
placed outside the wire loop, and the reversing cylinders
or rolls inside said loop. From the prior art, dryer sections
are known that comprise so-called normal groups with
single-wire draw only, in which the drying cylinders are
placed in the upper row and the reversing cylinders or
rolls are in the lower row.

[0004] The highestweb speeds in paper machines are
to-day up to an order of 25 metres per second and slightly
higher, but before long the speed range of 25...40 metres
per second will be taken to common use. In such a case,
a bottleneck for the runnability of a paper machine will
be the dryer section, whose length with the prior-art mul-
ti-cylinder dryers would also become intolerably long. If
itis imagined that a present-day multi-cylinder dryer were
used in a newsprint machine at a web speed of 40 mps,
it would include about 70 drying cylinders (¢= 1800 mm),
and its length in the machine direction would be 0180
metres. In such a case, the dryer section would comprise
about 15 separate wire groups and a corresponding
number of draws over group gaps. It is probable that, in
a speed range of 30...40 mps, the runnability of normal
prior-art multi-cylinder dryers is no longer even nearly
satisfactory, but web breaks would occur abundantly,
lowering the efficiency of the paper machine.

[0005] In a speed range of 30...40 mps and at higher
speeds, the prior-art multi-cylinder dryers would also be-
come uneconomical, because the cost of investment of
an excessively long paper machine hall would become
unreasonably high. It can be estimated that the cost of a
paper machine hall is at present typically about 1 million
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FIM per metre in the machine direction.

[0006] Itis known from the prior art to use various im-
pingement-drying/through-drying units for evaporation
drying of a paper web, which units have been employed
in particular in the drying of tissue paper. With respect to
this prior art, reference is made, by way of example, to
the following patent literature: US-A-3,301,746, US-A-3,
418, 723, US-A-3,447,247, US-A-3,541,697,
US-A-3,956,832, US-A-4, 033, 048, CA-A-2, 061, 976,
DE-A-2, 212, 209, DE-A-2,364,346, EP-A2-0,427,218,
FI-B-57,457  (equivalent to  SE-C-7503134-4),
FI-B-87,669, and FI-A-931263 (equivalent to
EP-0.620,313-A1).

[0007] US-A-4882855discloses amulti-cylinderdryer
section which is divided into an initial part for heating up
the web and into a second part in which the region of the
maximum evaporation rate of the moisture contained in
the web is reached at each drying cylinder. In the initial
part all drying cylinders have the same diameter. The
drying cylinders of the second part are divided into two
groups, the drying cylinders of the first group having a
relatively large diameter and the drying cylinders of the
last group having a relatively small diameter.

[0008] WO-A-97/13031 discloses a dryer section
which comprises after the press section of the paper ma-
chine an impingement drying unit in which the paper web
runs along a linear path, the impingement drying unit be-
ing followed by several single-wire groups in which con-
tact drying is effected.

[0009] Oneobjectoftheinventionis, in connection with
increasing of paper machine speeds and with moderni-
zations, to permit fitting of a new dryer section in the place
of an existing multi-cylinder dryer. In relation to this, it is
a further object of the invention to provide a dryer section
concept that permits ever shorter dryer sections com-
pared with the prior-art dryer sections.

[0010] Itis a further object of the invention to make it
possible to provide a dryer section concept in which dif-
ferent evaporation devices and techniques can be ap-
plied optimally in the different stages of drying so that a
short construction of the dryer section, a good quality of
the paper and a runnability sufficiently free from distur-
bance are achieved.

[0011] The main object of the invention is to provide a
novel drying module for a paper web and dryer sections
that make use of said module/modules, which are suita-
ble for use at high web speeds of v > 25 metres per sec-
ond, which speeds can be up to an order of v = 30...40
metres per second or even higher.

[0012] Itis a further object of the present invention to
increase the drying capacity by means of impingement
drying and/or through-drying and in this way to make the
length of the dryer section shorter, which contributes to
an improvement of the runnability of the dryer section.
[0013] Itis a further object of the invention to provide
such a drying method and drying equipment by whose
means, in said high speed range, the length of the dryer
section in the machine direction can, nevertheless, be-
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come reasonable so that its length does not, at least not
substantially, exceed the length of the cylinder dryers
currently in operation. An achievement of this objective
would permit renewals and modernizations of paper ma-
chines in existing paper machine halls up to, and even
beyond, a web speed of v = 40 metres per second.
[0014] Itis a further object of the invention to provide
a drying method and a dryer section that applies said
method wherein the web is reliably affixed to the drying
wire over the entire length of the dryer section so that
cross-direction shrinkage of the web can be substantially
prevented.

[0015] Itis a further object of the invention to provide
a drying method and a dryer section that applies said
method wherein the web is prevented from sticking to
the cylinders in the initial end of the dryer section and to
improve both the paper quality and the runnability of the
paper machine.

[0016] Withrespectto the prior art most closely related
to the present invention, reference is made to the appli-
cant's FI Patent 93, 876 (equivalent to US-pat.
5,553,393) in which a dryer section of a paper machine
is described which is composed of cylinder groups with
single-wire draw and in which dryer section it is consid-
ered novel that, in view of optimizing the drying capacity
calculated per unit of length of the dryer section in the
machine direction, as the drying makes progress, differ-
ent ratios k = D/d of the drying-cylinder diameter D to the
reversing-roll diameter d are employed, so that, in the
first group or groups in the initial end of the dryer section,
said ratio k =k is higher than the ratio k = k, in the groups
in the middle area of the dryer section, k; > k,, and that
in the group or groups in the final end of the dryer section,
a diameter ratio ks is used that is higher than said ratio
Ko, k3 > k. In said FI patent an effort has been made to
choose the diameter ratio D/d of drying cylinder to re-
versing roll optimally taking into account the different
evaporation curves that are carried into effect in different
areas of the dryer section. In said FI patent, in the initial
end of the dryer section, preferably in one group, said
diameter ratio D/d that is used is higher than average,
compared with the middle area of the dryer section, for
example in the second, third and fourth wire groups. The
last mentioned wire groups are in the area where the
main evaporation of water takes place from the web. Said
higher diameter ratio D/d is also employed in the final
end of the dryer section, in which a significant proportion
of the evaporation takes place on the curve sectors of
the wire and the web on the drying cylinders.

[0017] Insaid Fl patent, owing to the optionally chosen
and varied diameter ratio k = D/d of drying cylinder to
reversing roll, the length of the drying section is estimated
to be shortened, at the maximum, by about 10 per cent
in comparison with a situation in which said ratio k is used
as invariable over the entire length of the dryer section.
Ithas been understood in said Fl patent that, as the drying
proceeds, the nature of the drying process will change
substantially. However, only the diameter ratio of the dry-
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ing cylinder to the reversing roll, k = D/d, has been varied
in order to optimize the drying, which does, however, not
take it far enough from the point of view of optimizing the
drying process and the drying configuration, especially
since the speeds of paper machines become ever higher
and the quality requirements imposed on the paper be-
come ever stricter.

[0018] An object of the present invention is further de-
velopment of the evaporation drying and the dryer sec-
tions in paper machines so that the drying process in
different parts of the dryer section, in different phases of
the drying process, and the dryer section configuration
can be optimized and the length of the dryer section short-
ened or kept unchanged while the speeds become high-
er.

[0019] Itis a further object of the invention to optimize
the runnability of the paper machine in different phases
of the drying procedure so that the efficiency of the paper
machine isimproved while breaks are fewer. Itis a further
object of the invention to take advantage of the different
structures/methods/processes in the different phases of
the paper drying process so that the quality properties of
the paper can be optimized.

[0020] The nature of the drying procedure has been
clarified further in the applicant’s recent research and in
dryer sections that are in operation and in test runs on a
test device. The invention is partly based on the obser-
vation that in the dryer section of a paper machine the
drying process can be divided into three process stages
that are different from each other:

() heating stage, in which evaporation does not take
place to a substantial extent, but the water present
in the web is mainly heated,

(1) main evaporation area, in which the rate of evap-
oration remains substantially invariable when cylin-
der drying alone is used and in which the main evap-
oration of water from between the fibres and from
their surface takes place, and

(1) final evaporation area, in which the rate of evap-
oration becomes lower and the proportion of the
evaporation that takes place on the drying cylinders
is increased, and in this stage mainly evaporation of
water present inside the fibres takes place.

[0021] It has also been a problem in the prior-art mul-
ti-cylinder dryers that in said first stage (1) it has not been
possible to use a temperature high enough in view of
optimizing the drying, because, when the paper web is
in direct contact with the hot faces of the drying cylinders,
at temperatures higher than a certain figure, sticking of
the web to the hot surface of the cylinder occurs, from
which web breaks and standstills follow. It has been no-
ticed that excessively hot contact drying cylinders also
have detrimental effects on the quality properties of the
paper.

[0022] An object of the present invention is further de-
velopment of said prior art, elimination of drawbacks of



5 EP 1012 386 B1 6

the prior art that were mentioned above and of those that
will come out later, and implementation of other objec-
tives of the invention.

[0023] In view of achieving the above objectives, the
method of the invention comprises the features defined
in claims 1.

[0024] On the other hand, the dryer section in accord-
ance with the invention comprises the features defined
in claim 8.

[0025] In the first stage | in the method in accordance
with the invention, such a construction of the dryer section
is used as also has optimal runnability properties so that
in this stage, when the web is still moist and relatively
weak, web breaks can be minimized. The final stage Il
of the method of the invention is carried out with such
solutions of equipment as also permit control of quality
properties of paper, such as brightness, curl, etc.
[0026] With the method in accordance with the present
invention and with a dryer section concept that carries
out the method it is possible to achieve the objectives
mentioned above and to eliminate said drawbacks sub-
stantially. In accordance with the invention it is possible
to provide a dryer section that is shorter and more com-
pact than in the prior art also at high machine speeds so
that the operating quality of the dryer section still remains
good.

[0027] Inthe method and the dryer section in accord-
ance with the invention the web is preferably dried sot
that in the first stage | the drying energy is at least mainly
applied from the side of and through the upper surface
of the web, in the second stage Il the drying energy is
applied to the web from the side of and through its lower
surface, and in the third stage Ill the drying energy is
applied to the web from and through its both surfaces.
[0028] In the following, the invention will be described
in detail with reference to some exemplifying embodi-
ments of the invention illustrated in the figures in the ac-
companying drawings, the invention being by no means
strictly confined to the details of said embodiments.
[0029] Figure 1A is a schematic side view of a dryer
section in accordance with the invention in which the
method in accordance with the invention can be applied
favourably.

[0030] Figure 1B shows a preferred contact-drying/im-
pingement-drying unit used in a dryer section in accord-
ance with the invention, of which units there are three in
the dryer section shown in Fig. 1, separated from one
another by single-wire groups.

[0031] Figure 1 Cshowsthe lastwire group of the dryer
section in a scale larger than Fig. 1A, in which group the
stage Il of the method in accordance with the invention
is carried out.

[0032] Figure 2 is a graphic illustration of the different
stages of the method in accordance with the invention in
a system of coordinates of dry solids content of the
web.-length of the dryer section in the machine direction,
compared with a prior-art multi cylinder dryer.

[0033] Figure 3 is a graphic illustration similar to Fig.2
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of the drying method in accordance with the invention
and of a prior-art drying method in a system of coordi-
nates of evaporation capacity - length of the dryer section
in the machine direction.

[0034] Figure 4 is an illustration similar to Figs. 2 and
3 of the distribution of paper web temperature in the ma-
chine direction of the dryer section.

[0035] Figure 5 illustrates the evaporation capacity of
stage IIl in accordance with the invention as a function
of the dry solids content percentage of the web in the
method in accordance with the invention and in a prior-art
dryer section.

[0036] Figure 1A shows a particularly favourable over-
all concept of a dryer section in accordance with the in-
vention. As is shown in Fig. 1A, the paper web W is
passed from the press section 10 of the paper machine
at a dry solids content of ky = 35...55 % and at a temper-
ature of To = 30...60°C on the bottom face of the transfer
fabric 11 and supported by a PressRun™ box 11a onto
the top face of the drying wire 12 over its guide roll 13.
The first planar drying unit R; comprises a blow hood 15,
under which the web W to be dried runs on the horizontal
run of the wire 12, which is supported by the rolls 14.
Said horizontal run of the wire 12 forms a plane consisting
of grooved rolls and/or of suction boxes or blow boxes
to support the web W. In the unit R4, an intensive drying
energy impulse is applied to the web W, in which con-
nection, after the unit Ry, the temperature of the web W
is T, = 60...85°C. In the unit Ry, primarily heating of the
web W and of the water contained in it takes place, but
no substantial evaporation of water as yet. The length L;
of the unit R, in the machine direction is typically of an
order of L; =3...10 m.

[0037] In the unit Ry, the paper web runs on support
of the upper run of the drying wire 12 along a linear path
in the horizontal plane so that it has no major changes
in the direction and that, thus, no high dynamic forces
are applied to it which might produce a web break in the
web, which is still relatively moist and, thus, of low
strength. In the interior of the blow hood 15, there is a
nozzle arrangement, by whose means hot drying gases,
such as air or steam, are blown against the top face of
the web. Additionally or alternatively, it is possible to em-
ploy infrared heaters. Said blow devices and/or radiators
in the unit R4 can be arranged so that their output in the
cross direction of the web W is adjustable so as to provide
profiling of the web W in the cross direction.

[0038] In Fig. 1A, the unit R, is followed by the first
so-called normal (not inverted) single-wire unit R,, onto
whose drying wire 22 the web W is transferred as a closed
draw in the area of the first reversing suction roll 21. The
single-wire unit R,, and so also the subsequent sin-
gle-wire units R4, Rg and Rg that are open towards the
bottom comprise steam-heated contact-drying cylinders
20 fitted in the upper row and reversing suction rolls 21
fitted in the lower row, for example the applicant’s said
VAC-rolls™. Below the cylinders 20, there are doctors
and ventilation blow devices 25. The paper web W to be
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dried enters into direct contact with the faces of the
steam-heated drying cylinders 20, and on the reversing
suction rolls 21 the web W remains on the drying wire 22
at the side of the outside curve.

[0039] In Fig. 1A, after the group R, with single-wire
draw, there follows a drying unit R3 in accordance with
the invention, which, in accordance with Fig. 1B, com-
prises two contact-drying cylinders 30 and a large-diam-
eter D; impingement-drying/through-drying cylinder 31
with a perforated mantle, which cylinder will be called a
large cylinder in the following. Around the contact-drying
cylinders 30 and around the large cylinder 31, a drying
wire 32 is fitted to run, which wire is guided by the guide
rolls 33. The impingement-drying/through-drying hood
module M, of the drying unit R5 is fitted in the basement
space KT underneath the floor level K, O K; of the paper
machine hall on support of the floor level K,O K, of said
space. The central axes of the contact-drying cylinders
30inthe unit Ryand in the corresponding following drying
units Rg and R, in accordance with the present invention
are placed substantially in the floor plane of the paper
machine hall or in the vicinity of said plane K;-K, pref-
erably slightly above said plane. The paper web W to be
dried is passed from the single-wire unit R, as a closed
draw onto the first drying cylinder 30 in the drying unit R
(R,), after which the web W is passed on the wire 32 of
the unit R over the large cylinder 31 of the first module
M, onaremarkably large sector b=220...280° on support
of the drying wire 32 and further onto the second drying
cylinder 30 in the unit R5 (R,,). From this drying cylinder
30 the web W is transferred as a closed draw into the
next normal unit R, with single-wire draw, which unit is
substantially similar to the unit R, described above. After
this, there follows the second drying unit Ry (R,,), which
unit is similar to the drying unit R5 described above and
whose large cylinder 31 is also placed in the basement
space KT. After the drying unit R5 the web W is passed
as a closed draw into the next single-wire unit Rg, which
is followed by the third drying unit R; (R,)), whose large
cylinder 31 is likewise placed in the basement space KT.
The unit R is followed by a particular single-wire unit Rg,
from which the web W, is passed to the reel-up or into
a finishing unit (not shown). The construction and oper-
ation of the particular unit Rg will be described in more
detail later with reference to Fig. 1C.

[0040] In the basement space, besides the modules
M,, M, and M3, Fig. 1A also shows the pulpers 40a and
40b, betweenwhichthere is the broke conveyor 41, which
carries the paper broke into the pulper 40a and/or 40b.
In the event of a web break, the web W can be passed
after the unit Ry directly into the pulper 40a placed un-
derneath. The single-wire units R4, Rg, and Rg are open
towards the bottom, and therefore the paper broke falls
from them by the effect of gravity onto the broke conveyor
41 placed underneath or directly into the pulpers
40a,40b. Also the modules My, M, and M5 are open or
openable towards the bottom so that the paper broke
falls out of connection with them, substantially by the ef-
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fect of gravity, without major manual operations, onto the
broke conveyor 41 placed underneath.

[0041] Underneaththe modules M, M, and M5, above
the floor level K, K, of the basement space KT, there
is still space KT, for various devices, such as ducts
through which the heating medium, such as heated air
or steam, is passed into the interior of the hoods 35 of
the modules My, M, and M,. Said lower space KT is
defined from below by the floor level K,-K, of the base-
ment space and from above by the partition wall 42
placed below the broke conveyor 41. On the drying units
R,...Rgthereisanair-conditioned hood 50 in itself known.
[0042] Figure 1B is a more detailed illustration of the
impingement-drying/through-drying hood module M in
accordance with the invention. As is shown in Fig. 1B,
the wire 32a which runs around the large cylinder 31 is
first passed around the last lower cylinder 21ain the pre-
ceding group R,,_; with single-wire draw onto the first con-
tact-drying cylinder 30 in the unit R,,, from it further as a
short straight run over the sector b = 220 ... 280° of the
large cylinder 31 onto the second contact-drying cylinder
30 in the group R,, and over said cylinder on a sector of
about 90°. After this the web W follows the face of the
cylinder 10 and is transferred as a closed draw onto the
drying wire 22 of the next group R,,,1. The hood of the
large cylinder 31, which consists of two parts 35, covers
the cylinder substantially over the entire curve sector b
of the wire 32a and the web W. On the sector b the web
W remains on the wire 32a at the side of the outside
curve, so that its outer face is free. The large cylinder 31
is mounted on its axle journals 36, through which a com-
munication is arranged with vacuum devices (not shown),
by whose intermediate a suitable vacuum is produced in
the interior of the cylinder 31, which vacuum is of an order
of pg = 1...3 kPa. This vacuum p, keeps the web W on
the wire 32a when the web W is at the side of the outside
curve, and, at the same time, the vacuum p, also pro-
motes possible through-drying taking place through the
web W and the wire 32a. The sector 360°-b that remains
outside the sector b on the large cylinder 31 is covered
by a cover plate 34 placed in the gap between the drying
cylinders 30, and so also the last cylinder 21ain the group
Ry, which can also be called the reversing cylinder of the
group R, is covered by an obstacle plate 29. As to its
more detailed embodiment, the perforated and grooved
outer mantle 31a of the large cylinder 31 is, for example,
similar to that described in said F/ Pat. Appl. 931263 and
illustrated above all in Fig. 11 of said patent application,
so that the construction will not be described again in this
connection.

[0043] Inaccordance with figure 1B, the large cylinder
31is mounted by means of its axle journals 36 on support
of the frame construction 37. In this frame construction,
both at the driving side and at the tending side, there are
horizontal and machine direction beams 37a, on whose
top face, or on rails provided on said top face, the hood
halves 35 are arranged to be movable on wheels 39,
which hood halves are illustrated in the open position
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35a, in which the module M can be serviced. The hood
halves 35 are displaced into the open and closed posi-
tions by actuating cylinders 38. The module M and its
hood 35 are open towards the bottom, so that broke can
be removed in the direction of the arrows WA substan-
tially by the effect of gravity onto the broke conveyor 41
placed underneath without substantial manual opera-
tions. The top face of the hood 35 has been shaped as
smoothly downwards inclined so as to improve the re-
moval of broke.

[0044] Further, in the open position 35a of the hood
35, the module M can also be serviced and cleaned easily
in other respects. The diameter D; of the large cylinder
31 is, as a rule, chosen in the range of D; > 2 m, as a
rule in the range of D4 = 2...8 m, preferably D; =2...4 m.
The diameter D, of the drying cylinders 30 in the group
R, is, as a rule, chosen in the range of D, = 1.5...2.5 m,
preferably in the range of D, = 1.8...2.2 m. In the groups
R,.1 and R,,; with single-wire draw, the diameter of the
drying cylinders 20 is preferably = D,. The diameter D3
of the reversing suction cylinders 21,21a is, as a rule,
chosen in the range of D3 = 0.6...1.8 m, preferably D3 =
1.0...1.5m. The top face of the hood 35 has been shaped
as smoothly downwards inclined to improve the removal
of broke.

[0045] The wire 32a guide roll 33a placed above the
latter drying cylinder 30 can be stationary or displaceable.
Between the groups R, 1, R, and R, a little difference
in speed can be employed, which is, typically, about
0.1...0.2 %, so that, on the wires 22,32a,22, the speed
becomes higher when the web W moves forwards. In the
final end of the dryer section, the difference in speed can
also be reversed.

[0046] The more detailed construction of the hood 35
of the module M and the circulation arrangements of the
drying gases that are blown through it are described in
detail in the FI Patent Application No. (971713) to be
filed on the same day with the present application by the
applicant, especially in its Fig. 3 and the related specifi-
cation part, to which reference is made in this connection.
[0047] Fig. 1C shows, in a larger scale than Fig. 1A,
the last group Rgwith single-wire drawin the dryer section
in accordance with the invention, in which group the third
stage of the invention is carried out. The paper web W
to be dried is brought into the group Rg from the last
contact-drying cylinder 30 of the module M3 shown in
Fig. 1A as a closed draw onto the first reversing suction
roll 61 of the group Rg. There are five of these reversing
suction cylinders inside the wire loop 62 in the group Rg.
The group Rg includes five contact drying cylinders
60,60A. Two middle ones 60A of these cylinders are con-
tact drying cylinders whose diameter, which is larger than
that of the other cylinders 60, is D, = 1.8...2.5 m, whereas
the diameter of the smaller cylinders 60 is D5 = 1.0...1.8
m, and the diameter of the reversing suction cylinders 61
is Dg = 1.0...1.5 m. Between the reversing suction cylin-
ders 61 there are blowing devices 65 to ventilate the
spaces between the cylinders 60,60A and 61 and to pro-
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mote the drying. There is a blow box 64 above the upper
sectors of the reversing suction cylinders 61 free from
the web W and from the wire 62, which promotes main-
tenance of the vacuum inside cylinders 61.

[0048] In order that it should be possible to carry out
the stage Il of the method in accordance with the inven-
tion and to achieve a sufficiently high evaporation capac-
ity and an increase in the web W temperature T, in ac-
cordance with the curve T, of Fig. 4 by means of the group
Rg shown in Fig. 1C, a drying effect is applied to the web
W by means of contact drying cylinders 60A with large
diameter also from the top face of the web W, i.e. from
the drying wire 62. For this purpose ventilation hoods 66
are provided above the cylinders 60A, into which hoods
sufficiently hot and dry drying air gases are passed
through the intake pipe 67. Out of the pressurized interior
of the ventilation hoods 66, the humidified ventilation air
is discharged into the hood 50 around the dryer section,
from where it is removed in a way known from the prior
art. These drying gases are blown against the drying wire
62 in the sector d of the cylinders 60A, said sector being
preferably d = 180° or even larger. Thus, evaporation of
water is promoted through the upper face of the web W
through the wire 62. The ventilation hoods 66 are shown
in their open position 66a, as well as their air intake pipes
are shown in their open position 67a. In this position 66a
it is possible to clean and service the ventilation hoods,
and the web W threading is also carried out most favour-
ably then. In respect of their construction the ventilation
hoods 66 can be similar to those that are described in
more detail in the FI Patent Application (971713) to be
filed on the same day with the present application.
[0049] Inrespect of the various details of the construc-
tion and the operation of the ventilation hoods 66, refer-
ence is made to the prior art coming out from the appli-
cant’s Fl Patent Application 951746 and from the FI Pat-
ent 83, 679 of Teollisuusmittaus Oy.

[0050] Fig. 2 shows the development of the dry solids
content KA of the paper over the length L of the dryer
section in the machine direction as a function. The curve
K represents an optimized method in accordance with
the invention, and the curve Kp, represents the devel-
opment of the dry solids content with a method and a
dryer section of prior art. The curves K and Kp, have
been obtained by means of computer simulation using
the applicant’s dryer section process model. The basis
for the curve Ky, is the applicant’s prior-art SymRun™
dryer section concept, which consists of N pcs. of suc-
cessive groups with single-wire draw that are open to-
wards the bottom, and the curve K is based on a dryer
section concept in accordance with Fig. 1.

[0051] It can be noticed immediately from Fig. 2 that it
has been possible to shorten the length of the dryer sec-
tion from the length Lp, to the length L, i.e. in practice
by about 15...40 percent. In accordance with Figs. 1...4
the method in accordance with the invention is divided
into three different stages I, Il and Ill. As is seen in Fig.
2, in the first stage | the rate of increase in dry solids
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content KA of the web W becomes higher from the initial
value K, more steeply in accordance with the curve K,
in comparison with the curve Kp 5, because the initial tem-
perature of the web W is higher, which becomes clear
from a comparison of the temperature curves T, and Tpp
of the stage | in the figure. Also, in the first stage |, as is
shown in Fig. 3, the evaporation efficiency PE is, in ac-
cordance with the curve PE,, substantially higher than in
the prior-art method, curve PEp, of stage | (Fig. 3). In
the invention the first phase | is carried out on a horizontal
dryer unit R; where the web W temperature T, is raised
to about 55...85°C, preferably to about 70°C, as comes
out from Fig. 4. In the invention this raising of the tem-
perature can be carried out very quickly, because in the
unit Ry a highly energy-intensive impingement stage
and/or infra radiation can be used, because heating of
the web W takes place free of contact so that there is no
risk of sticking.

[0052] Stage Il, shown in Figs. 1...4, is the main evap-
oration area where, in accordance with Fig. 2, the dry
solids content KA of the web increases more steeply than
in stage | as the drying proceeds. Fig. 3 shows the three
successive evaporation peaks PE,, PE, and PE; of stage
I, at which the maximal evaporation efficiency PE is of
an order of PE = 60 kg/m2/h (kilograms per square meter
in an hour). These evaporation peaks are achieved by
the hood modules M1, M2 and M3 in the dryer section
shown in Fig. 1. Depending on the mode of operation of
the modules M1, M2 and M3 or equivalent, the maximal
evaporation efficiency can be even higher. Between said
peaks PE4, PE, and PEj, the evaporation efficiency PE
is of an order 20 kg/m2/h, i.e. of the same order of mag-
nitude as the evaporation efficiency in accordance with
the curve PEp, in Fig. 3 on the average.

[0053] In the exemplifying embodyment of Fig. 4, the
web temperature T,y Stays substantially invariable in the
stage Il in accordance with the curves T, and Tpp in a
range of about 60...70°C. As was stated, the stage Il is
the main evaporation area where the water is evaporated
from between the fibres in the web W and from the fibre
surfaces.

[0054] In the third stage Il in accordance with the in-
vention, the steepness of the increase in the dry solids
contentdecreases in comparison with stage Il. The evap-
oration efficiency also decreases in accordance with Fig.
3, whereas the web W temperature Ty, starts rising from
about 70°C to 100...110°C. In the corresponding location
in the dryer section in the machine direction, in prior-art
methods, the evaporation efficiency still remains invari-
able, in accordance with the curve PEp, in Fig. 3, and
so also the temperature in accordance with the curve Tpp
in Fig. 4. In the dryer section in accordance with the in-
vention, the stage lll is carried out in the last cylinder
group Rg, where the evaporation is made more intensive
by means of the hoods 66 that are placed above the
cylinders 60 A with large diameter, in which hoods suffi-
ciently powerful and hot drying gases are applied to the
web W placed under the drying wire 62 and to the envi-
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ronment of the wire 62, so that the web W temperature
Ty can be raised very steeply in the stage lll, in accord-
ance with Fig. 4, in which connection also the water
present inside the fibres in the paper web W can be ef-
ficiently evaporated on a sufficiently short length L of the
dryer section in the machine direction. Fig. 5 illustrates
the evaporation efficiency PE in the stage Il of the in-
vention, i.e. the dry solids content KA in the area KA
80...98 %. The curve PR, represents the method in ac-
cordance with the invention, and the curve PEp, a cor-
responding curve carried out by means of the prior-art
SymRun™ concept. Fig. 5 shows that in the beginning
of the stage I, in accordance with the curve PE;, in the
dry solids content area 80...82 the evaporation efficiency
is substantially higher than in the prior-art concept and
somewhat higher than in the dry solids content area
84...91 and in the dry solids content area 93...98. This
improvement has mainly been carried outin the particular
group Rg by means of the drying cylinders 60A with large
diameter and by means of the blowings from their venti-
lation hoods 66. Thus, in the drying method and in the
dryer section in accordance with the invention, the ulti-
mate dry solids content of the web W, k; = 96...98 %, is
achieved in the machine direction length L, of the dryer
section, whereas in the prior art a substantially longer
length Lp, Was needed.

[0055] As comes out from the above and especially
from Fig. 1A, the method stage | in accordance with the
invention is carried out by applying drying energy mainly
through the upper face of the web W. As is shown in Fig.
1, in the second stage Il of the method, drying energy is
applied to the web mainly through the lower face of the
web only by means of the wire groups R3, R4, R, Rg, R
and Rg and by means of the hood modules M4, M, and
Mg, whereas in the group Rg (Fig. 1C) and in the stage
Il drying energy is applied to the web W through its both
faces by applying drying energy through the lower face
of the web W by means of the contact drying cylinders
60 and 60A and through the upper face of the web by
means of the ventilation hoods 66 on the sectors d of the
cylinders. This arrangement provides a short dryer sec-
tion in which, at the same time, it is possible to control
the paper quality, for example its curl.

[0056] In this context it should be emphasized that the
method in accordance with the invention can also be car-
ried out with many other dryer section concepts and so-
lutions of equipment besides those of Figs. 1A and 1B.
Examples ofthese other dryer section concepts are some
dryer section concepts described in the applicant’'s F/
Patent Applications Nos. (971713 and971715) to be filed
on the same day with the present application. It is an
essential feature of the dryer section in accordance with
the invention that in said different drying stages I, 1l and
Il exactly a sort of a solution of equipment is used in
which it is possible to carry out heating of the web and
evaporation in accordance with the invention optimally.
This inevitably has the consequence that, unlike the pri-
or-art, in the different stages I, Il and lIl of the invention,
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solutions of equipment different from one another have
to be used, which is illustrated in Fig. 1.

[0057] Inthe following, the patent claims will be given,
and the various details of the invention can show variation
within the scope of the inventive idea defined in said
claims and differ from the details described above by way
of example only.

Claims

1. A method for evaporation drying of the paper web
that comes from the press section (10) of a paper
machine from a dry solids content of ky = 35 ... ,55%
to a dry solids content of k; = 90 ... 98%, wherein
the method consists of three successive stages |, Il
and lll that are carried out in the direction of progress
of the web (W) in the sequence given as follows:

I in the first stage, the paper web coming from
the press section (10) of the paper machine is
heated in a section of the paper machine having
alength of 3 ... 10 m in the machine direction to
atemperature of 55 ... 85°C, preferably to a tem-
perature of about 70°C, and in this section the
web is passed along a linear path while it is sup-
ported so that web breaks of the relatively moist
and, thus, weak web (W) are minimized, wherein
the heating is carried out by applying, free of
contact, to the paper web (W) an energy-inten-
sive heating effect of a drying gas and/or of elec-
tromagnetic radiation,

Il after the first stage (), the drying is continued
as contact drying and impingement drying,
wherein in this second stage (Il) the main evap-
oration drying of the web (W) is carried out in
such a way that the evaporation efficiency (PE)
and rate of increase in dry solids content (KA)
per unit of length of the dryer section in the ma-
chine direction are substantially higher than in
the first stage or in the final stage (lll), and the
web temperature (T,,) does substantially notrise
in the second stage (ll) while the drying pro-
ceeds,

Il in the third and final stage, the drying is con-
tinued with a decreasing evaporation efficiency
as contact drying and, in addition to contact dry-
ing, by evaporation drying which is carried out
in a multi-cylinder dryer by during the contact
drying, applying to the web (w) outside a drying
wire (62), drying gas flows that increase the
evaporation substantially, in which connection
also the water present in the fibers in the web
(W) is evaporated, wherein the drying in the third
stage is continued with an average rate of in-
crease in the dry solids content (KA) of the web
(W) in the machine direction that is lower than
in the preceding stage (ll) so that the paper qual-
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ity can be controlled at the same time.

A method as claimed in claim 1, characterized in
that in said stage Il, the main evaporation from be-
tween the fibres in the web (W) and from the fibre
surfaces takes place so that evaporation efficiency
peaks (PE,;, PE,, PE,) are applied to the web (W),
atwhich peaks the evaporation efficiency is substan-
tially higher than between the peaks, preferably
about 2 to 4 times as high as between the peaks.

A method as claimed in claim 2, characterized in
that said evaporation efficiency between said peaks
is dimensioned in the range of 10 ... 30 kg/m2/h, and
that said evaporation efficiencies at said peaks (PE,,
PE,, PE;) are dimensioned in the range of 50 ... 90
kg/m2/h.

A method as claimed in any of the claims 1 to 3,
characterized in that in the second stage (lIl) the
dry solids content (KA) of the web (W) is increased
from about 50% to about 80%.

A method as claimed in claim 2 or 3, characterized
in that the evaporation efficiency peaks (PE;, PE,,
PEj) in the second stage (l1) are achieved by means
of contact-drying/impingement-drying units (Rs, Rs,
R-) having a single looped drying wire (32), an im-
pingement-drying/through-drying cylinder (31) that
is partially covered by a hood (35) and is placed in-
side the drying wire loop, and contact-drying cylin-
ders (30) that are located at both sides above said
impingement-drying/through-drying cylinder (31)
and are placed outside the drying wire loop, in which
contact-drying/impingement-drying units energy-in-
tensive drying gas jets are applied to the web (W)
placed on the impingement-drying/through-drying
cylinder (31) with the drying wire (32) being located
between the web (W) and the impingement-dry-
ing/through-drying cylinder (31).

A method as claimed in any of the claims 1 to 5,
characterized in that in the third stage (Ill) drying
is mainly carried out by means of one or several con-
tact-drying cylinders (60, 60A) so that on atleastone
of said contact-drying cylinders (60A), while the web
(W) is pressed on the contact-drying cylinder (60A)
by a drying wire (62) against the heated face of the
contact-drying cylinder (60A), drying gas flows that
promote the evaporation efficiency are applied to
said drying wire (62) so that the water present inside
the fibres in the web (W) is substantially evaporated.

A method as claimed in any of the claims 1 to 6,
characterized in that the first stage (1) of the method
is carried out by applying drying energy to the web
(W) to be dried mainly through its upper face, that
the second stage (Il) of the method is carried out by
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applying drying energy to the web (W) to be dried
through its lower face, and that the third stage (Il
is carried out by applying drying energy to the web
(W) to be dried through its both faces.

A dryer section of a paper machine for carrying out
the method as claimed in any of the claims 1 to 7,
wherein after the press section (10) of the paper ma-
chine, the dryer section comprises the following dry-
er units that are placed in the given sequence in the
machine direction:

in order to carry out the first stage (1) of the meth-
od, the first dryer unit (R;) is a drying wire unit
in which the paper web (W) runs along a linear
path supported by a drying (12) past blow boxes
and/or radiation dryer units, by whose means
the web is heated without a direct contact with
heated faces to a temperature of 55 ... 85°C, the
first dryer unit (R;) having a length of 3 ... 10 m
in the machine direction,

in order to carry out the second stage () of the
method, dryer units (R, ... R;) that comprise at
least one single-wire group (R,, R4, Rg) and at
least one contact-drying/impingement-drying
unit (R3, Rg, R;), said at least one single-wire
group having a single looped drying wire (22),
one upper row of heated contact-drying cylin-
ders (20) placed outside the drying wire loop and
a lower row of reversing suction cylinders (21)
placed inside the drying wire loop, so that re-
moval of broke can take place downwards by
the effect of gravity, and said at least one con-
tact-drying/impingement-drying unit having a
single looped drying wire (32), an impinge-
ment-drying/through-drying cylinder (31) that is
partially covered by a hood (35) and is placed
inside the drying wire loop, and contact-drying
cylinders (30) that are located at both sides
above said impingement-drying/through-drying
cylinder (31) and are placed outside the drying
wire loop, and

in order to carry out the last stage (lll) of the
method, the dryer section comprises atleast one
single-wire unit (Rg) with decreasing evapora-
tion efficiency, said single wire unit (Rg) having
a single looped drying wire (62), one upper row
of heated contact-drying cylinders (60, 60A)
placed outside the drying wire loop, a lower row
of reversing suction cylinders (61) placed inside
the drying wire loop, and at least one hood struc-
ture (66) that increases the evaporation through
the drying wire (62), wherein the hood structure
(66) is mounted above one of the contact-drying
cylinders in said single-wire unit (Rg) and where-
in drying gases are supplied from the hood struc-
ture (66) to the drying wire (62) while the web
(W) is pressed by the drying wire (62) against
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10.

11.

12.

13.

the contact-drying cylinder(s) (60A) above
which the hood structure (66) is mounted.

Adryer section as claimed in claim 8, characterized
in that, in order to carry out the last stage (lll) of the
method, one or several contact-drying cylinder(s)
(60, 60A) of said single-wire unit (Rg), preferably con-
tact-drying cylinder(s) (60A) with the hood structure
(66), is/are dimensioned so that its/their diameter is
larger than the diameters of the other contact-drying
cylinders (60) in said single-wire unit (Rg) and/or of
the contact-drying cylinders (20) in the single-wire
groups preceding the single-wire unit (Rg) con-
cerned.

A dryer section as claimed in claim 8 or 9, charac-
terized in that the dryer section comprises two or
three of said single-wire groups (R,, Ry, Rg) between
and/or after which said contact-drying/impinge-
ment-drying unit(s) (Rs, Rs, R;) is/are located,
wherein the web (W) is brought from the preceding
single-wire group (R,,.;) to one of the contact-drying
cylinders (30) of said contact-drying/impinge-
ment-drying unit and is passed from the latter one
of said contact-drying cylinders (30) to the following
single-wire group (R,,;1) or said single-wire unit (Rg)
as a closed draw.

A dryer section as claimed in claim 10, character-
ized in that said impingement-drying/through-dry-
ing cylinder(s) (31) is/are placed in the basement
space (KT) below the floor level (K;-K,) of the paper
machine hall while the single-wire groups (R,, Ry,
Rg) and the single-wire unit(s) (Rg) are placed above
said impingement-drying/through-drying cylinders
(31) and above the floor level (K;-K,) of the paper
machine hall.

A dryer section as claimed in claim 11, character-
ized in that said single-wire groups (R,, R4, Rg),
said single-wire unit(s) (Rg) and the hood(s) (35) of
the impingement-drying/through-drying cylinder(s)
(31) permit removal of broke to take place towards
the bottom by the force of gravity onto a broke con-
veyor (41) placed underneath.

A dryer section as claimed in anyone of the claims
8 to 12, characterized in that, after the first dryer
unit (R,) that carries out the first stage (1), the dryer
section comprises a first one of said single-wire
groups (R,) and after that a first one of said con-
tact-drying/impingement-drying units (R3), after that
a second one of said single-wire groups (R,), after
that a second one of said contact-drying/impinge-
ment-drying units (Rg), after that a third one of said
single-wire groups (Rg), after that a third one of said
contact-drying/impingement-drying units (R;) and,
in order to carry out stage Ill of the method, one or
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several of said single-wire units (Rg) in which at least
two contact-drying cylinders (60A) have larger diam-
eters (D,) than the other contact-drying cylinders
(60) thereof and are provided with said hood struc-
tures (66).

Patentanspriiche

1.

Verfahren zum Verdampfungstrocknen der Papier-
bahn, die von der Pressenpartie (10) einer Papier-
maschine kommt, von einem Trockengehalt von kg
= 35 ... 55% auf einen Trockengehalt von k; =90 ...
98%, wobei das Verfahren aus drei aufeinander fol-
genden Stufen |, [lund Il besteht, die in der Richtung
des Voranschreitens der Bahn (W) in der nachfol-
gend dargelegten Abfolge ausgefiihrt werden, bei
der:

| bei der ersten Stufe die von der Pressenpartie
(10) der Papiermaschine kommende Papier-
bahnineinem Abschnittder Papiermaschine mit
einer Ladnge von 3 ... 10 m in der Maschinenrich-
tung auf eine Temperatur von 55 ... 85°C, vor-
zugsweise auf eine Temperatur von ungefahr
70°C, erwarmt wird, und in diesem Abschnitt die
Bahn entlang einer linearen Laufbahn tritt, wah-
rend sie so gestiitztist, dass ein Bahnreil3en der
relativ feuchten und somit schwachen Bahn (W)
minimal gestaltet ist, wobei das Erwédrmen aus-
gefuhrtwird, indem ohne Kontakt auf die Papier-
bahn (W) ein energieintensiver Erwarmungsef-
fekt eines Trocknungsgases und / oder elektro-
magnetischer Strahlung aufgebracht wird,

I nach der ersten Stufe (1) das Trocknen fortge-
setzt wird als ein Kontakttrocknen und Aufprall-
trocknen, wobei bei dieser zweiten Stufe (ll) die
Hauptverdampfung, die die Bahn (W) trocknet,
in einer derartigen Weise ausgefuhrt wird, dass
die Verdampfungseffizienz (PE) und die Rate
der Zunahme des Trockengehaltes (KA) pro
Langeneinheit der Trokkenpartie in der Maschi-
nenrichtung wesentlich héher als bei der ersten
Stufe oder bei der letzten Stufe (Ill) sind, und
die Bahntemperatur (T,,) im Wesentlichen bei
der zweiten Stufe (II) wahrend des Voranschrei-
tens des Trocknens nicht ansteigt,

I bei der dritten und letzten Stufe das Trocknen
mit einer abnehmenden Verdampfungseffizienz
als ein Kontakttrocknen und zusétzlich zu dem
Kontakttrocknen durch ein Verdampfungstrock-
nen fortgesetzt wird, das in einem Mehrzylinder-
trockner ausgefihrt wird, indem wahrend des
Kontakttrocknens, das auf die Bahn (W) aufge-
bracht wird, auRerhalb eines Trocknungssiebes
(62) Trocknungsgas strémt, das die Verdamp-
fung wesentlich steigert, wobei in diesem Zu-
sammenhang auch das in den Fasern in der
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10

Bahn (W) vorhandene Wasser verdampft, wobei
das Trocknenin der dritten Stufe fortgesetzt wird
bei einer durchschnittlichen Erhéhungsrate des
Trockengehalts (KA) der Bahn (W) in der Ma-
schinenrichtung, die geringer als bei der vorhe-
rigen Stufe () ist, so dass die Papierqualitat
gleichzeitig gesteuert werden kann.

Verfahren gemaf Anspruch 1,

dadurch gekennzeichnet, dass

bei der Stufe Il die Hauptverdampfung von einem
Ort zwischen den Fasern in der Bahn (W) und von
den Faseroberflachen so stattfindet, dass Verdamp-
fungseffizienzspitzen (PE,, PE,, PE5) auf die Bahn
(W) aufgebracht werden, wobei an den Spitzen die
Verdampfungseffizienz wesentlich héher als zwi-
schen den Spitzen ist, vorzugsweise ungeféahr 2 bis
4 mal so hoch als zwischen den Spitzen.

Verfahren gemaf Anspruch 2,

dadurch gekennzeichnet, dass

die Verdampfungseffizienz zwischen den Spitzen in
dem Bereich von 10... 30 kg/m2/h dimensioniert ist,
und dass die Verdampfungseffizienzen bei den Spit-
zen (PE,, PE,, PEj3) in dem Bereich von 50... 90
kg/m2/h dimensioniert sind.

Verfahren gemaf einem der Anspriiche 1 bis 3,
dadurch gekennzeichnet, dass

bei der zweiten Stufe (1) der Trockengehalt (KA) der
Bahn (W) von ungefahr 50% auf ungefahr 80% zu-
nimmt.

Verfahren gemaf Anspruch 2 oder 3,

dadurch gekennzeichnet, dass

die Verdampfungseffizienzspitzen (PE4, PE,, PE;)
bei der zweiten Stufe (II) erreicht werden mittels Kon-
takttrocknungseinheiten / Aufpralltrocknungseinhei-
ten (R3, Rs, R;) mit einem Einzelschleifentrock-
nungssieb (32), einem Aufpralltrocknungszylinder /
Durchtrocknungszylinder (31), der teilweise durch
eine Haube (35) bedecktist und innerhalb der Trock-
nungssiebschleife angeordnetist, und Kontakttrock-
nungszylindern (30), die an beiden Seiten oberhalb
von dem Aufpralltrocknungszylinder / Durchtrock-
nungszylinder (31) angeordnet sind und aufRerhalb
von der Trocknungssiebschleife angeordnet sind,
wobei bei den Kontakttrocknungseinheiten / Auf-
pralltrocknungseinheiten energieintensive Trock-
nungsgasstrahlen auf die Bahn (W) aufgebracht
werden, die an dem Aufpralltrocknungszylinder /
Durchtrocknungszylinder (31) angeordnet ist, wobei
das Trocknungssieb (32) zwischen der Bahn (W)
und dem Aufpralltrocknungszylinder / Durchtrock-
nungszylinder (31) angeordnet ist.

Verfahren gemaf einem der Anspriiche 1 bis 5,
dadurch gekennzeichnet, dass
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bei der dritten Stufe (l11) ein Trocknen hauptséchlich
ausgefuhrt wird mittels einem oder mehreren Kon-
takttrocknungszylindern (60, 60A) in derartiger Wei-
se, dass an zumindest einem der Kontakttrock-
nungszylinder (60A), wahrend die Bahn (W) an den
Kontakttrocknungszylinder (60A) durch ein Trock-
nungssieb (62) gegen die erwarmte Oberflache von
dem Kontakttrocknungszylinder (60A) gepresst
wird, Trocknungsgasstrémungen, die die Verdamp-
fungseffizienz unterstitzen, auf das Trocknungssieb
(62) so aufgebracht werden, dass das im Inneren
der Fasern in der Bahn (W) vorhandene Wasser im
Wesentlichen verdampft.

Verfahren gemaf einem der Anspriiche 1 bis 6,
dadurch gekennzeichnet, dass

die erste Stufe (I) von dem Verfahren ausgefiihrt
wird, indem Trocknungsenergie auf die zu trocknen-
de Bahn (W) hauptséachlich durch ihre obere Flache
aufgebracht wird, dass die zweite Stufe (II) von dem
Verfahren ausgefuhrt wird, indem Trocknungsener-
gie auf die zu trocknende Bahn (W) durch ihre untere
Flache aufgebracht wird, und dass die dritte Stufe
(1) ausgefuhrt wird, indem Trocknungsenergie auf
die zu trocknende Bahn (W) durch ihre beiden Fla-
chen aufgebracht wird.

Trockenpartie einer Papiermaschine fur ein Ausfih-
ren des Verfahrens gemanR einem der Anspriiche 1
bis 7, wobei

nach der Pressenpartie (10) der Papiermaschine die
Trockenpartie die folgenden Trocknereinheiten auf-
weist, die in der vorgegebenen Abfolge in der Ma-
schinenrichtung angeordnet sind:

zum Ausfuhren der ersten Stufe (I) des Verfah-
rens die erste Trocknereinheit (R;) eine Trock-
nungssiebeinheit ist, in der die Papierbahn (W)
entlang einer linearen Laufbahn gestutzt durch
ein Trocknungssieb (12) an Geblasekasten und
/ oder Strahlungstrocknereinheiten vorbeilduft,
wobei durch diese Einrichtungen die Bahn ohne
einen direkten Kontakt mit den erwarmten Fla-
chen auf eine Temperatur von 55 ... 85°C er-
warmtwird, wobei die erste Trocknereinheit (R;)
eine Lange von 3 ... 10 m in der Maschinenrich-
tung hat,

zum Ausfiihren der zweiten Stufe (Il) des Ver-
fahrens Trocknereinheiten (R, ... R;), die zu-
mindest eine Einzelsiebgruppe (R,, R4, Rg) und
zumindest eine Kontakttrocknungseinheit / Auf-
pralltrocknungseinheit (R3, Rs, R7) aufweisen,
wobei die zumindest eine Einzelsiebgruppe ein
Einzelschleifentrocknungssieb (22), eine obere
Reihe an erwdrmten Kontakttrocknungszylin-
dern (20), die auRerhalb von der Trocknungs-
siebschleife angeordnet sind, und eine untere
Reihe an Umkehrsaugzylindern (21), die inner-
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halb der Trocknungssiebschleife angeordnet
sind, hat, so dass ein Entfernen von Fertigungs-
abfall nach unten durch die Wirkung der Schwer-
kraft stattfinden kann, und die zumindest eine
Kontakttrocknungseinheit / Aufpralltrocknungs-
einheit, die ein Einzelschleifentrocknungssieb
(32), einen Aufpralltrocknungszylinder / Durch-
trocknungszylinder (31), der teilweise durch ei-
ne Haube (35) bedeckt ist und innerhalb der
Trocknungssiebschleife angeordnet ist, und
Kontakttrocknungszylinder (30) hat, die an bei-
den Seiten oberhalb von dem Aufpralltrock-
nungszylinder / Durchtrocknungszylinder (31)
angeordnet sind und aufRerhalb von der Trock-
nungssiebschleife angeordnet sind, und

zum Ausfiihren der letzten Stufe (Ill) von dem
Verfahren die Trockenpartie zumindest eine
Einzelsiebeinheit (Rg) mit einer abnehmenden
Verdampfungseffizienz aufweist, wobei die Ein-
zelsiebeinheit (Rg) ein Einzelschleifentrock-
nungssieb (62), eine obere Reihe an erwarmten
Kontakttrocknungszylindern (60, 60A), die au-
Rerhalb von der Trocknungssiebschleife ange-
ordnet sind, eine untere Reihe an Umkehrsaug-
zylindern (61), die innerhalb der Trocknungs-
siebschleife angeordnet sind, und zumindest ei-
nen Haubenaufbau (66), der die Verdampfung
durch das Trocknungssieb (62) verstéarkt, hat,
wobei der Haubenaufbau (66) oberhalb von ei-
nem der Kontakttrocknungszylinder in der Ein-
zelsiebeinheit (Rg) montiert ist, und wobei
Trocknungsgase von dem Haubenaufbau (66)
zu dem Trocknungssieb (62) geliefert werden,
wahrend die Bahn (W) durch das Trocknungs-
sieb (62) gegen den Kontakttrocknungszylinder
(gegen die Kontakttrocknungszylinder) (60A)
gepresst wird, oberhalb von dem (denen) der
Haubenaufbau (66) montiert ist.

Trockenpartie gemaf Anspruch 8,

dadurch gekennzeichnet, dass

zum Ausfihren der letzten Stufe (Ill) von dem Ver-
fahren ein oder mehrere Kontakttrocknungszylinder
(60, 60A) von der Einzelsiebeinheit (Rg), vorzugs-
weise ein Kontakttrocknungszylinder (mehrere Kon-
takttrocknungszylinder) (60A) mit dem Haubenauf-
bau (66), so dimensioniert ist/ sind, dass ihr / deren
Durchmesser grof3er als die Durchmesser der an-
deren Kontakttrocknungszylinder (60) in der Einzel-
siebeinheit (Rg) und / oder der Kontakttrocknungs-
zylinder (20) in den Einzelsiebgruppen ist, die der
betreffenden Einzelsiebeinheit (Rg) vorangehen.

Trockenpartie gemaR Anspruch 8 oder 9,

dadurch gekennzeichnet, dass

die Trockenpartie zwei oder drei von den Einzelsieb-
gruppen (R,, Ry, Rg) aufweist, zwischen und / oder
nach denen die Kontakttrocknungseinheit(en) / Auf-
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pralltrocknungseinheit (en) (R3, Rs, R;) angeordnet
ist / sind, wobei die Bahn (W) von der vorherigen
Einzelsiebgruppe (R,,.1) zu einem der Kontakttrock-
nungszylinder (30) von der Kontakttrocknungsein-
heit / Aufpralltrocknungseinheit gebracht wird und
von letztgenannter der Kontakttrocknungszylinder
(30) zu der folgenden Einzelsiebgruppe (R,,1) oder
der Eihzelsiebeinheit (Rg) als ein geschlossener Zug
tritt.

Trockenpartie gemaR Anspruch 10,

dadurch gekennzeichnet, dass

der / die Aufpralltrocknungszylinder / Durchtrock-
nungszylinder (31) in dem Fundamentraum (KT) un-
terhalb der Bodenebene (K;-K;) der Papiermaschi-
nenhalle angeordnet ist / sind, wahrend die Einzel-
siebgruppen (R,, R4, Rg) und die Einzelsiebein-
heit(en) (Rg) oberhalb von den Aufpralltrocknungs-
zylindern/ Durchtrocknungszylindern (31) und ober-
halb der Bodenebene (K;-K,) von der Papiermaschi-
nenhalle angeordnet sind.

Trockenpartie gemaR Anspruch 11,

dadurch gekennzeichnet, dass

die Einzelsiebgruppen (R,, R4, Rg), die Einzelsie-
beinheit(en) (Rg) und die Haube(n) (35) von
dem(den) Aufpralltrocknungszylinder(n) / Durch-
trocknungszylinder(n) (31) ermdglichen, dass ein
Entfernen des Fertigungsabfalls zu dem Boden hin
durch die Schwerkraft zu einem Fertigungsabfallfor-
derer (41), der unterhalb angeordnet ist, stattfindet.

Trockenpartie gemaR einem der Anspriiche 8 bis 12,
dadurch gekennzeichnet, dass

nach der ersten Trocknereinheit (R;), die die erste
Stufe (1) ausfiihrt, die Trockenpartie eine erste Grup-
pe der Einzelsiebgruppen (R,) aufweist und nach
dieser eine erste der Kontakttrocknungseinheiten /
Aufpralltrocknungseinheiten (R3), nach dieser eine
zweite Gruppe der Einzelsiebgruppen (R,), nach
dieser eine zweite Einheit der Kontakttrocknungs-
einheiten / Aufpralltrocknungseinheiten (Rs), nach
dieser eine dritte Gruppe der Einzelsiebgruppen
(Rg), nach dieser eine dritte der Kontakttrocknungs-
einheiten / Aufpralltrocknungseinheiten (R;) und
zum Ausfihren der Stufe Il von dem Verfahren eine
oder mehrere der Einzelsiebeinheiten (Rg), bei de-
nen zumindest zwei Trocknungszylinder (60A) gro-
Rere Durchmesser (D,) als die anderen Kontakt-
trocknungszylinder (60) von ihnen haben und mit
den Haubenaufbauten (66) versehen sind.

Revendications

1.

Procédé de séchage par évaporation de la bande
de papier en continu qui arrive depuis la section de
pressage (10) d’'une machine a papier depuis une
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teneur en matiere séche de ky = 35 ... 55 % a une
teneur en matiére seche de ky = 90 ... 98 %, dans
lequel le procédé comprend trois phases successi-
ves |, Il et Il qui sont accomplies dans le sens de la
progression de la bande de papier en continu (W),
selon la séquence précisée ci-dessous :

| - au cours de la premiére phase, la bande de
papier en continu qui arrive depuis la section de
pressage (10) de la machine a papier est chauf-
fée dans une section de la machine a papier
ayant une longueur de 3 ... 10 m dans la direc-
tion machine, a une température de 55 ... 85°C,
de préférence a une température de 70°C envi-
ron et, dans cette section, la bande de papier
en continu est amenée a progresser le long d'un
trajet linéaire tandis qu’elle est supportée de fa-
¢onace que des cassures de la bande de papier
en continu dues a I'humidité relative et, partant,
une faiblesse de la bande de papier en continu
(W) soient minimisées, dans lequel le chauffage
est exécuté en appliquant sur labande de papier
en continu (W), en évitant tout contact avec elle,
un effet de chauffage a forte intensité énergéti-
que d'un gaz de séchage et/ ou d’'un rayonne-
ment électromagnétique ;

Il - au terme de la premiére phase (1), le séchage
se poursuit, sous la forme d’un séchage par con-
tact et d’'un séchage par impact, dans lequel au
cours de cette deuxieme phase (l1), la plus gran-
de partie du séchage par évaporation de la ban-
de de papier en continu (W) est accomplie de
telle fagcon que I'efficacité d’évaporation (PE) et
le taux d’augmentation de la teneur en matiere
seche (KA) par unité de longueur de la section
de séchage dans la direction machine soient
sensiblement plus élevés qu’au cours de la pre-
miére phase ou de la phase finale (lll), et que la
température (Tw) de la bande de papier en con-
tinu n'augmente pas sensiblement au cours de
la deuxieme phase (lIl) tandis que le séchage se
poursuit ;

Il - au cours de la troisieme et dernieére phase,
le séchage se poursuit avec une efficacité d’éva-
poration réduite sous la forme d’'un séchage par
contact et, en plus du séchage par contact, sous
la forme d’un séchage par évaporation qui est
réalisé dans un sécheur multicylindre en appli-
quant sur la bande de papier en continu (W),
pendant le séchage par contact, a I'extérieur
d’'une toile de séchage (62), des flux de gaz de
séchage qui augmentent sensiblement I'évapo-
ration, moyennant quoi également I'eau présen-
te dans les fibres de la bande de papier en con-
tinu (W) est évaporée, dans lequel le séchage
au cours de la troisieme phase se poursuit avec
un taux d’augmentation moyen de la teneur en
matiere seche (KA) de la bande de papier en
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continu (W) dans la direction machine qui est
moins élevé qu’au cours de la phase précédente
() de facon a ce que la qualité du papier puisse
étre contrdlée en méme temps.

Procédé selon la revendication 1, caractérisé en
ce que, au cours de ladite phase I, la plus grande
partie de I'évaporation entre les fibres de la bande
de papier en continu (W) et les surfaces des fibres
se produit de telle sorte que des pics d'efficacité
d’évaporation (PE;, PE,, PE3) sont appliqués sur la
bande de papier en continu (W), qui sont des pics
d'efficacité d’évaporation au niveau desquels I'effi-
cacité d'évaporation est sensiblement plus élevée
que entre les pics, de 2 a 4 fois environ plus élevée
de préférence que entre les pics.

Procédé selon la revendication 2, caractérisé en

ce que ladite efficacité d’évaporation entre lesdits
pics se situe dans la plage de 10 ... 30 kg / m2 / h,
et en ce que lesdites efficacités d'évaporation au
niveau desdits pics (PE;, PE,, PEj3) se situent dans
la plage de 50 ... 90 kg/m2/H.

Procédé selon I'une quelconque des revendications
1 a3, caractérisé en ce que , au cours de la deuxie-
me phase (l1), la teneur en matiére séche (KA) de la
bande de papier en continu (W) augmente de 50 %
environ a 80 % environ.

Procédé selon la revendication 2 ou 3, caractérisé
en ce que, au cours de la deuxieme phase (ll), les
pics d'efficacité d’évaporation (PE;, PE,, PE3) sont
atteints au moyen d'unités de séchage par contact
/ de séchage par impact (R3, Rs, R;) dotées d’une
toile de séchage a boucle simple (32), un cylindre
de séchage par impact / de séchage a coeur (31)
qui est partiellement recouvert par un capot (35) et
qui est placé a l'intérieur de la boucle de la toile de
séchage, et des cylindres de séchage par contact
(30) qui sont disposés des deux cotés au-dessus
dudit cylindre de séchage par impact / de séchage
a coeur (31) et qui sont placés a I'extérieur de la
boucle de latoile de séchage, des unités de séchage
par contact/ de séchage par impact a I'intérieur des-
quelles des flux de gaz de séchage a forte intensité
énergétique sont appliqués sur la bande de papier
en continu (W) qui est placée sur le cylindre de sé-
chage par impact / de séchage a coeur (31), la toile
de séchage (32) se trouvant située quant a elle entre
la bande de papier en continu (W) et le cylindre de
séchage par impact / de séchage a coeur (31).

Procédé selon I'une quelconque des revendications
1 a5, caractérisé en ce que , au cours de la troisiée-
me phase (lll) la plus grande partie du séchage est
accomplie au moyen d’un ou plusieurs cylindres de
séchage par contact (60, 60A) de telle sorte que, sur
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au moins un desdits cylindres de séchage par con-
tact (60A), tandis que la bande de papier en continu
(W) est pressée sur le cylindre de séchage par con-
tact (60A) par une toile de séchage (62) contre la
face chauffée du cylindre de séchage par contact
(60A), des flux de gaz de séchage favorisant I'effi-
cacité d'évaporation sont appliqués sur ladite toile
de séchage (62), de telle sorte que I'eau présente a
I'intérieur des fibres de labande de papier en continu
(W) s’évapore sensiblement.

Procédé selon 'une quelconque des revendications
1 a 6, caractérisé en ce que la premiere phase (1)
du procédé est accomplie en appliquant une énergie
de séchage sur la bande de papier en continu (W)
de fagon a ce qu’'elle soit séchée principalement a
travers sa face supérieure, que la deuxieme phase
(II) du procédé est accomplie en appliquant une
énergie de séchage sur la bande de papier en con-
tinu (W) de fagon a ce qu’elle soit séchée a travers
sasurfaceinférieure, eten ce que latroisieme phase
(1) est accomplie en appliquant une énergie de sé-
chage surlabande de papier en continu (W) de fagon
a ce gu'elle soit séchée a travers ses deux faces.

Sectionde séchage d’'une machine a papier destinée
a accomplir le procédé selon I'une quelconque des
revendications 1 a 7, dans laquelle, aprés la section
de pressage (10) de la machine a papier, la section
de séchage comprend les unités de séchage suivan-
tes qui sont disposées selon I'ordre indiqué dans la
direction machine :

de facon a accomplir la premiere phase () du
procédé la premiére unité de séchage (R,) est
une unité formanttoile de séchage dans laquelle
la bande de papier en continu (W) est amenée
a passer le long d'un trajet linéaire tandis qu’elle
est supportée par une toile de séchage (12) en
dépassant des enveloppes de soufflage et/ ou
des unités de séchage par rayonnement, au
moyen desquelles labande de papier en continu
est chauffée sans contact direct avec les faces
chauffées a une température de 55 ... 85°C, la
premiére unité de séchage (R1) ayant une lon-
gueur de 3 ... 10 m dans la direction machine ;
de facon a accomplir la deuxiéme phase () du
procédé, des unités de séchage (R, ... R;) qui
comprennent au moins un groupe de toiles de
séchage simples (R,, Ry, Rg) et au moins une
unité de séchage par contact / de séchage par
impact (R3, Rs, R5), ledit au moins un groupe
de toiles de séchage simples comprenant une
toile de séchage a boucle simple (22), une ran-
gée supérieure de cylindres de séchage par
contact (20) chauffés placée a I'extérieur de la
boucle de la toile de séchage et une rangée in-
férieure de cylindres d’aspiration réversibles
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(21) placée a I'intérieur de la boucle de la toile
de séchage, de telle sorte que le retrait de cas-
sés de fabrication puisse se faire vers le bas
sous la force de la gravité, et ladite au moins
une unité de séchage par contact / de séchage
par impact comprenant une toile de séchage a
boucle simple (32), un cylindre de séchage par
impact / de séchage a coeur (31) qui est partiel-
lement recouvert par un capot (35) et qui est
placé a I'intérieur de la boucle de la toile de sé-
chage, et des cylindres de séchage par contact
(30) qui sont disposés des deux cotés au-des-
sus dudit cylindre de séchage par impact / de
séchage a coeur (31) et qui sont placés a I'ex-
térieur de la boucle de la toile de séchage ; et
de fagcon a accomplir la derniére phase (lll) du
procédé, la section de séchage comprend au
moins une unité formant toile de séchage simple
(Rg) ayant une efficacité d’évaporation réduite,
ladite unité formant toile de séchage simple (Rg)
ayant une toile de séchage a boucle simple (62),
une rangée supérieure de cylindres de séchage
par contact (60, 60A) chauffés placée a I'exté-
rieur de la boucle de la toile de séchage, une
rangée inférieure de cylindres d’aspiration ré-
versibles (61) placée a l'intérieur de la boucle
de latoile de séchage, et au moins une structure
de capot (66) qui renforce I'évaporation a travers
la toile de séchage (62), dans lequel la structure
de capot (66) est montée au-dessus de I'un des
cylindres de séchage par contact dans ladite
unité de toile de séchage simple (Rg) et dans
lequel des gaz de séchage sont injectés depuis
la structure de capot (66) vers latoile de séchage
(62) tandis que la bande de papier en continu
(W) est pressée par la toile de séchage (62) con-
tre le(s) cylindre(s) de séchage par contact
(60A) au-dessus duquel (desquels) est montée
la structure de capot (66).

Section de séchage selon larevendication 8, carac-
térisée en ce que , de fagon & accomplir la derniere
phase (IIl) du procédé, un ou plusieurs cylindres de
séchage par contact (60, 60A) de ladite unité formant
toile de séchage simple (Rg), de préférence un ou
plusieurs cylindres de séchage par contact (60A)
munis de la structure de capot (66), est/ sont dimen-
sionné(s) de telle sorte que son / leur diametre soit
(soient) plus large(s) que les diamétres des autres
cylindres de séchage par contact (60) dans ladite
unité formant toile de séchage simple (Rg) et/ ou
des cylindres de séchage par contact (20) dans les
groupes de toiles de séchage simples qui précedent
l'unité formant toile de séchage simple (Rg) concer-
née.

Section de séchage selon la revendication 8 ou 9,
caractérisée en ce que la section de séchage com-
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prend deux ou trois desdits groupes de toiles de sé-
chage simples (R,, R4, Rg) entre et / ou a la suite
desquels ladite / desdites unité(s) de séchage par
contact / de séchage par impact) (R3, Rs, R;) est/
sont disposée(s), dans laquelle la bande de papier
en continu (W) est amenée en provenance du pré-
cédent groupe de toiles de séchage simples (R,,.;)
vers un des cylindres de séchage par contact (30)
de ladite unité de séchage par contact / de séchage
par impact, et elle est transférée depuis le dernier
desdits cylindres de séchage par contact (30) vers
le groupe de toiles de séchage simples suivant
(R,+1) ou ladite unité formant toile de séchage simple
(Rg) sous la forme d'un tirage fermé.

Section de séchage selon la revendication 10, ca-
ractérisée en ce que ledit (lesdits) cylindre(s) de
séchage par impact/ séchage a coeur (31) est/ sont
placé(s) dans I'espace de fondement (KT) situé en
dessous du niveau du sol (K;-K;) du hall de la ma-
chine & papier tandis que les groupes de toiles de
séchage simples (R,, R4, Rg) et la ou les unité(s)
formant toile(s) de séchage simple(s) (Rg) sont pla-
cés au-dessus desdits cylindres de séchage par im-
pact / séchage a coeur (31) et au-dessus du niveau
du sol (K;-K;) du hall de la machine a papier.

Section de séchage selon la revendication 11, ca-
ractérisée en ce que lesdits groupes de toiles de
séchage simples (R,, Ry, Rg), ladite (lesdites) uni-
té(s) formant toile(s) de séchage simple(s) (Rg) et le
oules capot(s) (35) du ou des cylindre(s) de séchage
par impact / séchage a coeur (31) permettent au re-
trait de cassés de fabrication de pouvoir se faire vers
le bas sous la force de la gravité sur un convoyeur
de cassés de fabrication (41) placé en dessous.

Section de séchage selon I'une quelconque des re-
vendications 8 a 12, caractérisée en ce que , ala
suite de la premiére unité de séchage (R;) qui ac-
complit la premiere phase (I) du procédé, la section
de séchage comprend un premier desdits groupes
de toiles de séchage simples (R,) et, apres cela, une
premiére desdites unités de séchage par contact /
de séchage par impact (R3), aprés cela un deuxieme
desdits groupes de toiles de séchage simples (R,),
apres cela une deuxieme desdites unités de sécha-
ge par contact / de séchage par impact (Rg), aprés
cela un troisiéme desdits groupes de toiles de sé-
chage simples (Rg), aprés cela une troisiéme des-
dites unités de séchage par contact / de séchage
par impact (R-) et, de fagon & accomplir la phase Il
du procédé, une ou plusieurs desdites unité(s) for-
mant toile(s) de séchage simple(s) (Rg) dans les-
guelles aumoins deux cylindres de séchage par con-
tact (60A) ont des diametres plus larges (D,) que les
autres cylindres de séchage par contact (60) de cel-
les-ci et sont dotés desdites structures de capot (66).
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