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TRAVEL) 

(57) ABSTRACT 

Improvements in hydroenhancernent efficiency are obtained 
by operating a manifold in relative movement to fabric 
transported under the manifold so as to deliver a low energy 
to the fabric per pass in multiple passes on the fabric. For 
example, a low energy per pass of 1/10 to 1/48 the total 
energy delivered in 10 passes or more can obtain good 
enhancement results as compared to conventional hydroen 
hancing at higher total energy levels delivered in feWer 
passes. This results in greater enhancement efficiency and 
reduction in Wasted energy, and also improves fabric cov 
erage and reduces fabric shrinkage. The loW-energy-per 
pass, multiple-pass approach can be implemented With 
improved hydroenhancing equipment of reduced equipment 
siZe and cost Which simulate multiple passes on the fabric. 
In one embodiment, a jigging hydroenhancing equipment 
transports the fabric back and forth under a stationary 
manifold betWeen a pair of unWind/Windup reels to simulate 
multiple passes on the fabric. Other embodiments employ a 
manifold or manifold system that is reciprocated, oscillated, 
or rotated to simulate multiple passes on the fabric. Other 
variations for improving hydroenhancernent include angling 
the manifold at a diagonal to the fabric travel direction, 
using a high density number or double roWs of jets to 
eliminate interference patterns, using combined upstream 
and downstream manifolds together for improved coverage 
on the fabric, and providing a baf?e in the manifold in 
proximity to the jet strip to generate constantly ?uctuating 
jets for improved utilization of enhancement energy. 
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FABRIC HYDROENHANCEMENT METHOD & 
EQUIPMENT FOR IMPROVED EFFICIENCY 

TECHNICAL FIELD 

[0001] This invention generally relates to the ?eld of 
hydroenhancing surface properties of textile fabric by sub 
jecting it to hydrojet treatment, and more particularly, to 
improving the ef?ciency of fabric hydroenhancement meth 
ods and equipment. 

BACKGROUND OF INVENTION 

[0002] Prior hydroenhancement technology teaches that 
certain properties of Woven or knitted fabrics, such as cover, 
yarn blooming, surface texture, hand, drape, etc., can be 
enhanced by impacting the surface of the fabric With roWs of 
jet streams from a series of overhead manifolds as the fabric 
is conveyed on a support surface, as illustrated in FIG. 2, for 
example. Such conventional hydroenhancing equipment is 
described in greater detail in commonly-oWned U.S. Pat. 
No. 4,967,456 of Sternlieb et al., issued on Nov. 6, 1990, 
entitled “Apparatus and Method For Hydroenhancing Fab 
ric”, Which is incorporated herein by reference. 

[0003] Generally, the conventional vieW has been that the 
degree of enhancement is related to the amount of energy 
imparted to the fabric. That is, the more energy delivered to 
the fabric, the more pronounced the enhancement effect. For 
example, U.S. Pat. No. 3,493,462 to Bunting teaches that the 
degree of surface treatment is related to the total energy E 
expended per Weight of fabric in a pass under a hydrojet 
manifold, as calculated by the folloWing equation: 

E=O.125 (YPG/sb), in hp.—hr./lb. of fabric, Where 

[0004] Y=number of hydrojets (ori?ces) per linear inch 
of manifold, 

[0005] P=pressure of ?uid in the manifold, in p.s.i.g., 

[0006] G=volumetric How of ?uid in cu.ft./min. per 
ori?ce, 

[0007] s=speed of passage of fabric under the manifold, 
in ft./min., and 

[0008] b=Weight of fabric treated, in oZ./sq.yd. 

[0009] This equation provided by Bunting is a standard 
calculation used in the industry for energy expended in the 
hydrotreatment of a fabric. 

[0010] The degree of enhancement imparted to the fabric 
can be measured in terms of the cover of the ?bers in the 
fabric. Cover has an inverse relation to the air permeability 
of the fabric, Which is measured in cu.ft./min./sq.ft. (cfm/ 
ft2). The graph in FIG. 1 illustrates the relationship, as is 
knoWn conventionally, betWeen the total energy expended in 
hydrotreatment and the resulting air permeability property of 
the treated fabric. The graph shoWs that as the total energy 
expended (in hp-hr/lb) increases, the air permeability (in 
cfm/ft2) of the fabric decreases and, hence, the degree of 
enhancement, i.e., the cover of the fabric, increases. 

[0011] Conventional equipment for hydroenhancing fabric 
has employed high-speed processing lines having one or 
more manifolds in parallel across the Width of fabric con 
veyed in a machine direction on a conveyor, as shoWn in 
FIG. 2, for example. A fabric Web 12 is advanced through 
a Weft straightener 14, Which aligns the fabric Weft prior to 
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processing, onto conveyor belt 22 driven on rollers 24 in a 
machine direction (arroW indicating a doWnstream direc 
tion) through a hydroenhancing station 16. A plurality of 
manifolds 30 are spaced apart and aligned in parallel extend 
ing in a cross direction (normal to the plane of the ?gure) 
across the Width of the conveyed fabric. Each manifold has 
a roW of jet ori?ces 32 Which emit jets of Water doWnWardly 
to impact on one side of the fabric 12. The belt 22 has a 
porous support surface (such as a Wire or plastic mesh) for 
supporting the fabric While alloWing ?uid to drain doWn to 
a collector system 19. The opposite side of the fabric may be 
treated in the same run by another hydroenhancing station 
18 having a drum conveyor 34 and a series of manifolds 30 
spaced around the drum circumferentially. FolloWing 
hydroenhancement, the fabric 12 is advanced to a tenter 
frame 20 for drying under tension to produce a uniform 
fabric of speci?ed Width. Amore detailed description of such 
hydroenhancing equipment is provided in commonly-oWned 
US. Pat. No. 4,967,456 of Sternlieb et al., issued on Nov. 6, 
1990, entitled “Apparatus and Method For Hydroenhancing 
Fabric”, Which is incorporated herein by reference. 

[0012] Conventional techniques for obtaining suitable 
hydroenhancement of fabric include using high pressures of 
?uid jetted from the manifold, large-diameter jet ori?ces or 
loWered processing speeds to impact high energies of ?uid 
per area of fabric per unit of time, and/or multiple manifold 
con?gurations. HoWever, the requirements for handling high 
?uid pressures or ?uid energies or multiple manifolds can 
increase the equipment siZe and complexity, as Well as 
equipment and maintenance costs, signi?cantly. The use of 
high total delivered energies, say in the range of 1.0 or 2.0 
hp-hr/lb, is also less ef?cient, as improvements in fabric 
enhancement tend to taper off With further increases in 
energy. The use of high delivered energies can also cause 
greater fabric shrinkage, and can exacerbate the problem of 
interference patterns generated on the surface of the fabric 
by making traces of the jet streams more prominent in 
contrast to the yarn spacing in the fabric. 

[0013] Hydroenhancement technology is related to tech 
nology for hydroentanglement or hydraulic needling of a 
Web of ?bers to produce autogenously bonded nonWoven 
fabric. In hydroentanglement technology, it has been the 
practice to obtain the desired degree of ?ber entanglement 
With high energy input to the Web of ?bers. For the produc 
tion of large quantities of hydroentangled fabric, large-scale, 
high-speed hydroentanglement lines and multiple-manifold 
equipment have been employed to deliver the needed 
hydroentanglement energies to continuously running Webs. 
This type of large-scale equipment has also been used for 
hydroenhancement. HoWever, it has a large capital cost 
Which may only be justi?ed for operations that can utiliZe 
very high output rates. For diversi?ed product lines, the 
enhancement of different types of fabric in medium to small 
quantities requires equipment that is less capital intensive, 
adaptable to different fabrics, and more ef?cient to operate. 

[0014] It is therefore a principal object of the present 
invention to improve the efficiency of fabric hydroenhance 
ment by employing equipment that is smaller in siZe, can be 
adaptably con?gured for different types of fabrics, and 
delivers ?uid energies for hydroenhancement in an opti 
miZed manner Without Wasting energy. It is a speci?c object 
of the invention to obtain comparable or even improved 
enhancement of fabrics With equipment that is greatly 
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reduced in cost to build, operate, and maintain. A further 
object is to provide improved methods and equipment for 
fabric hydroenhancement that allow greater ?exibility in 
making process adjustments for enhancing different types of 
fabrics and types of surface treatments. Still further objects 
of the invention include reducing Warp yarn shrinkage and 
eliminating interference patterns in hydroenhancement of 
fabric. 

SUMMARY OF INVENTION 

[0015] In the present invention, the efficiency of fabric 
hydroenhancement can be improved by treating fabric With 
?uid jets at loW levels of ?uid energy per pass in multiple 
passes over the fabric. This can be carried out With compact 
equipment designed to simulate multiple passes on the 
fabric, Which is of smaller scale and signi?cantly reduced 
cost than conventional hydroenhancing equipment. 

[0016] In a preferred embodiment of improved hydroen 
hancing equipment in accordance With the invention, 
referred to herein as “jigging equipment”, a length of fabric 
is conveyed back and forth betWeen a pair of unWind/ 
Windup reels on a sinuous path betWeen a pair of manifolds 
for treating opposite sides of the fabric in multiple passes. 
The manifolds may be aligned at an angle to the vertical 
relative to support rolls supporting the fabric in order to 
alloW convenient drainage of ?uid aWay from the path of the 
fabric around the support rolls. This can eliminate the need 
for vacuum-suction removal of ?uid. As an improvement to 
reduce equipment siZe, small-diameter solid support rolls 
may be used in treating certain type of fabrics. 

[0017] The jigging equipment is con?gured to be self 
contained and small in siZe. Only tWo manifolds are used to 
treat both sides of the fabric. This eliminates the need for the 
large and costly type of conventional processing lines that 
employ multiple manifolds and an extensive conveyor and 
?uid removal system for treating fabric in one continuous 
run. Suitable hydroenhancement of fabric can be obtained, 
for example, by conveying it back and forth 5 to 12 times 
(depending on fabric construction and the enhancement 
desired) betWeen the reels With a manifold ?uid pressure of 
1800 psi. The total energy can be as loW as 0.12 hp-hr/lb 
(0.062 hp-hr/lb per side). The loW-energy, multiple-pass 
approach converts more of the delivered ?uid energy to 
enhancement energy for greater ef?ciency and reduction in 
Wasted energy, and also improves fabric coverage and 
reduces fabric shrinkage. 

[0018] Other preferred embodiments of improved 
hydroenhancing equipment utiliZe a manifold or manifold 
system that is reciprocated, rotated, or oscillated relative to 
the fabric transport to simulate multiple passes on the fabric. 
In one version, a short section of manifold is reciprocated 
across or at an angle to the fabric travel direction to apply a 
jet curtain in overlapping sWathes on the fabric in order to 
simulate multiple passes. The speed of reciprocating the 
manifold is selected relative to the fabric travel speed to 
obtain the desired number of passes per area of fabric per 
unit of time. 

[0019] In another version of the improved hydroenhance 
ment equipment, a pair of manifolds are coupled together 
and oscillated to simulate multiple passes on the fabric While 
conserving oscillation energy. The tWo manifolds can be 
arranged on the same side of the fabric to double the number 
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of passes, or on opposite sides of the fabric for tWo-sided 
treatment in one run. The manifolds may be placed at an 
angle to the fabric travel direction (and Warp yarns) for 
eliminating interference patterns in the fabric. 

[0020] In another version, a plurality of jet strips are 
mounted on a rotating drum manifold to apply multiple jet 
curtains in overlapping sWathes on the fabric in order to 
simulate multiple passes. The drum manifold may also be 
arranged at an angle to the fabric travel direction for 
eliminating interference patterns in the fabric. Each jet strip 
may be mounted in a jet module that is inserted in a cavity 
on the periphery of the drum and held in place by pressure 
?tting sealing strips. 

[0021] As another feature of the invention, a manifold for 
the improved hydroenhancing equipment, of the type having 
a plenum for receiving input ?uid under pressure and 
communicating through a roW of distribution holes to an 
output end mounting a jet strip With jet ori?ces formed 
therein, has a baf?e interposed doWnstream of the roW of 
distribution holes and in close proximity to the jet strip for 
inducing turbulence in the ?uid ?oW to cause the jets emitted 
from the jet ori?ces to have a constantly ?uctuating cross 
sectional shape, direction, and structure. For example, the 
resulting jets may be emitted as randomly spiralling ribbons. 
This results in distributing the delivered energy of the jets 
over a constantly changing impact area on the fabric for 
more ef?cient utiliZation of enhancement energy, and also 
improved enhancement of fabric including reducing or 
eliminating interference patterns in the fabric. 

[0022] Another, combined-manifold embodiment of 
improved hydroenhancing equipment employs paired mani 
folds, With a doWnstream manifold having jets pointing 
vertically doWnWard on the fabric and an upstream manifold 
having jets biased at an angle toWard the fabric travel 
direction. The combined-manifold con?guration results in 
improved utiliZation of delivered energy and fabric cover. A 
dense spacing of jets, or a double roW of jets, may be used 
to eliminate interference patterns. The manifolds may also 
be angled across the fabric travel direction to eliminate 
interference patterns. 

[0023] The loW-delivered-energy, multiple-pass technique 
can also be implemented With conventional hydroenhancing 
equipment by increasing the process (line) speed to reduce 
the energy per pass delivered to the fabric and processing the 
fabric With multiple manifolds and/or in multiple runs. Good 
results have been obtained by operating a conventional line 
With multiple manifolds operated at conventional ?uid pres 
sures and energy levels but at high line speeds so that the 
delivered energy per side is loWered. Good enhancement 
With loW energy delivered by multiple manifolds. 

[0024] Other objects, features, and advantages of the 
present invention are described in further detail beloW, With 
reference to the folloWing draWings: 

BRIEF DESCRIPTION OF DRAWINGS 

[0025] FIG. 1 illustrates relationship as knoWn conven 
tionally betWeen energy expended in hydrotreatment and the 
resulting coverage (measured in terms of air permeability) of 
the fabric. 

[0026] FIG. 2 is a schematic illustration of a conventional 
hydroenhancing line for enhancing the surface properties of 
fabric by hydrojet treatment. 
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[0027] FIG. 3 shows one embodiment of improved 
hydroenhancing equipment employing a pair of stationary 
manifolds on opposite sides of the fabric and a pair of 
unWind/Windup reels for simulating multiple passes on the 
fabric by jigging the fabric back and forth from one reel to 
the other. 

[0028] FIG. 4 is a schematic diagram of a preferred 
embodiment of the jigging hydroenhancement equipment 
having support drums provided With vacuum suction ele 
ments for Water removal. 

[0029] FIG. 5 is a schematic diagram of another embodi 
ment of improved hydroenhancing equipment employing a 
compact, reciprocating manifold for simulating multiple 
passes on a fabric Which enables the fabric to be enhanced 
in a cross direction in a continuous process. 

[0030] FIG. 6 shoWs a modi?cation of the manifold of 
FIG. 5 arranged to reciprocate at an angle to the fabric travel 
direction Which enables the fabric to be enhanced in a 
diagonal direction in a continuous process. 

[0031] FIG. 7 illustrates schematically hoW operation of 
the reciprocating manifold in the cross or diagonal direction 
avoids the generation of interference patterns With Warp 
yarns in the fabric. 

[0032] FIG. 8 is a schematic diagram of another embodi 
ment of improved hydroenhancing equipment employing a 
pair of oscillating manifolds on the same side of the fabric 
for simulating multiple passes on the fabric and enables the 
fabric to be enhanced in a diagonal direction in a continuous 
process. 

[0033] FIG. 9 shoWs a further version of improved 
hydroenhancing equipment employing a pair of oscillating 
manifolds on opposite sides of the fabric for simulating 
multiple passes on the fabric. 

[0034] FIG. 10 shoWs another embodiment of improved 
hydroenhancing equipment employing a rotating multi-strip 
drum manifold for simulating multiple passes on the fabric. 

[0035] FIG. 11 is a detailed schematic vieW of the rotating 
multi-strip drum manifold for simulating multiple passes on 
the fabric. 

[0036] FIGS. 12, 13, and 14 illustrate the effect of arrang 
ing the drum manifold at an angle to the fabric travel 
direction to eliminate interference patterns. 

[0037] FIG. 15 is a perspective vieW of a ?oW module for 
the rotating multi-strip drum manifold of FIG. 10. 

[0038] FIG. 16 is a cross-sectional vieW of the ?oW 
module inserted in the rotating multi-strip drum manifold of 
FIG. 10. 

[0039] FIG. 17 is a schematic vieW of another embodi 
ment of improved hydroenhancing equipment employing 
tWo manifolds combined together for improved hydroen 
hancement and fabric coverage. 

[0040] FIG. 18 is a graph of air permeability versus 
number of passes for different levels of total energy deliv 
ered, using the loW-delivered-energy, multiple-pass method 
of the present invention. 

[0041] FIGS. 19A, 19B are graphs of Warp and Weft 
shrinkage (in percentages) versus number of passes at dif 
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ferent levels of total delivered energy, using the loW-deliv 
ered-energy, multiple-pass method of the present invention. 

DETAILED DESCRIPTION OF INVENTION 

[0042] The present invention proceeds from the realiZa 
tion that equipment costs can be reduced and improvements 
in e?iciency of fabric hydroenhancement can be obtained by 
treating fabric With ?uid jets at loW levels of ?uid energy 
delivered to the fabric per pass in multiple passes over the 
fabric. This is in contrast to the conventional approach of 
using large-scale hydroenhancing lines Which treat fabric 
With relatively high amounts of total energy delivered in one 
processing run. 

[0043] It is theoriZed that in conventional hydroenhancing 
systems, When high ?uid energies are used, there is an initial 
blooming of yarns When the ?uid initially strikes the fabric, 
but most of the remaining energy is Wasted. The application 
of loW energy per pass in multiple passes in the present 
invention is counter-intuitive to the conventional approach 
of applying high ?uid energy With multiple manifolds. 
Delivering loW energy to the fabric per pass in multiple 
passes results in more “enhancement energy” being used for 
blooming yarn in the fabric and less energy being Wasted. A 
desired level of enhancement can be obtained cumulatively 
by subjecting the fabric to limited treatment in multiple 
passes. 

[0044] The loW-energy-per-pass, multiple-pass approach 
of the invention can be implemented using improved equip 
ment Which is compact in size and of reduced cost. The 
improved equipment is characteriZed by delivering a loW 
energy per pass and simulating multiple passes on the fabric. 
Certain preferred embodiments are described beloW. HoW 
ever, it should be understood that the loW-energy-per-pass, 
multiple-pass approach may be adapted to other types of 
hydroenhancing equipment Which utiliZe the same prin 
ciples dislcosed herein. 

[0045] 
[0046] Referring to FIG. 3, one embodiment of improved 
hydroenhancing equipment for carrying out the loW-energy 
per-pass, multiple-pass method of the present invention is 
shoWn having a pair of stationary manifolds 40a, 40b Which 
impact a roW of ?uid jet streams onto respective opposite 
sides of the moving fabric 12 against respective support rolls 
42a, 42b. The components are arranged compactly Within an 
overall containment structure 48. The fabric 12, guided 
around guide rolls 41, is jigged back and forth a number of 
times under the manifolds to simulate multiple passes, by 
unWinding it from one of the reels 44, 46 and Winding it up 
on the other reel, and vice versa. 

I. Compact, Jigging Hydroenhancing Equipment 

[0047] As an improved feature, the support rolls 44, 46 
may be small-diameter solid rolls Which have been found to 
be suitable for hydroenhancing some types of fabric. For 
eXample, the rolls may have a diameter of about 4 inches and 
a smooth or teXtured surface. With the small-diameter rolls, 
the manifolds can be aligned at an angle to the vertical 
direction relative to the rolls, in order to alloW convenient 
drainage of ?uid doWnWard aWay from the path of the fabric 
around the support roll. A simple Water catch pan 47 can be 
used to collect Water drained aWay from the jets of the 
manifold 42a impacting the fabric. The bottom of the overall 
containment structure 48 can be used to collect Water 
















