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(57) ABSTRACT 
The disclosure embraces a method of dyeing and an 
apparatus comprising a horizontally extending gener 
ally cylindrical article dyeing vessel which is provided 
with a bank of nozzles extending along the interior 
bottom wall portion of the vessel; the nozzles are dis 
posed to discharge liquid in a generally tangential di 
rection with respect to the interior of the vessel; the 
nozzles are divided into groups each of which is con 
nected to the out-put of a pump through one or more 
conduits. The conduit or conduits which deliver fluid 
to the nozzles are provided with a valve means so that 
the output of the nozzles can be controlled whereby a 
substantially uniform, circular fluid flow may be ob 
tained. The vessel is provided with a suction liquid 
outlet slot on one side of the nozzles opposite the di 
rection of fluid delivery and which extends the length 
of the vessel to enable the vessel to handle variably 
sized loads. A large unloading valve is provided to en 
able the vessel to be rapidly emptied and fluid nozzles 
are arranged on the interior of the vessel to flush arti 
cles out through the unloading valve. 

3 Claims, 6 Drawing Figures 
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METHOD FOR DYEING TEXTILES 
This is a division, of application Ser. No. 237,683 

filed Mar. 24, 1972, and now U.S. Pat. No. 3,785,180. 
BACKGROUND AND SUMMARY OF THE 

INVENTION 

The present invention relates to the article dyeing 
field and, more specifically, to a novel dye vessel appa 
ratus capable of achieving uniform dyeing of a plurality 
of discrete articles such as woven or knitted textiles, or 
the like, by providing means for controlling the fluid 
circulation and dye contacting pattern in the vessel 
with respect to the articles to be dyed as well as method 
of dyeing articles using the apparatus of the invention. 

In the textile dyeing art, it has long been recognized 
that proper mixing of the dye liquor and objects being 
dyed was of significant, if not critical, importance in 
producing goods of precisely the same shade of color 
in a single dye batch. In attempting to achieve proper 
mixing, it has been the conventional practice to employ 
rotary paddles mounted in large vats or containers 
which are driven during the dyeing process to effect ag 
itation of the articles and mixing of the dye liquor, 
These so-called paddle dye vessels have not proved sat 
isfactory, however, chiefly by virtue of their lack of 
flexibility in terms of both the quantity and quality of 
the types of articles that could be treated in them. For 
example, delicate fabrics tended to suffer from abra 
sion as a result of contact with the paddles so that the 
speed of rotation of the paddles would have to be re 
duced resulting in an undesirable extension of the time 
required to properly dye the fabrics. In addition, the 
bearing mounts and seals required for the rotary pad 
dies frequently presented maintenance problems par 
ticularly where it has been necessary or desirable to 
carry out the dyeing process under pressure. 

In eliminating the use of paddles, efforts have been 
directed to obtaining suitable fluid circulation by the 
use of means for delivering a fluid under pressure to the 
interior of the dye vessel such as, for example, the ar 
rangements disclosed in the U.S. Pat. Nos. to Clement 
et al., 3,091,109, to Casse, 3, 199,752, to Peglar, 
1,874,798 and the Newcomb, 2,707,382 which is as 
signed to the same assignee as the present invention. 
Although various designs and assemblies such as 

those presented in the foregoing patents have been sug 
gested in the past, none have proved to be sufficiently 
adaptable so as to be capable of solving the special 
problems encountered in commercial dyeing environ 
ments where production efficiency and precise quality 
control factors are of primary importance. Many of the 
prior art proposals have lacked means for compensat 
ing for the particular fabric characteristics so that their 
use has been limited often to a single type of fabric. 
Others have only been capable of accommodating a 
predetermined load size which can result in undesirable 
increases in production costs. Moreover, where it has 
been necessary to vary the quantity of items to be dyed, 
the color quality has either been adversely affected in 
terms of shade uniformity or permanence of the dyes. 
The improvements of the present invention provide 

useful solutions to a number of significant problems 
recognized in the prior art as well as advantages which 
will enhance the production efficiency of discrete arti 
cle dyeing processes. 

In a preferred embodiment of the present invention, 
a cylindrical dye vessel is positioned with its longitudi 
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nal axis parallel to the horizontal. On the top side of the 
vessel, an article receiving port is provided which is of 
a size to facilitate loading of the vessel with discrete ar 
ticles to be dyed. The port is provided with a closure 
member capable of withstanding the high pressures 
that occur during the dyeing process. On the bottom 
interior wall of the vessel opposite the loading port, a 
plurality of nozzles are positioned extending in gener 
ally parallel relationship with the longitudinal axis of 
the vessel. The outlets of the nozzles are positioned so 
as to direct fluid discharge therefrom in a generally tan 
gential direction with respect to the interior wall of the 
vessel so that the liquid circulation in the vessel will be 
generally circular about an axis that is approximately 
parallel to or coincident with the longitudinal axis of 
the vessel. If desired, all of the nozzles may be supplied 
with liquid through a single conduit which is connected 
to the output of a high capacity pump through flow 
control means. Alternatively, for large capacity vessels 
the array of nozzles may be divided into a predeter 
mined number of groups which extend end to end from 
one end of the vessel to the other. Each group of noz 
zles can then be connected to a separate pump or fed 
by a single pump through separate conduits each of 
which is provided with flow control means. For this lat 
ter arrangement means are provided for operating the 
individual flow control means so that the fluid circula 
tion in the vessel can be regulated relative to the size 
of the load in the vessel as well as the mixing of the dye 
liquor. In both arrangements, means are provided for 
controlling the temperature of the fluid delivered to the 
nozzles whereby temperature variations of the fluid cir 
culating in the vessel can be maintained at a minimum 
or, when desired, so that variations in temperature can 
be achieved uniformly throughout the vessel when nec 
essary. 
By employing a fluid delivery arrangement wherein 

the discharge of fluid into the vessel is distributed along 
the entire axis of the vessel, mixing of the dye liquor 
and control of temperature variations can be attained 
much more precisely and rapidly than has heretofore 
been possible. 
Another feature of the present invention resides in 

the provision of a distributed fluid suction outlet which 
consists of a tangentially disposed slot provided in the 
wall of the vessel on the side of the nozzles opposite the 
direction of fluid discharge therefrom. Suction is ap 
plied to the suction outlet slot through a fluid conduit 
or conduits connected to the inlet of the pump or 
pumps which are provided for the nozzles. The area of 
this slot is preferably large so that the component of ve 
locity of the circulating dye liquor into the slot will be 
small as compared to the tangential velocity compo 
nent induced by the discharge from the nozzles so that 
the slot will be continually swept clean by the larger 
tangential velocity component. Also, with this arrange 
ment, the quantity of fluid circulating in the vessel can 
be precisely controlled so that the concentration and 
mixing of the ingredients in the dye bath can be varied 
to accommodate different sized loads in the dye vessel. 
Another feature of the present invention resides in 

the provision of an unloading valve capable of being 
operated by remote control so as to enable precise ter 
mination of the dyeing process by quickly emptying the 
dye vessel. The unloading of dye vessels for subsequent 
processing of the dyed articles and use of the dye vessel 
for a subsequent group of articles has previously been 
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a laborious operation. The unloading valve together 
with the provision of nozzles to flush out the vessel by 
cascading liquid over the interior of the vessel to assure 
the discharge of all of the discrete articles will greatly 
simplify this step in a discrete article dyeing process. 
The article dyeing apparatus of the present invention 

will permit excellent control of the fluid circulation as 
well as mixing of the dye liquor in the vessel. In addi 
tion, variations in the load size can be compensated for 
so as not to adversely affect the quality of the dyed arti 
cle either in terms of its fabric structure or color. The 
foregoing and other features and advantages of the 
present invention will become apparent in the more de 
tailed discussion which follows below, and in that dis 
cussion, reference will be made to the accompanying 
drawing as described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a view in elevation of the dye vessel of the 

present invention illustrating in schematic form the 
fluid delivery system and temperature control means 
for one of the groups or nozzles; 

FIG. 2 is a sectional view taken along lines 2-2 of 
FIG. 1 illustrating the disposition of the fluid delivery 
nozzles, suction outlet and rinse header; 
FIG. 3 is a detailed sectional view looking down the 

longitudinal axis of the vessel showing the disposition 
of the nozzles with respect to the interior wall of the 
vessel; - 

FIG. 4 is a detailed view of the rinse header; 
FIG. 5 is a view taken along lines 5-5 of FIG. 3 of 

the bank of nozzles of the present invention; and 
FIG. 6 is a sectional detailed view parallel to the lon 

gitudinal axis of the vessel of the fluid suction outlet of 
the present invention. 
DETALED DESCRIPTION OF THE INVENTION 

Referring now to the drawings wherein like numerals 
designate corresponding parts throughout the several 
views, there is shown in FIG. 1 the dye vessel 10 of the 
present invention. Preferably, the vessel is constructed 
from stainless steel and is capable of withstanding pres 
sures on the order of 65 psi and temperatures about 
300F. The vessel 10 may be provided with suitable 
support legs (not shown) so that sufficient space will be 
available between the floor and bottom of the vessel 10 
to accommodate the various plumbing and control ele 
ments. In the preferred embodiment, the vessel 10 is 
substantially cylindrical in cross-section and is pro 
vided with dished-ends 12 and 14. The longitudinal axis 
of the vessel should extend in a horizontal plane. In the 
top central portion of the vessel, a generally circular 
loading port 16 is provided through which articles to be 
dyed can be delivered to the interior of the vessel 10 
and through which the fluid discharge header 24 or 
fluid suction outlet cover 60 can be removed as will be 
described more fully hereinafter. A suitable closure 
member 18 is provided for the port 16 and may include 
a window to permit inspection of the interior of the ves 
sel during the dyeing process. Closure member 18, of 
course, must be designed to be able to withstand the 
high pressures which occur during the dyeing process. 
A relatively large air actuated dump valve 20 is lo 

cated in a conduit 22 which extends downwardly and 
away from the dished end 12 and serves as the unload 
ing port for the vessel 10. Conduit 22, of course, will 
unload both the dye liquor and the dyed articles from 
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4 
the interior of the vessel into a suitable extractor where 
the dyed articles are separated from the dye liquor. 

In FIG. 2, there is shown an end view taken along 
lines of 2-2 of FIG. 1 looking down the longitudinal 
axis the vessel 10 and showing the relative locations of 
the fluid discharge header 24, the suction outlet 26 and 
rinse header 28. As will be described later in more de 
tail, the discharge header 24 extends generally parallel 
to the longitudinal axis of the vessel 10 from adjacent 
the dished-end 12 to the other end 14 and is provided 
with an array of nozzles arranged to discharge fluid 
generally tangentially with respect to the interior wall 
of the vessel. The suction outlet 26 is located on the 
side of discharge header 24 opposite the direction in 
which the fluid is injected into the vessel. 

In the enlarged sectional detailed view of FIG. 3, 
where is shown the relative disposition of nozzles 30, 
32 and 34 with respect to each other and the bottom 
portion 36 of the vessel 10. Each of the nozzles is di 
rected so as to discharge fluid through openings, one of 
which is indicated at 35 in a tangential direction with 
respect to the interior surface of the vessel so that the 
fluid flow in the vessel 10 will be generally circular 
about the longitudinal axis of the vessel. 
As can be seen in FIG. 5, the fluid discharge header 

24 consists of three rows of nozzles, designated at 38, 
40, and 42 which, as pointed out above, extend along 
the bottom portion of the cylinder 10 in generally par 
allel relation with the longitudinal axis of the vessel 10. 
It should be understood that while three rows of nozzles 
are illustrated as few as one or more than one can be 
used. In one embodiment, the three rows of nozzles are 
divided into groups such as those designated by the nu 
merals 43, 44 and 45. The nozzles of an individual 
group are supplied with fluid under pressure by a sepa 
rate conduit such as the conduit 47 for group 43, the 
conduit 48 for group 44 and conduit 49 for group 45. 
As shown in FIG. 3, conduit 49, as are conduits 47 and 
48, is cnnected to its group of nozzles through the bot 
tom portion of vessel 10. It is preferable that the deliv 
ery capacity of the respective conduits 47, 48 and 49 
be large enough to assure that each of the nozzles of 
each group are supplied with fluid at as nearly the same 
pressure as possible. The support studs 50 and 52 are 
distributed along the bottom of the vessel 10 and serve 
to impart rigidity to the discharge header structure and 
the groups of nozzles are separated by walls such as at 
31 in FIG 3. 

If desired, as previously noted, all of the nozzles may 
be supplied with fluid from a single conduit which is 
connected to a single high capacity output pump. 
Referring to FIG. 4, the rinse header 28 consists of 

a plurality of nozzles one of which is indicated at 54 
which are arranged to spray a rinsing liquid over the in 
terior surfaces of the vessel 10 subsequent to the com 
pletion of the dyeing process. The rinse header 28 is 
utilized when the unloading valve 20 is open to flush 
out the interior of the dye vessel and carry out and 
complete the removal of any remaining articles. The 
nozzles 54 are attached to a member 55 which extends 
along the top of the vessel on either side of the loading 
port 16 and is secured to the top portion of the vessel 
10. The rinsing liquid may be supplied to the rinse 
header 28 by conduit 61 which is fitted through the 
walls of the member 55. Valve 59 is used to control the 
fluid delivery through conduit 61. 
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Turning now to FIG. 6, there is shown a detailed view 
of the fluid suction outlet 26 which consists of a gener 
ally rectangular slot 56 which extends along the wall of 
the vessel 10 from one end thereof to the other and is 
connected to conduit 58 which is in fluid communica 
tion with the inlet side of pumping means utilized to 
supply fluid to the fluid discharge header 24, later to be 
described. A perforated metal plate 60 which may be 
coated with a friction reducing substance such as that 
sold under trademark TEFLON' is mounted within 
the vessel 10 and extends the length of a slot 56. The 
lower, end of the plate 60 is fixed as at 63 adjacent to 
the lower edge of the slot 56 while the upper end of the 
plate 60 is secured to the inner wall of the vessel at 64 
which is at a distance from the slot 56. With this ar 
rangement of the perforated plate 60, the open area of 
the suction outlet. 26 is increased so that the radial ve 
locity and flow of liquid into a unit area of the slot 56 
is small in comparison to the tangential velocity com 
ponent of the circulating liquid. The tangential circula 
tion which is achieved as a result of the tangential dis 
charge from the fluid discharge header 24 will keep the 
suction entrance free of articles being dyed while the 
liquid level in the dye vessel 10 can be controlled by the 
suction existing in conduit 58. A Teflon coated 
convexly curved blank 65 may be positioned as illus 
trated in FIG. 6 across the plate 60 to facilitate the 
movement of articles past the plate 60 by breaking the 
suction pull through the screen. Spacers 68 may be pro 
vided to maintain the position of the plate 60 and blank 
65 with respect to the wall of the vessel. - 
The operation of a dyeing apparatus as thus far set 

forth will now be described with reference in particular 
to FIG. 1 however, it should be understood that the fol 
lowing description is merely one example of the man 
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ner in which the apparatus of the present invention may 
be operated and that numerous variations will be ap 
parent to those skilled in this art. 
Liquid is supplied through valved conduit 70 to the 

inlet side of a high capacity pump 72 which may be of 
the open impeller type. Dye material is added through 
valved conduit 71 or, if desired, directly through port 
16. The driving motor of pump 72 is preferably electric 
and current to the motor is monitored by ammeter 75 
in line 74. The output of pump 72 is fed through con 
duit 76 to one or more fluid control systems, one being 
provided for each of the groups of nozzles in the dis 
charge header 24 when separated groups are used. 
Since each of these fluid control systems are identical, 
only the system which supplied fluid to the conduit 48 
will be described, it being understood that the conduits 
78 and 80 will direct fluid to similar control system for 
conduits 47 and 49 respectively if such separated 
groups of nozzles are used. Conduit 82 will deliver liq 
uid to a heat exchanger 84 and a bypass valve 83 in 
conduit 85 is used to control the volume and velocity 
of the liquid supplied to the conduit 82. The heat ex 
changer 84 is of conventional design and may consist 
simply of a chamber in which a plurality of tubes are 
arranged which carry fluid from conduit 82. Steam may 
be fed through conduit 86 and chilled water may be fed 
through conduit 88 in amounts regulated by a tempera 
ture programmer 90 which controls throttle valves 92 
and 93 so that the amount of heat transferred to the liq 
uid passing through the heat exchanger 84 may be pre 
cisely proportioned. Conventional temperature indicat 
ing means such as thermocouples 94 are appropriately 
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6 
connected to the conduits leading into and out of the 
heat exchanger 84 so that the temperature condition of 
the respective fluids can be monitored. The steam or 
chilled water is delivered from the heat exchanger 84 
either to a drain through conduit 96 which is provided 
with a gate valve and steam trap or to a sump through 
conduit 98 which is also provided with a conventional 
gate valve. Pressure indicating gauges 100 may also be 
supplied in conduit 82 and 102 to permit monitoring 
and accurate control of the fluid delivered to the fluid 
discharge header 24. Conduit 102 is connected to con 
duit 48 through an air actuated gate valve 104. 
As previously described, conduit 58 will pass fluid 

from the vessel 10 through an air actuated gate valve 
106 to the suction inlet of pump 72. A valved bypass 
conduit 108 is provided between conduits 102 and 58 
so that fluid delivered by the pump 72 may be used to 
backwash perforated plate 60. This is achieved by clos 
ing valve 104 and 106 and opening valves 105 and 110. 
With pump 72 running in the normal manner fluid will 
be taken from the header 24 and passed from the pump 
72 to line 108 to discharge through the suction outlet 
26. This reverse circulation will effectively clean perfo 
rated plate 60 of lint or other material that may accu 
mulate thereon during a dye cycle. 
The dye vessel 10 is provided with a water supply 

through valved conduit 112 as well as valved conduit 
69 and air under pressure through valved conduit 114 
which is also provided with a pressure regulator 116. 
An appropriate number of condition monitoring means 
such as pressure indicators 118 and temperature indi 
cators 120 may be provided at spaced points about the 
vessel 10. A conventional liquid level indicator 122 
should be provided as is customary in dyeing apparatus. 
The dump valve 20, as a safety precaution, should be 
provided with a temperature interlock 124 so that the 
valve will not open in the event that the fluid in the dye 
vessel 10 is in excess of a predetermined temperature. 
The dye vessel 10 should also be provided with a clos 
able air vent and adjustable pressure relief valve while 
the closure member 18 in port 16 should be provided 
with a pressure interlock so that the port will not open 
where there is more than a predetermined pressure dif 
ference between the inside of the vessel 10 and the pre 
vailing atmospheric pressure. 
After the dye vessel is loaded with articles such as 

socks to be dyed through the top port, water at the ap 
propriate temperature is supplied through valve con 
duits 69 and 70, through the pump, heat exchanger and 
valve 104 to all of the nozzles or to a selected group of 
nozzles depending upon the type of arrangement em 
ployed. The temperature of the water may be regulated 
as it passes through the heat exchanger 84. Subse 
quently, dye is added through conduit 71, 70 and 76 
and 82 to the heat exchanger 84 and is mixed with the 
water already in the vessel 10. The temperature of the 
liquid in the vessel is then raised to a predetermined 
level by circulating the liquid through the heat ex 
changer 84 which is appropriately modulated. An air 
pad is then applied to the vessel through conduit 114 
so that the pressure dyeing temperatures are achieved. 
As previously noted bypass valve 83 is used to adjust 
the volume and velocity of the fluid delivered to the 
vessel with suction being transmitted through conduit 
87 which is connected to the suction inlet of pump 72. 
When dye has been exhausted, the vessel 10 is cooled 

so that it can be unloaded. This is accomplished by ap 
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plying cold water to heat exchanger 84 or by introduc 
ing additional cool water through valved conduit 69 
while discharging excess water to drain. Before unload 
ing the vessel 10, it may be desirable to add a treatment 
solution such as a softener which can be simply 
achieved by addition of the desired material upstream 
of the pump 72. Subsequently it is preferable to back 
wash the fluid which is accomplished by operating the 
valves as indicated above. To unload the vessel 10, the 
air pad is maintained through conduit 114 and pressure 
regulator 116 and valve 20 is open. When the liquid 
level in the machine reaches a predetermined point, the 
air pad is turned off and valve 59 is opened to admit 
fluid to the rinse header 28. In addition, water is admit 
ted through conduit 112 at this time and this conduit 
is arranged to directly flow at a large velocity in the di 
rection of the unloading valve 20 to assure removal of 
all articles from the vessel. The nozzles 54 of the rinse 
header are arranged so as to cascade water down all the 
internal surfaces of the dye vessel 10 to wash out any 
remaining articles from the vessel 10. 
To facilitate efficient operation, all of the valves of 

this system should be of the remotely controllable, air 
actuated type so that all of the valves as well as the 
pump and the monitoring control elements can be cen 
trally mounted and displayed on a control console and 
sequentially actuated by a rotary switch arrangement, 
by card or tape readers, or a timed stepping switch sys 
tem. When using a control arrangement such as one of 
the foregoing, a number of operating conditions would 
be pre-set, such as the rate of temperature rise, the flow 
rate, the liquid level and the air pad pressure, all de 
pending on the quantity of articles to be dyed in a given 
cycle of the apparatus. As pointed out previously, 
where inspection or monitoring indicates non-uniform 
turbulence within the dye vessel 10, the flow of liquid 
to an individual group of nozzles can be throttled back 
by adjusting the valves effecting the delivery of fluid to 
the respective group of nozzles. Similarly, where the 
monitor elements indicate temperature variations in 
the nature of cold or hot spots in the die vessel 10, the 
temperature of the fluid discharged from the appropri 
ate group of nozzles can be adjusted to compensate for 
the variation. 
One of the principal advantages of the apparatus of 

the present invention resides in its ability to handle 
variable quantities of discrete articles in a dye cycle 
due chiefly to the design of the fluid suction outlet 26 
since by virtue of its large open area along the circum 
ference and length of the dye vessel 10 suitable fluid 
mixing and circulation can be maintained commensu 
rate with continuous variations in load sized as opposed 
to discrete differences. By way of example, with a dye 
vessel having dimensions of approximately 5% feet in 
length and 5 feet in diameter and with the capacity of 
conduits 47, 48 and 49 equaling approximately the ca 
pacity of conduit 58, the dye vessel 10 could be used 
for loads ranging from 50 to 200 pounds corresponding 
to approximately 190 to 750 gallons of dye, respec 
tively. 
From the foregoing, it can be appreciated that the ap 
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paratus of the present invention provides a very effi 
cient and versatile device that is capable of achieving 
and controlling optimum operating conditions which is 
particularly important in the dyeing of numerous syn 
thetic materials that are now being used in the manu 
facture of clothing articles. 
Although the invention has been described with ref 

erence to a particular embodiment, it will be under 
stood that variations in the described embodiment will 
become obvious to those skilled in this art. Also certain 
modifications or additions can be made to the de 
scribed structure and all obvious variations and modifi 
cations are intended to be included in the scope of this 
invention. 
What is claimed is: 
1. A method of uniformly dyeing a plurality of dis 

crete textile articles in a dye vessel of the type having 
a substantially cylindrically shaped interior wall with a 
horizontally disposed longitudinal axis and spaced 
apart end walls, at least one row of nozzles arranged to 
discharge liquid in a generally tangential direction with 
respect to said interior wall, a closable loading port and 
closable unloading port, conduit means for supplying 
liquid to said row of nozzles, means for controlling the 
temperature of the liquid supplied to said row of noz 
zles, including means for circulating said liquid through 
adjustable heat transfer means, means for controlling 
the rate of flow of the liquid through said conduit 
means, the method comprising the steps of: 
supplying a liquid under pressure through said row 
of nozzles to the interior of said vessel to set up a 
substantially circular flow about said longitudinal 
axis of the liquid and articles to be dyed, 

heating said liquid to a first predetermined tempera 
ture, 

supplying a dye material through said row of nozzles 
while maintaining the circular flow of the contents 
of said vessel, 

heating the contents of said dye vessel to a second 
predetermined temperature that is higher than said 
first temperature by passing the liquid contents of 
said vessel through said heat transfer means, 

maintaining the circular flow in said vessel until the 
dye material is exhausted, 

cooling the contents of said vessel to a predetermined 
temperature by passing the liquid contents of said 
vessel through said heat transfer means, and subse 
quently 

unloading the articles and liquid in said vessel 
through said unloading port. 

2. The method as claimed in claim 1 wherein a liquid 
outlet is provided adjacent said row of nozzles in said 
wall of said vessel and including the step of reversing 
the direction of liquid flow in said vessel, subsequent to 
the cooling step, by supplying liquid to the interior of 
said vessel through said outlet. 

3. The method as claimed in claim 1 including the 
step of placing the contents of said vessel under a pre 
determined pressure subsequent to the step of supply 
ing a dye material thereto. 
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