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(57) Abrege/Abstract:
The present invention includes a nozzle insert for use in a drying machine of the type used in paper web drying. The nozzle insert of

the present invention includes at least one intake having a central portion, wherein a pair of center vanes Is disposed for directing
alrflow. The central portion Is bounded by at least one turning vane adapted for directing airflow In a lateral direction. For each
turning vane, there Is at least one straightening vane adapted for curtailing swirling of the airflow. The vanes are oriented at optimal
angles for directing the flow of the nozzle in a lateral direction, while permitting some air to penetrate the central portion through a
series of ports. The intakes are bounded by a series of insulated bulkheads, which serve to direct airflow and contain heat-loss
through thermal emission.
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ABSTRACT

The present invention includes a nozzle insert for use in a drying machine of the type
used in paper web drying. The nozzle insert of the present invention includes at least
one intake having a central portion, wherein a pair of center vanes is disposed for
directing airflow. The central portion is bounded by at least one turning vane adapted
for directing airflow in a lateral direction. For each turning vane, there is at least one
straightening vane adapted for curtailing swirling of the airflow. The vanes are
oriented at optimal angles for directing the flow of the nozzle in a lateral direction,
while permitting some air to penetrate the central portion through a series of ports.
The intakes are bounded by a series of insulated bulkheads, which serve to direct

airflow and contain heat-loss through thermal emission.
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NOZZLE INSERT FOR A YANKEE IMPINGEMENT HOOD
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to the field of paper web drying ana in particular to the
directing and heating of air in a Yankee Impingement Hood of the type known in the
art.

Description of the Related Art

A Yankee hood is an air distribution and drying system typically used in the paper
industry. A Yankee hood is typically installed over and spaced-apart from a portion of
the circumferential surface of a rotatable cylinder. The drying air i1s heated and
pressurized in the system and is then supplied to the Yankee hood dryer where it
passes through nozzles at high velocity and impinges on the moving, drying web.
The spent air Is then collected 'in the dryer and returned to a recirculation system.

Some of this spent air is exhausted, but the majority of it is recirculated to conserve

heat.

The heat which is transferred from the impingement air from the nozzles to the paper
increases the temperature of the paper to its equilibrium drying temperature;
evaporates the water from the paper; and increases the temperature of the paper
above the equilibrium temperature after the surface water has been evaporated.

Increasing production rates called for in the industry today result in demands for
higher and higher evaporation rates. Achieving evaporation rates considerably higher
than those currently available must be realized largely through improvements to the
Yankee hood system. In a Yankee hood, the evaporation is driven largely by
convection heat transfer, brought upon by the effect of impinging jets of hot air and
radiation heat transfer. Effeciiveness of hood evaporation largely depends on

geometry of impingement air, properties of impingement air, and temperature.
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A problem found in current drying systems involves the uneven cross-machine
movement and temperature profiles of the impinging air. Temperature profile
nroblems can, and often do, originate at the crescent header and nozzle box. This is
more pronounced at higher operating temperature. in particular, it is common for the
temperature profile of the air to vary dramatically-often very high temperatures are
found directly below the crescent headers and lower temperatures at the troughs
between crescent headers. An uneven temperature profile will lead inevitably to a
lack of uniformity in the drying process, which can cause sheet breaks and increase

production costs and maintenance of the paper-drying machines.

Accordingly, there Is a need in the art for an improved Yankee-type drying system
that provides a uniform temperature profile through the nozzle box. There is a further
need in the art for an apparatus that can be adapted to fit into existing Yankee-type
drying systems in order to provide temperature uniformity. Finally, there is a need in
the art for a more reliable and cost-effective process for drying paper webs.

SUMMARY OF THE INVENTION

Accordingly, the present invention addresses the problem of thermal non-uniformity
in the drying section of the hood by providing a nozzle box insert that results in a
more uniform temperature and a more uniform nozzle velocity in the cross-machine
direction. The nozzle insert of the present invention includes at least one intake
having a central portion, wherein a pair of center vanes is disposed for directing
airflow. The central portion is bounded by at least one turning vane adapted for
directing airflow in a lateral direction. For each turning vane, there is at least one
straightening vane adapted for curtailing swirling of the airflow. The vanes are
oriented at optimal angles for directing the tlow of the nozzle in a lateral direction,

while permitting some air to penetrate the central portion through a series of ports.

In a typical nozzle insert, there are a plurality of intakes, each containing a full set of
vanes and ports. The intakes are separated by bulkheads, which serve two
purposes. First, the bulkheads are shaped to mirror the angles of the respective
vanes, thus encouraging airflow in the lateral direction. Secondly, the bulkheads may
be insulated to prevent excess heat loss through thermal emission. The preferred
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designh and shape of the bulkheads is dependent upon the respective embodiment of
the intakes and vanes, as described further below. The nozzle insert of the present
invention is preferably constructed of a low emissivity material for further reducing the
loss of heat through emission. The nozzle insert of the present invention can be
readily incorporated into a web-drying machine of the type commonly used in the
paper industry. In particular, the nozzle insert is readily adaptable for use in a Yankee
hood having a series of crescent headers and nozzle boxes for drying a moving

paper web.

The foregoing is intended as a summary of the novel and useful features of the
present invention. Further aspects, features and advantages of the invention will
become apparent from consideration of the following detailed description and the

appended claims when taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a nozzle insert in accordance with an embodiment of

the present invention.

FIG. 2 is a cross-sectional view of a portion of a nozzle insert in accordance with an

embodiment of the present invention.

FIG. 3 is a plan view of a portion of a nozzle insert in accordance with an

embodiment of the present invention.

FIG. 4 is a perspective view of a portion of a nozzle insert in accordance with an

embodiment of the present invention.

FIG. 5 is a perspective view of a turning vane useable in the nozzle insert of the

present invention.

FIG. 6 is a sectional view of a turning vane usable in the nozzle insert of the present

invention.

FIG. 7 is a cross sectional view of a web-drying machine incorporating the nozzle

insert of the present invention. N
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DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIGS. 1-4, a nozzle insert 10 i1s shown In accordance with the
present invention shown in various views to more distinctly describe the subject
matter of the following claims. The reference numerals refer to the same feature of
the nozzle insert 10 throughout each of the Figures.

The nozzle insert 10 shown ih FIG. 1 includes an air intake 12 having a central
portion 14 therein. A pair of central vanes 16 is centrally located in the central portion
14. The effect of the central vanes 16 is to direct the air laterally in the general
direction of arrow 1 shown in FIG. 2. In one embodiment, the central vanes 16 define
a first angle [theta] that is between 90 and 170 degrees. In a preferred embodiment,
the first angle [theta] is approximately 144 degrees. The central vanes 16 define a
plurality of entry ports 22 that permit a limited amount of air to pass directly through
the central portion 14 without being laterally diverted. The entry ports 22 are best
seen in FIG. 3, which is a plan view of the present invention. In a preferred
embodiment, there are three entry ports 22 per central vane 16, resulting in a total of

six entry ports 22 for each pair of central vanes 16.

The air intake 12 also includes at least one turning vane 18 that is laterally disposed
relative to the central portion 14. The turning vane 18 serves to direct air in a lateral
or cross-box direction shown by arrow 2 in FIG. 2. The turning vane 18 is
substantially planar in form, and thus defines a first surface 19 that deflects the

oncoming airflow in the direction of arrow 2.

Turning to FIG. 5, the turning vane 18 is shown to the exclusion of the other portions
of the nozzle insert 10. The turning vane 18 has a straightening vane 20 disposed

thereon. The straightening vane 20 serves to reduce any swirling of the airflow as it

passes along the turning vane 18.

FIG. 6 is a sectional view along line A that illustrates the relationship between the
turning vane 18 and the straightening vane 20. As shown, the straightening vane 20
is oriented such that it is perpendicular to the first surface 19 of the turning vane 18.
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In a preferred embodiment, there iIs a pair of straightening vanes 20 on each turning
vane 18, and thus four straightening vanes 20 for each air intake 12. It should be
understood by those skilled in the art that the exact ratio of vanes for each air intake

12 is dependent upon the precise application, temperature, and air profile desired.

The nozzle insert 10 also includes at least one bulkhead 24 that is disposed within
the nozzle insert 10 at its ends 28 and optionally between multiple air intakes 12, as
shown in FIG. 1. The at least one bulkhead 24 defines a plurality of surfaces 25 that
are oriented in such a fashion as to mirror the surfaces of the turning vane 18. That
is, the surfaces 25 of the bulkhead 24 viewed in conjunction with the turning vanes
18 define a rectangular cross-section through which the airflow is guided. In a
preferred embodiment, the bulkhead 24 is hollow, and most preferably, the bulkhead
contains an insulating material 26, such as mineral wool. The insulated bulkhead 24
therefore serves to maintain the airflow profile as well as the air temperature by
preventing any thermal leakage through the nozzle insert 10. In a preferred
embodiment, the side surfaces 32 of the nozzle box 10 will also be insulated to
further reduce heat loss through thermal conduction. A preferred insulator for the side
surfaces 32 is fiberglass, aithough it is understood that any number insulating

materiails could be used in this regard.

In a preferred embodiment, the nozzle insert 10 is comprised of a material that has
low thermal emissivity. One such preferred material is aluminized steel, which has an
emissivity on the order of 0.43. Other suitable materials with a low emissivity may

also be used in the fabrication of the nozzle insert 10.

In preferred embodiments, the hbzzle insert 10 is sized appropriately to fill a nozzle
box (see FIG. 7) as part of a Yankee hood. The nozzle insert 10 will typically include
two or three different air intakes 12, and may include as many as ten different
intakes, each defining a separate central portion 14 and having the requisite vanes
and entry ports described above. A support member 30 may be provided to increase
the rigidity of the nozzle insert 10 and increase its usable lifetime. The perspective

view of FIG. 1 is emblematic of this preferred embodiment.
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In operation, the nozzle insert 10 of the present invention prevents air from idly
moving in the cross direction across the top of a nozzle box (see FIG. 7). The nozzle
insert 10 directs air in a lateral direction, shown by arrows 1 and 2, while the
straightening vanes 20 diSposed on the turning vanes 18 prevent the air from
swirling. By reducing the time that the air is in transit, the nozzle box insert 10
maintains higher temperatures and a more even temperature gradient across the
face of a paper web, thus resulting in a higher quality end product. In order to
maintain the temperature uniformity desired, the nozzle insert 10 is fabricated of a
material having a low emissivity in order to reduce heat loss through thermal
emissions. The bulkheads 24 of the nozzle insert are filled with an insulating material

in order to prevent further heat loss.

FIG. 7 is a cross-sectional view of a web-drying machine 50 having a nozzle insert 10
in accordance with the present invention. FIG. 7 represents a nozzle box 954
connected to a series of crescent headers 56 that direct air from a blower onto a
moving web 52. The nozzle insert 10 is shown at the base of the nozzie box 54

directing air, represented by arrows designated B, onto the web 52 in the manner

described above.

It should be understood that FIG. 7 illustrates what would be one of humerous nozzie
boxes in a Yankee hood, commonly used in the air-drying industry. While only one
crescent header conduit and nozzle box is illustrated, it will be appreciated that the

nozzle insert 10 of the present invention can be utilized in each nozzle box or

selected nozzle boxes in the associated Yankee hood.

The nozzle insert of the present invention attains the goal of temperature uniformity
through directional control of the airflow and reductions in the thermal losses of the
machine itself through impr'o\ied materials and design. The present invention
maintains a uniform air temperature by reducing heat loss through a various means.
The nozzle insert 10 of the present invention reduces heat loss by directing the air
such that its path length Is as short as possible, thereby eliminating swirl and eddies.
Moreover, insulation in key locations discussed above reduces thermal conduction.

Finally, low emissivity surfaces reduce radiation heat loss.
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It should be apparent to those skilled in the art that the above-described
embodiments are merely illustrative of but a few of the many pdssible specific
embodiments of the present invention. It should be understood, however, that the
scope of the claims should not be limited by the preferred embodiments set forth iIn
the examples, but should be given the broadest interpretation consistent with the

description as a whole.
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1. A web-drying machine comprising:

a crescent header;

a nozzle box receiving air from the crescent header and directing airflow at a
web disposed on a rotating cylinder; and

a nozzle insert disposed within the nozzle box, the nozzle insert comprising an
Intake having a central portion, a plurality of elongated entry ports disposed within a pair of
center vanes, such that the pair of center vanes are disposed within the central portion for
directing airflow, such that the plurality of entry ports extend laterally across the pair of center
vanes thereby eliminating more than half of the surface area of the pair of center vanes, and
such that the plurality of entry ports allow airflow to pass directly through the center vanes
without being laterally diverted, a planar turning vane disposed lateral to the central portion,
the turning vane adapted for directing airflow in a lateral direction without forming swirls or
eddies, and a straightening vane disposed on the turning vane, the straightening vane
adapted for curtailing swirling of the airflow.

2. The machine of claim 1, further comprising at least one bulkhead disposed
lateral to the intake.

3. The machine of claim 2, wherein the at least one bulkhead is hollow, and
further wherein the at least one bulkhead is filled with an insulating material.

4. The machine of claim 3, wherein the insulating material is mineral wool.

5. The machine of claim 1, wherein the nozzie insert is comprised of a low

thermal emissivity material.

6. The machine of claim 5, wherein the low thermal emissivity material is

aluminized steel.

7. The machine of claim 1, wherein the turning vane defines a first surface, and
further wherein the straightening vane is perpendicular to the first surface.

8. The machine of claim 1, wherein the pair of center vanes define a first angle,
and further wherein the first angle is between 90 and 170 degrees.

9. The machine of claim 8, wherein the first angle is 144 degrees.
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10. The machine of claim 1, wherein the turning vane directs air passing through

a portion of the air intake separate from the central portion.

11. The machine of claim 1, wherein the turning vane directs air passing through a
portion of the air intake lateral from the central portion.

12. The machine of claim 1, wherein the straightening vane is disposed on a first
surface of the turning vane so as to extend in a direction of air passing through the air intake.
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