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This invention relates to the melt spinning of synthetic 
yarn. More particularly, the invention pertains to a new 
and useful apparatus for melt spinning synthetic yarn. 

Frequently, in melt spinning employing contemporary 
spinneret packs, individual ?laments vary in denier and 
composition along their respective axes. These variances 
result in excessive breaks, wraps, and generally poor 
quality yarn. Variable resistance to flow within a pack 
is a primary cause of many yarn quality deviations. Be 
cause of variable ?ow resistance, polymer ?ow rates 
within a spinneret pack vary in magnitude; therefore, 
many spinneret capillaries receive greater polymer ?ow 
than do other capillaries in the same spinneret, resulting 
in variable denier ?laments. 
A second problem in the usual spinneret pack is exces 

sive formation of gel. Gel formation is related to polymer 
residence time within a pack, the longer the residence time 
of a particular ?uid particle, the greater the tendency 
for gel formation. Many times gel will form in a sand 
pack, then ?nd its way into a spinneret capillary, thereby 
restricting or terminating polymer ?ow through the af 
fected capillary. Stagnant areas within a spinneret pack 
appear to be primarily responsible for variable ?uid 
particle residence time therein. Fluid particles in a stag 
nant area have a much greater residence time than do 
?uid particles in normal ?ow lines. Stagnation of such 
?uid particles allows the polymerization process to reach 
an undesirable stage, gel formation, with all of its at 
tendant problems. 
An object of the invention is to produce a spinneret 

pack having a nearly constant ?ow rate across its entire 
pack cavity cross-section. 

Another object it to produce a spinneret pack having 
reduced stagnation areas. 
A further object is to provide a spinneret pack wherein 

the flow resistance from polymer inlet port to capillary 
for any ?uid ?ow path is approximately equal to that of 
every other ?ow path. 

Other objects will become apparent from the follow 
ing description. 

Objectives as described above are achieved in the pro 
vision of the hereinafter described apparatus. A spin 
neret pack having a variable cross-section, increasing in 
the direction of polymer ?ow and ?lled with inert granu 
lated porous material, is provided. A ?ne mesh wire 
screen is placed across the bottom of the cavity. A dis 
tribution plate is attached in sealed relationship to the 
bottom of the cavity. This plate has a plurality of vari 
able length and diameter capillaries therethrough. These 
capillaries have their entrances substantially equidistant 
from that point where polymer enters the pack cavity and 
are related one to the other by the parameter L/r‘1 where 
L is capillary length and r is capillary radius. A spin 
neret plate is disposed below the distribution plate in 
sealed relation therewith. 
A variation of the invention is the use of only a spin 

neret plate without a distribution plate, this spinneret 
plate also meeting the criteria of having capillary en 
trances equidistant from the point where polymer enters 
the pack cavity. The capillaries of this plate are com 
prised of two cylindrical, axially oriented, communicat 
ing bores, the upper bore havign radius 1-1 and length L1, 
both of which vary with respect to other capillaries in the 
same plate according to the parameter L1/r14. The di 
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mensions of the lower bore, having radius 2'2 and length 
L2, remain constant with respect to every other capillary 
in the same plate, all lower bores having smaller di 
mensions than do ‘their respective communicating upper 
bores. 

In the drawing: 
FIGURE 1 is a sectional elevation illustrating the use 

of the pack cavity base plate as a distribution plate. 
FIGURE 2 is a sectional elevation illustrating an em 

bodiment of the invention wherein the pack cavity base 
plate is a spinneret plate. 

Referring now to FIGURE 1, it can be seen that pack 
holder 10 is the foundation element. Through pack 
holder 10 polymer conduit 12 is connected to a source 
of molten polymer under high pressure. Spinneret pack 
14 is ?tted into pack holder 10 so that spinneret pack 
cavity 16 is in communicating relationship with conduit 
12 and this connection is sealed with annular gasket 18. 
Spinneret pack cavity 16 is tightly packed with inert, 
granulated, porous material, usually sand; however, other 
materials such as metal, ceramics, glass and the like are 
acceptable. Grain size must be ‘small in comparison 
with the total size of the spinneret cavity. Furthermore, 
the ‘granulated material should extend for a short dis 
tance, e.g., one inch, up into the polymer entrance port. 
Laid across the base in contoured relationship therewith 
is screen 29, usually ?ne mesh wire. Distributor plate 
22 is ?tted to the base of pack cavity 16 and sealed with 
annular gasket 24. As can be seen, distributor plate 22 
has an arcuate upper surface portion 26 that has the con 
?guration and contour of the arcuate surface of a sphere. 
Capillaries 30 are shown as having diameters that vary 
with respect to the diameters of the other capillaries, the 
diameter of each bore increasing as the length increases. 
Spinneret plate 32 having constant dimension capillaries 
34 is a?ixed below distributor plate and sealed with gasket 
32. The entire pack apparatus is held in place by an 
nular clamp 38, secured with bolts 40. 
The apparatus illustrated by FIGURE 2 is almost 

identical with FIGURE 1 except that the distribution 
plate of FIGURE 1 is now, as modi?ed, the spinneret 
plate of FIGURE 2. In the spinneret plate 42 capillaries 
44 do not have constant diameters, but consist of two 
bores, the topmost varying according to the parameter 
L/r4, while the bottom remains constant in length and 
diameter with respect to every other capillary. Washer 
46 is inserted to modify the apparatus of FIGURE 1 to 
utilize the spinneret plate of FIGURE 2. 

Although, generally, the invention has been described 
primarily from the viewpoint of having only one polymer 
entrance port, this is not meant to infer that the inven 
tion ‘cannot be modi?ed to permit entry of two or more 
metered streams into one pack cavity. A speci?c pack 
cavity embodiment is one having a plurality of metered 
streams thereinto that would, in effect, be two or more, 
as described hereinbefore, approximately cone shaped 
cavities placed side by side with the common wall or 
walls removed. The base plate would have as many arcu 
ate surface con?gurations as there are polymer entrance 
ports, thereby having the important feature that all capil 
lary entrances be substantially equidistant from a poly-. 
mer entrance port. 
As is readily apparent from the illustrative ?gures, 

there are few areas, if any, in the pack cavity where ?ow 
may be held up, resulting in polymer stagnation and gel 
formation. Molten polymer ?ows through the pack 
cavity at substantially equivalent rates across the entire 
pack cavity cross-section. It follows from reduced gel 
formation that the quality of yarn produced will be en 
hanced. There will be less gel to vary ?lament compo 
sition, thereby reducing wraps, breaks, and the like. 

Pressure measurements taken at variable distances from 
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a point ?ow source indicate that pressure varies inversely 
with the distance from the point source of ?ow. These 
variable pressures may be represented by a series of 
concentric spheres, the center of which is the point ?ow 
source. Each sphere represents a particular ?ow poten 
tial, or pressure. 
Flow lines are normal to pressure lines, i.e., flow is 

from a point of high pressure to areas of lower pressure. 
It follows that, in the design of a spinneret pack, when 
a pack cavity shape is chosen that will take advantage 
of this spherical pressure con?guration, an equal pressure 
at every capillary is possible. A segment of a sphere in 
the shape of a cone, with its apex at the sphere center 

' and having the base conforming to the arcuate surface 
of the sphere, would be a good example of a shape that 
would meet the design criteria of the invention. In the 
arcuate base plate capillaries therein would each have 
its entrance equidistant from the point source of ?ow, i.e., 
when such source is at the apex of the pack cavity. As 
a general rule, subject to difficulties in fabrication, any 
point within the pack cavity should lie on a straight line 
connecting some point on the bottom surface, including 
capillary entrances, with the center of the entry port at 
the top of the cavity, which line does not intersect any 
boundary of ‘the cavity. Further design limitations are 
that capillaries be not more than 1/2 inch apart, counter 
bored slightly if desired. ‘ 

Base plates, whether distribution or spinneret, would 
only have a concavity therein and would not be totally 
arcuate. On the bottom, the plate would be ?at. This 
would result in capillaries having different lengths, pro 
ducing variable pressure drops therethrough. It is de 
sirable not only to have equal pressures at the entrances 
to all ‘capillaries, but also at their exits. To achieve this 
result, capillaries are designed to conform to the param 
eter L/r4 where L is capillary length and r is radius. The 
parameter, L/r4 is derived from the Hagen-Poiseuille 
equation (ref. Unit Operations of Chemical Engineering, 
W. L. McCabe, McGraw-Hill Book Co., Inc., 1956, pages 
50-51) for isothermal, laminar ?ow of non-compressible 
?uids in cylindrical tubes: 

where P is pressure in pounds force per footz; L is tube 
length in feet; 7 is average ?uid velocity‘in feet per 
second; ,a is ?uid viscosity in pounds per foot-sec; gc is 
Newton’s law conversion factor, 32.174 ft.-pounds per 
pound force-second2; and D is tube diameter in feet. To 
change the quantities involved in the equation somewhat 

where q is ?uid ?ow rate in pounds per foot3 and r is 
radius in feet, and 

AP 

resulting in the equation 

and 

321M 
V (4)(32.l7)1r 

is equal to a constant, C; therefore, 

AMA, 7‘ 

From the above relationship it can be seen that as the 
length of a capillary increases, it must also increase in 
radius to achieve an equivalent pressure drop in all capil 
laries. 
As has been noted before, there are two methods where 

in the arcuate base plate may be used. When used as 
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4. 
a distribution plate, polymer emerges from each capillary 
at essentially the same pressure as at all other capillaries. 
The polymer then ?ows through the spinneret capillaries 
and is quenched to form ?laments. 
When the arcuate base plate is utilized as a spinneret 

plate it is much preferred that the exits of all capillaries 
have the same diameter. Therefore,.the capillaries con 
sist of two aligned communicating bores, the topmost 
varying according to the parameter L/14; the lower bore 
remaining constant in both diameter and length with re 
spect to the bottom bore of every other capillary in the 
plate. 

Advantages of the herein described apparatus are 
numerous. When pressure at all capillary entrances and 
exits is the same, thread lines having more consistent de 
nier are produced. Reduced gel formation produces ?la 
ments having more consistent composition along each 
?lament, i.e., particles of gel are not continually breaking 
off and clogging or passing through spinneret capillaries. 
Furthermore, when gel is reduced much less maintenance 
is necessary for spinneret packs, resulting in substantial 
savings in both time and money. 

I claim: 
1. A spinneret pack for melt spinning apparatus com 

prising, in ?xed juxtaposed relation in the direction of 
polymer ?ow, the combination of: ‘ 

(a) polymer conduit means; 
(b) means de?ning ‘a cavity having a variable trans 

verse cross-section increasing in the direction of 
polymer ?ow and substantially larger than the poly 
mer entrance port, said conduit means communicat 
ing with said cavity; 

(c) granulated inert porous material within said cavity; 
(d) screening means across the bottom of said cavity; 
(e) a distribution plate attached in sealed relationship 

with the bottom of said cavity; 
(f) means de?ning a plurality of spaced capillaries in ‘ 

said distribution plate, any point on the surface of ‘ 
which is substantially equidistant from the center 
line of the polymer entrance port, said capillaries 
having variable lengths and cross-sectional areas with 
respect to the other capillaries, said'cross-sectional 
areas increasing proportionally with increases in 
capillary length; and 

(g) ‘a spinneret plate attached in ‘sealed relationship ‘a 
next below said distribution plate. 

2. The spinneret pack of claim 1 wherein the granu 
lated, inert, porous material is sand. 

3. The spinneret pack of claim 1 wherein the screen-' 1 
ing means is ?ne wire mesh. 

4. The spinneret pack of claim 1 wherein the cavity 
is cone shaped having a polymer entrance port at the.‘ 
apex thereof. 

5. A spinneret pack for melt spinning apparatus com-‘ ‘ 
prising, in ?xed juxtaposed relation‘in the direction of . 
polymer ?ow, the combination of: 

(a) polymer conduit means; 
(b) means de?ning a cavity having a variable‘ .trans-‘ 

verse cross-section increasing in the direction of 
polymer ?ow and substantially larger than the 
polymer entrance port, said conduit means communi 
cating with said cavity substantially at the top there» 
of; 

(c) granulated inert porous material within said cavity; 
(d) screening meansacross the base of said cavity; 
(e) a spinneret plate attached in sealed ‘relationship 
with the bottom of said cavity; and 

(f) means de?ning a plurality of spaced capillaries 
in said spinneret plate, any point on the surface of 
which is equidistant from, a ?xed point in a PBI'. 
ticular polymer entrance port, said capillaries having 
variable lengths and cross-sectional areas with re 
spect to the other, said cross-sectional areas increas 
ing proportionally with increases in capillary length. 
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6. The spinneret pack of claim 5 wherein the granu 
lated, inert, porous material is sand. 

7. The spinnert pack of claim 5 wherein the screening 
means is ?ne wire mesh. 

8. The spinneret pack of claim 5 wherein the cavity 
is cone-shaped having ,a polymer entrance port at the 
apex thereof. 

9. A spinnert pack for melt spinning apparatus com 
prising, in ?xed juxtaposed relation in the direction of a 
polymer ?ow, the combination of: 

(a) polymer conduit means; 
(b) means de?ning a cavity having a variable trans 

verse cross-section increasing in the direction of 
polymer ?ow and substantially larger than the 
polymer entrance port, said conduit means com 
municating with said cavity; 

(c) granulated inert porous material within said cavity; 
(d) screening means across the bottom of said Eavity; 
(e) a distribution plate attached in sealed relation 

ship with the bottom of said cavity; 
(f) means for de?ning a plurality of spaced capillaries 

in said distribution plate, any point on the surface of 
which is substantially equidistant from the center 
line of the polyme entrance port, said capillaries 
being cylindrical and being of variable length (L) 
and radius (r), the length and radius of the capil 
laries being related by the parameter L/r4; and 

(g) a spinneret plate attached in sealed relationship 
next below said distribution plate. 

10. A spinneret pack for melt spinning apparatus com 
prising in ?xed juxtaposed relation in the direction of 
polymer ?ow, the combination of: 

(a) polymer conduit means; 
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(b) means de?ning a cavity having a variable trans 

verse cross-section increasing in the direction of 
polymer ?ow and substantially larger than the 
polymer entrance port, said conduit means com 
municating with said cavity substantially at the top 
thereof; 

(c) granulated inert porous material within said cavity; 
((1) screening means across the base of said cavity; 
(e) a spinneret plate attached in sealed relationship 
with the bottom of said cavity; and 

' (f) means de?ning a plurality of spaced capillaries in 
said spinnert plate, any point on the surface of which 
is equidistant from ‘a ?xed point in a particular poly 
mer entrance pout, said capillaries being cylindrical 
and :being of variable length (L) and radius (r), 
the length and radius of the capillaries being related 
by the parameter L/r4. 
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