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[5 7] ABSTRACT 

An apparatus of augmenting dispersal and improving 
deposition of a plurality of continuous ?laments onto 
a continuously moving surface whereby random dis 
tribution of the filaments is provided for the produc 
tion of uniformly distributed nonwoven webs. A splay 
ing device comprising a completely enclosed channel 
with open ends, the exit end of which is in the form of 
aeslot having an effective shorter dimension lessthan 
25 percent of an effective longer dimension, is posi 
tioned near the exit of an aspirator so as to spread the 
?laments in substantially all directions and to provide 
greater openness and greater random laydown of fila 
ments. ‘ 

7 Claims, 4 Drawing Figures 
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APPARATUS FOR SPLAYING AND DEPOSITING 
NONWOVEN FILAMENTARY STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The invention herein set forth is related to the inven 
tions described in copending applications Ser. No. 
184,420 entitled “Two-Planar De?ector For Dispers 
ing And Depositing Nonwoven Filamentary Struc 
tures,” ?led on Sept. 28, 1971 in the name of Walter 
P. Lipscomb and Garland L. Turner and Ser. No. 
184,422 entitled “Foraminal Apparatus For Splaying 
And Depositing Nonwoven Filamentary Structures,” 
?led on Sept. 28, 1971 in the name of Walter P. Lip 
scomb and Garland L. Turner, wherein different appa 
ratus for improving the dispersal and deposition of a 
plurality of continuous ?laments onto a continuously 
moving surface are disclosed. 

BACKGROUND OF THE INVENTION 

This invention relates to an apparatus for improving 
the dispersal anddeposition of ?laments. In particular, 
it relates to an apparatus for augmenting the dispersal 

I of continuous filaments onto a receiving surface so as 

to form a nonwoven web of randomly disposed ?la~ 
ments. 

Nonwoven webs formed from continuous ?lamentary 
materials which have been laid in a random con?gura 
tion are well known in the art. In the formation of such 
webs, great care is frequently taken to ensure that the 
?laments are maintained apart from each other and 
that inter?lamentary entanglement and the formation 
of ?lament aggregates are avoided. 
Nonwoven webs comprising multi-?laments are com 

monly formed by withdrawing the ?laments from a 
source of supply, such as a melt spinnerette and then 
depositing the ?laments at high velocity onto a moving 
surface by means of an aspirator. In the production of 
nonwoven webs having a substantial width, there must 
be provided either a plurality of aspirators for deposit 
ing a plurality of ?lamentary bundles in a random man 
ner upon the moving surface or there must be provided 
a means, normally unduly complicated and cumber 
some, to move the aspirator over the width of the non 
woven web to be produced. 
When depositing ?laments from a conventional aspi 

rator onto a collecting surface, the ?laments will spread 
out within the con?nes of the aspirator boundary. How 
ever, the ?lament distribution in the jet stream is not 
always uniform and random and is often restricted to 
a small laydown area; for example, a web width nor 
mally does not exceed 8 inches when a ?xed aspirator 
jet is situated at a distance of 1 to 3 feet from the re 
ceiving surface. 
Some of these de?ciencies have been overcome by 

impinging the ?laments against a single de?ecting sur 
face before the ?laments are massed in web form. The 
intermixing which is normally attendant with the de 
flection promotes a ?lament interaction which tends to 
integrate but also to aggregate the product. Also, there 
is normally an accompanying bulkiness or uneven ?la 
ment distribution, a twisting pattern or roping, a ten~ 
dency toward sagging or a loss of strength, each of 
which is undesirable for many end uses of the web ma 
terial. 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to pro 
vide an apparatus for augmenting dispersal of a plural 
ity of ?laments which are thereafter deposited onto a 
receiving surface so as to form a web. It is a further ob 
ject of this invention to provide a simple, reliable, inex 
pensive, and easily constructed apparatus for more ex 
peditiously spreading ?laments and thereby for produc 
ing superior nonwoven webs having high strength and 
integrity. A further object of this invention is the provi 
sion of a ?lament splaying means that spreads the ?la~ 
ments in substantially all directions. A still further ob 
ject of this invention is the provision of a ?lament 
splaying and depositing means that is readily adaptable 
for usage with conventional aspirating means used in 
the production of nonwoven webs. Further objects and 
advantages of the present invention will become appar 
ent by reference to the following speci?cation and 
drawings. 

In attaining the foregoing objects, this invention fea 
tures an apparatus for spreading while depositing ?la~ 
ments onto a moving receiving surface in a randomly 
dispersed manner to form a nonwoven web. Such appa 
ratus comprises, in combination, an aspirator to for 
ward ?laments at a high velocity and a splaying device 
to separate widely the ?laments exiting from such aspi 
rator and to forward the ?laments onto the moving re 
ceiving surface. The splaying device is affixed near the 
exit of the aspirator so as to accept passage of substan 
tially all the ?laments exiting from such aspirator. The 
splaying device comprises an enclosed, open-ended 
channel. The entry end of such channel is connected to 
the aspirator exit by an extension which provides an ef 
fective air-tight seal around and envelops the aspirator 
exit. The opposite exit end of the channel forms a slot 
which has an effective shorter dimension less than 25 
percent of an effective longer dimension and is, prefer 
ably, generally elliptical or rectangular in form. Prefer‘ 
ably, the effective shorter dimension of the channel exit 
end ranges from 70 to 150 percent of the effective di 
ameter of the aspirator exit passageway and from .7 to 
15 percent of the longer dimension. The minimum ef 
fective dimension of the channel entry end is at least 
the magnitude of the effective shorter dimension of the 
channel exit end. The channel has side walls to connect 
the two open ends and to completely enclose the re 
mainder of the channel. Such side walls slope from the 
entry end to the exit end of the channel in a manner 
such that the slope makes an angle with the center~line 
axis of the aspirator exit passageway not exceeding ap 
proximately 45" at any point on the internal side walls 
of the channel from the entry end to the exit end. The 
slope changes from the entry end to the exit end of the 
channel in order to form side walls at such exit end 
which are substantially parallel to such center-line axis 
of the aspirator exit passageway. The internal surface 
of the channel has a surface which facilitates passage 
of the ?laments through the channel. Preferably, a dis 
tance along the center line of the splaying device from 
the entry end to the exit end ranges from 10 to 25 
times, more preferably from 15 to 20 times, the magni-. 
tude of the effective shorter dimension of the exit end. 

In a preferred embodiment, the exit end of the splay 
ing device has a substantially uniformly wide shorter 
dimension, being approximately 88 percent of the aspi 
rator exit passageway diameter and approximately 1 1 
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percent of a substantially uniformly wide longer dimen 
sion. 
A feature of this invention is its quick and easy adapt 

ability for use with many conventional aspirators, i.e., 
aspirator jets, in dispersing while depositing ?lamen 
tary materials onto a moving receiving surface. 
Advantageously, the combination of the splaying de 

vice with the aspirator may be reciprocated above a 
moving receiving surface in a direction substantially 
transverse to the forward motion of the receiving sur 
face. Further advantageously, this combination may be 
made a part of a plurality of substantially similar com 
binations and then may be reciprocated at essentially 
the same rate and stroke in a pattern such that ?la 
ments from a given combination overlap those of the 
next adjacent combination so as to further increase 
web width. 
The method utilizing the apparatus of this invention 

comprises, in general, the utilization of the above de 
scribed splaying device in combination with an aspira 
tor whereby ?laments, preferably forwarded from a 
spinnerette of a spinning mechanism and thereafter 
from a drawing mechanism, are forwarded through a 
high velocity ?uid jet of the aspirator. Subsequent 
thereto, the aspirator jet stream propels the ?laments 
onto the splaying device of this invention whereby the 
?laments are deflected onto a continuously moving, 
preferably foraminous, surface to form a uniform non 
woven web comprising randomly disposed, substan 
tially uniformly distributed ?laments. Deposition of the 
?laments may be aided by a suction chamber located 
underneath the moving surface. 
The described apparatus can be readily used for dis 

persion of ?laments or, alternately, of strands, yarns, 
slivers, or other similar forms of material, or mixtures 
thereof. Such materials include any ?ber-forming ther 
moplastic polymer from which ?laments can be ob 
tained. These materials include: polyamides, for exam 
ple, poly(epsilon-caprolactam) (hereinafter nylon 6) 
and poly(hexamethylene adipamide) (hereinafter 
nylon 66); linear polyesters, for example, poly(ethy 
lene terephthalate); acrylonitrile polymers and copoly 
mers; ole?nic polymers, for example, polyethylene, 
polypropylene and polyvinyl chloride; and cellulose ac 
etates. Preferred materials include nylon 6, nylon 66 
and poly( ethylene terephthalate). 
The invention will be more clearly understood and 

additional objects and advantages will become appar 
ent upon reference to the discussion below and to the 
?gures which are given for illustrative purposes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. I is a schematic perspective view depicting a 

preferred embodiment of the apparatus employed for 
carrying out the invention; 
FIG. 2 is a sectional view of the apparatus of FIG. 1, 

taken on line 2--2 thereof; 
FIG. 3 is a bottom view of the apparatus of FIG. 2, 

taken on line 3—-3 thereof. 
FIG. 4 is a side elevation of the splaying device 

turned 90° clockwise from the position of FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the drawings and particularly to FIG. 1, 
a bundle of freshly formed ?laments 12 enter inlet ap 
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4 
erture 57 of an aspirator such as aspirating jet 19. The 
?laments were formed from the spinnerette of a melt 
spinning apparatus (not shown). Subsequent to spin 
ning, the ?laments may also be attenuated and oriented 
on a drawing apparatus (also not shown). Filament 
bundles having a broad range of denier, i.e., 30 to 
3,400 total denier, may be used in the apparatus of this 
invention. Within the aspirating jet 19, the ?laments 
are acted upon by a high velocity ?uid medium such as 
air, which is supplied through the inlet conduit 35. As 
pirating jet 19 comprises an air nozzle 9, a collar 10 and 
a diffuser 11. The ?lament bundle 12 is forwarded via 
the high velocity ?uid medium from the jet exit 17 into 
the splaying device 22 whereby the ?laments of the 
bundle 12 are splayed onto receiving surface 20. Air 
stream restriction and its attendant turbulence spreads 
and opens the ?lament bundle 12 at the splaying device 
exit. Splaying device 22 is attached to the exit end of 
jet 14 via extension 18. Extension 18 is preferably 
molded from the same material as splaying device 22 
to assure a smooth internal surface and is attached to 
the jet exit end so as to form a close seal thereon. This 
seal must be effective in preventing air leaks which en 
hance clogging of the ?laments near any area of such 
air leaks. On receiving surface 20, preferably a forami 
nous continuously moving conveyor with a suction 
chamber 21 provided beneath that portion of conveyor 
20 on which the ?laments are being laid down, the ?la~ 
ments are deposited in a random manner to form web 
23. Upon passing from receiving surface 20, web 23 is 
forwarded to further processing units 24 (not shown), 
such as fusion rolls to bond the web 23. 

In FIG. 2, the aspirating jet 19 comprises: a hollow air 
nozzle 9 which is externally threaded at each end and 
which has an air inlet conduit 35 attached to its upper 
end; a hollow collar 10 which is internally threaded at 
both ends so as to connect air nozzle 9 with diffuser 1 l 
and which has an inlet aperture 57 for receiving ?la 
ment bundle l2; and a hollow diffuser 11 which is ex 
ternally threaded at its upper end and through which 
the ?laments and high velocity air are propelled into 
splaying device 22 and thereafter onto a receiving sur 
face. The annular internal aperture 57 is arranged to 
direct the ?laments entering therein downwards, i.e., in 
the direction of air ?ow. The internal dimensions of 
collar 10 and of diffuser 11 are arranged so as to mini 
mize twisting, knotting and entanglement of the ?la 
ments passing therein. By way of example only, the di 
ameter of nozzle passageway 51 is preferably from 20 
percent to 33 percent of the nozzle passageway length. 
Also, the cross-sectional area of nozzle passageway 51 
is preferably from 25 percent to 35 percent of the 
cross-sectional area of diffuser passageway 54. Further, 
the diameter of diffuser passageway 54 is preferably 
from 2 to 10 percent of the length thereof. Still further, 
the maximum diameter of diffuser entrance passage 
way 53, which is conical in shape, is most preferably 
approximately two times the diameter of the diffuser 
chamber 54. The cross-sectional area of diffuser pas 
sageway 54 is designed such that the cross-sectional 
area of ?lament bundle l2 passage therein ranges from 
0.1 to 5 percent, preferably from 0.2 to 1.5 percent, of 
the di?user passageway cross‘sectional area. The re 
spective lengths and diameters of air nozzle entrance 
chamber 50'and of collar chamber 52 are not critical. 
However, such lengths and diameters should be used as 
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are practical; i.e., compatible with the overall opera 
tion of the present process. 
Referring now to FIGS. 3 and 4 as well as to FIG. 2, 

the splaying device 22 is characterized by an enclosed 
hollow channel 17, the upper, entry end 15 of splaying 
device 22 is generally of the same internal dimensions 
as extension 18 which is formed so as to ?t tightly over 
the aspirator exit. Entry end 15 is designed to accept 
and to facilitate passage of the ?lament bundle 12 from 
the aspirator exit. We have found that vsmooth, effec 
tive ?lament passage occurs when the aspirator exit ori 
?ce is approximately at or just below entry end 15. The 
lower, exit end 16 of splaying device 22 is designed so 
as to restrict ?lament flow substantially in one direction 
and thereby to spread the ?laments to a greater degree, 
especially in the transverse direction, subsequent to ?l 
ament departure from exit end 16. Accordingly, the 
exit end 16 is in the form of a slot having an effective 
shorter dimension not more than 25 percent of the ef 
fective longer dimension. The dimension of exit end 16 
in the restricted direction, characterized by the effec 
tive shorter dimension, should be of a value which is 
suf?cient to effect a high degree of ?lament spreading, 
so that the economics of this invention may be realized. 
The splaying device 22 exhibits such a high degree of 
?lament spreading when such effective shorter dimen 
sion S ranges preferably from approximately 70 per 
cent to approximately 150 percent of the effective di 
mension of the aspirator exit in the direction of forward 
motion of the moving receiving surface, i.e., the aspira 
tor exit diameter, and from approximately 7 percent to 
approximately 15 percent of the effective longer di 
mension, as depicted by L in FIG. 3. With values of S 
less than approximately 7 percent of L, the exiting ?la 
ments tend to become plugged at the exit end of the 
splaying device when used with conventional-sized as~ 
pirators. With values of S greater than approximately 
15 percent of L, the degree of ?lament spreading and 
randomness is not signi?cantly greater than that ob 
tained through the use of the aspirator alone without 
the splaying device 22. An exact determination of the 
effective shorter dimension S is dependent on such 
variables as the type of polymer from which the ?la 
ments are made, the physical properties of the ?la~ 
ments which contact the splaying device, the speed of 
?laments at the point of entry to the splaying device, 
the desired properties of the nonwoven web product, 
and the desired ?lament laydown pattern. The mini 
mum effective dimension, e.g., the diameter of the 
entry end of the splaying device, which dimension is de 
pendent on the cross-sectional dimensions, i.e., diame 
ter, of the aspirator, also is generally at least as great as 
and preferably substantially greater than the effective 
shorter dimension S of the splaying device exit end. 
Subject to the above expressed limitations on the 
shorter dimension, the greater the differential between 
such minimum effective dimension of the entry end and 
such shorter dimension S, generally the greater the 
quality and degree of ?lament spreading and the ran 
domness of distribution that occurs during exiting of 
the ?laments from the splaying device. 
The side walls of splaying device 22 are constructed 

of any material which is substantially rigid and is not 
detrimental to the ?laments which contact it, i.e., stain 
less steel or brass tubing. The side walls connect entry 
end 15 to exit end 16 and completely enclose the chan 
nel between these two ends. The internal surface of 
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6 
side walls should have a ?nish which facilitates passage 
of the ?laments through the channel, i.e., a polished 
?nish. It is important for effective and wide ?lament 
dispersal having a minimum amount of ?lament entan 
glement that the side walls slope from the entry end to 
the exit end of the channel in a manner such that the 
slope makes an angle with the center-line axis of the as— 
pirator jet passageway not exceeding approximately 45 
degrees at any point on the internal side walls of the 
splaying device from the entry end to the exit end. Fur 
ther, the slope should change gradually from the entry 
end to the exit end of the channel in order to terminate 
in side walls at such exit end which walls are substan 
tially parallel to the center-line axis of the aspirator jet 
passageway. Such change in slope is preferably gradual, 
positive and continuous. Experience has shown thatua 
center-line distance along the effective center line of 
the splaying device from the entry end 15 to the exit 
end 16 ranging preferably from 10 to 25 times, more 
preferably from 15 to 20 times, the effective shorter di 
mension S has yielded satisfactory results. 
Filaments exiting the splaying device of this invention 

are deposited generally in a swirl pattern which effec 
tively augments the formation of widely and randomly 
dispersed, substantially uniformly distributed ?laments 
in the resultant product. Because of such relative uni 
formity of ?lament dispersal, the splaying device may 
be positioned such that the shorter dimension is in any 
direction with reference to the direction of motion of 
the moving receiving surface. However, highly effec 
tive ?lament dispersal occurs when the shorter dimen 
sion of the splaying device is substantially in the direc 
tion of motion of the moving receiving surface. 
Although the splaying device 22 works especially 

compatibly with the preferred aspirating jet 19 as de 
scribed in FIG. 2 and as described in greater detail in 
patent application Ser. No. 184,542 entitled “Process 
And Apparatus For Production Of A Nonwoven Web,” 
?led on Sept. 28, 1971 in the name of Walter P. Lip 
scomb and Garland L. Turner, it has been designed to 
work compatibly with many conventional aspirators. In 
general, such conventional aspirators are especially 
suitable for use with the apparatus of this invention if 
these aspirators forward the ?lament bundle into splay 
ing device 22 at a high velocity, generate sufficient pull 
within the aspirator to maintain the ?laments under 
minimum tension, open and separate the ?lament bun 
dle during the exiting of the ?laments from the aspira 
tors, and prevent ?laments from undergoing any sub— 
stantial twisting, knotting or entanglement. 

In operation, the aspirating medium, which may be a 
pressurized ?uid such as air, is introduced from a sup 
ply source, not shown, into chamber 50, at a pressure 
preferably ranging from 30 to 100 psig. Such media en-' 
ters and ?ows through nozzle passageway 51 and exits 
therefrom as a high velocity stream. The pressurized 
state of the aspirating media is contingent upon several 
conditions and thus may be varied to meet the speci?ed 
circumstances. Some factors which in?uence operating 
pressures are the aspirating jet design, aspirating media 
pressure consumed, type and nature of ?lament-’ 
forming polymer, degree of orientation to which fila 
ments have been subjected, and the resulting properties1 
of the nonwoven product. The high velocity ?uid 
stream exiting nozzle passageway 51 engages ?laments 
12 entering the aperture 57 with sufficient energy to 
propel the ?laments through collar chamber 52 into the 
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diffuser 11, which is characterized by an initially di 
verging chamber 53. Subsequently, the propelled ?la 
ments are forwarded into splaying device 22 and are 
dispersed therefrom in a wide and random manner. 
Then the ?laments are deposited on a receiving surface 
which normally takes the form of a conveyor belt mov 
ing at a predetermined constant speed and at a prede 
termined distance from the exit end 16 of splaying de 
vice 22. The receiving surface should be placed below 
the splaying device 22 at a distance such that ef?ciency 
of random dispersal of ?laments thereon in a uniform 
manner is achieved. 
We have found that it is especially advantageous in 

the process utilizing this invention to ?x the combina 
tion of the splaying device with the aspirating means, 
or a plurality of such combinations in parallel, on a re 
ciprocating bar or similar mechanism and to recipro 
cate such combination or plurality of combinations in 
a direction substantially transverse to the direction of 
forward motion of said moving receiving surface. Pref 
erably, a plurality of such combinations are recipro 
cated at a rate and stroke in such a pattern that the ?la 
ments from a given combination overlap those from ad 
jacent combinations. A suitable means of reciprocation 
is described in greater detail in the aforementioned pa 
tent application, Ser. No. 184,242 entitled “Process 
And Apparatus For Production Of A Nonwoven Web,” 
?led on Sept. 28, 1971 in the name of Walter P. Lip 
scomb and Garland L. Turner. 
The following example is provided as further illustra 

tive of the present invention. The enumeration of de 
tails therein however should not be considered as re 
strictive of the scope of this invention. 

in an example, nylon 6 is melt spun into a 70-?lament 
bundle 12 of 125 denier. The ?lament bundle 12 is sub 
sequently introduced into aspirating jet 19 via aperture 
57. The jet is reciprocated at 62 cycles per minute at 
a stroke of 10 inches. In collar chamber 52, the ?la 
ments are subjected to air as the aspirating medium at 
a pressure of 40 psig. The ?laments 12 are forwarded 
to and through diffuser passageway 54 by he aspirating 
jet stream. The diameter of diffuser passageway 54 is 
0.072 inches. Thereafter, the ?laments 12 exit from jet 
19 into splaying device 22. Splaying device 22 is made 
of stainless steel tubing and has a diameter of entry end 
15 of approximately three-eights inch, a substantially 
rectangularly shaped exit end 16 with a shorter dimen 
sion S of approximately one-sixteenth inch and a longer 
dimension L of approximately nine-sixteenths inch, and 
a distance from entry end 15 to exit end 16 of approxi 
mately 1 inch. Extension 18 has a length of approxi 
mately three-fourths inch and a diameter of approxi 
mately three~eights inch. Upon exiting from splaying 
device 22, ?laments 12 open up considerably and are 
deposited on continuously moving, foraminous hori 
zontal conveyor 20 which is moving at a speed of 16 
feet per minute and is at a distance of 13 inches from 
the closest portion of splaying device 22. Suction 
chamber 21 is provided beneath conveyor 20. 
Nonwoven webs produced in a process using the 

splaying device of this invention are characterized by 
a random ?lament distribution throughout the web. 
The appearance of webs is uniform, and it is essentially 
free of ?lament aggregates. The improvements of yarn 
randomness, openness and cover are such that approxi 
mately one-half the usual layers may give as even a web 
as with the aspirating jet alone. 
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The nonwoven web or other useful construction pro 

cessed from a coherent ?lament bundle prepared in ac 
cordance with this invention may serve a variety of use 
ful purposes, particularly in the manufacture of nonwo 
ven products, such as carpet backing, wall covering, in 
sulation, coating substrates, interfacing, ?lters, fabric 
applications, and the like. 
While an exemplary embodiment of this invention 

has been described, the true scope of the invention is 
to be determined from the following claims. 
What is claimed is: 
1. In an apparatus for depositing ?laments onto a 

moving receiving surface in a randomly dispersed man 
ner to form a nonwoven web of randomly disposed ?la 
ments substantially uniformly distributed throughout 
said web, said apparatus comprising an aspirating 
means for forwarding the ?laments at high velocity to 
the moving receiving surface, the improvement com 
prising a splaying means for augmenting spreading of 
the ?laments while advancing said ?laments from said 
aspirating means to said moving receiving surface, said 
splaying means consisting of an enclosed open-ended 
channel, one upper, entry end thereof formed and posi 
tioned so as to accept passage of said ?laments from 
the exit of said aspirating means without any substantial 
leakage of the aspirating medium from between said 
aspirating means exit and said entry end of said splay 
ing means, the other lower, exit end forming a slot hav 
ing an effective shorter dimension not more than 25 
percent of an effective longer dimension, said entry end 
having an effective minimum dimension of a magnitude 
at least as great as the magnitude of said effective 
shorter dimension of said exit end, said channel having 
side walls to connect said entry end to said exit end, 
said side walls sloping from said entry end to said exit 
end of said channel in a manner such that the slope 
makes an angle with the center-line axis of the exit pas 
sageway of said aspirating means not exceeding ap 
proximately 45° at any point on the interior side walls 
of said channel from said entry end to said exit end, 
said side walls terminating at said exit end in side walls 
being substantially parallel to said center-line axis. 

2. The apparatus of claim 1 wherein said splaying 
means augments ?lament spreading in substantially all 
directions from said aspirating means exit. 

3. The apparatus of claim 2 wherein the cross-section 
of said exit end restriction has said effective shorter di 
mension ranging from 70 to 150 percent of the effec 
tive diameter of said aspirating means exit passageway 
and from 7 to 15 percent of said effective longer di 
mension. 

4. The apparatus of claim 3 wherein said splaying 
means is positioned such that said shorter dimension is 
substantially in the direction of motion of said moving 
receiving surface. 

5. The apparatus of claim 4 wherein a distance along 
the center-line of said splaying means from said entry 
end to said exit end ranges from 10 times to 25 times 
said shorter dimension. 

6. The apparatus of claim 5 wherein the ori?ce of 
said aspirating means exit passageway is approximately 
at or immediately below said entry end. 

7. The apparatus of claim 6 wherein said shorter di~ 
mension is approximately 88 percent of the diameter of 
said aspirating means exit passageway and approxi 
mately 11 percent of said longer dimension. 

n= * * 1r 1k 


