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Description

Technical Field

[0001] The invention relates to the technical field of
nozzle boxes for continuous air-borne (or suspension)
paper sheet drying equipment. The invention further re-
lates to equipment for continuous air-borne drying of a
paper or paper board sheet comprising such nozzle box-
es; and to a method of operation of such equipment.

Background Art

[0002] Air-borne or (suspension) paper or paper board
sheet drying by means of convective drying or via com-
bined radiant and convective drying is known. The paper
sheet, e.g. a coated paper sheet, is borne or suspended
by hot air used for drying, without the lateral selvedges
of the paper sheet being mechanically held in the drying
chamber. Such drying systems have to provide efficient
drying and correct air-borne suspension of the paper
sheet being transported through the drying system.
[0003] US3823488 discloses a suspension drier. The
apparatus for full-width suspension guidance of a web of
material on a fluid cushion includes a plurality of nozzle
boxes located adjacent one another in a direction parallel
to a plane in which a web of material is disposed. The
nozzle boxes are formed with respective jet nozzles in-
clined transversely to the direction of travel of the web.
Return flow channels are provided for removing fluid
blown onto the web from the jet nozzles. The return flow
channels are disposed alternately with the nozzle boxes
in travel direction of the web. The return flow channels
are open gaps defined by respective adjacent nozzle
boxes. The inclined jet nozzles are disposed respectively
at both sides of each of the return flow channels. The
inclined nozzles can be slot nozzles or hole nozzles. The
drying performance can be further increased if, in addi-
tion to the inclined jets, jets are also directed perpendic-
ularly to the web of material and/or the opposing nozzle
boxes.
[0004] US6598315B1 discloses a nozzle arrangement
in an airborne web-drying apparatus for drying a coated
paper web or the like. The nozzle arrangement comprises
at least one overpressure nozzle, which is arranged to
blow drying air both in the web’s travel direction and
against the web’s travel direction. The nozzle arrange-
ment comprises further a direct impingement nozzle
combined with the exit side and/or the entrance side of
the overpressure nozzle. In the direct impingement noz-
zle a plurality of nozzle slots or nozzle orifices are formed
in order to blow drying air perpendicularly towards the
web. The perpendicular distance from the nozzle surface
of the direct impingement nozzle to the web is larger than
the perpendicular distance from the supporting surface
of the overpressure nozzle. Between successive nozzle
arrangements in the direction of travel of the paper web,
discharge passages are provided for the evacuation of

wet air. A succession of nozzle arrangements with in be-
tween discharge passages are provided both above and
below the air-borne paper web. Because of the generated
air flows, the paper web undulates in the direction of
transport of the paper web.

Disclosure of Invention

[0005] It is an objective of the invention to disclose a
nozzle box for use in continuous paper sheet or paper
board drying equipment that results in more efficient pa-
per drying. It is an objective of the invention to disclose
convective drying equipment comprising such nozzle box
or nozzle boxes, resulting in more efficient paper drying.
[0006] The first aspect of the invention is a nozzle box
for blowing hot gas in the convective drying zone of equip-
ment for the continuous drying of air-borne paper sheets,
e.g. for the continuous drying of air-borne coated paper
sheets. For the invention, the term "paper sheets" has to
be understood as including paper board. Preferably the
nozzle box is provided for installation across the width of
the continuous drying equipment. The nozzle box com-
prises at least one direct impingement nozzle for ejecting
a jet of hot gas perpendicular to the average plane of the
paper sheet to be dried. The nozzle box comprises a
plurality of inclined jet nozzles for ejecting jets of hot gas
under an inclined angle with respect to the average plane
of the paper sheet to be dried. With a plurality is meant
at least two. The nozzle box comprises at least two in-
clined jet nozzles for which the plane comprising the vec-
tor representations of the jet directions of the at least two
inclined jet nozzles does not comprise the vector repre-
senting the jet direction of a direct impingement nozzle.
For this document, a vector indicates the direction in the
three-dimensional space of the average jet of hot gas
ejected by a nozzle. Where relevant, the magnitude of
the vector equals the jet impulse of a nozzle when the
nozzle is in use. The vector is to be considered independ-
ent from its origin, in the sense that vectors can be put
at other origin points while maintaining their direction in
the three-dimensional space. To evaluate whether or not
three vectors (e.g. a vector representing the jet direction
of an impingement nozzle and two vectors each repre-
senting the jet direction of one of two inclined jet nozzles)
are within one plane, the three vectors are put in a same
origin point and it is observed whether or not the three
vectors when put in a same origin point are lying within
one plane in the three-dimensional space.
[0007] Preferably, the nozzle box comprises a plurality
of direct impingement nozzles for ejecting jets of hot gas
perpendicular to the average plane of the paper sheet to
be dried.
[0008] The nozzle box of the invention, when used in
the convective drying zones in dryers for the continuous
drying of air-borne paper sheets, has shown to result in
more efficient drying compared to prior art nozzle boxes.
The nozzle box provides the required combination of ef-
ficient drying, with correct suspension of the paper sheet
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by the hot gasses ejected by the nozzles of the nozzle
box, without the paper sheet being held nor guided at its
lateral edges by mechanical systems such as chain or
pin systems. The nozzle box provides high convective
power density. Although the successful results with the
inventive nozzle box are not fully understood, it is be-
lieved that the existence of turbulences in several direc-
tions increases the drying efficiency. Furthermore, more
uniform drying of the air-borne paper sheets can be ob-
tained.
[0009] Nozzles, whether direct impingement nozzles
or inclined jet nozzles can e.g. be provided as circular
holes (or orifices) in plate material or in cast metal, or as
slots in plate material or in cast metal, or as frustoconical
jet nozzles.
[0010] Preferably, the angles of the jet direction of the
inclined jet nozzles with respect to the jet direction of the
direct impingement nozzle or nozzles are between 20
and 75°, e.g. 30°.
[0011] In a preferred embodiment, inclined jet nozzles
are provided as through holes or through slits in inclined
surfaces in the nozzles box, wherein the through holes
or through slits are perpendicular to the inclined surface.
[0012] Preferably, the nozzle box comprises a hot gas
chamber. The hot gas chamber is provided for supplying
the at least one direct impingement nozzle and the plu-
rality of inclined jet nozzles with hot gas to be ejected by
the impingement nozzles and by the inclined jet nozzles.
[0013] In a preferred embodiment, inclined jet nozzles
are provided in nozzle heads that are mounted in the
nozzle box. Preferably, the nozzle heads are mechani-
cally mounted, e.g. by means of bolts or rivets in the
nozzle box. More preferably, the nozzle heads are me-
chanically replaceably mounted in the nozzle box, so that
the nozzle heads can be replaced in the nozzle box. Noz-
zle heads can e.g. comprise cast metal parts, with the
nozzles provided in the nozzle heads e.g. by means of
drilling or machining holes and/or slots.
[0014] Preferably, the nozzle box comprises at least 3
(and preferably at least 4, more preferably at least 5,
more preferably at least 6, more preferably at least 7,
more preferably at least 8, more preferably at least 9,
more preferably at least 10, more preferably at least 11,
more preferably at least 12 - e.g. 12) inclined jet nozzles,
wherein each of the at least 3 (and preferably at least 4,
more preferably at least 5, more preferably at least 6,
more preferably at least 7, more preferably at least 8,
more preferably at least 9, more preferably at least 10,
more preferably at least 11, more preferably at least 12
- e.g. 12) inclined jet nozzles has a vector representing
its jet direction when in use; wherein each of the vectors
of the at least 3 (and preferably at least 4, more preferably
at least 5, more preferably at least 6, more preferably at
least 7, more preferably at least 8, more preferably at
least 9, more preferably at least 10, more preferably at
least 11, more preferably at least 12 - e.g. 12) inclined
nozzles have a different direction in the three-dimension-
al space.

[0015] In a preferred embodiment, the inclined jet noz-
zles comprise or consist out of a first set of inclined jet
nozzles and a second set of inclined jet nozzles. The first
set of inclined jet nozzles are provided for blowing in a
first direction; and the second set of inclined jet nozzles
are provided for blowing in a second direction. The first
direction is perpendicular to the second direction. Pref-
erably, the first direction is - when the nozzle box is in-
stalled in the convective drying zone of equipment for the
continuous drying of air-borne paper sheets - in the di-
rection of transport of the paper sheet. And preferably
the second direction is - when the nozzle box is installed
in in the convective drying zone of equipment for the con-
tinuous drying of air-borne paper sheets - in the direction
transverse to the direction of transport of the paper sheet
to be dried.
[0016] More preferably, the inclined jet nozzles com-
prise a third set of inclined jet nozzles and a fourth set of
inclined jet nozzles. The third set of inclined jet nozzles
are provided for blowing in a third direction and the fourth
set of inclined jet nozzles are provided for blowing in a
fourth direction. Preferably, the included angle between
the first direction and the third direction is 180°; and the
included angle between the second direction and the
fourth direction is 180°.
[0017] Preferably, the nozzle box comprises suction
openings for the evacuation of gas. The nozzle box can
e.g. comprise round suction openings and/or slit-shaped
suction openings for the evacuation of gas.
[0018] A preferred nozzle box comprises a plurality of
nozzle units over the nozzle box. Each of the units com-
prise

- at least one - and preferably a plurality of - direct
impingement nozzle for ejecting a jet of hot gas per-
pendicular to the average plane of the paper sheet
to be dried; and

- a plurality of inclined jet nozzles, wherein inclined jet
nozzles are provided for ejecting jets of hot gas under
an inclined angle with respect to the average plane
of the paper sheet to be dried.

[0019] At least two inclined jet nozzles of the nozzle
unit are provided for which the plane comprising the vec-
tor representation of the jet directions of the at least two
inclined jet nozzles does not comprise the vector repre-
senting the jet direction of a direct impingement nozzle
of the nozzle unit. Preferably, nozzle units are provided
as nozzle heads mounted in the nozzle box. Preferably,
nozzle heads are mechanically mounted in the nozzle
box, e.g. using bolts or rivets. Even more preferably, noz-
zle heads are mounted in a mechanically replaceable
manner in the nozzle box, e.g. by means of bolts. Pref-
erably, suction openings for the evacuation of gas are
provided in the nozzle box between nozzle units. More
preferably, round suction openings and/or slit-shaped
suction openings for the evacuation of gas can be pro-
vided in the nozzle box between nozzle units; wherein
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nozzle units can be present as nozzle heads.
[0020] Preferably, when nozzle units and/or nozzle
heads are used, the nozzle units or the nozzle heads
comprise a hot gas chamber. The hot gas chamber is
provided for supplying the at least one direct impinge-
ment nozzle and the plurality of inclined jet nozzles with
hot gas to be ejected by the direct impingement nozzles
and by the inclined jet nozzles. Means, e.g. tubes or
pipes, are provided in the nozzle box to supply hot gas
to the hot gas chambers. More preferably a hot gas cham-
ber in the nozzle box is arranged to provide hot gas to
the hot gas chambers of each of the multiple of nozzle
units. The nozzle units can be present as nozzle heads.
Nozzle heads can e.g. comprise cast metal parts, with
the nozzles provided in the nozzle heads e.g. by means
of drilling or machining holes and/or slots.
[0021] Preferably, the nozzle units of the nozzle box
have identical nozzle configurations. The nozzle units
can be present as nozzle heads.
[0022] In preferred embodiments, sharp angles of noz-
zle units or nozzle heads are avoided in order to prevent
the risk of damaging the paper in case of unplanned con-
tacts.
[0023] In a preferred embodiment, nozzle units are lin-
early aligned on the nozzle box, preferably such that
when installed in a drying apparatus, the nozzle units are
provided linearly aligned over the width of the drying
equipment.
[0024] In a preferred embodiment, nozzle units are pro-
vided staggered over the nozzle box, preferably such that
when installed in a drying apparatus, the nozzle units are
provided staggered over the width of the drying appara-
tus. In an exemplary embodiment, the first, third, fifth noz-
zle unit in a nozzle box are linearly aligned; and the sec-
ond nozzle unit is staggered between the first and third
nozzle unit; the fourth nozzle unit is staggered between
the third and the fifth nozzle unit. The even numbered
nozzle units are linearly aligned; and the odd numbered
nozzle units are linearly aligned, but each in a staggered
position compared to the even numbered nozzle units.
Preferably, at least part of the nozzle units comprise in-
clined jet nozzles for which the jet direction is oriented
towards spaces in between the nozzle units. Preferably
in such an embodiment, the even numbered nozzle units
comprise inclined jet nozzles for blowing into the direction
of the space between the even numbered nozzles. And
preferably in such an embodiment, the odd numbered
nozzle units comprise inclined jet nozzles for blowing into
the direction of the space between the odd numbered
nozzles.
[0025] In a preferred embodiment, the nozzle unit com-
prises at least 3 (and preferably at least 4, more prefer-
ably at least 5, more preferably at least 6, more preferably
at least 7, more preferably at least 8, more preferably at
least 9, more preferably at least 10; more preferably at
least 11, more preferably at least 12 - e.g. 12) inclined
jet nozzles, wherein each of the at least 3 (and preferably
at least 4, more preferably at least 5, more preferably at

least 6, more preferably at least 7, more preferably at
least 8, more preferably at least 9, more preferably at
least 10, more preferably at least 11, more preferably at
least 12 - e.g. 12) inclined jet nozzles has a vector rep-
resenting its jet direction when in use; wherein each of
the vectors of the at least 3 (and preferably at least 4,
more preferably at least 5, more preferably at least 6,
more preferably at least 7, more preferably at least 8,
more preferably at least 9, more preferably at least 10,
more preferably at least 11, more preferably at least 12
- e.g. 12) inclined jet nozzles have a different direction in
the three-dimensional space.
[0026] When nozzle units are present as nozzle heads,
preferably, the nozzle head comprises a hot gas cham-
ber. The hot gas chamber is provided for supplying the
at least one direct impingement nozzle and the plurality
of inclined jet nozzles with hot gas to be ejected by the
impingement nozzles and by the inclined jet nozzles.
Means, e.g. tubes or pipes, are provided in the nozzle
box to supply hot gas to the hot gas chambers of the
nozzle heads. More preferably, the nozzle head compris-
es a metal body, wherein the metal body at least partly
encompasses the hot gas chamber. Even more prefer-
ably, the nozzle head is fully made out of metal.
[0027] When nozzle units are present as nozzle heads,
preferably, the nozzle head comprises a body out of cast
metal. Preferably the impingement nozzles and/or the
inclined jet nozzles are provided as drilled or machined
holes and/or slots in the body. Preferably the body at
least partly encompasses a hot gas chamber in the noz-
zle head.
[0028] In a preferred nozzle box comprising nozzle
units (and possibly wherein the nozzle units are present
as nozzle heads), the at least one direct impingement
nozzles are provided in the central section of the nozzle
unit; and the inclined jet nozzles surround the at least
one direct impingement nozzles.
[0029] In a preferred embodiment, at least part of - and
more preferably all - the inclined jet nozzles surrounding
the at least one direct impingement nozzles are provided
for blowing inwards towards the at least one direct im-
pingement nozzle.
[0030] In a preferred embodiment, a first part of the
inclined jet nozzles surrounding the at least one direct
impingement nozzles are provided for blowing inwards
towards the at least one direct impingement nozzle. A
second part of the inclined jet nozzles surrounding the
at least one direct impingement nozzles are provided for
blowing in the direction away from the at least one direct
impingement nozzle.
[0031] In a preferred embodiment, the inclined jet noz-
zles within a nozzle unit are provided so that when the
inclined jet nozzles are in operation, the hot gas jets of
the inclined jet nozzles are present in equi-angularly dis-
tributed planes perpendicular to the nozzle box.
[0032] In a preferred embodiment the nozzle box com-
prises suction openings for the evacuation of gas and
the nozzle box comprises a plurality of nozzle units over
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the nozzle box. Preferably, suction openings for the evac-
uation of gas are provided in the nozzle box between
nozzle units.
[0033] In a preferred embodiment, where nozzle units
are provided staggered over the nozzle box, such that
when installed in a drying apparatus, the nozzle units are
provided staggered over the width of the drying appara-
tus, suction openings or groups of suction openings are
also staggered over the nozzle box, alternating with noz-
zle units.
[0034] In a preferred embodiment, the nozzle box com-
prises a plurality of nozzle heads. Each of the nozzle
heads comprises a plurality of, e.g. four, direct impinge-
ment nozzles for ejecting a jet of hot gas perpendicular
to the average plane of the paper sheet to be dried. The
direct impingement nozzles are preferably provided such
that some lines in the direction of the nozzle box that
coincide with the width direction of the paper sheet to be
dried cross only one direct impingement nozzle of a noz-
zle head, while other lines in the direction of the nozzle
box that coincide with the width direction of the paper
sheet to be dried cross two direct impingement nozzles
of that same nozzle head, and while other lines in the
direction of the nozzle box that coincide with the width
direction of the paper sheet to be dried cross no direct
impingement nozzles of that same nozzle head. Such
arrangement of the direct impingement nozzles has
shown to provide better uniformity of heat transfer by the
direct impingement nozzles to the paper sheet to be
dried.
[0035] Preferably, each of the nozzle heads comprises
one or more than one series of inclined jet nozzles,
wherein each of the series of inclined jet nozzles com-
prises a number of inclined jet nozzles provided on a
straight line. More preferably, at least one series of in-
clined jet nozzles, and e.g. two series inclined jet nozzles
are aligned on a line in the direction of the nozzle box
that coincides with the width direction of the paper to be
dried. In a more preferred embodiment, two series of in-
clined jet nozzles are aligned on a line in the direction of
the nozzle box that coincides with the width direction of
the paper to be dried; of which one series of inclined jet
nozzles is provided for blowing in the direction of move-
ment of the paper sheet to be dried; and the other series
of inclined jet nozzles is provided for blowing in the di-
rection opposite to the direction of movement of the paper
sheet to be dried. More preferably, the nozzle head com-
prises in addition at least one series, and e.g. two series,
of inclined jet nozzles that are aligned on lines that make
an angle between 10 and 80 degrees with the direction
of the nozzle box that coincides with the width direction
of the paper sheet to be dried.
[0036] The second aspect of the invention is an equip-
ment for continuous air-borne drying of a paper sheet, e.
g. of a coated paper sheet, e.g. of paper board, e.g. of
coated paper board. The equipment comprises a nozzle
box as in the first aspect of the invention. The nozzle box
spans the width available in the equipment for the trans-

port of the paper sheet. Preferably, nozzle units are pro-
vided in the nozzle box across the width available in the
equipment for the transport of the paper sheet, so that
the nozzles in nozzle units, e.g. in nozzle heads, in the
nozzle box can address the full width of paper sheet to
be dried.
[0037] Preferably, the equipment comprises more than
one nozzle box as in the first aspect of the invention.
Preferably, a first set of nozzle boxes as in the first aspect
of the invention is provided above the plane available for
transport of the paper sheet; and a second set of nozzle
boxes according to the first aspect of the invention is
provided below the plane available for the transport of
the paper sheet.
[0038] Preferred equipment comprises rows of infrared
emitters, e.g. premix gas fired infrared emitters, and noz-
zle boxes as in the first aspect of the invention in between
rows or combinations of rows of infrared emitters.
[0039] Preferred equipment comprises one or a plural-
ity of nozzle boxes. Means are provided for suction of
hot gas through suction openings - e.g. round suction
openings or slit shaped suction openings - in the nozzle
boxes (e.g. between nozzle units or between nozzle
heads) and/or between nozzle boxes. Means are provid-
ed to collect the sucked gas into piping. Preferably, piping
is provided to evacuate part of the sucked gas out of the
equipment. Means are provided for the supply of fresh
air into the equipment, wherein the freshly supplied air
is mixed with sucked gas. Piping is provided to recirculate
at least part of the sucked gas back, together with the
freshly supplied air, to the one or to the plurality of nozzle
boxes for being blown onto the paper sheet to be dried
by the direct impingement nozzles and by the inclined jet
nozzles of the nozzles boxes. Means are provided to heat
the mixture of sucked gas and freshly supplied air before
it is supplied to the nozzle box(es). Such means can e.
g. be a heat exchanger or a gas burner. Such gas burner
can be provided such that the combustion gas of the gas
burner is added to the mixture of sucked gas and freshly
supplied air. Means (e.g. dampers) are provided in the
piping to control the flows of the gases.
[0040] In a preferred embodiment, the equipment com-
prises suction openings for the evacuation of gas. In a
preferred embodiment, the equipment comprises in the
direction of movement of the paper sheet, a number of
nozzle boxes; and between nozzle boxes, gas fired in-
frared emitters. Suction openings are preferably posi-
tioned between a nozzle box and gas fired infrared emit-
ters.
[0041] In preferred equipment, one or more than one
nozzle boxes are provided such that the vector sum of
the vectors representing the jet direction and having as
magnitude the jet impulse of the inclined jet nozzles of
the nozzle box points in the opposite direction of the di-
rection of transport of the paper sheet through the drying
equipment.
[0042] Preferred equipment comprises a multiple
number of nozzle boxes as in the first aspect of the in-
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vention. At least two consecutive nozzle boxes comprise
nozzle units that are staggered when comparing the po-
sitions of the nozzle units in the first nozzle box of the
two consecutive nozzle boxes with the positions of the
nozzle units in the second nozzle box of the two consec-
utive nozzle boxes. Preferably, a range of infrared emit-
ters - more preferably gas fired infrared emitters - is po-
sitioned between the two consecutive nozzle boxes.
Even more preferred is when between a nozzle box and
a range of infrared emitters, suction openings are pro-
vided for the evacuation of gas.
[0043] The third aspect of the invention is a method for
continuous drying of a paper sheet (e.g. a coated paper
sheet, e.g. a paper board, wherein equipment for contin-
uous drying is used as in the second aspect of the inven-
tion. The method comprises the step of transporting a
paper sheet, e.g. a coated paper sheet, through the
equipment in order to dry the paper sheet in the equip-
ment for continuous drying. The paper sheet is air-borne
in the equipment without the selvedge of the paper sheet
being held by mechanical means. The paper sheet un-
dulates in the direction of transport of the paper sheet
through the drying equipment. And the paper sheet un-
dulates in the direction perpendicular to the direction of
transport of the paper sheet through the drying equip-
ment. Preferably, the speed of the paper sheet transport-
ed through the drying equipment is at least 50 m/min,
more preferably at least 150 m/min, more preferably is
at least 300 m/min, and preferably more than 500 m/min.
Preferred ranges are between 300 and 2500 m/min, more
preferred ranges are between 500 and 1500 m/min.
[0044] In a preferred method, the vector sum of the
vectors representing the jet direction and having as mag-
nitude the jet impulse of the inclined jet nozzles of the
nozzle box, points in the opposite direction of the direction
of transport of the paper sheet through the drying equip-
ment.
[0045] Preferably, the mass per unit of time of hot gas
ejected by the inclined jet nozzles of a flow box in the
direction opposite to the movement of the paper sheet is
more than 10% higher than the mass per unit of time of
hot gas ejected by the inclined jet nozzles of the flow box
in the direction of the movement of the paper sheet; and
more preferably more than 20% higher, more preferably
more than 50% higher, more preferably more than 75%
higher, even more preferably more than 100% higher.
Preferably, the mass per unit of time of hot gas ejected
by the inclined jet nozzles of a nozzle box in the direction
opposite to the movement of the paper sheet is less than
150% higher than the mass per unit of time of hot gas
ejected by the inclined jet nozzles of the nozzle box in
the direction of the movement of the paper sheet.

Brief Description of Figures in the Drawings

[0046]

Figure 1 shows an example of a nozzle box as in the

first aspect of the invention.
Figures 2 and 3 respectively show the front and back
view of a nozzle head that can be used in the inven-
tion.
Figure 4 shows an example of a nozzle box as in the
first aspect of the invention.
Figure 5 shows yet another example of a nozzle box
as in the first aspect of the invention.
Figure 6 shows the section in paper transport direc-
tion; and figure 7 shows a cross section in the
traverse direction of an example of equipment for
the continuous air-borne drying of a paper sheet
comprising nozzle boxes as in the first aspect of the
invention.
Figure 8 shows the vectors representing the jets of
the inclined jet nozzles of one of the nozzle boxes
of the equipment of figure 6 and 7.
Figure 9 shows another example of a nozzle box as
in the first aspect of the invention.
Figure 10 shows an embodiment of equipment for
continuous air-borne drying of a paper sheet accord-
ing to the second aspect of the invention.
Figure 11 shows an embodiment of a nozzle box as
in the first aspect of the invention.
Figure 12 shows air dryer equipment according to
the second aspect of the invention.

Mode(s) for Carrying Out the Invention

[0047] Figure 1 shows an example of a nozzle box 100
as in the first aspect of the invention. The nozzle box 100
is provided for blowing hot gas in the convective drying
zone of equipment for the continuous drying of air-borne
paper sheets (including paper board), e.g. for the contin-
uous drying of air-borne coated paper sheets; and is pro-
vided for installation across the width of the continuous
drying equipment. The nozzle box 100 comprises a plu-
rality of nozzle units 105 over the nozzle box. In the ex-
ample, the nozzle units 105 are nozzle heads 105, that
are removably mounted by means of a bolt 107 and nut
onto the nozzle box 100. It is also possible that the nozzle
units are integrally formed out of the material of the nozzle
box. In the example - although not necessarily for the
invention, all nozzle heads of the nozzle box have iden-
tical nozzle configurations. The nozzle heads 105 are
provided staggered over the nozzle box, such that when
installed in a drying apparatus, the nozzle units are pro-
vided staggered over the width of the drying apparatus.
In the example, the first, third, fifth nozzle unit in the noz-
zle box are linearly aligned; and the second nozzle unit
is staggered between the first and third nozzle unit; the
fourth nozzle unit is staggered between the third and the
fifth nozzle unit. The even numbered nozzle units are
linearly aligned; and the odd numbered nozzle units are
linearly aligned, but each in a staggered position com-
pared to the even numbered nozzle units. The nozzle
units comprise inclined jet nozzles for which the jet di-
rection is oriented towards spaces in between the nozzle
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units. The even numbered nozzle units comprise inclined
jets for blowing into the direction of the space between
the even numbered nozzles. The odd numbered nozzle
units comprise inclined jets for blowing into the direction
of the space between the odd numbered nozzles.
[0048] Other arrangements of the nozzle units or noz-
zle heads in the nozzle box are possible however, e.g.
the nozzle units or nozzle heads can be linearly aligned
on the nozzle box, e.g. such that when installed in a drying
apparatus, the nozzle units are provided linearly aligned
over the width of the drying apparatus.
[0049] Figures 2 and 3 respectively show the front (fig-
ure 2) and back (figure 3) view of a nozzle head 105 used
in the exemplary nozzle box 100 of figure 1. The nozzle
head 105 comprises a drilled hole 103 that allows mount-
ing the nozzle head by means of a bolt and nut replace-
ably into a nozzle box. The nozzle head 105 comprises
four direct impingement nozzles 108 for ejecting a jet of
hot gas perpendicular to the average plane of the paper
sheet to be dried. The nozzle head 105 comprises twelve
inclined jet nozzles 109, 110, 111, 112, provided for eject-
ing jets of hot gas under an inclined angle with respect
to the average plane of the paper sheet to be dried. In-
clined jet nozzles 109 and 111 are provided for which the
plane comprising the vector representation of the jet di-
rections of the inclined jet nozzles 109 and 111 does not
comprise the vector representing the jet direction of the
direct impingement nozzles 108 of the nozzle unit. On
the other hand, the plane formed by the vector represen-
tations of the jet directions of the inclined jet nozzles 111
and 112 comprises the vector representing the jet direc-
tion of the direct impingement nozzles 108 of the nozzle
unit. In the nozzle box head 105, although not necessary
for the invention, the direct impingement nozzles 108 are
provided in the central section of the nozzle head 105.
The inclined jet nozzles 109, 110, 111, 112 surround the
direct impingement nozzles 108. Inclined jet nozzles 109
and 110 are provided for blowing inwards towards the
direct impingement nozzles 108. The inclined jet nozzles
109, 110, 111, 112 surround the direct impingement noz-
zles 108. Inclined jet nozzles 111 and 112 are provided
for blowing in the direction away from the direct impinge-
ment nozzles 108.
[0050] At the inside of the nozzle head 105, a hot gas
chamber 122 is provided (see figure 3). The hot gas
chamber is provided for supplying the at least one direct
impingement nozzle and the plurality of inclined jet noz-
zles with hot gas to be ejected by the impingement noz-
zles and by the inclined jet nozzles. A hot gas chamber
in the nozzle box is arranged to provide hot gas to the
air chambers of each of the multiple of nozzle heads.
[0051] Optionally, suction openings 125 for the evac-
uation of gas can be provided in the nozzle box 100 be-
tween nozzle heads 105 (see figure 1).
[0052] Figure 4 shows another example of a nozzle
box 100 as in the first aspect of the invention. The nozzle
box 100 is provided for blowing hot gas in the convective
drying zone of equipment for the continuous drying of air-

borne paper sheets, e.g. for the continuous drying of air-
borne coated paper sheets; and is provided for installa-
tion across the width of the continuous drying equipment.
The nozzle box 100 comprises a plurality of nozzle units
105 over the nozzle box. In the example, the nozzle units
106 are nozzle heads 106, that are removably mounted
by means of a bolt 107 and nut onto the nozzle box 100.
It is also possible that the nozzle units are integrally
formed out of the material of the nozzle box. In the ex-
ample - although not necessarily for the invention, all
nozzle heads of the nozzle box have identical nozzle con-
figurations. The nozzle heads 106 are provided stag-
gered over the nozzle box, such that when installed in a
drying apparatus, the nozzle units are provided stag-
gered over the width of the drying apparatus. Other ar-
rangements of the nozzle units or nozzle heads in the
nozzle box are possible however, e.g. the nozzle units
or nozzle heads can be linearly aligned on the nozzle
box, e.g. such that when installed in a drying apparatus,
the nozzle units are provided linearly aligned over the
width of the drying apparatus.
[0053] The nozzle heads 106 comprise direct impinge-
ment nozzles 108 for ejecting a jet of hot gas perpendic-
ular to the average plane of the paper sheet to be dried.
Each nozzle head 106 comprises twelve inclined jet noz-
zles 114, provided for ejecting jets of hot gas under an
inclined angle with respect to the average plane of the
paper sheet to be dried. In the nozzle box head 106,
although not necessary for the invention, the direct im-
pingement nozzles 108 are provided in the central sec-
tion of the nozzle head 106. The inclined jet nozzles 114
surround the direct impingement nozzles 108. The in-
clined jet nozzles 114 are provided so that when the in-
clined jet nozzles 114 are in operation, the jets of the
inclined jet nozzles 114 are present in equi-angularly dis-
tributed planes perpendicular to the nozzle box 100. Each
of the twelve inclined jet nozzles 114 has a vector rep-
resenting its jet direction when in use; wherein each of
the vectors of the twelve inclined jet nozzles 114 has a
different direction in the three-dimensional space.
[0054] At the inside of the nozzle head 106, a hot gas
chamber is provided. The hot gas chamber is provided
for supplying the at least one direct impingement nozzle
and the plurality of inclined jet nozzles with hot gas to be
ejected by the impingement nozzles and by the inclined
jet nozzles. A hot gas chamber in the nozzle box is ar-
ranged to provide hot gas to the air chambers of each of
the multiple of nozzle heads.
[0055] Optionally, suction openings for the evacuation
of gas can be provided in the nozzle box 100 between
nozzle heads 106. Alternatively, in the drying equipment
specific suction boxes can be mounted aligned with the
nozzle box or nozzle boxes.
[0056] Figure 5 shows yet another example of a nozzle
box 100 as in the first aspect of the invention. The nozzle
box 100 comprises nozzle units 105 that are linearly
aligned on the nozzle box, such that when installed in a
drying apparatus, the nozzle units 105 are provided lin-
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early aligned over the width of drying apparatus. Option-
ally, the nozzle box is provided with suction units 125 in
between nozzle units.
[0057] Figure 6 shows the section 600 in paper trans-
port direction; and figure 7 shows a cross section 700 in
the traverse direction of an example of equipment for the
continuous air-borne drying of a paper sheet (e.g. a coat-
ed paper sheet) comprising a plurality of nozzle boxes
670, 770 as in the first aspect of the invention (e.g. as
shown in the examples of figures 1 or figure 4). The nozzle
boxes 670 span the width available in the equipment for
the transport of the paper sheet 650, 750. The nozzle
boxes 770 are mounted laterally in support structures
772. In the example, a first set of nozzle boxes as in the
first aspect of the invention is provided above the plane
available for transport of the paper sheet; and a second
set of nozzle boxes according to the first aspect of the
invention is provided below the plane available for the
transport of the paper sheet. The coated paper sheet 650
moves through the equipment in the direction indicated
by arrow 660. Although not necessary, the equipment
comprises rows of infrared emitters 680, e.g. premix gas
fired infrared emitters, in between nozzle boxes 670.
[0058] The paper sheet 650, 750 is air-borne in the
equipment without the selvedge of the paper sheet being
held by mechanical means. The paper sheet 650, 750
undulates in the direction of transport of the paper sheet
through the drying equipment. And the paper sheet 650,
750 undulates in the direction perpendicular to the direc-
tion of transport of the paper sheet through the drying
equipment.
[0059] Figure 8 shows the vectors representing the jets
of the inclined jet nozzles of one of the nozzle boxes of
the equipment of figure 6 and 7. Arrow 860 shows the
direction of transport of the paper sheet through the dry-
ing equipment. Vector V1 represents the sum of the vec-
tors of the inclined jet nozzles of one nozzle box that have
a jet component in the direction of transport of the paper
sheet through the equipment; vector V2 represents the
sum of the vectors of the inclined jet nozzles of the same
nozzle box that have a jet component in the direction
opposite to the direction of transport of the paper sheet
through the equipment. Vector Vs is the sum of vectors
V1 and V2 and has a component in the direction opposite
to the direction of transport of the paper sheet through
the drying equipment.
[0060] Figure 9 shows another example of a nozzle
box 900 according to the first aspect of the invention. The
nozzle box 900 is provided for blowing hot gas in the
convective drying zone of equipment for the continuous
drying of air-borne paper sheets, the direction of move-
ment of the paper sheet with respect to the nozzle box
900 is indicated by arrow 960. The nozzle box 900 com-
prises a plurality of nozzle units 905 over the nozzle box.
The nozzle units 905 are nozzle heads 905 which are
removably mounted by means of a bolt 907 and nut onto
the nozzle box 900. The nozzle heads 905 are provided
staggered over the nozzle box, such that when installed

in a drying apparatus, the nozzle units are provided stag-
gered over the width of the drying apparatus. Each nozzle
head 905 comprises two direct impingement nozzles 908
for ejecting hot gas perpendicular to the average plane
of the paper sheet to be dried. The nozzle head 905 com-
prises inclined jet nozzles 909, 911, 912, provided for
ejecting jets of hot gas under an inclined angle with re-
spect to the average plane of the paper sheet to be dried.
Inclined jet nozzles 909 are provided for ejecting hot gas
jets in the transverse direction of the direction of move-
ment of the paper sheet; vectors 995 and 997 show the
direction of the ejection of the jets by the inclined jet noz-
zles 909. Four inclined jet nozzles 911 are provided for
ejecting jets in the direction indicated by arrows 991;
which is a direction opposite to the direction of movement
of the paper. Two inclined jet nozzles 912 blow in the
direction indicated respectively by arrow 993 and 994,
which make acute angles with the direction of movement
of the paper sheet; the two inclined jet nozzles 912 blow
away from each other. The provision of inclined jet noz-
zles 912 of which the jets make an acute angle with the
direction of movement of the paper sheet; and wherein
the two inclined jet nozzles 912 blow away from each
other has shown to result in improved drying efficiency
of paper sheet.
[0061] The inclined jet nozzles 912 are provided in the
cast nozzle head 905 by drilling a skew orifice. All of the
inclined jet nozzles in the nozzle heat 905 are provided
in the cast nozzle head via drilling orifices of the same
diameter. All of the inclined jet nozzles 909, 911, 912 are
supplied with hot gas from the hot gas chamber inside
the nozzle heat 905. Therefore, the mass of hot gas eject-
ed per unit of time is the same for each of the inclined jet
nozzles 909, 911, 912. The result is that the mass of hot
gas ejected per unit of time in the direction opposite to
the movement of the paper sheet is larger than the mass
of hot gas ejected per unit of time in the direction of the
movement of the paper sheet; such arrangement has
shown to provide higher efficiency of the drying equip-
ment.
[0062] Figure 10 shows an embodiment 1000 of equip-
ment for continuous air-borne drying of a paper sheet
according to the second aspect of the invention. The
equipment 1000 comprises a multiple number of nozzle
boxes 1070, 1071 as in the first aspect of the invention.
Two consecutive nozzle boxes 1070, 1071 comprise noz-
zle units 1006 that are staggered when comparing the
positions of the nozzle units in the first nozzle box of the
two consecutive nozzle boxes with the positions of the
nozzle units in the second nozzle box of the two consec-
utive nozzle boxes. A range of infrared emitters 1080 -
preferably gas fired infrared emitters - is positioned be-
tween the two consecutive nozzle boxes 1070, 1071. Be-
tween a nozzle box and a range of infrared emitters, suc-
tion openings 1090 are provided for the evacuation of
gas.
[0063] Figure 11 shows another embodiment of a noz-
zle box as in the first aspect of the invention. The nozzle
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box 1100 is provided for blowing hot gas in the convective
drying zone of equipment for the continuous drying of air-
borne paper sheets, the direction of movement of the
paper sheet with respect to the nozzle box 1100 is indi-
cated by arrow 1160. The nozzle box 1100 comprises a
plurality of nozzle units 1105 over the nozzle box. The
nozzle units 1105 are nozzle heads 1105 which are re-
movably mounted onto the nozzle box 1100. The nozzle
heads 1105 are devoid of sharp angles in order to prevent
the risk of damaging the paper in case of unplanned con-
tacts between the paper to be dried and the nozzle head.
The nozzle heads 1105 are provided staggered over the
nozzle box, such that when installed in a drying appara-
tus, the nozzle units are provided staggered over the
width of the drying apparatus. Each of the nozzle heads
comprises four direct impingement nozzles 1108 each
for ejecting a jet of hot gas perpendicular to the average
plane of the paper sheet to be dried. The direct impinge-
ment nozzles are provided such that some lines in the
direction of the nozzle box that coincide with the width
direction of the paper sheet to be dried cross only one
direct impingement nozzle of a nozzle head, while other
lines in the direction of the nozzle box that coincide with
the width direction of the paper sheet to be dried cross
two direct impingement nozzles of that same nozzle
head, and while other lines in the direction of the nozzle
box that coincide with the width direction of the paper
sheet to be dried cross no direct impingement nozzles
of that same nozzle head. Such arrangement of the direct
impingement nozzles has proven to provide better uni-
formity of heat transfer by the direct impingement nozzles
to the paper sheet to be dried.
[0064] Each of the nozzle heads comprises four series
of inclined jet nozzles, wherein each of the series of in-
clined jet nozzles comprises a number of inclined jet noz-
zles provided on a straight line. Two series of inclined jet
nozzles 1110 are each aligned on a line in the direction
of the nozzle box that coincides with the width direction
of the paper to be dried; of which one series is provided
for blowing in the direction of movement of the paper
sheet to be dried; and the other series is provided for
blowing in the direction opposite to the direction of move-
ment of the paper sheet to be dried.
[0065] The nozzle head comprises in addition two se-
ries of inclined jet nozzles 1111, 1112 that are each
aligned on a line that makes an angle of e.g. 60° with the
direction of the nozzle box that coincides with the width
direction of the paper to be dried.
[0066] Each of the nozzles - direct impingement noz-
zles as well as inclined jet nozzles - are provided in the
nozzle head as drilled round openings perpendicular to
the surface of the nozzle head where the round opening
has been drilled.
[0067] Between the nozzle heads, the nozzle box is
provided with suction openings 1125 for the evacuation
of gas.
[0068] The nozzle box arrangement of figure 11 has
shown particularly beneficial results in terms of drying

efficiency of coated paper sheets, thanks to the particular
arrangement of the direct impingement nozzles and of
the inclined jet nozzles.
[0069] Figure 12 shows hot air dryer 1200 equipment
according to the second aspect of the invention. The hot
air dyer equipment 1200 comprises a housing 1201 and
a plurality of nozzle boxes 1270 according to the first
aspect of the invention. Means are provided for suction
of hot gas through suction openings - e.g. round suction
openings or slit shaped suction openings - in the nozzle
boxes (e.g. between nozzle units or between nozzle
heads) and/or between nozzle boxes. Means are provid-
ed to collect the sucked gas into piping 1202. Preferably,
piping 1204 is provided to exhaust part of the sucked gas
out of the equipment. Means are provided for the supply
of fresh air into the equipment, wherein the freshly sup-
plied air - introduced via piping 1216 - is mixed with
sucked gas. Piping 1224 is provided to recirculate - e.g.
by means of a fan 1218 - at least part of the sucked gas
back, together with the freshly supplied air, to the one or
to the plurality of nozzle boxes for being blown onto the
paper sheet to be dried by the direct impingement nozzles
and by the inclined jet nozzles of the nozzles boxes.
Means 1220 are provided to heat the mixture of sucked
gas and freshly supplied air before it is supplied to the
nozzle box(es). Such means can e.g. be a heat exchang-
er or a gas burner. Such gas burner can be provided such
that the combustion gas of the gas burner is added to
the mixture of sucked gas and freshly supplied air. Means
- not shown in figure 12 - e.g. dampers are provided in
the piping to control the flows of the gases in the different
pipes or tubes.

Claims

1. Nozzle box (100) for blowing hot gas in the convec-
tive drying zone of equipment for the continuous dry-
ing of air-borne paper sheets, the nozzle box com-
prises

- at least one direct impingement nozzle (108)
for ejecting a jet of hot gas perpendicular to the
average plane of the paper sheet to be dried; and
- a plurality of inclined jet nozzles (109, 110, 111,
112), wherein inclined jet nozzles are provided
for ejecting jets of hot gas under an inclined an-
gle with respect to the average plane of the pa-
per sheet to be dried;

characterized in that at least two inclined jet noz-
zles (109, 111) are provided for which the plane com-
prising the vector representations of the jet directions
of the at least two inclined jet nozzles does not com-
prise the vector representing the jet direction of a
direct impingement nozzle.

2. Nozzle box as in claim 1, wherein the nozzle box
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comprises at least three inclined jet nozzles, wherein
each of the at least three inclined jet nozzles has a
vector representing its jet direction when in use;
wherein each of the vectors of the at least three in-
clined jet nozzles has a different direction in the
three-dimensional space.

3. Nozzle box as in claims 1 or 2,
wherein the inclined jet nozzles comprise or consist
out of a first set of inclined jet nozzles and a second
set of inclined jet nozzles;
wherein the first set of inclined jet nozzles are pro-
vided for blowing in a first direction; and wherein the
second set of inclined jet nozzles are provided for
blowing in a second direction; and wherein the first
direction is perpendicular to the second direction.

4. Nozzle box as in any of the preceding claims, where-
in the nozzle box comprises suction openings for the
evacuation of gas.

5. Nozzle box as in any of the preceding claims, where-
in the nozzle box comprises a plurality of nozzle units
over the nozzle box, wherein each of the units com-
prises

- at least one direct impingement nozzle for
ejecting a jet of hot gas perpendicular to the av-
erage plane of the paper sheet to be dried; and
- a plurality of inclined jet nozzles, wherein in-
clined jet nozzles are provided for ejecting jets
of hot gas under an inclined angle with respect
to the average plane of the paper sheet to be
dried;

wherein at least two inclined jet nozzles of the nozzle
unit are provided for which the plane comprising the
vector representation of the jet directions of the at
least two inclined jet nozzles does not comprise the
vector representing the jet direction of a direct im-
pingement nozzle of the nozzle unit.

6. Nozzle box as in claim 5, wherein suction openings
for the evacuation of gas are provided in the nozzle
box between nozzle units.

7. Nozzle box as in any of the claims 5 or 6, wherein
nozzle units are provided as nozzle heads mounted
in the nozzle box.

8. Nozzle box as in any of the claims 5 - 7, wherein the
at least one direct impingement nozzles are provided
in the central section of the nozzle unit; and
wherein the inclined jet nozzles surround the at least
one direct impingement nozzles.

9. Nozzle box as in claim 8,
wherein a fist part of said inclined jet nozzles are

provided for blowing inwards towards the at least
one direct impingement nozzle;
and wherein a second part of said inclined jet nozzles
are provided for blowing in the direction away from
the at least one direct impingement nozzle.

10. Nozzle box as in any of the claims 5 - 9, wherein the
inclined jet nozzles within a nozzle unit are provided
so that when the inclined jet nozzles are in operation,
the jets of the inclined jet nozzles are present in equi-
angularly distributed planes perpendicular to the
nozzle box

11. Equipment for continuous air-borne drying of a paper
sheet, comprising a nozzle box as in any of the claims
1 - 10, wherein said nozzle box spans the width avail-
able in the equipment for the transport of the paper
sheet.

12. Equipment as in claim 11, wherein one or more than
one nozzle box as in claims 1 - 10 is provided such
that the vector sum of the vectors representing the
jet direction and having as magnitude the jet impulse
of the inclined jet nozzles of the nozzle box points in
the opposite direction of the direction of transport of
the paper sheet through the drying equipment.

13. Equipment as in claims 11 or 12, wherein the equip-
ment comprises a multiple number of nozzle boxes
as in any of the claims 1 to 10; and wherein at least
two consecutive nozzle boxes comprise nozzle units
that are staggered when comparing the positions of
the nozzle units in the first nozzle box of the two
consecutive nozzle boxes with the positions of the
nozzle units in the second nozzle box of the two con-
secutive nozzle boxes.

14. A method for continuous drying of a paper sheet,
wherein an equipment for continuous drying is used
as in any of the claims 11 to 13;
wherein a paper sheet is transported through the
equipment in order to dry the paper sheet in the
equipment for continuous drying;
wherein the paper sheet is air-borne in the equip-
ment without the selvedge of the paper sheet being
held by mechanical means;
wherein the paper sheet undulates in the direction
of transport of the paper sheet through the drying
equipment;
and wherein the paper sheet undulates in the direc-
tion perpendicular to the direction of transport of the
paper sheet through the drying equipment.

15. Method as in claim 14, wherein the vector sum of
the vectors representing the jet direction and having
as size the jet impulse of the inclined jet nozzles of
the nozzle box, points in the opposite direction of the
direction of transport of the paper sheet through the
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drying equipment.

Patentansprüche

1. Düsenkasten (100)
zum Einblasen von Heißgas in die konvektive Trock-
nungszone einer Anlage zum kontinuierlichen
Trocknen von schwebenden Papierbögen, wobei
der Düsenkasten umfasst:

- mindestens eine Direktaufpralldüse (108) zum
Ausstoßen eines Heißgasstrahls senkrecht zu
der Durchschnittsebene des zu trocknenden
Papierbogens und
- mehrere geneigte Strahldüsen (109, 110, 111,
112), wobei geneigte Strahldüsen zum Aussto-
ßen von Heißgasstrahlen unter einem Nei-
gungswinkel in Bezug auf die Durchschnittse-
bene des zu trocknenden Papierbogens vorge-
sehen sind,

dadurch gekennzeichnet, dass mindestens zwei
geneigte Strahldüsen (109, 111) vorgesehen sind,
für welche die Ebene, die die Vektordarstellungen
der Strahlrichtungen der mindestens zwei geneigten
Strahldüsen umfasst, nicht den Vektor umfasst, der
die Strahlrichtung einer Direktaufpralldüse darstellt.

2. Düsenkasten nach Anspruch 1, wobei der Düsen-
kasten mindestens drei geneigte Strahldüsen um-
fasst, wobei jede der mindestens drei geneigten
Strahldüsen einen Vektor aufweist, der im Betrieb
ihre Strahlrichtung darstellt, wobei jeder der Vekto-
ren der mindestens drei geneigten Strahldüsen eine
unterschiedliche Richtung im dreidimensionalen
Raum aufweist.

3. Düsenkasten nach Anspruch 1 oder 2,
wobei die geneigten Strahldüsen einen ersten Satz
geneigter Strahldüsen und einen zweiten Satz ge-
neigter Strahldüsen umfassen oder daraus beste-
hen,
wobei der erste Satz geneigter Strahldüsen zum Bla-
sen in einer ersten Richtung vorgesehen ist und
wobei der zweite Satz geneigter Strahldüsen zum
Blasen in einer zweiten Richtung vorgesehen ist
und wobei die erste Richtung senkrecht zur zweiten
Richtung ist.

4. Düsenkasten nach einem der vorhergehenden An-
sprüche, wobei der Düsenkasten Absaugöffnungen
für die Entgasung umfasst.

5. Düsenkasten nach einem der vorhergehenden An-
sprüche, wobei der Düsenkasten mehrere Düsen-
einheiten über dem Düsenkasten umfasst, wobei je-
de der Einheiten umfasst:

- mindestens eine Direktaufpralldüse zum Aus-
stoßen eines Heißgasstrahls senkrecht zu der
Durchschnittsebene des zu trocknenden Pa-
pierbogens und
- mehrere geneigte Strahldüsen, wobei geneigte
Strahldüsen zum Ausstoßen von Heißgasstrah-
len unter einem Neigungswinkel in Bezug auf
die Durchschnittsebene des zu trocknenden Pa-
pierbogens vorgesehen sind,

wobei mindestens zwei geneigte Strahldüsen der
Düseneinheit vorgesehen sind, für welche die Ebe-
ne, die die Vektordarstellung der Strahlrichtungen
der mindestens zwei geneigten Strahldüsen um-
fasst, nicht den Vektor umfasst, der die Strahlrich-
tung einer Direktaufpralldüse der Düseneinheit dar-
stellt.

6. Düsenkasten nach Anspruch 5, wobei Absaugöff-
nungen zur Entgasung in dem Düsenkasten zwi-
schen Düseneinheiten vorgesehen sind.

7. Düsenkasten nach einem der Ansprüche 5 oder 6,
wobei Düseneinheiten als Düsenköpfe vorgesehen
sind, die im Düsenkasten montiert sind.

8. Düsenkasten nach einem der Ansprüche 5 - 7, wobei
die mindestens eine Direktaufpralldüse im Mittelab-
schnitt der Düseneinheit vorgesehen ist, und
wobei die geneigten Strahldüsen die mindestens ei-
ne Direktaufpralldüse umgeben.

9. Düsenkasten nach Anspruch 8,
wobei ein erster Teil der geneigten Strahldüsen zum
Einblasen in Richtung der mindestens einen Direk-
taufpralldüse vorgesehen ist
und wobei ein zweiter Teil der geneigten Strahldüsen
zum Blasen in der Richtung weg von der mindestens
einen Direktaufpralldüse vorgesehen ist.

10. Düsenkasten nach einem der Ansprüche 5 - 9, wobei
die geneigten Strahldüsen innerhalb einer Düsen-
einheit vorgesehen sind, so dass, wenn die geneig-
ten Strahldüsen in Betrieb sind, die Strahlen der ge-
neigten Strahldüsen in gleichwinklig verteilten Ebe-
nen senkrecht zum Düsenkasten vorliegen.

11. Anlage zum kontinuierlichen Schwebetrocknen ei-
nes Papierbogens, umfassend einen Düsenkasten
nach einem der Ansprüche 1 - 10, wobei sich der
Düsenkasten über die Breite erstreckt, die in der An-
lage für den Transport des Papierbogens verfügbar
ist.

12. Anlage nach Anspruch 11, wobei ein oder mehr als
ein Düsenkasten nach den Ansprüchen 1 - 10 vor-
gesehen ist, so dass die Vektorsumme der Vektoren,
die die Strahlrichtung darstellen und als Betrag den
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Strahlimpuls der geneigten Strahldüsen des Düsen-
kastens aufweisen, in die zur Transportrichtung des
Papierbogens durch die Trocknungsanlage entge-
gengesetzte Richtung zeigt.

13. Anlage nach Anspruch 11 oder 12, wobei die Anlage
mehrere Düsenkästen nach einem der Ansprüche 1
bis 10 umfasst und wobei mindestens zwei aufein-
anderfolgende Düsenkästen Düseneinheiten um-
fassen, die beim Vergleich der Positionen der Dü-
seneinheiten im ersten Düsenkasten der zwei auf-
einanderfolgenden Düsenkästen mit den Positionen
der Düseneinheiten im zweiten Düsenkasten der
zwei aufeinanderfolgenden Düsenkästen versetzt
angeordnet sind.

14. Verfahren zum kontinuierlichen Trocknen eines Pa-
pierbogens,
wobei eine Anlage zum kontinuierlichen Trocknen
nach einem der Ansprüche 11 bis 13 verwendet wird,
wobei ein Papierbogen durch die Anlage transpor-
tiert wird, um den Papierbogen in der Anlage zum
kontinuierlichen Trocknen zu trocknen,
wobei der Papierbogen in der Anlage schwebt, ohne
dass die Kante des Papierbogens durch mechani-
sche Mittel gehalten wird,
wobei sich der Papierbogen in der Transportrichtung
des Papierbogens durch die Trocknungsanlage wel-
lenförmig bewegt
und wobei sich der Papierbogen in der Richtung
senkrecht zur Transportrichtung des Papierbogens
durch die Trocknungsanlage wellenförmig bewegt.

15. Verfahren nach Anspruch 14, wobei die Vektorsum-
me der Vektoren, die die Strahlrichtung darstellen
und als Größe den Strahlimpuls der geneigten
Strahldüsen des Düsenkastens aufweisen, in die zur
Transportrichtung des Papierbogens durch die
Trocknungsanlage entgegengesetzte Richtung
zeigt.

Revendications

1. Boîte à buses (100) pour souffler un gaz chaud dans
la zone de séchage par convection d’un équipement
pour le séchage continu en suspension dans l’air de
feuilles de papier, la boîte à buses comprenant :

au moins une buse à contact direct (108) pour
éjecter un jet de gaz chaud perpendiculaire au
plan moyen de la feuille de papier à sécher ; et
une pluralité de buses à jet incliné (109, 110,
111, 112), dans laquelle les buses à jet incliné
sont prévues pour éjecter des jets de gaz chaud
sous un angle incliné par rapport au plan moyen
de la feuille de papier à sécher ;
caractérisée en ce qu’au moins deux buses à

jet incliné (109, 111) sont prévues, pour lesquel-
les le plan comprenant les représentations vec-
torielles des directions de jet des au moins deux
buses à jet incliné, ne comprend pas le vecteur
représentant la direction de jet d’une buse à con-
tact direct.

2. Boîte à buses selon la revendication 1, dans laquelle
la boîte à buses comprend au moins trois buses à
jet incliné, dans laquelle chacune des au moins trois
buses à jet incliné a un vecteur représentant sa di-
rection de jet, à l’usage ; dans laquelle chacun des
vecteurs des au moins trois buses de jet incliné a
une direction différente dans l’espace tridimension-
nel.

3. Boîte à buses selon les revendications 1 ou 2,
dans laquelle les buses à jet incliné comprennent ou
se composent d’un premier ensemble de buses à jet
incliné et d’un second ensemble de buses à jet
incliné ;
dans laquelle le premier ensemble de buses à jet
incliné est prévu pour souffler dans une première
direction ; et
dans laquelle le second ensemble de buses à jet
incliné est prévu pour souffler dans une seconde
direction ;
et dans laquelle la première direction est perpendi-
culaire à la seconde direction.

4. Boîte à buses selon l’une quelconque des revendi-
cations précédentes, dans laquelle la boîte à buses
comprend des ouvertures d’aspiration pour l’éva-
cuation du gaz.

5. Boîte à buses selon l’une quelconque des revendi-
cations précédentes, dans laquelle la boîte à buses
comprend une pluralité d’unités de buses sur la boîte
à buses, dans laquelle chacune des unités
comprend :

au moins une buse à contact direct pour éjecter
un jet de gaz chaud perpendiculaire au plan
moyen de la feuille de papier à sécher ; et
une pluralité de buses à jet incliné, dans laquelle
les buses à jet incliné sont prévues pour éjecter
des jets de gaz chaud sous un angle incliné par
rapport au plan moyen de la feuille de papier à
sécher ;
dans laquelle au moins deux buses à jet incliné
de l’unité de buses sont prévues, pour lesquelles
le plan comprenant la représentation vectorielle
des directions de jet des au moins deux buses
à jet incliné, ne comprend pas le vecteur repré-
sentant la direction de jet d’une buse à contact
direct de l’unité de buses.

6. Boîte à buses selon la revendication 5, dans laquelle
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des ouvertures d’aspiration pour l’évacuation du gaz
sont prévues dans la boîte à buses entre les unités
de buses.

7. Boîte à buses selon l’une quelconque des revendi-
cations 5 ou 6, dans laquelle les unités de buses
sont prévues sous la forme de têtes de buses mon-
tées dans la boîte à buses.

8. Boîte à buses selon l’une quelconque des revendi-
cations 5 à 7, dans laquelle la au moins une buse à
contact direct est prévue dans la section centrale de
l’unité de buses ; et
dans laquelle les buses à jet incliné entourent la au
moins une buse à contact direct.

9. Boîte à buses selon la revendication 8,
dans laquelle une première partie desdites buses à
jet incliné est prévue pour souffler vers l’intérieur vers
la au moins une buse à contact direct ;
et dans laquelle une seconde partie desdites buses
à jet incliné est prévue pour souffler dans la direction
orientée à l’opposé de la au moins une buse à con-
tact direct.

10. Boîte à buses selon l’une quelconque des revendi-
cations 5 à 9, dans laquelle les buses à jet incliné à
l’intérieur d’une unité de buses sont prévues de sorte
que lorsque les buses à jet incliné fonctionnent, les
jets des buses à jet incliné sont présents dans des
plans répartis à égale distance angulaire, perpendi-
culaires à la boîte à buses.

11. Equipement pour le séchage continu en suspension
dans l’air d’une feuille de papier, comprenant une
boîte à buses selon l’une quelconque des revendi-
cations 1 à 10, dans lequel ladite boîte à buses cou-
vre la largeur disponible dans l’équipement pour le
transport de la feuille de papier.

12. Equipement selon la revendication 11, dans lequel
une ou plus d’une boîte à buses selon les revendi-
cations 1 à 10 est prévue de sorte que la somme
vectorielle des vecteurs représentant la direction de
jet et ayant, en tant que grandeur, l’impulsion de jet
des buses à jet incliné de la boîte à buses, est orien-
tée dans la direction opposée de la direction de trans-
port de la feuille de papier dans l’équipement de sé-
chage.

13. Equipement selon les revendications 11 ou 12, dans
lequel l’équipement comprend un grand nombre de
boîtes à buses selon l’une quelconque des revendi-
cations 1 à 10 ; et dans lequel au moins deux boîtes
à buses consécutives comprennent des unités de
buses qui sont disposées en quinconce lorsque l’on
compare les positions des unités de buses dans la
première boîte à buses des deux boîtes à buses con-

sécutives avec les positions des unités de buses
dans la seconde boîte à buses des deux boîtes à
buses consécutives.

14. Procédé pour le séchage continu d’une feuille de
papier,
dans lequel un équipement pour le séchage continu
est utilisé selon l’une quelconque des revendications
11 à 13 ;
dans lequel une feuille de papier est transportée à
travers l’équipement afin de sécher la feuille de pa-
pier dans l’équipement pour le séchage continu ;
dans lequel la feuille de papier est en suspension
dans l’air dans l’équipement sans que le bord de la
feuille de papier ne soit maintenu par un moyen
mécanique ;
dans lequel la feuille de papier ondule dans la direc-
tion de transport de la feuille de papier à travers
l’équipement de séchage ;
et dans lequel la feuille de papier ondule dans la
direction perpendiculaire à la direction de transport
de la feuille de papier à travers l’équipement de sé-
chage.

15. Procédé selon la revendication 14, dans lequel la
somme vectorielle des vecteurs représentant la di-
rection de jet et ayant, en tant que dimension, l’im-
pulsion de jet des buses à jet incliné de la boîte à
buses, est orientée dans la direction opposée de la
direction de transport de la feuille de papier à travers
l’équipement de séchage.
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