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[57] ABSTRACT 

Sheet material to be dried is conveyed through a dry 
ing region where a combination of radiant heat and 
heated gas is directed towards the material. The pro 
portion of radiant heat relative to the amount of 
heated gas is adjusted through the drying region so 
that a higher radiant heat/heated gas ratio is provided 
at the end of the path than at the beginning of the 
path. 

12 Claims, 3 Drawing Figures 
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DRYING SHEET MATERIAL 

BACKGROUND OF THE INVENTION 

The invention relates to methods and apparatus for 
drying sheet material such as, for example, paper webs. 
When paper has been coated with an aqueous coat 

ing consisting of solids suspended in water, a well 
known method of drying the paper consists of trans 
porting the paper web through a drying zone and 
directing hot air of low moisture content onto the 
coated side of the web at high velocity. In such a 
method the drying rate initially increases rapidly while 
the web warms up. This is followed by a period of dry 
ing when the rate of evaporation is substantially con 
stant. Finally there is a so called falling rate region of 
drying during which the evaporation of moisture 
proceeds at a continuously decreasing rate. During this 
latter period the remaining moisture may be below a 
surface which has been dried by the earlier stages of 
drying and consequently a barrier may be formed 
which reduces the effectiveness of the hot air stream in 
evaporating the moisture below the surface. Further 
more, during this period the moisture may migrate 
from the underside of the coating into the web. 

It is an object of the present invention to provide im 
proved methods and apparatus for drying and in par 
ticular which may be used to obtain improved drying 
results in the aforesaid falling rate region. 

SUMMARY OF THE INVENTION 

According to the invention there is provided a 
method of drying sheet material comprising transport 
ing the material to be dried along a path through a dry 
ing region, directing a combination of radiant heat and 
heated gas towards the material in the drying region 
and adjusting the proportion of radiant heat relative to 
the amount of heated gas along the path through the 
drying region so that a higher radiant heat/heated gas 
ratio is provided at the end of the path than at the 
beginning of the path. ' 
‘According to the invention there is also provided 

drying apparatus which comprises a conveying means 
for transporting material to be dried along a path 
through a drying region, a plurality of hot gas inlets 
spaced along the path for directing a ?ow of hot gas 
towards the path, a plurality of radiant heating devices 
spaced along the path for directing radiant heat 
towards the path, and heat control means for con 
trolling the proportion of radiant heat relative to the 
amount of heated gas directed towards the path so that 
a higher radiant heat/heated gas ratio is provided at the 
end of the path than at the beginning of the path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic section through part of a drying 
apparatus according to the invention, 

FIG. 2 is a schematic view of the upper part of the 
apparatus as seen from the line ll-II in FIG. 1, and 

FIG. 3 is a schematic view of an electrical control ar 
rangement used in the apparatus of FIGS. 1 and 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the drawings, the drying apparatus 
which may be used for drying sheet material such as a 
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2 
web of paper having an aqueous coating, comprises 
conveying means 11 for conveying the material to be 
dried along a path 12 through a drying region 13, a plu 
rality of hot gas inlets 14 for directing a flow of hot gas 
towards the path 12, a plurality of radiant heating 
devices 15 spaced along the path 12 for directing radi 
ant heat towards the path 12, and heat control means 
16 for controlling the proportion of radiant heat rela 
tive to the amount of heated gas directed towards the 
path 12 so that a higher radiant heat/hot gas ratio is 
provided at the end 17 of the path 12 than at the 
beginning 18 of the path 12. 
The drying apparatus is housed between an upper 

casing 19 and a lower casing 20. A hot air supply shown 
schematically at 10 is connected to a main chamber 21 
and this communicates with a number of subsidiary 
chambers 22 through apertures 23. The apertures 23 
are adjustable by the heat control means 16, which in 
the‘example shown in FIG. 1 consists of flap-valves l6 
controlled by slidable rods 24 which project through 
the upper casing 19 to allow adjustment of the valves 
16. A subsidiary chamber 22 is provided for each hot 
air inlet 14 so that the amount of hot air supplied to 
each inlet 14 can be individually adjusted. The inlets 14 
are formed as elongated narrow slits extending across 
the width of the path 12 as shown in FIG. 2. The slits 14 
are formed between adjacent tunnel members 25 which 
also extend across the entire width of the path 12. A 
rod-like radiant heating element 15 is mounted in each 
tunnel member 25 below a semi-cylindrical re?ector 26 
arranged to direct radiant heat evenly and directly over 
a relatively large area of the path 12. The reflectors 26 
are fixed to the ' tunnel members 25 by mounting 
brackets 27. A similar set of rod-like radiant heating 
elements 15 and re?ectors 26 are mounted at spaced 
positions below the path 12 and arranged to direct radi 
ant heat onto the lower face of material passing along 
the path 12. Elongated perforated plates 28 (shown 
more clearly in FIG. 2) are positioned between the 
sides of the reflectors 26 above the path 12 and the 
sides of the tunnel members 25. The apertures in the 
plates 28 form exhaust outlets from the region 13 for 
the air after drying the material. The exhaust air passes 
through the plates 28 to a region 31 bounded by the 
re?ectors 26 and the tunnel members 25, and is then 
drawn along the length of the tunnel members 25 to 
outlet ducts, at one or both sides of the apparatus, 
which are connected to suitable pumps 32 for produc 
ing sub-atmospheric pressures on the exhaust side. The 
exhaust air passes from the pumps 32 back to the 
supply 10 for recirculation, fresh air being mixed with 
the exhaust air as necessary at the supply 10. The con 
veying means 11 consist of a number of spaced rollers 
adapted to support the lower face of a paper web. One 
roller 11 is positioned between each pair of heaters 15 
and immediately below each inlet 14 so as to prevent 
distortion of the paper web by the air jet. 

It will be seen that the rollers 11 contact only the 
lower surface of the paper web so that the upper coated 
face remains untouched. 
As the air inlet slits 14 are positioned between ad 

jacent radiant heaters 15 and they project closer to the 
path 12 than the radiant heaters 15, substantially no in 
coming air passes over the radiant heaters 15 to 
thereby cool them. Furthermore, the exhaust apertures 
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in the plates 28 are so arranged between the inlets l4 
and radiant heaters 15 that substantially all the exhaust 
air is sucked up from the paper web without passing 
over the radiant heaters 15. 

In this particular example, the radiant heaters are 
electrically fired units giving peak radiation in the 
range 3 microns to 5 microns. Radiant heater control 
means 29 shown in FIG. 3 is provided with control 
knobs 30 to adjust the temperature of the radiant 
heaters 15 and thereby the wavelength of radiation 
emitted. Other types of radiant heater, such as gas ?red 
units, may alternatively be used. 

In use of the apparatus, material to be dried is trans 
ported along the path 12 through the drying region 13, 
a combination of radiant heat and heated gas is 
directed towards the material in the drying region 13 
and the proportion of radiant heat relative to the 
amount of heated gas is adjusted along the path 12 so 
that a higher radiant heat/hot gas ratio is provided at 
.the end 17 of the path 12 than at the beginning 18 of 
the path 12. A paper web is fed into the drying ap 
paratus from the right hand side as seen in FIG. 1 and 
hot air is fed into the main chamber 21 from the right 
hand side. The temperature of the air is at least 200° F 
and its velocity in the range 2,000 - 18,000 ft/minute 
on passing through the inlets 14 at the beginning of the 
path 12. The valves 16 are adjusted to reduce the aper 
tures 23 progressively along the path so that the 
velocity and temperature of the air passing through the 
inlets 14 gets lower towards the end 17 of the path 12. 
In this way the proportion of radiant heat relative to 
heated air directed onto the paper web is higher 
towards the end 17 of the path 12. The radiant heaters 
15 above the web may be adjusted by suitable setting of 
the control 29 so that they do not all provide the same 
amount of radiant heat. Similarly the radiant heaters 15 
below the web can be controlled by the control device 
29 so that they do not all provide the same amount of 
heat. The control means 29 may be arranged to allow 
adjustment of the, heaters 15 so that the drying ap 
paratus may be varied to provide different drying con 
ditions for different types of sheet material. The total 
amount of heat directed towards the web at the end 17 
may be less than the total amount directed towards the 
web at the beginning 18 but in all cases the proportion 
of radiant heat to heated air is higher at the end 17. 
The reason for this is that when the web enters the 

drying apparatus with a wet coating on its upper sur 
face, the heated air is particularly effective in the early 
stages of drying and the proportion of radiant energy 
needed is less. As the web progresses through the dry 
ing region 13, the “falling rate” drying region is 
reached where the remaining moisture may be trapped 
in the ?bers of the web. It is in this region that the radi 
ant energy becomes more effective and a higher pro 
portion of radiant heat produces more effective drying 
in this region. Up to the “falling rate” region the radi 
ant heat on the top of the web helps by augmenting the 
heat transfer to the water ?lm and it also causes turbu 
lence in the boundary layer in contact with the web. 
This causes better mass transfer of water vapor from 
the web and improves the heat transfer fromthe hot air 
to the water ?lm. Furthermore, by suitable selection of 
the radiation wavelength, the radiant energy may 
penetrate the water ?lm to cause earlier decrease in 
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water viscosity adjacent the web and thereby provide 
some control over the migration of the water into the 
web. This effect can be tuned in or out by adjustment of 
the radiant heaters. The radiant heaters below the web 
may also affect the capillary forces and thereby the 
migration of water into the web. This effect may also be 
tuned in or out by suitable adjustment of the lower radi 
ant heaters. During the falling rate region, most of the 
heat transfer to the moisture is effected by the radiant 
heat and as the quantity of vapor to be transported 
away is much reduced in these later stages of drying, 
the amount of hot air required is less. 
By providing the integrated heating system combin 

ing hot air and radiant heaters, higher drying rates are 
provided at improved power consumption. 

Although the example shown in FIG. 1 has only radi 
ant heaters below the web, it is possible to provide an 
integrated system combining hot air inlets with radiant 
heaters below the web, similar to that shown above the 
web, when necessary or desirable for the type of 
material to be dried. 

Although reference has been made above to use of 
the apparatus for drying paper webs, it will be un 
derstood that the apparatus may be used for drying 
other sheet material. 
When drying materials which have a coating which is 

chemically or heat sensitive, the wavelength of the 
radiation used may be tuned to a value which is ab 
sorbed by water and not by the sensitive coating. In this 
way, the moisture may be evaporated while maintain 
ing the coating at a lower temperature during the dry 
ing process. Conversely, the wavelength may be tuned 
so that the coating is heated to a higher temperature 
than the water. ‘ 

Although reference has been made to treating coated 
paper, it will be appreciated that the drying process 
may be used on uncoated paper. The above-mentioned 
range of 3 microns to 5 microns for the wavelength of 
radiation has been found the most effective in drying 
aqueous based coatings. However radiation outside this 
range may be used for drying other material. For exam 
ple, wavelengths in the range 3 microns to 8 microns 
may be used and microwave radiation may also be used 
instead of infra red radiation. 

In some instances it may be desirable to increase the 
power of radiation at a particular part of the drying 
cycle without changing the wavelength. Since power 
and wavelength are interdependant, ‘this effect can be 
achieved by having more than one rod element in a 
radiation source and switching on the required number 
of elements as desired. 
The radiant heat/heated gas ratio may be adjusted at 

any part of the drying cycle by providing a plurality of 
radiant elements in each radiation source and selective 
switching means for controlling the number of ele 
ments which are operative. This can be done by provid 
ing a number of rod like elements 15 side by side in 
front of each re?ector with each element extending 
across the path 12. Each element may be connected 
separately to the control 29 for selective operation. 

It has already been described with reference to the 
above example, how the heating characteristics can be 
adjusted along the length of the drying apparatus to 

. achieve desired drying rates and effects. Similarly it is 
possible to adjust the heating characteristics across the 
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web being dried. That is transverse to the web 12. The 
chambers 22 and heaters 15 may be subdivided in a 
direction across the path 12 so that the subdivided 
parts may be separately controlled to achieve the 
required effect on the moisture across the web. 

Although the re?ectors 26 are shown in the drawings 
as being semi-cylindrical, they may alternatively be 
formed with a parabolic shape in cross section. 

I claim: ' 

l. A method of drying sheet material comprising 
transporting the material to be dried along a path 
through a drying region, directing a combination of 
radiant heat and heated gas towards the material in the 
drying region and adjusting the proportion of radiant 
heat relative to the amount of heated gas along the path 
through the drying region so that a higher radiant 
heat/heated gas ratio is provided at the end of the path 
than at the beginning of the path. 

2. A method of drying sheet material according to 
claim 1 in which the amount of heated gas directed 
towards the material is reduced towards the end of the 
path. 

3. A method of drying sheet material according to 
claim 1 in which a combination of radiant heat and 
heated gas is directed towards the material from only 
one side of the path and radiant heat is directed 
towards the other side of the material. 

4. A method according to claim 1 in which the 
heated gas comprises air heated to a temperature of at 
least 200° F and the air is directed at high velocity 
towards the material through a number of inlet 
openings spaced apart along the path. 

5. A method according to claim 1 in which the radi 
ant heat comprises infra red radiation in the range of 3 
microns to 5 microns. 

6. A method of drying a web of sheet material having 
a coating on one side which comprises the steps of: 

a. passing the web through an elongate drying zone at 
a speed such that a predetermined time is con 
sumed by the passage of any prescribed point on 
the web from the entrance to the exit of said zone 
and adjusting the prescribed time such that as the 
web passes through the drying zone the drying rate 
initially increases rapidly followed by a period of 
drying when the rate of evaporation is substantially 
constant and ?nally reaches a falling rate region of 
drying during which the evaporation rate 
decreases continuously before reaching the exit of 
the drying zone; 

. directing heated gas against the coated side of said 
web at a plurality of transverse regions spaced 
between the entrance and exit of said drying zone 
while simultaneously withdrawing gas from the 
drying zone at either side of each such region; 

c. directing radiant heat energy against said coated 
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side of the web at a plurality of second transverse 
regions spaced between the ?rst transverse regions 
whereby the coated side of the web is subjected 
throughout said drying zone to a combination of 
radiant heat drying and heated gas drying; 

. adjusting the heated gas drying and radiant heat 
drying adjacent said entrance of the drying zone to 
provide a selected ratio of radiant heat drying to 
heated gas dryin ;and l 

. progressively re?ucmg the quantity of heated gas 
directed against the coated side of the web in the 
?rst transverse regions of step (b) from the en~ 
trance to the exit end of said drying zone while 
maintaining the radiant heat energy directed 
against the coated side of the web in the second 
transverse regions of step (c) such that the ratio of 
radiant heat drying to heated gas drying is greater 
within said falling rate region adjacent said exit of 
the drying zone than said selected ratio. 

7. A method as defined in claim 6 including the step 
of directing radiant heat energy against the uncoated 
side of said web at least within said falling rate region of 
drying to attenuate migration of moisture from the un 
derside of the coating into said web. 

8. Drying apparatus comprising conveying means for 
transporting material to be dried along a path through a 
drying region, a plurality of hot gas inlets spaced along 
the path for directing a flow of hot gas towards the 
path, a plurality of radiant heating devices spaced along‘ 
the path for directing radiant heat towards the path, 
and heat control means for controlling the proportion 
of radiant heat relative to the amount of heated gas 
directed towards the path so that a higher radiant 
heat/heated gas ratio is provided at the end of the path 
than at the beginning of the path. 

9. Drying apparatus according to claim 8 in which a 
combination of radiant heating devices and hot gas in 
lets is provided along one side of the path and a plurali 
ty of radiant heating devices alone are provided along 
the other side of the path. 

10. Drying apparatus according to claim 8 in which 
some of the sources of radiant heat comprise a plurality 
of separately operable elements which may be selec 
tively operated to vary the amount of radiant heat. 

11. Drying apparatus according to claim 8 in which 
the hot gas inlets are spaced from the radiant heating 
devices so that substantially all the incoming hot gas 
may reach the material to be dried without flowing over 
the radiant heating devices. > 

12. Drying apparatus according to claim 11 in which 
a plurality of gas outlets are provided between the gas 
inlets and the radiant heating devices so that substan 
tially all the gas, after ?owing over the material to be 
dried, may pass to an exhaust outlet without flowing 
over the radiant heating devices. 


