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the web for the contactless convection drying of the web. In conjunction with these air flotation nozzles, one or more sections of the dryer
also include direct impingement nozzles (10) such as hole-array (H, B) or slot bars. The drying surface of the web is thus heated by both
air issuing from the air flotation nozzles and from the direct Impingement nozzles. As a result, the dryer has a high rate of drying in a
small, enclosed space while maintaining a comfortable working environment. |
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COMBINATION AIR BAR AND HOLE BAR FLOTATION DRYER

BACKGROUND OF THE INVENTION

The present invention relates to web supporting
and drying apparatus. In drying a moving web of material,
such as paper, film or other sheet material, it is often
desirable to contactlessly support the web during the drying
operation 1in order to avoid damage to the web itself or to
any 1nk or coating on the web surface. A conventional
arrangement for contactlessly supporting and drying a moving
web 1ncludes upper and lower sets of air bars extending
along a substantially horizontal.stretch of the web. Heated
alr 1ssulng from the air bars floatingly supports the web
and expedites web drying. The air bar array is typically
inside a dryer housing which can be maintained at a slightly
sub-atmospheric pressure by an exhaust blower that draws off
the volatiles emanating from the web as a result of the

drying of the ink thereon, for example.

One example of such a dryer can be found in U.S.
Patent No. 5,207,008. That patent discloses an air
flotation dryer with a built-in afterburner, in which a
plurality of air bars are positiOned above and below the
travelling web for the contactless drying of web coating.
In particular, the air bars are in air-receiving
communication with an elaborate header system, and blow air
towards the web so as to support and dry the web as it

travels through the dryer enclosure.
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Various attempts have been made in the prior art for
decreasing the length and/or increasing the efficiency and
line speed of such dryers. To that end, infrared radiation
has been used either alone or in combination with air to

dry the web. However, installing infrared radiation means

in conventional convection dryvers 1s often difficult and
the equipment is eXxpensive to purchase and to operate.

U.S. Patent No. 4,698,914 discloses a dryer having a
series of sections, each section having at least one push-
type and one draw-type gas discharge device, such as an air
bar and an air foil, respectively. The push-type device is

arranged so as to cause gas to impinge the side of the web

opposite the coated side and at an angle of substantially

90° relative to the transport direction of the web. The
draw-type device 1s arranged so as to cause gas to i1mpinge

the side of the web opposite the coated side at an angle of

about 0.5 to 5.0° relative to the transport direction of the

moving web. As a result, web clearance 1s 1increased and
web defects reduced.

U.S. Patent No. 3,979,038 discloses a flotation dryer
including a plurality of blow boxes provided wilth apertures
for air outflow against a floating web, and fixing chambers
mounted at a smaller distance from the web than the blow
boxes. The fixing chambers have apertures directed
obligquely to the plane of the web, and at least one blow
box with apertures distributed over its plane is mounted
directly in front of a fixing chamber.

The present invention relates to a web flotation dryer
and a process for floatingly drying a traveling web,
wherein a combination of air bars and hole bars are used.

Although more nozzles may be used overall in the present

-2

SUBSTITUTE SHEET (RULE 26)



CA 02207079 1997-06-05

WO 96/18074 PCT/US95/15742

invention, less air bars are used. This is advantageous in
view of the precise tolerance that air bars require, which
add to their cost of manufacture. The use of hole bars
also allows for a reduction in power requirements and
operation at lower nozzle velocities without sacrificing
heat transfer efficiency, and indeed, in some instances,
enhancing heat transfer.

It 1s therefore an object of the present invention to
improve the heat transfer process in an air flotation dryer
without substantially increasing the capital or operating
costs. It is a further object of the present invention
to achieve efficient heat transfer using the same or less
total air volume per unit drying area than in a
conventional dryer.

It is a still further object of the present invention
to achieve efficient heat transfer while using lower air
horsepower for a given heat transfer coefficient.

SUMMARY OF THE INVENTION

The problems of the prior art have been solved by the

instant invention, which provides an apparatus and process
for the non-contact drying of a web of material. The
apparatus includes air flotation nozzles for floéting the
web, and direct air impingement nozzles for enhanced drying
of the web. Specifically, a plurality of air flotation
nozzles or air bars are mounted in one or more sections of
a dryer enclosure in air-receiving communication with
headers, preferably both above and below the web for the
contactless convection drying of the web. In conjunction
with these air flotation nozzles, one or more sections of
the dryer also includes direct impingement nozzles such as

hole-array bars or slot bars. The drying surface of the

-3 -
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web 1s thus heated by both air issuing from the air

flotation nozzles and from the direct impingement nozzles.

As a result, the dryer has a high rate of drying 1n a small,

enclosed space while maintaining a comfortable working

environment.

According to one aspect the invention provides
apparatus for floatingly drying a running web, said
apparatus comprising an array of nozzles comprising, in
combination, a plurality of flotation nozzles for floatingly
supporting said web, and a plurality of direct impingement
nozzles for drying said web, sald direct impingement nozzles
comprising a top surface having a plurality of apertures
representing a total open area of from 1.8 to about 7.5% of
the total area of said top surface, at least one of said
direct 1mpingement nozzles being opposed by a flotation
nozzle and having a height/diameter ratio of from greater
than 3 to about 10, wherein thg height/diameter ratio is the
ratio of the height of the top surface of the at least one
of salid direct i1mpingement nozzles from the running web to
the equivalent diameter of an aperture on the top surface of

the at least one of said direct impingement nozzles.

According to another aspect the invention provides
a method of floatingly drying a running web, comprising:
providing a web dryer enclosure, said enclosure having a web
inlet slot and a web outlet slot; floatingly guiding said
running web through said dryer with a plurality of flotation
nozzles 1n sailid dryer enclosure, said flotation nozzles
discharging gas onto said web to float said web; and
providing enhanced drying of said web by impinging air onto

sald web from at least one direct impingement nozzle in said
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dryer enclosure, said at least one direct i1mpingement nozzle
having a plurality of apertures through which gas 1s emitted
and directed onto sald web, said apertures representing a

total open area of from 1.8 to about 7.5% of the total area

of said top surface wherein said at least one direct
impingement nozzle 1s opposed by one of said plurality of
flotation nozzles and has a height/diameter ratio of from
greater than 3 to about 10; wherein the height/diameter
ratio 1s the ratio of the height of the top surface of the
at least one of said direct impingement nozzles from the
running web to the equivalent diameter of an aperture on the
top surface of the at least one of said direct impingement

nozzles.

According to another aspect the invention provides
apparatus for floatingly drying a running web, said
apparatus comprising: first and second opposed arrays of
nozzles for floatingly supporting and drying a web running
therebetween, each array comprising a plurality of direct
impingement nozzles and a plurality of air flotation
nozzles, said direct 1mpingement nozzles comprising a top
surface having a plurality of apértures, representing a
total open area of from 1.8 to about 7.5% of the total area
of said top surface, said top surface having a crown shape
and at least one of said direct 1mpingement nozzles being
opposed by a flotation nozzle and having a height/diameter
ratio of from greater than 3 to about 10, wherein the
height/diameter ratio is the ratio of the height of the top
surface of the at least one of said direct impingement
nozzles from the running web to the equivalent diameter of
an aperture on the top surface of the at least one of said

direct 1mpilingement nozzles.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a schematic view of a flotation
nozzle/direct impingement nozzle arrangement in accordance

with a preferred embodiment of the present 1nvention;

Figure 2 1s a schematic view of a flotation
nozzle/direct impingement nozzle arrangement in accordance

with an alternative embodiment of the present invention;

Figure 3 is a cross-sectional view of a hole bar

1n accordance with the present invention;

Figure 4 1s a side view of the hole bar of Figure

Figure 5 1s a top view of the preferred embodiment

of the hole bar in accordance with the present invention;

Figure 6 1s a cross-sectional view of a combined
flotation nozzle/direct impingement nozzle in accordance

with one embodiment of the present invention;

Figure 7 1s a schematic view of the test apparatus

used to measure heat transfer coefficients;

Figure 8 1is a graphical illustration of the test

results for standard 1X air bars;

Figure 9 1s a graphical illustration of the test
results for an air bar and a hole bar combination in

accordance with the present invention;

5a
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Figure 10 1s a side-view of a center feed direct

impingement nozzle;

Figure 10a 1s a front view of the nozzle of Figure

10;

Figure 11 is a perspective view of an air bar/hole
bar combination in accordance with an alternative embodiment

of the present invention; and

Figure 12 1s a top view of a direct impingement
nozzle 1n accordance with an alternative embodiment of the

present i1nvention.

DETAILED DESCRIPTION OF THE INVENTION

Although the present invention 1s not limited to
any particular flotation nozzle design, 1t 1s preferred that

flotation nozzles which exhibit the Coanda effect such as

the HI-FLOAT® air bar commercilially available from W.R. Grace

& Co.-Conn. be used, 1in view of their high heat transfer and

excellent flotation characteristics. Standard 1X HI-FLOAT®
alr bars are characterized by a spacing between slots of 2.5
inches; a slot width of 0.070 to 0.075 inches, usually
0.0725 inches; an installed pitch of 10 inches; and a web-
to-air bar clearance of 1/8 inch. Air bar size can be
larger or smaller. For example, air bars ¥ , 1.5, 2 and 4
times the standard size can be used. Air bars 2 times the
standard size are characterized by a slot distance of 5
inches and slot widths of 0.104 to 0.45 inches (available
commercially as “2X ailr bars” from W.R. Grace & Co.-Conn.).
In general, the greater distance between the slots results
1n a larger alr pressure pad between the air bar and the

web, which allows for increasing the air bar spacing.

5b
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Another suitable flotation nozzle that can be used in the
present invention is the Tri-Flotation air bar disclosed 1in

U.S. Patent No. 4,59501,449.

5C
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Means for creating direct air impingement on the web,
such as a direct 1mpingement nozzle having a plurality of
apertures, such as a hole-array bar or slot bar, provides a
higher heat transfer coefficient for a given air volume and
nozzle velocity than a flotation nozzle. As between the
hole-array bar and the slot bar, the former provides a
higher heat transfer coefficient for a given air volume at
equal nozzle velocities. Although maximum heat transfer is
obviously a goal of any dryer system, other considerations
such as air volume, nozzle velocity, air horsepower, proper
web flotation, dryer size, web line speed, etc., influence
the extent to which optimum heat transfer can be achieved,
and thus the appropriate design of the direct impingement
nozzle.

Turning now to Figure 1, there is shown schematically
a preferred flotation nozzle/direct impingement nozzle
arrangement, with flotation nozzles or air bars denoted
"AB" and direct impingement nozzles or hole bars denoted
"HB" . Horizontal web W 1is shown floatingly supported
between upper and lower flotation nozzle/direct impingement
nozzle arravys. In both the upper and lower arrays, each
hole bar HB 1s positioned between two air bars ABR.
Opposite each hole bar HB 1is an air bar AB.  This

arrangement exhibits excellent heat transfer and web

flotation characteristics. The distance between air bar AB
centers, or "alr bar pitch", should be between 10 and 30
inches, preferably 14 inches for the 1X air bar. This

distance would scale proportionately for other air bar

sizes such as a 2x air bar.

Another suitable flotation nozzle/direct impingement

nozzle arrangement 1s shown schematically in Figure 2, in

-6 -
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which several of the hole bars do not have corresponding
air bars or hole bars directly opposite them. It should be
understood by those skilled in the art that the present
invention is ~not limited to a. particular flotation
nozzle/direct impingement nozzle afrangement ; any
arrangement can be used depending upon the flotation and
drying characteristics desired.

Turning now to Figures 3 and 4, a preferred embodiment
of a direct impingement nozzle hole bar 10 is shown for
graphic arts applications. Hole bar 10 is installed in
alr-receiving communication with a header 11 having a port
13. Header 11 feeds air into hole bar compartment 12. The
air emits from the hole bar 10 via a plurality of
apertures, 1n this case spaced circular holes in the top
surface 14 of the hole bar 10. Preferably the top surface

14 of hole bar 10 is crown shaped and approaches a central

apex 15 at about a 5° angle. This design encourages the
return air to flow over the edges of the hole bar 10 after
impingement on the web W. A flatter top surface 14 tends
Lo result in return air traveling down the face of the hole

bar i1n the cross-web direction, which is undesirable. The

angle of the crown can vary from about 0° to about 10°. In
general, the closer the hole bar is to the web, the larger
the angle of the crown. Hole bars at a large distance from
the web could be flat.

The particular pattern and configuration of apertures
in the top surface 14 of the hole bar 10 is not critical,
as Jlong as relatively uniform coverage of the web is
provided, and the impingement of air is not directly over

the center of the pressure pad generated by an opposing air

SURSTITUTE SHEET (RULE 26)
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bar. The percent open area of a hole bar or an air bar 1is

defined by the following equation:

J
[X:Acsperf ni]/Atop X 100
i=1 i ‘
Where: i = number of perforation types
Acgsperf = cross-sectional area of a perforation type

n = number of copies of a perforation type

Atop = exterior surface area of hole or air bar top

where perforations are located

The percent open area of the hole bar 10 1s from 1.8 to
about 7.5% of the total area of the hole bar, preferably

about 2.4% of the total area of the hole bar. The total

dryer effective open area 1is defined by the following

equation: _ _ - - -
J
[2 (Aopen)__ (nj) (Cqi)]/Agurface web heated X 100
i=1
Where: Aopen = % open area/100 X Atop ©of bar type

n = number of duplicates of a bar type

number of bar types 1n dryer

]
Cq = discharge coefficient of bar type

Agurface web heated = total surface area of

web being heated

The dryer effective open area can be based on measured or
calculated discharge coefficients, and is preferably in the

range of 1.4 to 4%, most preferably 1.5% of the total web

-8 -
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surface area being heated in the dryer enclosure. In the
embodiment shown in Figure 5, the hole bar open area is
accomplished with 8 horizontal rows 25a-25h of circular
holes 18, each horizontal row of holes 18 consisting of 31
holes spaced at 1.83 inch intervals. It should be
understood by those skilled in the art that the number of
rows of holes and the number of holes per row can vary,
depending in part upon the size of the hole bar for the
application. In the embodiment shown, the top row 25a
commences 0.488 inches from the side edge 20 of the hole
bar, and 0.421 inches from the top and bottom edges 2la and
21b. Each subsequent horizontal row 25b-25h is spaced an
additional 0.229 inches from the side edge 20. Each
horizontal row 25a-25h is vertically spaced 0.454 inches
from its mneighboring row, except the zrows nearest the
center of the bar. In order to reduce web disturbance at
close spacing to the web, it is preferred that the center
of the hole bar be devoid of holes. Preferably the
dimensions of this central portion devoid of holes is such
that two symmetrical rows of holes could be accomodated
therein if such holes were present.

Where the apertures of the hole bar are of a different
configuration, such as diamonds, square or rectangular
slots, preferably they have an equivalent diameter of from
about 0.06 to 0.5 inches. Also, the slots 70 can be

continuous along the length of the bar, a shown in Figure

12.

Although an end feed hole bar is shown in Figure 4, a

center feed design such as that illustrated in Figure 10

can also be used, depending upon the application.
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Depending upon the size of the holes 18, "whistling"
and web fluting or wrinkling problems, particularly in the
machine—direction_, can arise. These problems should be
minimized without compromising good flotation and heat
transfer characteristics. Hole diameteré of 0.164, 0.172
amd 0.1875 1nches result 1in minimal web fluting and
whistling in graphic arts applications, with hole diameters
of 0.1875 1inches being especially preferred. The optional
use of a hole bar diffuser plate (not shown) coupled to
flanges 9 (Figure 3) between the header 11 and the
compartment 12 may also be used 1in reducing whistle. A
flow straightener 30 may also be positioned in chamber 12
of hole bar 10 to improve the air flow characteristics.

Also of 1importance 1n optimizing flotation and heat
transfer characteristics 1s the height of the hole bars 10
from the web W. If the hole bars are too close to the web
centerline, web instability and web touch-down on the air

bar top can occur. However, moving the hole bars too far

away from the web centerline can cause an undesilrable loss
in heat transfer. Accordingly, preferably the hole bar
should be from about 2 to about 10 equivalent aperture
diameters (or slot widths) away from the web. Actual hole
bar clearances ranging from about 1/8 to 1% inches from the
web are preferred. In general, a smaller web clearance,
preferably less than 0.5 1nches, 1s required for the air
bar/hole bar arrangement embodiment shown in Figure 2 where
hole bar aperture diameters are 0.1875 inches and the hole
bars are positioned without an opposite air bar, and a web
clearance greater than 0.5 1inches, preferably 0.875 inches
is preferred for_ the embodiment i1n Figure 2 where hole bar

aperture diameters are 0.1875 and the hole bars are

-10- -
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directly opposed by an air bar. In this latter embodiment,
it is also preferred that the air bar slots be in the range
from 0.085 or 0.085 inches. Accordingly, the
height/diameter ratio in the embodiment where the hole bar
1s not directly opposed is less than 3, such as about 0.7
to about 2.7. The height/diameter ratio in the embodiment
where the hole bar is directly opposed is from greater than
3 to about 10, preferably about 4.7.

Sultable nozzle velocity is in the range of 1000 to
12000 feet per minute, with a nozzle velocity of from about
8000 to 10000 fpm being preferred.

The alr bars and hole bars need not be fed by the same
header systems; separate headers can be used as shown in
Figure 11, especially if different operating velocities
and/or air temperatures in the hole bars and alr bars are

desired. A first tapered header 60 having a plurality of

bars AB. Air supply 1s fed to the header 60 in the
direction of arrow 66. A second tapered header 61 having a
plurality of feed ©ports 65 1s 1n air receiving

communication with hole bars HB. Air supply 1s fed to the
header 61 in the direction of arrow 67. Independent
control of wvelocities may be important where heat transfer
and flotation requirements are at odds, such as where low
web tensions require reduced flotation velocity, vyet the
heat transfer required remains the same.

Similarly, the air bars and hole bars can be
separately dampered such that they operate at different
nozzle velocities. In the embodiment shown in Figure 6,
the hole bar 10 is integral to a flotation nozzle AB, with

a hole bar supply duct 50 feeding the latter from the

-11-
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flotation nozzle AB. In the embodiment shown, the center
of the hcole bar 10 is spaced five inches from the center of
the flotation nozzle AB, which in turn is spaced ten inches
from the flotation nozzle AB'. The flotation nozzle/hole

bar integral configuration 1s preferredh for retrofitting
exlisting graphic arts dryers having conventional center
feed headers. Since a larger volume of alr must enter the
flotation nozzle having the hole bar attached, the pressure
losses through each air feed path must be examined and
controlled to supply the proper air flow rate to each
device. One way to control air flow to each device is to
use dampers, such as at 75, in each air bar and hole bar.

The air flow may also be controlled by proper design of
each diffuser plate. Each flow path 1is examined and the
pressure drop through each path i1s balanced by selecting
the appropriate percent open area of the diffuser plate
required to provide the balancing pressure drop. For non-
graphic arts applications, some materials such as metal
webs allow for use of much larger diameter holes, since
such webs are not fragile and usually have high tensions
pulling the web flat. Sultable aperture equivalent
diameters may be as large as 0.5 1inches for such
applications, since the web will not flute or wrinkle and
large size apertures provide a more economical hole bar.

In some process coating applications, uniformity of drying

1s critical, 1in which case continuous slots rather than

discrete holes are preferred.

EXAMPLE 1
A bench-scale test stand was used to measure the local

heat transfer _—characteristics for single and paired

~12-
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nozzles. A schematic drawing of the test stand 100 is
shown in Figure 7. The test stand 100 is comprised of a

calibrated heat flux sensor 101 mounted flush with the
surface of a plate 102 which represents the heat transfer
surface. The surface temperature of {:he plate 102 1is
maintained constant by a flow of chilled water, illustrated
by arrows 103, 104. A hot air source delivers supply air
(depicted by arrow 105) at a controlled temperature through
a flexible duct 110 to a traversing header assembly 106
located above the plate 102. The traversing header
assembly 106 includes a traversing mechanism 111. The
header 106 allows for the mounting of different styles of
nozzles 112 at a range of nozzle-to-plate clearances and
spacings of nozzles when pairs are tested.

The header 106 traverses the plate 102 and
measurements of the local heat flux are recorded at
intervals, typically 1/8" (3.2 mm). The local heat flux is
measured by heat flux sensor 101. The measured local heat

transfer coefficient values are defined as-:

h;, = Local Measured Flux/I[T5i, - Tsensor)

The test apparatus involves convective heating of a
cool surface. The entrainment of cooler ambient air must
be avoided, otherwise the temperature driving force cannot
be accurately determined from the supply air temperature.
Also to be considered is the handling of spent air from the
nozzles, especilally for multiple nozzle arrays.
Accordingly, the test stand is enclosed so that the results
are representative of heating webs in flotation dryers and

similar oven arrangements.

~-13-
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For a fixed heat transfer coefficient, a comparison of
the power requirements, nozzle velocity and air flow was
made as between standard 1X ailr bars spaced 10 inches apart
(LO0" pitch) and having a 0.25" web clearance, and standard
1X air bars spaced 14 inches apart (14" pitch) and having a
0.25" web clearance with a hole bar centered between the
two air bars at a 0.75" web clearance. A 3.3% open area
hole bar was used with 0.164" diameter holes. The

following Table 1 depicts the data.

TABLE 1

acfm/ft*

Nozzle Nozzle
| Btu/hr/ft?/F Arrangement Velocity
(fpm)
28 1X alir bars, 10" 12000 124
pitch
28 1X alr bars, 8000 122 0.0
14" pitch, 3.3% 60
open area hole bars
with 0.164™" |
diameter holes
acfm is the volume rate of air flow (ft /min) for a
given nozzle arrangement. To compare this to the air

flow used by another nozzle configuration, the wvolume
flow must be divided by the test area to give the
volume flux of air flow which 1s a normalized,

directly comparable wvalue.

The data show that the nozzle velocity is much lower for
the air bar/hole bar combination, which is desirable since
at lower velocities, the air forces are not as disturbing

to the web. Note that the air bar/hole bar combination

~14-
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requires only 40% of the power of the standard air bar

arrangement .

EXAMPLE 2

A number of measurements were made 6f the local heat

transfer coefficients for 1X air bars and hole bars using
the ;bench . test stand. All measured heat transfer

coefﬁicients have been corfected for thermal radiation
effects. This correction was estimated at 1.2 Btu/hr/ft*/°F
(6.8 'W/m°/°C) for the 210°F (99°C) air temperature and 70°F

(21°C) plate temperature used for the experiments. The
results are shown 1in Figures 8 and 9 as a plot of heat
transfer coefficlent versus "Position". '"Position" is with
reference to the center of the nozzle array being tested.

A traverse of the nozzles is conducted with respect to the

fixed heat flux sensor. This allows local heat transfer

measurements.
A comparison of Figures 8 and 9 shows that with the
hole bar mounted between two air bars, the center of the

plot has higher local heat transfer rates. The tests were

conducted using comparable air flow rates.
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CLAIMS:

1. Apparatus for floatingly drying a running web,
sald apparatus comprising an array of nozzles comprising, 1n
combination, a plurality of flotation nozzles for floatingly
supporting said web, and a plurality of direct impingement
nozzles for drying said web, each of said plurality of
direct 1mpilingement nozzles comprising a top surface having a
plurality of apertures representing a total open area of
from 1.8 to about 7.5% of the total area of said top
surface, at least one of said direct impingement nozzles
being opposed by a flotation nozzle and having a
height/diameter ratio of from greater than 3 to about 10,
wherein the height/diameter ratio is the ratio of the height
of the top surface of the at least one of said direct
impingement nozzles from the running web to the equivalent
diameter of an aperture on the top surface of the at least

one of said direct impingement nozzles.

2. The apparatus of claim 1 wherein said

height/diameter ratio is 4:7.

3. The apparatus of claim 1 wherein at least one of
sald direct 1mpingement nozzles i1s not opposed by a
flotation nozzle, and wherein the height/diameter ratio of

sald at least one direct impingement nozzle is less than 3.

4 . The apparatus of claim 1 wherein said top surface
of each of said direct impingement nozzles comprises a

central portion devoid of apertures.

5. The apparatus of claim 1, wherein said top surface
1s crown shaped having a central apex at about a 0° to 10°

angle.
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6 . The apparatus of claim 5, wherein said top surface

is crown shaped having a central apex at a 5° angle.

7. The apparatus of claim 1 wherein the equivalent
diameter of each of said plurality of apertures is from 1/16

to 1/2 inches.

8 . The apparatus of claim 1 further comprising a
dryer enclosure housing sald array of nozzles, and wherein

sald dryer has effective open area of from 1.4 to about 4%.

0. The apparatus of claim 1, wherein at least one of
said plurality of direct i1mpingement nozzles 1s positioned

between two flotation nozzles.

10. The apparatus of claim 1, wherein each flotation
nozzle is spaced about 10 to about 30 inches from another

flotation nozzle.

11. The apparatus of claim 1, wherein said apertures

are continuous slots.

12. The apparatus of claim 1, wherein each of said
direct i1mpilingement nozzles 18 1n alr receiving communication

with a flotation nozzle.

13. A method of floatingly drying a running web,

comprising:

providing a web dryer enclosure, said enclosure

having a web 1nlet slot and a web outlet slot;

floatingly guiding said running web through said
dryer with a plurality of flotation nozzles in said dryer
enclosure, said flotation nozzles discharging gas onto said

web to float said web; and
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providing enhanced drying of said web by 1mpinging
alr onto said web from at least one direct impingement
nozzle in said dryer enclosure, said at least one direct
impingement nozzle having a plurality of apertures through
which gas 1s emitted and directed onto said web, said
apertures representing a total open area of from 1.8 to
about 7.5% of the total area of said top surface wherein
said at least one direct impingement nozzle is opposed by
one of said plurality of flotation nozzles and has a

height/diameter ratio of from greater than 3 to about 10;

wherein the height/diameter ratio is the ratio of
the height of the top surface of the at least one direct
impingement nozzle from the running web to the eguivalent
diameter of an aperture on the top surface of the at least

one direct implngement nozzle.

14. The method of claim 13, whereiln said at least one
direct 1mpilngement nozzle is not opposed by a flotation
nozzle, and wherein the height/diameter ratio of said at

least one direct impingement nozzle is less than 3.

15. The method of claim 13, wherein said at least one

direct 1mpingement nozzle comprises a top surface, said top
surface being crown shaped and having a central apex at

about a 0° to 10° angle.

16. The method of claim 15, wherein said top surface

1s crown shaped having a central apex at a 5° angle.

17. The method of claim 15 wherein the equivalent
diameter of each of said plurality of apertures is from 1/16

to 1/2 inches.
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18. The method of claim 13 wherein said total open
area of said plurality of the combination of said flotation
nozzles and said direct impingement nozzles 1s from 1.4 to

about 4% of the total web dryer enclosure area.

19. The method of claim 13, further comprising
positioning said at least one direct i1mplngement nozzle

between two flotation nozzles.

20. The method of claim 13, further comprising spacing

each flotation nozzle about 10 to about 30 i1nches from

another flotation nozzle.

21. The method of claim 13, further comprising
independently controlling the velocities of said gas
discharged onto said web to float said web and said gas
emitted and directed onto said web for enhanced drying of

sald web.

22. The method of claim 13, wherein said velocities
are independently controlled with a first gas supply header
in communication with said plurality of flotation nozzles
and a second gas supply header distinct from said first
supply header in communication with said at least one direct

impingement nozzle.

23. The method of claim 13, further comprising
independently controlling the temperatures of said gas
discharged onto said web to float said web and said gas
emltted and directed onto said web for enhanced drying of

sald web.
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24 . The method of claim 23, wherein said temperatures
are independently controlled with a first gas supply header
in communication with said plurality of flotation nozzles
and a second gas supply header distinct from said first

supply header in communication with said at least one direct

impingement nozzle.

25. Apparatus for floatingly drying a running web,
said apparatus comprising: first and second opposed arrays
of nozzles for floatingly supporting and drying a web
running therebetween, each array comprising a plurality of
direct impingement nozzles and a plurality of air flotation
nozzles, each of said plurality of direct impingement
nozzles comprising a top surface having a plurality of
apertures, representing a total open area of from 1.8 to
about 7.5% of the total area of said top surface, said top
surface having a crown shape and at least one of said direct
1mplngement nozzles being opposed by a flotation nozzle and
having a height/diameter ratio of from greater than 3 to
about 10, wherein the height/diameter ratio is the ratio of
the height of the top surface of the at least one of said
direct i1mpingement nozzles from the running web to the
equivalent diameter of an aperture on the top surface of the

at least one of said direct i1impingement nozzles.

26 . The apparatus of claim 25 wherein said crown shape

further comprises a central apex.

27 . The apparatus of claim 26 wherein said central

apex 1s at an angle of about 0° to about 10°.

28. The apparatus of claim 26 wherein said central

apex 1s at a 5° angle.
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29. The apparatus of claim 25 wherein said first array
comprises an 1mpingement nozzle located opposite an air

flotation nozzle located on said second array.

30. The apparatus of claim 29 wherein said impingement
nozzle located on said first array 1s further located

between air flotation nozzles on said first array.
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