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[57] ABSTRACT 

Regenerative compression-combustion-expansion 
cycle engines are utilized to generate hot, high pres 
sure gases for heat transfer use. The gas generation 
equipment includes temperature modulation by water 
injection, recycle of spent gas, and injection of tur 
bine-expanded gas into the main hot gas stream. Sepa 
rate combustion chambers are also utilized for exploit 
ing low-cost fuel and increasing gas temperature. Spe 
cial heat transfer equipment including helical nozzle 
arrays are provided for paper drying, the nozzle arrays 
being arranged to indirectly heat materials, such as pa 
per, being dried, to radiantly heat such material, and 
to directly heat such material by impinging hot gas di 
rectly thereon. Continuously cleaned rotary ?lters, as 
well as jet operated doctor blades may be used in asso 
ciation with the nozzles. I-Iot high pressure gases are 
also employed for water removal from paper and simi 
lar materials by being forced through wet paper car 
ried between two felts, and equipment leading the gas 
to and away from such a felt-papersandwich is pro 
vided. One embodiment of such equipment includes 
an impervious gas conducting belt. The use of hot high 
pressure gases as a source of ?ow and turbulent en 
ergy for heat transfer purposes results in extremely ef 
?cient heat utilization, and the heat transfer equip 
ment exploits to the fullest the properties of such hot 
high pressure gases to minimize ?lm resistance to heat 
transfer. 

20 Claims, 30 Drawing Figures 
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METHOD FOR HOT GAS HEAT TRANSFER, 
PARTICULARLY FOR PAPER DRYING 

This is a continuation of application Ser. No. 
129,165, ?led Mar. 29, 1971, which in turn, is a contin- 5 
uation of application Ser. No. 705,778, ?led Feb. 15, 
1968 both of which are now abandoned. This invention 
relates to the art of heat transfer and especially to that 
part of heat transfer art in which hot gases are utilized 
as a heat transfer material. It is particularly concerned 
with drying operations by the use of hot gases such as 
the drying operations involved in the manufacture of 
paper or paperboard; 

In one of its broader aspects the invention is con 
cerned with the provision of methods and equipment 
for generating hot gases in a form which is particularly 
suited for effective heat transfer use. Another aspect of 
the invention involves methods and equipment for 
making the most effective use of such hot gases. 
A number of the features of the present invention are 

of special advantage in the paper drying ?eld. In order 
to produce paper at desirably high rates, it is necessary 
to have means for delivering large quantities of heat to 
the paper. As will be discussed further herein, the rate 
at which heat is transferred is dependent upon several 
factors, among them the coefficient of heat transfer, 
the temperature gradient, and the length of time during 
which the paper is exposed to the drying action of the 
hot gases. 

In accordance with the invention steps are taken to 
maximize the heat transfer coefficient by generating 
the hot gases at high pressures, by utilizing the pressure 
of the hot gases to generate rapid turbulent ?ow of the 
gases past the heat transfer surface, and by utilizing es 
pecially constructed means for bringing the hot gases 
into turbulent contact with the heat transfer surface. 
The net effect of these steps is to reduce the ?lm thick 
ness in the gases at the heat transfer surface, which ?lm 
is the primary resistor of heat ?ow across the surface. 

In order to develop the rapid turbulent flow of the 
heat containing gases past the heat transfer surface, the 
invention contemplates the provision of a heat engine 
especially con?gured to generate hot gases at high 
pressure. The high pressure gases are expanded to con 
vert a portion of the energy stored in them to kinetic 
energy of ?ow‘adjacent the heat transfer surfaces. The 
energy stored in the gas by reason of its pressurization 
is also used to transfer gas from the heat engine to and 
beyond the heat exchange surface. 
The kinetic energy of ?ow in the gas moving through 

the conduits and past the heat transfer surface is dissi 
pated by being converted into heat. But the heat so 
generated is utilizable for heat transfer purpose in the 
same manner as the heat initially stored in the gas. Thus 
it can be seen that, except for minor radiation losses, 
substantially the entire energy input at the heat engine 
is available for heat transfer. The theoretical limit for 
efficiency of heat transfer is thus 100%. 

In the preferred embodiments, the heat engines are 
so arranged internally, and in their cooperation with 
the remainder of the heat transfer system, that substan 
tially no shaft work is performed-by the heat engine on 
the surroundings. Internally, however, a portion of the 
energy of combustion resulting from the burning of fuel 
in the engine is utilized to operate gas compressor 
means. The gas no compressed is raised in temperature 
by being mixed with fuel, and the resulting mixture is 
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2 
combusted in a combustion chamber to provide the 
high pressure heat transfer gases. 

In the preferred embodiments the heat engine is of 
the regenerative compression-combustion-expansion 
cycle type as typi?ed by gas turbines and free piston en 
gines. In addition, high temeprature gas eductors or 
ejectors are advantageously utilized as components of 
the heat engine. They are especially useful in connec‘ 
tion with certain features of the invention to be dis?‘ 
cussed more fully below, namely, the provision of re 
cycle of a portion of the heat transfer gases and the pro 
vision of modulating material in the heat transfer gases. 
Various combinations of compressor means, compres 
sor drive means, combustion chamber means and ejec 
tor means can be provided to form the heat engine gen 
erators of hot high pressure heat transfer gases in ac 
cordance with the invention. 

It is an object of this invention to provide methods 
and apparatus for generating hot high pressure gases 
for heat transfer use. I 
Another object of the invention is the provision of 

generating means and methods for creating hot high 
pressure gases through a compression-combustion 
expansion-type cycle, in a manner to recover substan 
tially all the energy put into such means, through the 
fuel, for heat transfer purposes. 
Another object of the invention is to provide heat 

transfer equipment, especially drying equipment, 
adapted to fully exploit heat transfer properties of hot 
high pressure gases. 

Still another object of the invention is the provision 
of improved plenum and nozzle systems for use in heat 
transfer, especially for paper drying. 
Another object of the invention is the provision of 

hot high pressure gas heat transfer devices arranged to 
utilize a gas in a series of stages. 
A further object of the invention is the provision of 

improved ?lter mechanisms for cleaning hot high pres 
sure gases in connection with their use as heat transfer 

materials. 
An additional object of the invention is the provision 

of methods and equipment for utilizing hot high pres 
sure gases to effect heat and mass transfer to dry paper 
by passing such gases through a web of wet paper. 
Other objects of the present invention, together with 

the above objects, may be more readily understood by 
considering the detailed description which follows, to 
gether with the accompanying drawings in which: 
FIG. 1 is a diagrammatic illustration of regenerative 

compression-combustion~expansion cycle equipment 
for generating hot high pressure heat transfer gases; 
FIGS. 2 through 11 are diagrammatic illustrations of 

other embodiments of thepinvention utilizing heat en 
gines for generation of hot high pressure heat transfer 
gases; 
FIG. 12 is a somewhat simpli?ed sectional eleva 

tional view of a paper drying drum constructed in ac 
cordance with the invention; 
FIG. 13 is a cross sectional end view of the paper 

drum of the FIG. 12, the section being taken approxi 
mately along line 13-13 of FIG. 12; 
FIG. 14 is a cross sectional view, on an enlarged 

scale, of nozzles employed in the unit of FIGS. 12 and 
13; . 
FIG. 15 is a perspective diagram illustrating certain 

gas flow characteristics of gases being utilized in the 
unit of FIGS. 12 and 13; 
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FIG. 16 is a somewhat diagrammatic perspective 
view of a gas ?lter unit construced in accordance with 
the invention with some parts being broken away; 
FIG. 17 is a graph of typical drying characteristics for 

paper; 
FIG. 18 is a perspective view, somewhat simpli?ed, 

with parts broken away, of another embodiment of heat 
transfer equipment for utilizing hot high preasure 
gases; 
FIG. 19 is a cross sectional elevational view of a jet 

doctor blade utilized in the unit of FIG. 18; 
FIG. 20 is a cross sectional elevational view of appa 

ratus constructed in accordance with the invention for 
directing hot high pressure gas through paper to effect 
water removal therefrom; 
FIG. 21 is a cross sectional end elevation of the appa 

ratus of FIG. 20, the section being taken approximately 
on the line 21—21 of FIG. 20; 
FIG. 22 shows in cross sectional elevational view of 

an alternate embodiment of equipment suitable for dry 
ing paper by forcing hot high pressure gas there 
through; 
FIG. 23 is an end cross sectional view of a special belt 

for use in the apparatue of FIG. 22; 
FIG. 24 is a plan view of the belt of FIG. 23; 
FIG. 25 is a plan view of the belt of FIG. 23 with one 

layer thereof removed; 
FIG. 26 is a cross sectional elevational view of an al 

ternate embodiment of the belt of FIG. 23; 
FIG. 27 is a fragmentary cross sectional elevational 

view of the apparatus of FIG. 22, with parts omitted for 
the sake of simplicity; 
FIG. 28 is a fragmentary cross sectional elevational 

view of a special seal utilized in the apparatus of FIG. 
27; 
FIG. 29 is a diagrammatic perspective view, with 

parts broken away, of another embodiment of equip 
ment designed to utilize such hot high pressure gases by 
passing such gases through the paper. 
FIG. 30 is a somewhat diagrammatic perspective 

view of another embodiment of the invention adapted 
to remove water from very wet paper. 
PRODUCTION OF HOT HIGH PRESSURE GASES 

FOR HEAT TRANSFER USE 
As mentioned above, in accordance with the inven 

tion, high temperature, high pressure, gases are created 
in a regenerative compression-cumbustion-expansion 
cycle for heat transfer. The use of the hot high pressure 
gases will be discussed later herein, but at this point at 
tention is concentrated on means and techniques for 
creating them. In this connection, attention is directed 
to FIG. 1 through 11, which illustrate the various ar 
rangements of regenerative compression-combustion 
expansion cycle equipment for these purposes. 
Throughout this series of figures, the turbine compres 
sor portion of a gas turbine is indicated by the letter C, 
while the driving turbine is indicated by the letter T. In 
those instances where free piston devices are shown, 
they are marked with the letters FP. Combustion cham 
bers in which fuel is mixed with compressed air and 
burned are marked with the letters CC. Directions of 
?ow are indicated by arrows and various legends ap 
pear on the ?gures to aid in clarity of presentation. 
Turning now to FIG. 1, there is shown a system em 

ploying a gas turbine 50 having a compressor C, and a 
driving turbine T connected to compressor C by shaft 
51. Air is drawn into compressor C through line 52, 
where it is compressed as the rotor of compressor 
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4 
turns. The compressed air is delivered through line 53 
to combustion chamber CC. Fuel is injected into the 
compressed air through line 54 as it is fed into the com 
bustion chamber. The mixture of fuel and compressed 
air undergoes combustion in the combustion chamber, 
producing pressurized, high temperature gases. The 
main stream of such gases leaves the combustion cham' 
ber CC through line 55 which delivers it to the blades 
of turbine T of the gas turbine. In the preferred ar 
rangement, the only load on the gas turbine is that of its 
compressor, and therefore the only depletion of the en 
ergy in the high temperature gases, aside from minor 
friction losses, is that use for compressing or entering 
the system. If desired, a minor shaft load may be placed 
on the turbine, although this will result in some reduc 
tion in overall ef?ciency of the system as a means for 
heat transfer. 
Because the only work extracted from the high pres 

sure gases passing through turbine T is that utilized for 
air compression, the exhaust gases ?owing from the 
turbine through line 56 are still quite hot and are still at 
high pressure. These are utilized in heat transfer units 
diagrammatically indicated as a series of blocks 57. In 
the embodiment of FIG. 1, the gases are expanded dur 
ing the course of heat transfer to less than atmospheric 
pressure; hence, they are restored to atmospheric pres 
sure by fan 58 before being exhausted through line 59. 
If desired, a portion of the hot high pressure gases from 
the combustion chamber CC can be drawn off through 
line 60 for direct use as heat transfer ?uid without hav 
ing been passed through turbine T. Similarly, if desired, 
a portion of the combustion products can be drawn o?‘ 
through line 61 for use in an auxilliary steam generator 
or for other auxilliary purposes. 
In a system such as that shown in FIG. 1, the presence 

of turbine T between the combustion chamber CC, and 
the point of use of the hot high pressure gases for heat 
transfer (57), presents two limitations which can be ac 
cepted for some purposes. However, in accordance 
with the invention, means are provided for overcoming 
or avoiding both of these limitations, and these means 
are shown in FIGS. 2 through 11. The ?rst limitation is 
that the materials of construction of the turbine T can 
withstand only a certain temperature, the precise value 
depending on the particular material used to contruct 
the turbine. The second limitation is that comparatively 
clean, and hence, comparatively expensive, fuel must 
be burned to form the gases passing through the tur 
bine. If low cost fuel, such as bunker C, is used, the 
combustion products tend to be less clean and corro~ 
sive to the turbine, thus shortening its life. 
One step contemplated in accordance with the inven 

tion for overcoming the above limitations is the provi 
sion of a second combustion chamber in addition to the 
combustion chamber supplying gases to the turbine T. 
As will be explained below, the gases from the second 
combustion chamber are not passed through the tur 
bine T, but are rather used direct for heat exchange 
purposes. Fuel which is cheaper and which produces 
“quasi clean” combustion products or products which 
would otherwise corrode turbine blades can be sup 
plied to such a chamber. In addition, the operating con 
ditions in such a chamber may be such that the temper 
ature of the gases produced therein exceeds the tem 
perature limitation of the turbine T. Such an arrange 
ment is shown in FIG. 2, which illustrates a device simi 
lar in most respects to FIG. 1 except for the provision 
of a second combustion chamber CC-Z having a fuel 
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supply separate from that for the ?rst combustion 
chamber CC. The extremely hot gases from combus 
tion chamber CC-2 are not passed through turbine T, 
but are fed directly to the heat transfer units. Com 
pressed air is provided by compressor C both for com 
bustion chamber vCC which feeds hot gases to turbine T 
and to combustion chamber CC-2 which feeds very hot 
high pressure gases to the heat transferring units. 

In connection with FIG. 2, it should also be pointed 
out that in accordance with another aspect of the in 
vention, a portion of the gases which are passed 
through the heat transfer units can be recycled and 
mixed with fresh incoming gas originating in combus 
tion chamber CC-2. For this purpose an ejector mixer 
60 is provided to draw spent gases through recycle line 
61 into the feed stream to the heat transfer units. 

In the unit of FIG. 2 the gases passing through turbine 
T and issuing from that turbine through line 62 are ex 
hausted. They can, of course, be passed through a se 
ries of heat transfer units such as those shown in FIG. 1. 
However, in accordance with an important feature of 
this invention, it is preferred to mix the gases issuing 
from turbine T with the hotter gases issuing from com 
bustion chamber CC-2, and to transfer this mixture to 
the heat transfer units. This feature is shown in FIG. 3 
where it can be seen that gases issuing from turbine T 
through line 62 are blended with hot gases from com 
bustion chamber CC-2 in ejector 60. In FIG. 3 recycle 
line 61 is shown as a dashed line, since it may be omit 
ted. The arrangement of figures is especially advanta 
geous because in addition to fully exploiting the heat 
content in the gases issuing from turbine T for heat 
transfer purposes, these gases are also used to modu 
late, to the extent desired, the temperature of the hot 
gases issuing from combustion chamber CC-2. Such 
modulation may be desired to lower the temperature of 
the gases fed to the heat transfer units to a suitable 
level. 
FIG. 3 also illustrates a further feature of the inven 

tion. This is the provision of water injection means 63, 
through which water in fed into ejector 60. Addition of 
water to the gas stream passing through the ejector 60 
permits further modulation of the temperature, if this is 
desired, without any substantial degradation of the de 

‘ sirable high pressure of the gases. Water injection also 
increases the mass ?ow of the gases fed to the heat 
transfer unit. The water added at ejector 60 is, of 
course, converted into superheated steam and the heat 
consumed in this conversion is not lost, but is available 
for recovery in the heat transfer units. 

In summary, the units shown in FIGS. 2 and 3 for 
I generating hot high pressure gases for the heat transfer 
units make use of a separate combustion chamber for 
generating gases hotter than can be tolerated by the 
turbine T, and these gases can be modulated in temper 
ature by recycle, by water injection, and by mixing with 
the turbine exhaust gases. “Quasi clean” burning fuel 
can be used in the second combustion chamber, while 
a clean burning fuel is used in the ?rst combustion 
chamber supplying gases to the turbine. 
The unit shown in FIG. 4 makes use of only a single 

combustion chamber, and in this respect is like the unit 
of FIG. 1. However, the combustion chamber CC of 
FIG. 4 is designed to produce gases hotter than can be 
tolerated by turbine T. The bulk of these gases are fed 
through ejector 60 where they are mixed ‘with recycle 
gas from line 61 if desired, and are fed to the heat trans 
fer units. A portion of the very hot high pressure gases 
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6 
from combustion chamber CC are fed to turbine T, but 
are modulated in temperature by the injection of water 
through line 64. In the unit of FIG. 4, therefore, the tur 
bine imposes no substantial temperature limitation on 
the gases issuing from combustion chamber CC, al 
though these gases must still be relatively clean. 
FIG. 5 illustrates a unit similar to FIG. 4, which has 

been modi?ed in several respects. Again it is a single 
combustion chamber type device using water injection 
modulation of the gases fed to turbine T through the 
combustion chamber. In addition, the gases issuing 
from turbine T are mixed with the very hot high pres 
sure gases from combustion chamber CC in ejector 60. 
As in FIG. 3, provision is made for injection of water 
through line 63 to ejector 60 for further temperature 
modulation and increase of mass ?ow. 
FIGS. 6 and 7 show additional single combustion 

chamber arrangement. Again, in each of these ?gures 
the combustion chamber CC is arranged to‘ produce 
gases hotter than can be tolerated by turbine T. In FIG. 
6, the gases to be fed to turbine T are taken from the 
dowstream side of ejector 60 and therefore comprise a 
mixture of gases from combustion chamber CC and re 
cycle gases from line 61. These gases are, of course, 
modulated in temperature by the recycle gases, and 
hence may be safely passed through turbine T. In addi 
tion, water may be injected through line 64 into the 
gases passing to turbine T to further lower their tem 
perature. Once again, the turbine imposes no tmepera 
ture limitation on the temperature produced by the 
combustion chamber CC but does impose a cleanliness 
limitation on it. The arrangement of FIG. 7 is much like 
that of FIG. 6 except that an additional water injection 
line 63 leads to ejector 60 for temperature modulation 
purposes to replace or supplement the temperature 
modulation accomplished by recycle gases in line 61. 
The embodiments of FIGS. 8 through 11 share a 

common feature, that of a free piston device. Inasmuch 
as free piston cycles are well-known in the art, the free 
piston devices shown on these ?gures are shown only 
very diagrammatically. As is know, a free piston unit 
compresses air, mixes furel with it, burns it, and ex 
haust hot high pressure gases. These gases may be 
mixed with additional fuel for further combustion. Fur 
thermore, compressed air, as well as high pressure 
combustion gases may be taken as a product from the 
free piston unit. 

In the unit of FIG. 8, there is provided, as in other 
units discussed above, a gas turbine having a compres 
sor C and a turbine T. The compressed air produced in 
compressor C is mixed with fuel and combusted in 
combustion chamber CC, the hot high pressure gases 
issuing from compression chamber CC passing through 
the ejector to the transfer units. Recycle gas passing 
through line 61 is mixed with the gas from combustion 
chamber CC. In this respect, the unit of FIG. 8 operates 
much like the unit of FIG. 2 and the units of other ?g 
ures. None of the gas from combustion chamber Cl is 
used for driving turbine T. Gas for this purpose is pro 
duced in the free piston unit FP and a mixture of com 
pressed air and exhaust combustion gases from this unit 
are fed through line 65 to the turbine. The gases issuing 
from the turbine through line 62 may be employed di 
rectly for heat transfer purposes or may be exhausted. 
The unit of FIG. 9 is a modi?cation of that shown in 

FIG. 8 and includes as additional features the mixing of 
the exhaust gases turbine T passing through line 62 in 
ejector 60 with the hot high pressure gases from com 
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bustion chamber CC. In this ?gure, recycle mixing 
through line 61 is shown in dotted lines as an optional 
feature, as is water injection through line 63. The ob 
jects achieved by this arrangement are the same as dis 
cussed above, that is, the hot high pressure gases from 
combustion chamber CC are modulated to the extent 
desired by being mixed with turbine exhaust gases and, 
if desired, recycle gases and water. 

In FIGS. 10 and Ill free piston units are shown which 
do not operate in conjunction with gas turbine units. In 
the installation of FIG. 10, compressed air from the 
free piston unit FP is delivered through line 67 to com 
bustion chamber CC, where it is mixed with fuel and 
burned to produce hot high temperature gases which 
are then passed to the heat transfer units by means of 
ejector 60 which blends recycle gas from line 61 with 
the combustion gases. The combustion gases from free 
piston unit FP are delivered through line 68 for sepa 
rate use. If desired, some of these gases may be deliv 
ered through line 69 to combustion chamber CC where 
they enter the stream of gases passing to the heat trans 
fer units. FIG. 111 shows an installation much like that 
of FIG. 10 except that water injection means are pro 
vided for injecting water through line 63 to ejector 60 
for temperature modulation purposes. 
With the foregoing description of a number of de 

vices for producing hot high pressure gases for heat 
transfer use in hand, some general comments concern 
ing features of the present invention as they apply to 
such means can be made. First, the gases heat transfer 
use are generated in regenerative compression-com 
bustion-expansion cycles, and the fuel is commonly in 
troduced into the cycle at the combustion stage after 
the combustion air has been compressed. Secondly, the 
cycles employed, whether they are performed in a gas 
turbine, 21 free piston device, or in a combination of 
both kinds of devices, result in the production of high 
pressure hot gases which are expandible, and are, in 
fact, at least in part expanded, either in a turbine device 
or in a free piston device, to provide the energy neces 
sary to compress air entering the cycle. Thirdly, it 
should be noted that in the preferred arrangements, 
there is no shaft load on any of the devices by which the 
compression~combustion-expansion cycle is carried 
out, other than an internal load for operating the com 
pression operation of the cycle. In other words, no net 
work is removed to the surroundings from the gas gen 
eration equipment in accordance with the preferred ar 
rangement. Fourthly, if special steps are taken, at least 
part of the combustion portion of the cycle can be per 
formed under conditions where the gases produced are 
both too hot and too dirty for use in driving mecha 
nism, such as a turbine, for powering the compression 
stage of the cycle. These special steps include mixing of 
water into the gases to modulate the temperature, and 
provision of a separate combustion source for provid 
ing gases to drive the turbine or other device for com 
pression power. These means may be used separately 
or in combination. Fifthly, the temperature of the com 
pression gases can be modulated for heat transfer use in 
several ways. The preferred way is to mix them with 
gases which have been used in the expansion portion of 
the cycle, which maximizes the efficiency of the use of 
both streams of gases. In addition, and alternately, the 
gases may be modulated by being mixed with recycle’ 
gases or by having water injected into them. The last 
means also increases the mass flow of gases to the heat 
transfer units without substantial loss of pressure. 
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UTILIZATION OF HOT HIGH PRESSURE GASES 

FOR HEAT TRANSFER PURPOSES 

The hot high pressure gases generated by the means 
and in the manner just described differ from more con 
ventional heat transfer ?uids, such as steam, or fan 
driven heated air, in several material respects. They are 
hot, having a temperature as high as about 900° to 
l500°F., if they come directly from combustion cham 
her, or 600° to 1200°F., if they come from the turbine 
exhaust. Furthermore, the gases are at high pressure, 
and the energy represented by their high pressure is po 
tentially available for creating turbulent flow and con 
version into heat for heat transfer purposes. The gases, 
unlike steam (which can also be hot and at high pres 
sure) are, in the main, made up of noncondensibles. 
Thus, they consist of nitrogen, unburned oxygen, car 
bon dioxide, and carbon monoxide as well as a certain 
amount of water vapor resulting from combustion of 
hydrogen in the fuel and/or the injection of water into 
the gases as outlined above. Despite a certain measure 
of water vapor in the gases, they differ radically from 
steam in that the fraction of condensibles is relatively 
low. This combination of properties in the hot high 
pressure gases generated in accordance with the inven 
tion gives them great potential for use as a heat trans? 
uid, especially in drying operations of the kind neces 
sary in the production of paper, kraftboard and the 
like. 
However, in order to fully exploit the potential of the 

hot high pressure gases for heat transfer purposes, spe 
cial steps and equipment arrangements are necessary. 
These will be discussed in this section, chie?y in the 
context of paper drying. 
Because the operating conditions for various paper 

drying operations vary so widely, the application of the 
invention will be described with reference to several 
different characteristic types of paper drying opera 
tions and equipment. These different operations will 
also illustrate varsatility of the present invention in heat 
transfer systems having widely varying operating condi 
tions. 

YANKEE AND MG DRYERS 

Yankee and MG Dryers are commonly used in the 
paper industry for forming light weight tissue-type pa 
per. The water is removed from the paper in a single 
pass around a relatively large diameter drum. Such dry 
ing is characterized by high heat ?ows and relatively 
high temperature, although care must be taken to avoid 
excessive temperatures which will degrade the paper. 
FIGS. 12 and 13 illustrate the application of various 

features of the present invention to a Yankee-or MG 
type dryer. The dryer has a relatively large diameter 
drum 80., which is rotated counter-clockwise as FIG. 13 
is drawn. Wet paper is carried to the dryer on a web or 
felt 81 and is transferred to drum 80 by means of pres 
sure roll 82. The paper, after drying, is stripped from 
the drum 80 by doctor blade 83. The strip of paper is 
designated in FIG. 13 by the letter P. 
Heat for drying the paper is supplied to the Yankee 

type drum by hot high pressure gases generated by the 
means and methods described above. Heat transfer is 
effected between these gases and the drum 80 and the 
paper P in three stages, according to the preferred em 
bodiment. The heat transfer gas may be used serially in 
the three stages, or, two or more of the stages may be 
supplied with gas directly from the generating means. 



3,919,783 
The three stages, in their preferred sequence, if the gas 
is passed through them serially, are ?rst, heating by gas 
impingement on the internal surface of the Yankee, 
drum; second, radiant heating of the paper from a point 
outside the drum; third, the direct impingement of heat 
transfer gases onto the paper being carried by the 
drum. ‘ 

The Yankee drum 80 consists generally of a cylindri 
‘_ cal surface 84 having two gas-tight end pieces 85 and 
86 ?tted to it. The end pieces include shaft members 87 
and 88 journaled respectively in bearings 89 and'90. 
The construction just described results in a drum dryer 
mounted for rotation, which drum dryer is adapted to 
contain hot heat transfer gases in the interior thereof. 
As mentioned above, one stage in which hot high 

pressure heat transfer gases are utilized involves the 
heating of the drum from the interior thereof. In order 
to accomplish this, shaft member 88 is hollow and is ?t 
ted at its outer end with a gas-tight rotary joint 91. A 
heat transfer gas input line 92 passes through joint 91 
and shaft member 88 coaxial therewith, and substan 
tially coaxial with the Yankee drum 80. This line feeds 
hot heat transfer gases to the interior of plenum 93. 
Plenum 93 is mounted in the'interior of drum 80, but 
does not rotate therewith. It is roughly shaped like a 
segment of a circle, in end view, as shows most clearly 
in FIG. 13.‘ The curved surface 94 of plenum 93 which 
is presented to the interior surface of drum 80 is made 
up of a series of slot-like nozzles 95 arranged in side-by 
side relationship to one another across the width of 
drum 80. As can be seen in both FIGS. 12 and 13, the 
exit ends of nozzles 95 are spaced slightly from the inte 
rior surface of drum 80. I 

In accordance with the invention,v nozzles 95 are 
pitched helically with respect to the interior of drum 

7 80.‘v This has several advantages. By this means, every 
increment of width of drum 80 is at some point directly 

I exposed to hot high pressure gases issuing directly from 
nozzles 95, even though the nozzles are spaced a ?nite 
distance apart. \ 

Hot high pressure gas is fed into plenum 93 through 
input line 92 as indicated by arrow 96. It passes through 
nozzles 95 and impinges against the interior surface of 
drum 80. Because of the rotation of drum 80' with re 
spect to nozzles 95, and because of the slot-like con?g 
uration of the nozzles, and further because of the high 
pressure of the gases in the interior of the plenum 93, 
conditions are created at the interior surface of drum 
80 which are extremely favorable for e?icient heat 
transfer. That is to say, the three features just men 
tioned tend to result in a very thin gas ?lm on the inte 
rior of drum 80, which ?lm offers a relatively low resis 
tance to heat ?ow. The turbulent condition of gases 
passing through nozzles 95 and the turbulent condition 
of the gases on the underside of the nozzles 95 tends to 
maximize the transport of heat to the interior surface of 
drum 80,‘ as well as tending to reduce the ?lm thicknes 
sof the ?lm of relatively, quiescent gases at the very 
surface of drum 80. In this manner, efficiency of heat 
transfer from the gases to the paper being dried is mate 
rially increased. ’ ‘ 

FIG. 14 illustrates, in an enlarged cross-sectional 
view, two of the nozzles 95 constructed in accordance 
with the invention. The distance (d) between the cen 
ter lines of adjacent slot-like nozzles is preferably less 
than the helical pitch of each nozzle from one end to 
the other. This feature provides complete assurance 
that every increment of width of drum 80 is exposed di 
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rectly to hot high pressure gas, as explained above. The 
highly turbulent flow of the gases after passage through 
the nozzles is shown by the arrows on FIG. 14. 
Returning now to FIG. 13, it can be seen that con 

verging nozzles 96 and 97 are provided at each end of 
the plenum 94 for directing hot gases which have 
passed through nozzles 95 in paths adjacent the interior 
surface of drum 80 as the gases ?ow into the upper por 
tion‘ 98 of the interior of the drum 80. Such nozzles ex~ 
tend the effective exposure time of the hot gases to the 
interior surface of drum 80. 
The upper portion 98 may be thought of as a gather 

ing chamber for the partially spent heat transfer gases 
which have passed through plenum94, nozzles 95, and 
converging nozzles 96 and 97. The gases pass out of 
this chamber 98 through hollow shaft 88 and into duct 
99. Duct 99, the end of which is shown in phantom out 
line in FIG. 13, conveys the hot high pressure gases into 
the next heat transfer stage. This stage consists of a ple 
num 100 having a concave radiator plate 101 forming 
one wall thereof. The curved radiator plate 101 is 
shaped and positioned to ?t closely around a portion of 
the surface drum 80, but does not contact the drum. 
There is a narrow passage or space between the con 
cave face of radiator plate 101 and the outer surface of 
drum 80 drum 80 through which the paper (p) being 
dried passes. - 

Mounted within the second stage plenum 100, 
closely adjacent the convex inner surface of ‘radiator 
plate 101, is an array of nozzles 102. Nozzles 102 are 
much like nozzles 95 in structure and arrangement, in 
that they are arranged side by side across the width of 
second stage plenum 100, and thus extend substantially 
across the width of the drum 80. In addition, they are 
helically pitched, and adjacent nozzles are spaced from 
one another a distance less then the helical pitch. Hot 
high pressure gases obtained from the ?rst heat transfer 
stage as just described enter plenum 100 from duct 99. 
They pass through nozzles 102 and impinge against the 
inner surface of radiator plate 101. The heat thus trans 
ferred to radiator plate 101 is ultimately transferred ra 
diantly to the paper passing by the plate on the surface 
of drum 80. , 

The foregoing structure results in the creation of con 
ditions at the interior- surface of radiator plate ‘101 
which are very favorable for. efficient transfer of heat 
from the gases to the radiator plate. That is to say, the 
hot high pressure gases passing through nozzles 102im 
pinge on plate 101 strongly and have high intemaltur 
bulence. Thus, the ?lm of quiescent gases at the surface 
is very thin and presents a reduced barrier to heat 
transfer. ‘ 

The partially spent gases which have passed through 
nozzles 102 and have given up heat to radiator plate 
101 are exhausted directly into the third heat transfer 
stage. The structure of the third stage can be seen in 
both FIGS. 12 and 13. It includes a third stage plenum 
103, which is positioned adjacent the outer surface of 
drum 80. One side of this plenum is made up of an 
array of impingement nozzles 104 and are curved to ?t 
closely around part of the surface of drum 80, and to 
discharge thereon. These nozzles 104 are structurally 
very similar to the nozzles 102 of the second stage and 
the nozzles 95 of the ?rst stage. Like the earlier set of 
nozzles, the nozzles 104 are arranged in side by side 
array across the width of plenum 104, and thus substan 
tially across the width of drum 80, and are helically 
pitched, in addition to being spaced from one another 
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a distance less than the helical pitch. The gases passing 
from the second stage into plenum 103 of the third 
stage are metered by an adjustable gate 105. It should 
also be noted that the nozzle array 104 is provided with 
a series of de?ector plates 106 to give downward impe 
tus to the gas. 
The gases from the second stage pass through gate 

105 into plenum 103 and then downwardly through 
nozzles 104 to impinge directly on the paper on the 
outside of drum 80. The high velocity impingement of 
the hot gases provides for good heat transfer from the 
gases into the paper and for good mass transfer of water 
out of the paper into the gas. The third stage is pro 
vided with an exhaust plenum 107, which is positioned 
near the surface of drum 80 adjacent the downstream 
end of nozzle array 104. This plenum is preferably op 
erated at slightly below atmospheric pressure, and the 
low pressure gases are withdrawn through duct 108 for 
recycle or auxiliary use or disposal. 
As mentioned above, the gases are impinged in the 

third stage directly onto the paper. FIG. 15 illustrates 
somewhat diagrammatically the mechanism by which 
this occurs. The paper is indicated by the letter (P) and 
the helically pitched lines 109 represent the nozzle out 
lets. The set of vectors designated (A) illustrate the fact 
that the initial velocity of the gas passing through the 
nozzles is greater than the velocity of the paper and the 
gas will therefore tend both to spread into the space be 
tween nozzles and to move down the paper. Eventually, 
the gas loses enough velocity so that it does not tend to 
move down the paper but rather tends to spread across 
the paper, this condition being indicated by the bracket 
(B). Still later, the paper will give an impetus to the gas 
and restore a downstream component to it by means of 
a drag effect. This condition is illustrated by the 
bracket (C). It should also be realized that a similar 
mechanism of gas ?ow occurs adjacent the interior sur 
face of drum 80 when gas passes through nozzles 95. 

It will be noted that the arrangement of equipment 
for the Yankee dryer just described makes use of two 
stages in which the hot high pressure gases are brought 
into indirect heat transfer relationship with the paper 
being dried, followed by one stage in which the gases 
are directly contacted with the paper. This arrange 
ment is of great advantage when the initial temperature 
of the heat transfer gases is very high. When the initial 
temperature of the heat transfer gases is somewhat 
lower, it may be desirable to have two stages in which 
the gases are directly contacted with the paper to be 
dried. 
This goal may be accomplished by a very simple 

modi?cation of the equipment just described. The sec 
ond stage, that is the stage which includes plenum 100, 
radiator plate 101, and nozzles 102, may be modi?ed to 
omit radiator plate 101 so that noules 102 discharge 
directly onto the paper passing around drum 80. The 
gas, after it contacts the paper, passes into plenum 103 
of the third stage. 

In both of the arrangements just described, the hot 
gas is brought into direct contact with the paper being 
dried in at least one stage. When the gas is employed in 
this manner, it must be relatively clean, that is, free of 
soot and other particulate matter, because such en 
trained dirt will tend to be deposited on the paper being 
dried. Even if all of the stages utilizing the hot gas for 
heat transfer are like the first stage just described, and 
involve only indirect contact between the gas the pa 
per, it may be desirable to have the gases in reasonably 
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clean condition so that a deposit of dirt and soot is not 
accumulated on the heat transfer surface, such as the 
interior of drum 80. Soot and the like, when formed 
into a layer, has a relatively low coef?cient of heat 
transfer, and hence, is not a particularly desirable ma 
terial to have in the path of heat transfer. 
From the above discussion it will be remembered that 

in accordance with the invention provision is made to 
take advantage of low cost, relatively dirty burning fuel 
in the generation of the hot high pressure heat transfer 
gases. In order to take full advantage of this feature of 
the invention, without encountering the disadvantage 
caused by soot just discussed, it may be desirable to in 
terpose ?lter means between the point where the hot 
high pressure gases are created, and the point where 
they are utilized, and especially before the point where 
they are utilized in direct contact with the paper being 
dried. 
Such ?lter means are illustrated in FIG. 16. This ?g 

ure illustrates a cylindrical continuously operating and 
continuously cleaned ?lter which may be positioned at 
a point in the gas ?ow path, for example, within plenum 
100. As can be seen in FIG. 16, the ?lter unit 110 con 
sists of a cylindrical tube 111 having a foraminous sur 
face, and a porous ?lter material 112 lining the interior 
thereof. The cylinder 11 1 is mounted for rotation in the 
interior of plenum 113, which may be, as marked 
above, plenum 100 of FIG. 13, or another plenum in a 
different arrangement. In operation, hot, high pressure, 
and relatively dirty, gas is fed into the interior of a cyl 
inder 111 as indicated by the arrow 114. The gas pass 
ing into the interior of cylinder 111 ?ows through the 
walls thereof and outwardly into the interior of plenum 
113. The particulate matter in the gas is ?ltered by ?l 
ter material 112. 
Mounted within cylinder 111 is a small plenum 115, 

and mounted exteriorly of the cylinder 111, immedi 
ately opposite plenum 1 15 is still another plenum 116. 
Plenum l 16 may be termed a purge input plenum, and 
plenum 115 may be termed a purge exhaust plenum. 
Purge ?uid, such as air, is forced through plenum 116 
as indicated by arrow 117. The purge ?uid passes in 
wardly through the wall of cylinder 111 into the ex 
haust plenum 115. In doing so, it dislodges and entrains 
the soot on the ?lter material 112 positioned at the mo 
ment between plenums 116 and 115. Thus the purge 
gas picks up the dirt from the ?lter. The purge gas then 
passes out through exhaust plenum 113 as indicated by 
the arrow 118 carrying the dirt with it. One convenient 
source for the purge fluid is compressed air from the 
compressor of the hot high pressure gas generating 
means. 

As was mentioned above cylinder 1 1 1 is mounted for 
rotation, and in operation is turned continuously, and 
in consequence part of the ?lter material 112 is con 
stantly being cleaned by the purge means just de 
scribed, while the remainder of ?lter material 112 is ?l 
tering incoming gas. 
According to the preferred arrangement, a ?lter of 

the kind shown in FIG. 16 should be positioned to ex 
tend substantially across the full width of a plenum of a 
given stage. In this way large ?lter areas are obtained, 
and the natural resistance of the ?lter tends to equalize 
the pressure distribution across the plenum, and thus to 
equalize the distribution across the array of nozzles as 
sociated with the plenum. 

In another embodiment, the sealing stripe 119 be 
tween the rotary cylindrical tube 111 and the plenum 
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closing the sides of the plenum chamber. The inner belt 
periphery outboard of the teeth is also smooth to seal 
against the inner side plate in similar manner. The belts 
and side plates thus cooperate to prevent loss of gas lat 
erally from the plenum chamber 153. Gas is fed into 
the plenum chamber through inlet 158. 
Mounted below input plenum 153 is output plenum 

159. It is provided with end rolls 1611 and 161 for seal 
ing purposes. Rolls 154, 160, and 155, 161 respectively 
are opposed to each other, so that some pressing action 
is exerted on the felt-paper sandwich as it passes 
through the nip between them. Gas leaves the output 
plenum 159 through passages 162. In order to provide 
additional support for the felt and paper sandwich, sup 
port roller 163 is mounted within the output plenum. In 
operation gas is fed into input plenum 153 at high pres 
sure. The gas is hot, and thus tends to evaporate the 
water in the paper as it passes through it, as well as 
physically entraining it. The gas passes downwardly 
through the felt and paper sandwich into lower plenum 
159 and ultimately out through passages 162. As the 
high pressure gas moves through the paper it both en~ 
trains water and evaporates water from the paper. It 
will also entrain and tend to evaporate the water which 
has been driven from the paper into the lower felt. 
An alternate embodiment which is also quite suitable 

for providing for hot high pressure gas flow through a 
felt and paper sandwich is shown in FIGS. 21 through 
27. In these ?gures, the upper or input plenum 153 is 
substantially the same as that used in the unit of FIG. 
20. However, the lower unit is considerably modified. 
As can best be seen in FIG. 22, ther is no output ple 
num in the conventionally used sense of the word. In 
stead a frame 171) is provided equipped with rollers 171 
and 172 extending across the width of the web and 
paper sandwich-150451452. Rollers 171 and 172 
are desirably placed opposite rollers 154 and 155 to ob 
tain pressing action in the nip between the rollers. An 
additional bottom roller 173 is also mounted on the 
frame. Trained over rollers 1'71, 172. and 173 is an 
endless ?at belt 174. Belt 174 is impervious in that gas 
and water will not pass through it, but it is specially 
con?gured to permit gas to flow into the interior of the 
belt, and thence along the belt. This mode of flow is in’ 
dicated by the arrows 175 in FIG. 22. Gas gathering 
plenums 1'76 and 177 are provided adjacent rollers 171 
and 172 respectfully for collecting gas ?owing out of 
the belt 174 as it bends around these rollers. Plenums 
176 and 177 are connected by a shroud 183 for sea] 
purposes. The side walls (not shown) are sealed to the 
belt in a manner similar to the outer periphery of the 
belt in FIG. 21. ' 
The structure of the belt 174 may be understood by 

a consideration of FIGS. 23, 24, and 25. From these fig 
ures it can be seen that the belt 174 is made up of a bot 
tom strip or sheet 173 having a number of grooves 179 
formed in its. The grooves run lengthwise of the belt. 
Above the grooves, running traverse of the belt, are a 
number of strips or rods 181). Thus, when the belt 174 
is seen in plan view, as in FIG. 24 it has a grid-like ap 
pearance, notwithstanding that it is impervious in the 
sense described above. FIG. 25 shows in plan view the 
bottom layer of the belt 178 with grooves 179, the rods 
1811 having been removed. FIG. 26 shows a similar 
structure having deeper grooves 179 in the bottom 
piece 17%., and having notched rods 180. 
Between rollers 171 and 172 of lower frame 170 

there is provided a pressure plenum 181. Gas is fed into 
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this plenum to apply a supporting force as indicated by 
‘arrows 182 on the underside of belt 174 in the region 
between rollers 171 and 172. 
FIG. 27 illustrates the operating features of the em 

bodiment of FIG. .22. I-Iot‘high pressure gas is fed into 
input plenum 153 through inlet duct 158. It passes 
through the felt and paper sandwich 150, 151, 152, and 
into the interior of belt 174. It flows through the belt to 
either collectors 176 or 177. Belt 174 is supported by 
gas under pressure from pressure plenum 181. 
The left half of FIG. 27 illustrates the operating fea 

tures of the embodiment of FIG. 20. That is, where the 
flow of gases through the sandwich are not diverted, 
but are caused to pass directly into plenum 159 and out 
exhaust 162. 

In FIG. 29 there is shown a unit employing a plurality 
of input and output plenums of the kind shown in FIG. 
20, the plenums being located between a single set of 
rollers 184, 185, 186, and 187. Such an arrangement 
results in economy in equipment and space. Further 
more, in accordance with the invention, alternate pairs 
of plenums have gas passed through them in opposite 
directions. Thus plenum pair 188-189 is a down-flow 
pair while plenum pair 190, 191 is an up-?ow pair. This 
imparts a pulsating action to the water in the paper and 
the felts and increases efficiency of water removal. In 
addition, any compacting action of the felt by reason of 
the high pressure gas pressing against it in any one pair 
of plenums is remedied by the opposite flow of gas in 
the next succeeding pair of plenums. 
At various points in the equipment of FIGS. 20, 22 

and 29, as well as in the equipment to be described in 
FIG. 30, pressure loaded seals are desirable. Such a seal 
is shown in FIG. 28 where it can be seen that two gener 
ally parallel slides 200 and 201 are provided for sliding 
sealing contact with a web 150. Between the parallel 
slides 200 and 201 is an exhaust line 203 to which suc 
tion may be applied to prevent leaks to the atmosphere. 
FIG. 30 illustrates another form of the invention 

adapted to remove water from very wet paper webs in 
accordance with the invention. In this embodiment, 
there is provided a drum 210 having a surface con?g 
ured much like that of the belt 174 described in con 
nection with FIG. 221. Thus, the surface of cylinder 
210 is impervious, but is arranged to permit gas ?ow in 
the interior thereof. Such a grid-like surface is indi 
cated at 211. Alternately, the surface may merely be 
grooved, as at 212, to provide for gas flow along the 
surface. A felt 213, carrying a web of paper 214 is 
passed over the cylinder 210 in a clockwise direction as 
FIG. 30 is drawn. An additional felt 215 is fed over the 
paper web 214 by roller 216 to form a felt-paper sand 
wich. A gas input plenum 217 is positioned around that 
portion of cylinder 210 transversed by the felt-paper 
sandwich. The plenum is divided into a number of com 
partments 218, 219, 220, 221, and 222, circumferen 
tially around the cylinder so that hot high pressure gas 
at varying pressures may be fed through the paper 
being moved around cylinder 211). The gas passes from 
a given compartment of the plenum downwardly 
through the felt and paper sandwich and into the 
grooves provided on the surface of the drum. It then 
passes around the drum to the collector plenum 2220, 
or to a similar plenum (not shown) on the opposite side 
of the drum connected by shroud 225. Pressure loaded 
seals of the kind described in connection with FIG. 2b 
are provided at 223 and at 224 on either side of the ple 
num 217. 
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116 may be removed, thereby allowing the ?ltered 
gases to also purge in place of an independent supply 
117. This would of course require that the pressure of 
the ?ltered gases is higher than the exhaust 118. 

PAPER AND PAPER BOARD DRYERS 

In contrast to the Yankee- and MG-type operations 
discussed in the preceding section, drying operations 
for heavier papers and boards are usually conducted by 
passing the web of paper to be dried over many cylin 
ders in series. conventionally, steam is condensed in 
the interior of such cylinders and hot air drying hoods 
are sometimes utilized adjacent the outer surface of the 
cylinders. The number of cylinders utilized on a line 
can be considerable; a newsprint production line may 
use as many as 100 or more cylinders, each about five 

feet in diameter. 
In the drying of paper there is a distinct general pat 

tern to the process, the particulars of which will vary 
for each operation, and each kind of paper, but the 
general outlines of which remain the same. This general 
pattern is illustrated in FIG. 17, which illustrates the 
drying process as a function of the difference between 
the saturated steam temperature within a conventional 
dryer, and the surface temperature of the dryer, as a 
function of time. The saturated steam temperature is 
shown in FIG. 17 as a series of horizontal lines for vari 
ous stages, and the surface temperature is shown slop 
ing upwardly to the right. The vertical distance be 
tween the horizontal line and the curve is an inverse 
measure of the resistance to drying exhibited by the pa 
per. This resistance increases as the moisture content 
of the paper decreases. As can be seen from FIG. 17, a 
great proportion of the drying time is occupied in the 
high resistance region. 
As mentioned above, hot air hoods have been used to 

force air onto paper passing over the cylinders, to sup 
plement the heating obtained from condensing steam 
inside the cylinders. The hot air typically exhausts lat 
erally from the surface of the paper. This has the unfor 
tunate effect of tending to make the paper ?oat on the 
cylinder. FIGS. 18 and 19 illustrate an embodiment of 
the present invention especially adapted for use with 
conventional paper drying cylinder. In FIG. 18 such a 
cylinder is shown at 120, with a web or sheet of paper 
121 being passed around it. The cylinder 120 may be 
conventionally equipped to receive saturated steam in 
the interior thereof, or may be equipped to utilize hot 
high pressure gas in the interior thereof in a manner 
similar to the Yankee dryer illustrated in FIGS. 12 and 
13. 
A drying unit 122 is provided for the cylinder 120. It 

has a supply plenum 123, a nozzle chamber 124 and an 
exhaust plenum 125. Gas passes from the supply ple~ 
num 123 into the nozzle chamber 124 by passing over 
a series of throttling gates 126 in the manner indicated 
by arrow 127. The flow rate may be adjusted by varying 
the positions of gates 126. If desired, sectional dividers 
127 may be included between gates 126 so that differ 
ent degrees of throttling can be achieved across the 
width of the plenum 123 by setting various gates 126 at 
different positions. Gas is fed into the plenum 123 lat 
erally as indicated by arrow 128. It flows from plenum 
123 into nozzle chamber 124. One wall of the nozzle 
chamber is made up of an array of nozzles 129 like 
those described in connection with the Yankee dryer of 
FIGS. 12 and 13. Nozzles 129 are helically pitched, and 
are spaced apart a distance smaller than the helical 
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pitch. They extend substantially across the width of the 
drum 120. 
The gas passes through the nozzles and impinges 

upon the paper in a manner to effect good heat transfer 
into the paper and good mass transfer of water out of 
the paper. The highly turbulent condition of the gases 
contributes to these effects. At the end of the nozzle 
section the before-mentioned exhaust plenum has its 
intake opening 130. Gas passes from the paper surface 
into the exhaust plenum, and thence laterally outward 
as indicated by arrow 13 l. The gas taken out of exhaust 
plenum 130 may be used in another unit on another 
cylinder, may be disposed of, or may be recycled in 
part. 
The ends of the plenums and nozzle chamber are 

sealed, and the sealing walls closely approach the cylin 
der 120 so that little gas escapes laterally from the sur 
face. In order to minimize gas loss circumferentially of 
the cylinder, seals are used at each circumferential 
limit of drying unit 122. While in some cases, conven 
tional roller sealing may be effectively employed, in 
other instances such seals would be undersirable be 
cause of their tendency to damage the paper. Hence, 
there is provided in accordance with the invention a ro 
tatable jet doctor blade 132 which is illustrated in FIG. 
19 on an enlarged scale. The jet doctor blade 132 in 
cludes a cylindrical manifold 133 having an adjustable 
sleeve 134 around it. Both the manifold and sleeve are 
ported in two locations, one port 135 being located op 
posite inlet passage 136, and the other port 137 being 
located opposite blades 138 and 139. High pressure gas 
enters the jet doctor blade through inlet passage 136 
and passes outwardly through blades 138 and 139. This 
gas, being a somewhat higher pressure than the gas 
passing through nozzles 129, prevents the escape of the 
bulk of the gas passing through the nozzles. Gas for the 
jet doctor blade may be provided from the nozzle 
chamber 124 or may be especially provided. An auxil 
iary, light, conventional doctor blade is provided at 
140. 

PRESS DRYING 

In accordance with the invention the hot high pres 
sure gases generated in the manner described above are 
also desirably employed for extracting water from ex 
tremely wet paper webs, consisting of approximately 
80% moisture by weight, which paper webs may there 
after be subjected to the drying operations and meth~ 
ods disclosed hereinbefore. 
According to prior practice, extremely wet paper 

webs have been mounted between endless felts which 
are then pressed between pairs of rollers. This practice 
has several disadvantages, amoung them being that the 
felts are compressed almost closed and are hence not 
able to receive water forced from the paper efficiently. 

In FIGS. 20 and 21 there is shown one form of an ap 
paratus constructed in accordance with the invention 
which is designed to utilize hot high ‘pressure gas for re 
moving water from extremely wet paper. The unit con 
sists of a pair of felts 150 and 151 between which is car 
ried the paper 152. Above web 150 is an input plenum 
153. It is ~equipped with a pair of rolls 154 and 155 
which extend generally across the width of web 150. At 
their extremities, rolls 154 and 155 are equipped with 
teeth 156 over which are trained endless belts 157, so 
that the outer belt radius is the same as the roll radius. 
Adjacent these belts 157 are mounted side plates with 
pressurized seals on the outer belt and roll peripheries 
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An alternate to the embodimenthof FIG. 30 is the 
case where the drum‘ is pervious to the‘ ?ow‘of gases 
and vapors such as the suction roll well' known to those 
familiar in the art of paper making. 7 ' ‘ 

In all the embodiments of press drying the use ‘of the 
top felt is optional when the ?ow of gases is directed 
from the top down through the. paper, but then the 
paper must be narrower than the bottom felt or carrier, 
and the side plates in sliding seal with they end rolls, 
must be similarly sealed to the bottom felt or carrier. 
By way of summary, it can be pointed out that the 

equipment described herein results in the provision of 
means and methods for generating hot high pressure 
gases for heat transfer purposes and methods and 
equipment which exploit the excellent properties _of 
such gases as heat transfer fluids to the fullest possible 
extent in a wide range of drying applications, varying 

‘ from very wet fragile paper webs, through tissue-type 
paper, to heavy Kraft paper and paper board. 

I claim; 
1. The method of supplying heat for heat transfer, 

which includes producing clean hot high pressure com 
bustion gases by mixing fuel and oxygen-bearing gases 
in a confined primary space, combusting said mixture 
to produce hot high pressure gases as combustion prod 
ucts, expanding at least a portion of said combustion 
products in the actuation of compressor means 
whereby to compress additional oxygen-bearing gases, 
mixing at least a portion of the latter with additional 
fuel in a secondary combustion space at substantially 
higher temperatures, and combining the hot high pres 
sure gases from said secondary combustion space with 
exhaust gases derived from the actuation of said com 
pressor means. 

2. The method of claim 1 wherein the temperatures 
in said secondary combustion space are substantially 
higher than permissible in said primary combustion 
space or said compressor means. 

3. The method of claim 2 wherein vaporizing liquids 
are injected into the clean hot gas streams to moderate 
the temperatures of said clean hot gases. _ 
'4. The method of claim 1 wherein vaporizing liquids 

are injected into the clean hot gas streams to moderate 
the temperatures of said clean hot gases. 

5. The method of supplying heat to a heat transfer 
surface comprising mixing fuel and oxygen-bearing 
gases in con?ned spaced, combusting said mixture at a 
temperature of at least 900° F., to produce hot, high 
pressure gases as combustion products, expanding at 
least a portion of said combustion products in the actu 
ation of compressor means whereby to compress, in at 
least one compression stage, additional oxygen bearing 
gases for mixing with additional fuel, delivering the 
combustion products to nozzles adjacent said heat 
transfer surface and expanding said combustion prod 
ucts through said nozzles and along said heat transfer 
surface, whereby to convert a portion of the energy 
stored in said combustion products as potential energy 
of pressure into kinetic energy of flow and turbulence 
at the heat transfer boundary between said combustion 
products and said heat transfer surface. 

6. The method of supplying heat to a heat transfer 
surface according to claim 5 wherein said surface is of 
interstitial structure, and moves in a predetermined 
path. 

7. A method in accordance with claim 6 and further 
comprising recycling a portion of said combustion 
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products into the combustion products being delivered 
along said interstitial heat transfer surface. 

8. A method in accordance with claim 6 and further 
comprising directing said combustion products in at 
least one subsequent stage into contact with said inter 
stitial surfaces for further heat transfer thereinto. 

9. The method of claim 6, wherein at least a portion 
of said combustion products is passed through said in 
terstitial structure by a pressure differential. 

10. The method of drying a water bearing material of 
the kind which degrades at a determinable temperature 
comprising establishing a path of ?ow for the material I 
to be dried and moving it through said path of ?ow at 
a preselected rate, generating hot high pressure gases in 
a compression-combustion-expansion cycle, said gen 
erated gases initially being at temperatures substan 
tially in excess of the degradation temperature of said 
material to be dried and at pressures substantially in ex 
cess of atmospheric pressure, delivering said hot high 
pressure gases to a region adjacent said path of flow, 
expanding said hot high pressure ‘gases in said region to 
convert a portion of the energy stored therein as poten 
tial energy of pressure into kinetic energy of ?ow, 
whereby to create hot rapidly movig gases, impinging 
said hot rapidly moving gases on the material to be 
dried which is moving through said path of flow to ef 
fect heat transfer between the gases and the material to 
be dried and mass transfer of water from said material 
to said gases, said gases being impinged upon said ma 
terial at a rate preselected in accordance with the rate 
of movement of said material, its degradation tempera 
ture, and the temperature of said gases, said rate being 
so selected that the equilibrium temperature of said 
material in the vicinity of said impingement is lower 
than its degradation temperatures, and displacing the 
impinged gases after said transfer of mass and heat, by 
impinging additional hot rapidly moving gases of the 
material. ' 

11. A method according to claim 10 and further in 
cluding the step of cooling said hot high pressure gases 
to a temperature‘ below the degradation temperature of 
said material by placing said gases in indirect heat 
transfer relationship with said material prior to con 
verting them to said hot rapidly moving gases and im 
pinging them directly on said meterial. 

12. The method of claim 10 and further including the 
step of partially cooling said hot high pressure gases 
prior to impinging them upon the material to be dried. 

13. The method of claim 12 wherein said partial cool 
ing is effected by placing said gases in indirect heat 
transfer relationship with said material prior to im 
pringing them directly on said material. 

14. The method of supplying heat to a moving heat 
transfer surface, comprising burning combustible mate 
rial under such conditions as to generate a gas of com 
bustion at substantially elevated temperature and pres 
sure, the temperature being at least 900°F. whereof the 
pressure energy is derived at least for the most part 
form most of the internal energy released from sad 
combustible material, and utilizing such pressure en 
ergy to supply high temperature gas to and directing a 
rapid stream of said gas against said moving surface. 

15. The method of claim 14 wherein at least 'a sub 
stantial portion of said gas it utilized as a power stream 
for jet pumping. 

16. The method of claim 14, wherein said surface is 
of interstitial structure, including moving said structure 
across a pressure zone and constraining at least a por 
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tion of said gas to pass through said structure in said 
zone. 

17. The method of claim 14, wherein said surface 
constitutes one side of a foraminous web, and wherein 
at least a portion of said gas of combustion is passed 
through said web by a pressure differential 

18. The method of supplying heat, to a heat transfer 
surface movable in a predetermined path, comprising 
burning combustible material under such conditions as 
to generate a gas of combustion at substantially ele 
vated temperature and pressure, whereof the pressure 
energy is derived at least for the most part from the in 
ternal energy released from said combustible material, 
and supplying such hot high pressure gas to and direct 
ing a rapid stream of said gas against said surface in 
such manner and in such a direction that at least a sub 
stantial component of the force exerted thereby is in 
the general direction of movement of said heat transfer 
surface so as to impart to the latter a tendency to move 
in said predetermined path while at the same time heat 
ing said surface. 
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19. The method of supplying heat for heat transfer, 

which includes producing clean hot pressure combus 
tion gases by mixing fuel and oxygenbearing gases in a 
con?ned primary space, combusting said mixture in a 
temperature range of about 900° to 1500°F.; to pro 
duce hot high pressure gases as combustion products, 
expanding at least a portion of said combustion 
products in the actuation of compressor means 
whereby to compress additional oxygen-bearing gases 
containing most of the available kinetic and flow 
energy developed by said compressor means, mixing 
at least a portion of the latter with additional fuel in 
a secondary combustion space, with combustion at a 
higher temperature than in said primary combustion 
space, and delivering the resulting combustion mix 
ture from said secondary space with at least said 
kinetic and ?ow energy for such heat transfer. 

20. The method of claim 19, wherein said gases con 
taining most of said energy are ?rst delivered to ejector 
means to admix with at least one other gas before the 
speci?ed delivery for heat transfer. 

* * * * =l< 


