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Apparatus for drying damp web material having a dis-v 

ABSTRACT 

tribution chamber with inlet and outlet slots through 
which the material is moved, the chamber having 
means for receiving compressed gas to which the ma 
terial is subjected for uniform drying. ' 
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APPARATUS FOR DRYING DAMP WEB 
MATERIAL 

The present invention relates to a device for drying 
a web of damp material, i.e. material loaded with liquid 
or steam. 
The problem of drying web material is met with fre 

quently in industry, particularly in the textile industry, 
for example when it is necessary to decrease the wet 
ness ofa web of fabric leaving a dye bath or, more gen 
erally, an apparatus in which it has been subjected to 
treatment by a liquid or steam. 
The same problem exists with strips or yarns, for ex 

ample warped yarns, so the meaning of the word “web” 
in the following text should be de?ned at this stage. It 
refers to material which is in the form of a ?exible, 
wide, longitudinally continuous sheet, or of an assem 
bly of longitudinally continuous, narrow strips arranged 
one beside the other, or of yarns, the width, i.e. the di 
ameter, of which is very small and which are also posi 
tioned one beside the other. 
Various processes and corresponding apparatus al 

ready exist for the pneumatic drying of a web of damp 
material moving continuously in its own plane. Thus, 
for example, a table has already been used with which 
the web moves in contact, holes passing through the 
said table and forming a large number of ori?ces con 
nected to a vacuum pump. As it passes over these ori 
?ces, the liquid or steam contained in the web is aspi 
rated, this reducing the wetness of the web. 
However, such a process is not without disadvan 

tages: in particular its ef?ciency is very low because the 
depression is necessarily limited and the energy con 
sumed is badly utilised. 
The process consisting of projecting a compressed 

gas onto the web of damp material is much more ef? 
cient and many types of nozzles designed for this treat 
ment have been described. 
However, the use of jets of compressed air is not suf 

?cient when the uniform drying of wide webs is re 
quired. The apparatus then become more and more 
complex and less adaptable to the various types of 
products to be treated. 
The present invention is intended to overcome these 

disadvantages and proposes an ef?cient apparatus 
which adapts to the different products to be treated and 
permits drying of products which are very wide and/or 
have irregularities. The apparatus for drying a moving 
web of damp material includes a distribution chamber 
through which the web to be dried passes and which is 
adapted to be maintained under pressure, this chamber 
having means for receiving a compressed gas, for exam 
ple compressed air, from a calming chamber, and an 
input and an output passage for the web, each passage 
consisting of a slot. These slots are of a length of which 
is substantially equal to the width of the web to be dired 
and preferably adjustable in order to enable the appa 
ratus to be adapted to the various products to be 
treated. .» 

The apparatus can also have lateral slots and possibly 
particular devices for controlling the width of the web. 

When the web is very wide, the great width of the ap 
paratus can cause certain elements to bend. Moreover, 
when the material has irregularities, such as transversal 
extra thicknesses due for example to seams, auxiliary 
devices must be provided to correct these defects. 
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2 
This is the object of a particular embodiment of the 

invention, in which the distribution chamber is de?ned 
by two elements, at least one of which is deformable 
and is in equilibrium under the in?uence of on the one 
hand the pressure in the distribution chamber and on 
the other hand of an auxiliary balancing force. This 
force is preferably a counter-pressure applied to the 
mobile element, for example from an auxiliary gas flow. 
This gas flow may be constant or otherwise and adjust 
able or otherwise, depending upon the required work 
ing conditions. Furthermore, the apparatus has means 
for varying the auxiliary balancing force as a function 
of the pressure in the distribution chamber, for exam~v 
ple gas?ow transfer channels. The apparatus also has 
means for locally varying the pressure in the distribu 
tion chamber as a function of the local conditions of 
the gas fed to the said distribution chamber. These 
means will, for example, be channels creating a charge 
loss between the feed chamber and the distribution 
chamber, the latter then having a small cross-section. 

A better understanding of the invention will be ob 
tained from, and various secondary features and cer 
tain particular advantages will become apparent during 
the course of, the following description of some em 
bodiments, with reference to the attached drawings in 
which: 

FIG. 1 is a schematic, perspective view with a frontal 
section of an apparatus in accordance with the inven 
tion; 
FIGS. 2 and 2a are detailed views showing two modi 

?cations of the form of the lips of the chamber slots; 
FlG. 3 is a cross-section of the apparatus along the 

line lll - [ll of FIG. 1; ‘ 
FIG. 4 is a partial section of FIG. 3 in the case of a 

modi?cation; 
FIG. 5 is a particular embodiment of the apparatus of 

FIG. 1. 
If reference is made ?rstly to FIG. 1, it will be seen 

that the apparatus includes a lower table 1 on which the 
web to be dried 2 slides continuously. An elongate, hol 
low element, designated generally by 3, is arranged 
above web 2 and has at least one gas inlet 4, for exam 
ple for compressed air. The interior volume of hollow 
element 3 is preferably divided into two chambers 7 
and 8 by a partition 5 having judiciously distributed ori 
?ces 6. Chamber 7, known as the calming chamber, 
partition 5 and ori?ces 6 ensure suitable distribution of 
the gas in chamber 8, in such a way that the pressure 
prevailing in the latter is as uniform as possible. 

lt is obvious that element 3 could be the lower ele 
ment and element 1 the upper element. Similarly, the 
lower and upper elements could be identical to element 
3, with two drying gas supplies. 
Chamber 8, known as the distribution chamber, is de 

?ned by element 3 itself and by table 1 and is thus tra 
versed by the web to be dried 2. ' 
Table l and element 3 are substantially equal in 

length to the width of the web to be dried. The input 
and output passages for the web consist of elongate 
slots 9a and 9b, the length of which is also substantially 
equal to thewidth of the web. The thickness of these 
slots is adjustable, so that the apparatus can easily be 
adapted to any product to be dried, whatever its thick 
ness may be. Moreover, this facilitates starting of the 
equipment. In practice, this means that at least one of 
elements 1 and 3, or only the lips of the slots, must be 
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mobile perpendicularly tothe plane of the web to be 
dried. The means for effecting this adjustment in,.the 
thickness of the slots can be various and are in any case 
very simple. It is not, therefore, necessary to describe 
them here. 
These slots can be closed at their lateral ends as 

shown in FIG. 4 or can, on the contrary, be open, as is 
the case in the embodiment shown in FIG. 3. In this 
case they are extended along the lateral extremities of 
hollow element 3 by slots extending in the direction of 
passage of the web and between which the lateral mar 
gins of the web can move. 
These lateral extremities can be used to control the 

thickness of the web to be dried. As shown in FIG. 3, 
at least one detector 12 of the position of the margin 
of the web relative to a fixed reference mark can be 
provided. This detector, arranged adjacent to the trans 
verseal extremity of element 3, can be of any suitable 
type, for example optical or mechanical. It is so con 
structed as to emit an output signal which controls the 
adjustment of a valve 13 arranged in the gas supply 4. 
The feed pressure of the gas can thus be controlled into 
chamber 8 so that transversal stretching of the web is 
constant. 
The arrangement shown in FIG. 4 can also be used. 

In this case there are no slots at the ends of element 3; 
on the contrary, these extremities are closed and con 
sist, either on table 1 or on element 3, of full portions 
14 forming the lateral walls of the distribution chamber 
and de?ning guides for the lateral margins of the web. 
The distribution chamber then has a length slightly 
smaller than the width of the web to'be dried. ' 

In the particular embodiment of this apparatus for 
the treatment ‘of irregular and/or very wide materials, 
shown in FIG. 5, element 3 which includes the drying 
gas supply 4 is the lower element. The calming cham 
ber 7 is connected to distribution chamber 8 by con 
duits 6 playing approximately the same role as the par 
tition 5 with ori?ces shown in FIG. 1‘. The dimensions 
of these conduits are so determined as to cause the ap 
pearance of charge losses in the drying-gas ?ow and 
their distribution is judiciously selected for there to be 
a substantiallyuniform pressure in distribution cham 
ber 8, which itself has a small cross-section. Upper ele 
ment 22 is mobile between stops 27 and 28 on the 
upper framework 29. It is made of any locally deform 
able material, for example a thin metal sheet. This ele 
ment 22 is subjected on its lower surface 30 to the ac 
tion of the pressure prevailing in distribution chamber 
8. For it to be in equilibrium, it is therefore necessary 
to apply a secondary, auxiliary force to it. In’the em 
bodiment shown here, this force is'a counter-pressure 
applied to this element 22. For this purpose, this ele 
ment 22 has a deformable membrane 31 fixed tightly 
by any suitable means to a portion of its upper surface 
32. As this membrane 31 is deformable, it is possible to 
form a chamber 33 known as the equilibrium chamber 
between this membrane 31 and surface 32. This cham 
ber 33 communicates with distribution chamber 8 
through orifices 34, the purpose of which becomes ap 
parent below and the dimensions, number and distribu 
tion of which are selected as a function of the operating 
condition of the drying apparatus. Chamber 33, itself 
deformable, is fed with a stream of auxiliary gas, gener 
ally compressed air, the pressure and ?ow-rate of 
which are sufficiently low not to modify the action of 
the drying gas on the material to be treated. The supply 
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4 
of auxiliary gas can be made at any point judiciously se 
lected not to impede the mobility of the lamina. The 
flow rate of this auxiliary gas can be constant or other 
wise, depending upon the operating conditions. It can 
also be adjustable, for example as a function of certain 
parameters of the drying conditions. 

It will be understood that it would be possible to use 
any other system applying a uniformly distributed aux 
iliary force to element 22 to maintain it in equilibrium 
without departing from the scope of the invention. 
When element 22 is in equilibrium, the pressure in 

side equilibrium chamber 33 is then equal to the pres 
sure on the lower surface 30 of element 22 plus the 
charge losses to which the auxiliary flow has been sub 

l5 ject in conduits 34. The pressure on lower surface 30, 
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depending essentially on the pressure prevailing in dis 
tribution chamber 8, therefore depends upon two fac 
tors: the ?ow rate of the drying gas and the escape sec— 
tion of this gas, i.e. in fact the distance d between ele 
ment 3 and mobile element 22. To each pressure in 
equilibrium chamber 33 corresponds an equilibrium 
position of element 22, and a drying pressure in distri 
bution chamber 8. It is therefore possible to vary the 
drying pressure in distribution chamber 8 and the equi 
librium position of element 22 by varying the equilib 
rium pressure in the equilibrium chamber. In the par 
ticular ‘embodiment described here, it is sufficient for 
that purpose‘ to vary the ?ow rate of auxiliary gas, 
which is a particularly simple means of adapting the ap 
paratus described to any type of material to be dried. 

On the other hand, in addition to this possibility of 
adjusting the mean distance d between element 3 and 
mobile element 22, the apparatus described here pre 
vents local variation of d without. however preventing 
general variation in this same distance d. A local varia 
tion in d‘would be caused, for ‘example, by bending of 
the fixed'element, which bending will appear all the 
more rapidly as the apparatus is designed to treat very 
wide materials. A local variation in d causes a local var 
iation in the ?ow-rate of the drying air. As the cross 
section of the distribution chamber is small, there fol~ 
lows a local variation in the drying pressure (by varia 
tion of the charge losses in conduits 6) and therefore 
a local variation in the pressure on the lower surface 30 
of element 22. The great flexibility of this element 22 
enables it to be deformed locally. It thus prevents local 
variation in d and remains substantially parallel at all 
points to element 3, whatever the deformation of the 
latter may be. It acts to some extent as a corrector of 
local defects. ' 

The above process is only possible because of the 
localisation of variations in the drying pressure, (locali 
sation due to the small crosssection of the distribution 
chamber) in conjunction with uniform distribution of 
the auxiliary balancing force, this distribution permit 
ting the appearance of local lacks of equilibrium and 
thus the conformation of the two elements. 
On the contrary, this apparatus permits general and 

momentary variation in the distance d'made necessary 
in the case of ‘generalised defects. In fact, materials 
having accidental extra thicknesses have often to be 
treated, in particular the connecting seams of pieces 
placed end to end. In this case, the distance d must in 
crease and therefore element 22 move very rapidly out 
of the way of a defect. However, this element 22 must 
also return to its equilibrium position immediately after 
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passage of a defect to prevent the formation of wide, 
badly dried areas behind this defect. Conduits 34 which 
connect equilibrium chamber 33 and distribution 
chamber 8 enable the pressure in each of them and, 
therefore, the pressures balancing mobile element 22 
to be “compared” constantly. Thus they enable practi 
cally simultaneous variation of the two equilibrium 
pressures. When a general defect appears and causes a 
general variation in the pressure in distribution cham 
ber 8, this variation is transmitted to the pressure in the 
equilibrium chamber and causes displacement of mo 
bile element 22. The reaction of the apparatus is small 
— that is to say it is immediate and it disappears as soon 
as the defect which has caused it disappears. 

Similarly, it would be possible to make the lower ele 
ment rather than the upper element mobile. All of the 
features could also be regrouped on a single element or 
a device could even be produced with two identical ele 
ments, each of them having all of the features de-_ 
scribed. The apparatus is selected according to the ma 
terial to be treated and the type of defects to be cor 
rected. 
The general operation of the apparatus as illustrated 

in FIGS. 1 to 5 is, then, as follows. 
With web 2 moving in the direction indicated by ar 

rows A, inlet 4 is placed in communication with a com 
pressed-gas source. The gas flows through ori?ces 6 to 
distribution chamber 8 and, because of the presence of 
calming chamber 7, its pressure is substantially uniform 
in chamber 8. Acceleration of the gas is produced 
under the effect of expansion actually inside the web to 
be dried and not outside as happens when compressed 
air jets directed at the web are used. A ?rst drying ac 
tion is therefore obtained. 
Furthermore, the gas escapes through slots 90 and 9b 

as well as, where applicable, through the end slots and 
this action completes drying. The pressure at the inlet 
is controlled so as to obtain the best ef?ciency. In the 
zone of slots 9a and 9b mechanical wringing out of the 
liquid contained in the web has been noted, favoured 
by the porosity of the latter, which allows vibrations to 
appear. In fact the gas passes through the web (which, 
moreover, in the zone of the input slot travels in the op 
posite direction to the gas current) so that the latter is 
not permanently applied to the lower lip of the slot. 

In addition, in the areas of the two slots, a depression 
zone is formed due to the presence of the “divergent” 
resulting from the form of the slots; this favours evapo 
ration of the liquid, or at least of the water which it may 
contain. 
These two effects are again reinforced by the pres 

ence of grooves or baf?es 11 in the lips of the slots 
which favour the appearance both of vibrations and of 
localised depression zones. Moreover, the presence of 
these grooves decreases the mechanical friction of the 
web on the lips, thus facilitating its movement. 
The apparatus also enables the width of the web to 

be controlled and thus facilitates its winding on a take 
up roll or, more generally, its subsequent use. 

In the case of FIG. 3, an extension effect of the web 
controlled by the detector 12 has been noted at the lat 
eral extremities of chamber 8. 

In the case of FIG. 4, the edges of chamber 8 directly 
gauge the web. 
The large number of alternative constructions of this 

apparatus enable it to be adapted to any type of prod 
uct to be treated. 
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6 
What is claimed is: 
1. Apparatus for pneumatically drying a web of po 

rous damp material moving through said apparatus in 
a predetermined direction, said apparatus comprising 
first and second frame elements, said first frame ele 
ment including means for providing a web engaging 
surface along which the web being dried moves during 
operation of the apparatus and said second frame ele 
ment including means cooperating with said web en 
gaging surface for forming an air distribution chamber 
in said apparatus through which said web moves, and 
an air supply chamber formed therein in communica 
tion with said air distribution chamber for uniformly 
supplying pressurized air from a source thereof to said 
distribution chamber; said frame elements being 
spaced from each other a predetermined distance to 
de?ne therebetween inlet and outlet slots on opposite 
sides of said distribution chamber transversely to the 
direction of movement of said web through the appara 
tus and through which said web passes, said slots having 
a height dimension selected to be substantially equal to 
the thickness of the web being treated, whereby pres~ 
surized air supplied to said distribution chamber is 
forced into the web to escape from said distribution 
chamber through said slots, thereby to remove liquid 
from said web. 

2. The apparatus as de?ned in claim 1 wherein said 
web engaging surface is substantially air-impervious 
whereby said pressurized air squeezes said web in said 
distribution chamber forcing liquid out of the web and 
through said slots as the pressurized air escapes there 
from. . 

3. The apparatus as de?ned in claim I wherein said 
?rst and second frame elements include substantially 
superimposed spaced wall portions de?ning said inlet 
and outlet slots, at least one of said wall portions having 
a plurality of grooves formed therein extending trans 
versely of the direction of travel of said web whereby 
transversely extending baffles are de?ned in said at 
least one wall portion. 

4. The apparatus as de?ned in claim 1 wherein said 
?rst and second frame elements include opposed wall 
portions extending generally parallel to the path of 
travel of said web through the apparatus and on oppo 
site sides thereof, said opposed wall portions being 
spaced from each other to de?ne auxiliary slots in said 
apparatus which receive edge portions of said web and 
permit escape of part of the pressurized air from said 
distribution chamber. 

5. The apparatus as de?ned in claim 1 wherein said 
means providing said web engaging surface is mounted 
in said ?rst frame element for movement with respect 
to said second frame element in a direction generally 
perpendicular to the plane of said surface, under the 
in?uence of the pressurized air in said distribution 
chamber; and means for producing an auxiliary balanc 
ing force for maintaining said web engaging surface in 
a predetermined balanced position with respect to said 
second frame element. 

6. The apparatus as de?ned in claim 5 wherein said 
means providing said web engaging surface is formed 
of a ?exible material and is locally deformable. 

7. The apparatus as de?ned in claim 5 wherein said 
means for producing said auxiliary balancing force in 
cludes means for regulating said force as a function of 
the pressure in the distribution chamber. 
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8. The apparatus as defined in claim 5 wherein said 
first frame element has an auxiliary air chamber formed 
therein adapted to be connected to a source of pressur 
ized air and located adjacent said means providing said 
web engaging surface, and on the opposite side thereof 5 > 
from said surface, whereby the air pressure in said aux 
iliary chamber produces said balancing force. 

9. The apparatus as defined in claim 8 wherein said 
means providing said web engaging surface has a plu 
rality of apertures therein providing air communication 
between said auxiliary chamber and said air distribu 
tion chamber whereby air in said auxiliary chamber es 
capes therefrom through said apertures in accordance 
with the air pressure in said distribution chamber, 
thereby to vary the pressure in said auxiliary chamber 
and the balancing foce produced thereby. 

10. The apparatus as defined in claim 1 wherein said 
?rst frame element has an auxiliary air chamber formed 
therein opening towards said air distribution chamber 
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8 
and said means providing said web engaging surface 
comprises a plate formed'of a ?exible material movably 
mounted in said ?rst frame adjacent said auxiliary air 
chamber for movement towards and away from said 
second frame element, said auxiliary air chamber being 
operatively connected to a source of air whereby an 
auxiliary balancing force is produced on said plate for 
maintaining said web engaging surface in a predeter 
mined balanced position with respect to said air distri 
bution chamber-under the in?uence of the air pressure 
in said air distribution chamber; said plate having a plu 
rality of apertures therein providing air communication 
between said auxiliary chamber and said air distribu 
tion chamber whereby air in said auxiliary chamber es 
capes therefrom through said apertures in accordance 
with the air pressure in said distribution chamber, 
thereby to vary the pressure in said auxiliary chamber 
and the balancing force produced thereby. 
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