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APPARATUS 
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Filed Aug. 19, 1963, Ser. No. 302,978 
8 Claims. (4C1. 15—1.5) 

This invention relates to pressure gradient web clean 
ing apparatus. 

Dust, lint and other free particles on the surfaces of 
webs of paper or foil or plastic have always presented a 
problem in numerous industries because of the practical 
difficulties in the way of removal of such particles by any 
apparatus or methods heretofore known. 
For example, dust, lint, and other particles of dirt 

are generated in paper making processes. Lint and hair 
commonly originate from press and dryer felts. Cellu 
lose ?our and ?ber originate from paper in the drying, 
calendering, and trimming or cutting operations in paper 
making. Much of the dust so formed adheres to the sur~ 
face of the paper because of oily or moist surfaces on the 
particles, or electrostatic charge, or because the particles 
are wholly or partially immersed in the viscous boundary 
layer ?lm of air on the surface. Usually a relatively large 
force is required to remove the particles. 

Coating equipment presents another example. Most 
types of coating machines for applying clay coatings to 
paper depend on the action of rolls, rods, or steel blades 
to smooth out the wet coating on the paper surface. Dust 
and dirt are picked up by coating rolls or caught under 
rods and blades causing marking and streaking of other 
wise smooth coating. Dust is often picked up by the coat 
ing applicator and circulated in the liquid coating system 
causing clogging of ?lters, loss of coating, and higher main 
tenance costs. 

In the printing industry, dust is a problem in all types 
of printing. In the case of letterpress printing, dust clogs 
up type faces and hard dirt particles have even broken 
the printing plates. Offset press blankets being moistened 
with water and ink, are particularly susceptible to dust that 
tends to build up on the blankets until the press is forced 
to shut down for washup. Intaglio printing is also affected 
by dust that blurs printing, clogs doctor blades, and trans 
fers into the ink wells. 

Neither vacuum devices nor brushes nor jets as hereto 
fore known can effect dislodgement of the objectionable 
particles without using force sufficiently great to cause 
damage to the work or distribution of the objectionable 
particles within the ambient air around the apparatus. 
Employing sufficient vacuum to pick up the dust by any 
previously known procedures would displace the web upon 
which the work is being done and would in itself be a 
source of damage to the work. 
The object of this invention is to provide an effective 

Web cleaner and method, the preferred equipment being 
compact in size, simple to operate, economical to build and 
operate, safe to use on any web material, and capable 
of removing dust of ?ner particle size than has hereto 
fore been possible. 
The present invention accomplishes the objective of 

dust removal without damage to the work by interrupting 
the boundary layer of air on the surface of the work. 
A variety of devices may be used to practice the method 

of the present invention. The preferred equipment is 
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very simple, consisting of a plenum chamber from which 
two air slot nozzles open toward the work, the space be 
tween these nozzles being enclosed to constitute an exhaust 
chamber for the air supplied through the nozzles and dust 
displaced from the work. 
The primary nozzle is arranged to jet the cleaning 

air upon the face of the work substantially at right angles 
to the work and sufficiently close thereto to produce an 
extremely narrow impingement zone. Not only is the 
angle important but the ori?ce width in relation to its 
distance to the web is important as will hereinafter be 
shown. 
About one-half of the air supplied to this nozzle escapes 

along the surface of the web in the direction of web 
travel and is not picked up in the exhaust chamber. How 
ever, this air is clean and therefore does not distribute 
dust into the surrounding atmosphere. The other half 
of the air from the primary nozzle establishes a pressure 
gradient which results in disruption of the boundary layer 
on the surface of the work and therefore frees dust and 
other foreign matter and carries it off. 

Before the work reaches the primary nozzle, it passes 
beneath a nozzle which creates a jet of air directed angu 
larly toward the surface of the web and toward the pri 
mary nozzle. This nozzle is herein designated as a sec 
ondary nozzle because, even though it is the ?rst nozzle 
beneath which the work passes, its function is secondary 
to that of the nozzle which disrupts the boundary layer. 
The jet from the secondary nozzle may dislodge a rela 
tively small percentage of relatively free particles but its 
primary function is to seal the chamber against loss of 
dust-laden air from the primary nozzle and to contribute 
to the establishment of a steep pressure gradient at or im 
mediately adjacent the primary nozzle. Substantially all 
of the air from the secondary nozzle is intercepted by the 
exhaust ‘chamber. The distance between nozzles is not 
critical but is limited by practical considerations. 
Air velocities of 10,000 f.p.m to 40,000 f.p.rn. are con 

templated but a relatively low volume of air is used and 
the arrangement is such that no damage is done to the 
work even if the web is a very light ?lm. 

In the drawings: 
FIG. 1 is a view of apparatus for the practice of the 

invention as it appears in front elevation, portions being 
broken away. 
FIG. 2 is a diagram of a circulatory air system in which 

such a device as that shown in FIG. 1 is preferably in 
corporated. 

FIG. 3 is a view taken in cross section on the line 3-3 
of FIG. 1. 
FIG. 4 is a fragmentary detail view showing an alter 

nate secondary nozzle construction. 
FIG. 5 is a diagram showing the air ?ow along the 

surface of the work, the nozzles and the work being 
fragmentarily illustrated. 

FIG. 6 is a diagram greatly enlarged as compared 
with FIG. 5 and showing relative tensions of the boundary 
layer on the surface of the work as affected by the pri 
mary jet. 
FIG. 7 is a fragmentary diagrammatic view taken 

in cross section like FIG. 3 and showing a modi?ed em 
bodiment of the invention. 

FIG. 8 is a fragmentary diagrammatic view like FIG. 3 
showing a further modi?ed embodiment of the invention. 
FIG. 9 is a fragmentary diagrammatic view like FIG. 3 
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showing another modi?ed embodiment of the invention. 
FIG. 10 is a fragmentary diagrammatic view similar 

to FIG. 3 and showing another modi?ed embodiment 
of the invention. 
As best shown in FIGS. 1 and 3, preferred equipment 

for the practice of the invention comprises a housing 6 
which contains a plenum chamber 8 supplied with air 
through duct 10 for discharge through the primary nozzle 
12 and the secondary nozzle 14. 
The ori?ce 16 of the primary nozzle 12 is conveniently 

made by holding an outer wall 20 and a partition wall 22 
in proper converging relationship de?ned by spacers 18. 
In practice, these spacers are used every two and one-half 
inches and are offset upwardly from the ori?ce 16 as 
clearly appears in FIG. 3. The nozzle opening 16 pref 
erably extends the full width of the work without any 
substantial interruption. The walls 20 and 22 desirably 
coverage at approximately 10 degrees or more toward the 
ori?ce and the spacers 18 are remote from the ori?ce 16 
by an amount at least equal to one spacer diameter. 
After passing the spacers, the air stream ?owing to the 
nozzle outlet tends to become recti?ed so that the jet is 
virtually uninterrupted across the entire width of the work. 
The nozzle 12 is designed to project a primary jet of air 
against the surface of the work in a transverse plane sub 
stantially normal thereto. 
The nozzle ori?ce width in relation to its distance from 

the work is important. An excessively small ratio is 
wasteful of energy and loses effectiveness Whereas an 
excessively large ratio is also wasteful of energy and 
requires quantities of air so great as to be impractical. The 
preferred ration is 0.10 to l. Ratios in a range between 
one extreme of 0.02 to l, and another extreme of 0.15 
to 1 are operative. The objective is to produce maximum 
impingment of velocity with the least expenditure of 
energy and without excessive ?ow of air. Increase of 
distance from the web requires a proportionate increase 
in nozzle ori?ce with resulting increase in air require 
ments if the best operation is to be maintained. A small 
impingement area is essential to the desired effect for 
reasons hereinafter explained. 
The nozzle cannot be so closed to the work that it 

might be contacted by the moving web, with resultant 
damage to the work. Neither can the ori?ce be so small 
that it will be difficult and costly to make. In practice a 
spacing of the nozzle from the work at about 0.3 inch 
is optimum and spacings in a range between 0.2 inch and 
1.5 inches are within practical limits. 
The secondary nozzle 14 directs a secondary jet at an 

acute angle to the work as will clearly appear from FIG. 
3. The outer wall 26 may constitute a ?ange on the side 
wall of housing 6. The inner wall 28 may constitute a 
?ange on the partition 30. The spacers 32 are similar to 
those shown at 18 in the primary nozzle and they are 
simiiarly remote from the nozzle ori?ce 34. By way of 
example, and not by way of limitation, this nozzle is shown 
to be set at an angle of about 20 degrees to the surface of 
the work and the length of the inner wall 28 of the nozzle 
is about one and one~fourth inches in practice. 
The purpose of the angled nozzle is primarily to block 

the momentum of ?ow from nozzle 16 along the surface 
of the work in what may be characterized in an upstream 
direction (to the right as viewed in FIG. 3). But for this, 
air from the primary jet would escape from the exhaust 
chamber upstream along the web. Also, the cleaning 
effect of the primary jet would be greatly reduced. 

Both the size of ori?ce 34 and the angle of impinge 
ment are critical. If the angle exceeds 25 degrees, sub 
stantial amounts of air will blow out into the ambient 
atmosphere, carrying much dust with it. ‘If the angle is 
too small, it will similarly permit ?ow beneath the sec 
ondary jet. This will discharge dust into the ambient at 
mosphere. In normal practive the angles of nozzle 14 to 
the work would not exceed about 25 degrees and the min 
imum practicable angle is about 5 degrees. 
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4 
The ori?ce size is important because the momentum 

of the jet should substantially balance the momentum of 
?ow along the surface from the primary nozzle so that 
neither is capable of overcoming the other to cause air 
to blow out of the exhaust chamber 36 as de?ned by 
partitions 22, 30 and 38. The range of appropriate sizes 
for the ori?ce 34 is from ?fty to one hundred percent of 
the size of the ori?ce 16 which produces the main jet. 
A ratio of sixty-seven percent is considered optimum. 
An alternate arrangement giving somewhat compara 

ble results in shown in FIG. 4 in which the ?ange 260 
is like ?ange 26 and the partition 300 simply termi 
nates in properly spaced relation to the ?ange 260 leav 
ing an ori?ce at 340. Tack welds (not shown) on two 
and one-half inch centers will hold the parts in proper 
relationship. If the ?ange 260 is at 22 degrees to the 
web, the resulting jet will be directed at approximately 
the preferred angle of 20 degrees, as in the structure shown 
in FIG. 3. 
The exhaust chamber 36 has one or more ducts 40 

opening from it. It is not necessary that the air be re 
circulated but this may be a very desirable procedure, 
particularly if temperature or moisture or other favorable 
components should advantageously be preserved. In the 
preferred system shown in FIG. 2, the discharge ducts 
40 are connected by lines 42 with a line 44 which opens 
into the ?lter plenum 46. Makeup air is likewise admitted 
to the plenum 46 through an opening 48 controlled by 
damper 50. 

All such air passes through a deep mat air ?lter di 
agrammatically shown at 52 en route to a high pressure 
blower or other fan 54 having an outlet line 56 leading 
to the supply duct 10. 
A relatively high degree of vacuum in the exhaust cham 

ber 36 in lieu of the secondary jet would overcome any 
tendency for air and dust to be discharged into the am 
bient atmosphere but it is impractical to use any substan 
tial degree of vacuum because the resulting pressure dif 
ferential on the web will cause much di?‘iculty in the 
handling of the web. In the instant device only very 
slight vacuum is required to prevent loss of air at the 
ends of the housing 6. The damper 50 is preferably ad 
justed to produce only such vacuum as will cause a slight 
in?ow at the ends, an ideal arrangement being one in 
which the pressures are substantially balanced so that there 
is neither in?ow or out?ow. 
The spacing between the primary nozzle 12 and the sec 

ondary nozzle 14 is not all critical. The nozzles should 
not ‘be so far apart that the energy of ?ow is materially 
dissipated before the ?ow of the respective jets meet 
each other. 
The work is here represented by a web 60 which may 

be assumed to be moving from right to left as viewed in 
FIG. 3. While the blower 54 is characterized as a high 
pressure fan or blower, the velocity of air movement to 
the respective nozzles is relatively low. High velocity at 
the jets is achieved by restrictions at the nozzle, 10,000 
f.p.m. to 40,000 f.p.rn. being contemplated. Only about 
three and one-half pounds of air pressure in the plenum 
8 is'required to produce a jet velocity of 40,000 f.p.m. 
"Since the pressure in the exhaust chamber 36 is very 
close to ambient pressure, the ?ow of the main jet from 
nozzle 12 will divide nearly equally on the surface of 
the work 60, half flowing to the left (FIG. 3) into the 
ambient atmosphere and half to the right into the ex 
haust plenum 36. Since the web is clean after it passes 
under the center line of the primary jet, the air which 
blows into the room is clean air and substantially free 
of dust. The part of the primary jet ?ow which enters 
the exhaust chamber 34 will carry substantially all dust 
from the web. Substantially all ?ow from the angled 
secondary jet produced by nozzle 14 will enter the ex 
haust chamber 36, along with any of the relatively loose 
foreign matter picked up by this jet. 



3,239,863 
5 

As the moving web 60 carries particles of dust into 
the cleaner, the particles are ?rst subjected to the high 
velocity jet produced by nozzle 14. The more adherent 
particles will not be dislodged by such a jet but as the 
work progresses toward the primary nozzle 12 the par 
ticles will encounter progressively increasing velocity and 
progressively smaller boundary layer thickness until, at 
the edge of the impingement zone directly beneath the 
main jet, the boundary layer is almost eliminated and 
the full impingement velocity of the main jet is ?owing 
parallel to the work at an in?nitesimally small distance 
from the work. This is shown diagrammatically in 
FIGS. 5 and 6. 
The primary jet 120 issuing from primary nozzle 12 

is directed normally with high velocity onto the surface 
of the work. At the work the jet is divided into two 
approximately equal streams 68 and 70, ?owing at high 
velocity in opposite directions away from the impinge 
ment zone 62 along the surface of the work. The flow 
continuously expands from the primary nozzle to the 
work and from the impingement zone to the point of 
exhaust '72, and progressively loses velocity as the cross 
section of ?ow increases. 

All real ?uids have viscosity which causes fluid par 
ticles to cling to surfaces and to each other. Thus when 
a ?uid flows along a surface boundary, the particles in 
contact with the surface cling to it, and the particles 
once removed from the surface cling to the particles in 
contact, and so on. As a result a region of reduced 
velocity is created adjacent to the surface. This region 
is called the boundary layer ?lm. Velocities within the 
?lm relative to the surface vary from zero at the surface 
to full stream velocity at the full depth of the ?lm as 
shown in the local velocity contour on the righthand 
side of FIG. 6. 
The trick in increasing heat transfer or in picking up 

dust is to ?nd a way to make this sticky viscous ?lm 
thin so that full stream velocities are brought as near 
to the surface as possible. Then any particle that hap 
pens to be bigger than the thin boundary layer is exposed 
to high velocity drag trying to lift it along. 

In the impingement zone, the surface area equal to the 
cross section of how approaching the surface from an 
impinging jet, there is a pressure created on the surface 
that is a maximum at the stagnation point 62, and falls 
to atmospheric at the edge of the zone. I have found 
that the rate of change of that pressure affects the bound 
ary layer thickness in the zone. Thus it is desirable to 
obtain as high a pressure gradient as possible. The width 
of the impingement zone is not the width 74 of the nozzle 
as shown in FlG. 6, but the width of the impinging ?ow 
which is greater because of jet expansion. As is true of 
all flow from a nozzle, the jet expands out at an angle of 
about 7 degrees. Consequently, depending on the spac— 
ing of the jet from the work, the resulting impingement 
zone and the thinned boundary layer areas 64, 66 will 
be wider than the nozzle. 
The thinness of the boundary layer 64, 66 in the im 

pingement zone is important to the success of this web 
cleaner. Within the impingement zone and starting from 
the stagnation point of the jet, both the pressure gradient 
and velocity increase at a rate approximately linearly 
related to distance from the stagnation point. An ap 
proximation of the boundary layer thickness drawn from 
the Navier-Stokes equations (chapter 9, page 14, Hand 
book of Fluid Dynamics, ?rst ed. (1961)) using the 
above conditions shows that the thickness is constant in 
that region and its size depends on the pressure gradient, 
and the impingement velocity. It is thus clear that the 
size of the impingement area must be kept as small as 
possible for any given impingement velocity in order to 
increase the pressure gradient in the impingement area. 
It can thus be shown that the boundary layer under an 
optimum nozzle ori?ce 1A” away from the surface 
devolops a thickness 50% thinner than an optimum noz 
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6 
zle ori?ce 1" away and requires only 25% as much air 
energy in doing so. Beyond a practical maximum dis 
tance of 1” the jet is so far diffused as to be relatively 
ineffective. However, it may be as much as 11/2” away 
if air velocity is adequately high, but this is not usually 
practicable. 
The diagram of the boundary layer under the main jet 

shows schematically the development of the boundary 
layer. This is greatly magni?ed for illustration purposes. 
The actual maximum thickness shown would be in the 
range of 0.020”. The diagram shows clearly the effects 
occurring in the impingement zone and beyond. The 
boundary ?ow shown and existing in fact has a low 
Reynolds number and is therefore laminar. Flow be 
yond the impingement zone thus corresponds quite closely 
to the conditions of flat plate ?ow predicated by Pohl 
hausen, and as a result the boundary layer thickness in— 
creases inversely as the square root of the distance trav 
eled. At some distance, generally in excess of one inch 
from the impingement zone, the How eventually becomes 
turbulent. It is clear, however, that any dust particle 
moving with the work toward the stagnation point would 
have great difficulty in passing through the falling thick 
ness of the boundary layer and ?nally through the im 
pingement zones 

Velocity of impingement is also important, but only 
in relation to the type and size of the dust particles and 
nature of the web surface. For example, large light 
weight particles in the range of 100 microns in size (mil 
lionth; of a meter) on a smooth surface free of electro 
static charge would easily be picked up by using a velocity 
of 10,000 f.p.rn. at the nozzles. On the other hand, fine 
particles in the range of 10 microns in size on the same 
surface would require as much as 25,000 f.p.rn. nozzle 
velocity. Whatever the particle size and type, however, 
the present device is capable of doing the cleaning job 
many times more e?iciently than previous devices and is 
further capable of cleaning ?ner particles from the sur 
face of a Web than was heretofore possible. 

Various modi?cations are shown in the drawings. In 
FIG. 7, the primary nozzle 12 and plenum 8 are essen 
tially as shown in FIG. 3. However, the secondary jet 
has been completely eliminated and in lieu thereof the 
housing 6 has its wall 80 curved to be substantially 
parallel at 82 to the web 60, which is here shown to be 
moving from right to left as in FIG. 3. The movement 
of the web 60 beneath the closely parallel Wall 82 tends 
to carry ambient air into the exhaust chamber 36 thus 
serving, to a degree, as a substitute for the secondary 
nozzle in blocking escape of dust-laden effluent from the 
primary nozzle. While the device is not as effective as 
that above described, it does enable the primary nozzle 12 
to achieve some of the advantages of the invention to a 
substantial degree. 

In the embodiment shown in FIG. 8, the primary noz 
zle 12 remains unchanged and the Wall 84 extends di 
rectly toward the web 60 and is provided with a terminal 
brush 86 lightly brushing the web. To the extent that 
such a brush tends to loosen adherent particles of dust 
and also to block the escape from the exhaust plenum 
36 of air from nozzle 12, the device is reasonably 
effective. 

In FIG. 9 the construction is. very closely similar to that 
of FIG. 8 except that a rotary brush is used at 90, the 
Wall 92 having its lower terminal margin 94 curved around 
the cylindrical rotary brush toward the web which rep 
resents the work. The rotary brush would tend to block 
the escape of air even if it were actuated with a peripheral 
speed corresponding to the linear travel of the web but 
it preferably is operated in the direction indicated by the 
arrow 96 and at a speed such that the peripheral speed 
of the brush materially exceeds the rate of linear web 
travel. 
The embodiment shown in FIG. 10 uses the same 

nozzle arrangement shown in FIG. 3 but gives normally 
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unnecessary electrostatic assistance for dislodging dust. 
As the web approaches the cleaner, it passes a wiping plate 
88 which imports an electrostatic charge to particles on 
the surface of the moving web. In the area between the 
nozzles 12 and 14, and beneath the web, there is a ?eld 
plate 100 which has a similar charge. Spaced slightly 
over the Web within the exhaust plenum 36 is a trans 
versely extending electrode 102 that is oppositely charged. 
The wiring is schematically illustrated. 

It is desired to indicate by the various modi?cations dis 
closed that the invention is not limited to the preferred 
embodiment shown in FIG. 3. At the same time, it is 
desired to emphasize that the various alternatives shown 
are not by any means intended to exhaust the possibilities 
for modi?cation. In all of these embodiments, the essen 
tial feature is a primary jet having the characteristics 
above described and preferably coacting with a means 
for con?ning and removing the dust-laden air resulting 
from dislodgement of dust from the boundary layer on 
the Work. It is obviously to be preferred that the con 
?ning means shall contribute to the dislodgement of the 
dust particles, this being best accomplished by a sec 
ondary jet of the speci?c characteristics above described 
in connection with FIG. 3. 

I claim: 
1. A web cleaner for a moving web, said cleaner com 

prising a nozzle within a distance of not to exceed 1.5 
inches from the path of the web and having a transversely 
elongated ori?ce directed toward the path of the web sur 
face substantially at right angles thereto, the ratio of 
ori?ce width to its spacing from the web being within the 
range of 0.02 to 1 and 0.15 to 1, means vfor supplying air 
under pressure to the nozzle at a rate to flow therefrom 
at a speed of at least 10,000 f.p.m. and means upstream 
from the nozzle with reference to the direction of web 
travel for collecting from the vicinity of the surface of a 
web on said path a portion of the air discharged from the 
nozzle and such dust as is dislodged thereby from the 
surface of the web, said collecting means including an air 
exhaust chamber having upstream sealing means com 
prising a secondary nozzle directed downstream with ref 
erence to the direction of web travel at an acute angle 
to the Web and toward the nozzle ?rst mentioned, means 
for supplying air under pressure to said secondary nozzle, 
and means for withdrawing from said chamber the air and 
dust collected. 

2. A web cleaner according to claim 1 in which the 
secondary nozzle is at an angle of approximately 5 to 25 
degrees to the web and has an ori?ce area which exceeds 
?fty percent of the area of the nozzle ?rst mentioned and 
is no greater than one hundred percent of such area, its 
area and angle being so related that the momentum of 
flow along the web from the secondary nozzle substan 
tially balances the momentum of ?ow along the web from 
the primary nozzle, whereby neither jet is capable of 
overcoming the other to cause air to escape from said 
con?ning means. 

3. A web cleaner for a moving web, said cleaner com 
prising a nozzle within a distance of not to exceed 1.5 
inches from the path of the web and having a transversely 
elongated ori?ce directed toward the path of the web sur 
face substantially at right angles thereto, the ratio of ori 
?ce width to its spacing from the web being within the 
range of 0.02 to 1 and 0.15 to 1, means for supplying air 
under pressure to the nozzle at a rate to flow therefrom 
at a speed of at least 10,000 f.p.m., and means upstream 
from the nozzle with reference to the direction of Web 
travel for collecting from the vicinity of the surface of a 
web on said path a portion of the air discharged from 
the nozzle and such dust as is dislodged thereby from 
the surface of the web, said collecting means including 
an air exhaust chamber having upstream sealing means 
comprising an air con?ning wall extending transversely 
of the web at a point upstream from the nozzle with 
reference to the direction of web travel and having a 
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8 
margin projecting toward the web and toward said nozzle, 
and means for withdrawing ‘from said chamber the air 
and dust collected. 

4. A web cleaner for a moving web, said cleaner com 
prising a nozzle within a distance of not to exceed 1.5 
inches from the path of the web and having a transversely 
elongated ori?ce directed toward the path of the web sur 
face substantially at right angles thereto, the ratio of ori 
?ce width to its spacing from the web being Within the 
range of 0.02 to 1 and 0.15 to 1, means for supplying air 
under pressure to the nozzle at a rate to ?ow therefrom 
at a speed of at least 10,000 f.p.m., and means upstream 
from the nozzle with reference to the direction of web 
travel for collecting from the vicinity of the surface of a 
web on said path a portion of the air discharged from the 
nozzle and such dust as is dislodged thereby from the 
surface of the web, said collecting means including an 
air exhaust chamber having a wall extending toward said 
path and a brush so located as substantially to seal said 
path against upstream discharge of dust and air between 
said wall and said path. 

5. A web cleaner according to claim 4 in which said 
brush is a rotary brush operating in a direction and at a 
speed such that portions thereof engaging the web are 
moving in the same direction as the web and at a much 
greater rate of travel. 

6. A web cleaner comprising a nozzle close to the web 
and having a transversely elongated ori?ce directed toward 
the Web surface, the ratio of ori?ce width to its spacing 
from ‘the web being within the range of 0.02 to 1 and 0.15 
to 1, means for supplying air under pressure to the nozzle, 
and means for collecting from the vicinity of the web 
surface upstream from said nozzle a portion of the air 
discharged from the nozzle and such dust as is dislodged 
thereby from the surface of the work, the web being in 
motion beneath the nozzle and the collecting means in 
cluding an air con?ning wall extending transversely of 
the web and having a margin projecting toward the web 
at a point upstream from the nozzle, means including 
said wall ‘for con?ning air and dust dislodged from the 
web, and means for withdrawing air and dust from said 
con?ning means, means being provided for electrostat 
ically charging the surface of the web, and the collect 
ing means further including an electrode between said 
wall and said nozzle and a ?eld plate at the opposite side 
of the web from the electrode, the electrode having an 
electrostatic charge opposite to that imparted to the web 
by said means and also opposite to that of the ?eld 
plate. 

7. A cleaner for a moving web, said cleaner compris 
ing a housing extending transversely of the web for sub 
stantially the full width thereof, partition means sub 
dividing the housing to constitute an air pressure plenum 
and an air exhaust chamber, and primary and secondary 
nozzles opening from the plenum toward the web at 
opposite sides of the exhaust chamber and extending 
transversely of the web, the primary nozzle being directed 
approximately at a right angle toward the web and spaced 
from the web within a range of 0.2 inch to 1.5 inches and 
having a ratio of nozzle opening to spacing in the range 
of 0.02 to 1 and 0.15 to 1, the secondary nozzle being 
upstream from the primary nozzle in the direction from 
which the web approaches the primary nozzle and com 
prises means to direct a jet toward the primary nozzle at 
an angle of approximately 5 to 25 degrees to the web, 
the opening of the secondary nozzle being ?fty to one 
hundred percent of the cross section of the opening of the 
primary nozzle, the cross sections of the openings of the 
respective nozzles being so related to the angles thereof 
with respect to the web to be cleaned that the momentum 
of ?ow ‘from the respective nozzles along the surface of 
the web is substantially in balance, means for withdrawing 
from the air exhaust chamber the air and the dust dis 
lodged from the web by such ?ow, and means for supply 
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ing su?icient air to the plenum chamber to result in a 
?ow from the nozzles of at least 10,000 f.p.m. 

8. An air cleaner according to claim 7 in which the 
primary nozzle is spaced approximately 0.3 inch from the 

759,452 
1,196,090 
1,658,485 
1,739,593 
2,082,411 
2,139,628 

Web and has a ratio of opening to spacing of 0.10 to 1, 5 
the angle of the jet of the secondary nozzle being approxi 
mately 20 degrees and its opening being approximately 
sixty-seven percent that of the primary nozzle. 
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