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Germany 

Fied Apr. 29, 1959, Ser. No. 809,893 
3 Caiians. (C. 65-7) 

The present invention relates to an air heater and, more 
particularly, to a multi-stage regenerative air heater which, 
for purposes of obtaining high temperatures while simul 
taneously strongly cooling the flue gas, is subdivided into 
two or more stages by the interposition of one or more 
additional flue gas coolers. 

Heretofore known air heaters of this type were so de 
signed that the heat exchange bodies rotate about a hori 
zontal or vertical axis, whereas the required connecting 
hoods for the flue gases and the air and also the addi 
tional flue gas coolers were arranged stationarily. Such 
design has the considerable drawback that, for purposes 
of journalling the heavy rotating heat exchange bodies, 
complicated constructions were required and high costs 
were involved, while additionally special sealing arrange 
ments were required between the additional flue gas cool 
ers and the adjacent exchange bodies of the air heater 
stages preceding or following the heat exchange bodies. 

It is, therefore, an object of the present invention to 
provide a multi-stage regenerative air heater system which 
will overcome the above mentioned drawbacks. 

It is another object of this invention to provide a multi 
stage regenerative air heater system which will be con 
siderably simpler in design and more reliable than here 
tofore known air heaters of the type involved. 

it is also an object of this invention to provide an air 
heater of the type set forth in the two preceding para 
graphs, which will make it possible, as will occasionally 
be desired, to withdraw additional air or to feed flue gas 
between the stages of the air heater. 

These and other objects and advantages of the inven 
tion will appear more clearly from the following specifica 
tion in connection with the accompanying drawings, in 
which: 

FIG. 1 diagrammatically illustrates an embodiment of 
an air heater according to the present invention with two 
air heater stages and an additional flue gas cooler. 

FIG. 2 is a diagrammatic illustration of an air heater 
System according to the invention which is somewhat 
modified over that of FIG. 1 and is suitable for particul larly high temperatures. 
FIG. 3 diagrammatically illustrates an air heater sys 

tem similar to that of FiG. 1 but differing therefrom in 
that a portion of the air partly heated in the cooler air 
pre-heater stage is withdrawn directly from the air heater 
for certain purposes. 

FIG. 4 is a simplified top view of FIG. 3 along the line 
V-V of FG, 3. 
FIG. 4a is a section along the line Va-IVa of FIG. 4. 
FiG. 5 is still another embodiment of the air pre-heater 

Systen according to the invention, in which the heat ex 
changing bodies rotate together with an additional flue 
gas cooler. 

FIG. 6 is a diagrammatic section through a stuffing box 
with connections for the supply and discharge of the cool 
ing means. 
An arrangement according to the present invention as 

described in the present application and shown in the 
drawings is characterized in that a relative movement be 
tween the heat exchanging bodies of the air pre-heater 
Stages and the additional flue gas coolers will be avoided 
and an undesired heating up or cooling off of the air pass 
ing through said flue gas coolers will be prevented by 
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2 
adapting and approximating the temperature of the cool 
ing means passing through the respective additional fue 
gas cooler to the temperature of the air passing by and 
already partly pre-heated. 

Specifically referring to FGS. 1 to 4, the heat ex 
changing bodies E, 2 and 3 of the air pre-heater stages 
and the additional flue gas coolers 4 and 5 are arranged 
stationarily so that their weight representing the major 
portion of the total mass of the installation, together with 
the outer housing 6, 7 and 8 and the connecting passages 
for the flue gases 9, 2:0 and for the air 1, 2, 3 can be 
supported in a simple and known manner on the founda 
tion (not shown in the drawings). Only the air connecting 
hoods 4 and 15 and the additional air withdrawal hood 
16 together with the sealing means 8 move relative to 
Said stationary parts, said sealing means 8 being slidable 
on the end faces 17 of the heat exchanging bodies S. and 2, 
and 1 and 3. The rotatable air hoods 34, 5 and 6 are 
interconnected by means of a shaft 19 common thereto 
so that the required uniform rotation thereof will be as 
Sured. The driving devices for said air hoods, and in part 
also the required bearings of shaft 9 correspond to those 
known in connection with prior art devices of the type 
involved. 

It is, a matter of course, that sealing sleeves 23, 24 
and 25 or the like are provided between the rotatable air 
connecting hoods 14, 15 and 6 on one hand and the 
stationary connecting pipes ii, 12 and 13 pertaining 
thereto on the other hand. For the sake of simplicity, 
the drawings illustrate the connecting hoods of the air as 
single piece hoods. However, it should be kept in mind 
that in a manner known perse also twin arrangements may 
be employed which consist of two pairs of correspond 
ingly smaller partial hoods located diametrically opposite 
each other and connected to each other. 
The simplest arrangement of a system according to the 

invention is shown in FIGS. 1 and 2 which comprise two 
air pre-heater stages and 2, and an additional flue gas 
cooler 4 the cooling means of which, particularly feed 
Water, is conveyed through conduit 2 and discharged 
through conduit 22. Similar to the heretofore known 
regenerative air pre-heaters of the so-called Ljunyström 
design, also with the arrangement according to the present 
invention, the total cylindrical chamber and the heat ex 
changing bodies of the multi-stage air pre-heater are sub 
divided by a plurality of, for instance from fifteen to 
twenty-five, radially arranged partitions of the type of the 
partitions 28 of FIGS. 4 and 4a into a corresponding num 
ber of Sector chambers of approximately triangular or 
trapezoidal croSS Section, said partitions 28 uniformly sub 
dividing the circular cross section. These sector chambers 
must extend from the first to the last end face of the 
entire air pre-heater, i.e. must extend over the total length 
of the latter in an undivided manner and thus have corre 
Spondingly to sub-divide also the additional flue gas 
coolers 4 and 5. 

For purposes of cooling the flue gases uniformly and 
continually and for purposes of avoiding an undesired 
eat eXchange between the additional cooling means and 

the air passing by, it is necessary that the additional flue 
gas cooler 4 is so designed that at any time and in each 
of the individual sector chambers, the same mean tem 
perature of the additional cooling means will be main 
tained. To this end, for instance, a plane spiral pipe coil 
may be employed, a plurality of windings of which is 
passed around the center of the shaft. Of the said wind 
ings, an even section is allotted to each component sector 
chamber, while the spiral or coil for purposes of a tem 
perature balance has a plurality of windings bent back in 
a croSS Sectional plane in one direction and in a plane 
parallel thereto in the opposite direction with the same 
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number of windings. However, also other pipe assemblies 
known per se may be employed provided they will meet 
the above mentioned conditions. 

It is also possible for all component sector chambers to 
employ pipe elements of the same design, preferably each 
with two separate passages for the cooling means, of which 
one passage for all component sectors is arranged one after 
another in the direction of rotation, whereas the other 
passage for the component sectors is arranged one after 
the other in the opposite direction of rotation. 
The flue gas cooler 4 may be connected to a source of 

cooling fluid (not shown) through a conduit 25 and valve 
33. Furthermore, conduit 21 may communicate directly 
with the discharge line 22 of cooler 4 through a bypass 
line 34 having a valve 35 interposed therein for selectively 
making said bypass line ineffective or effective or other 
wise control the flow therethrough. 

FIG. 2 illustrates an arrangement according to the in 
vention which is especially suitable for particularly high air 
temperatures as they may occur with boilers for smelting 
chambers for fuels with a very high slag flow point, with a 
low content in volatile ingredients or also with high water 
and ash contents. With this arrangement, the air pre 
heater heating surface, especially within a high tempera 
ture range, will be reduced by repiacing the heretofore 
two air pre-heater stages by three air pre-heater stages 
namely a hot stage 3, an intermediate stage and a cool 
stage 2. An additional flue gas cooler 5 arranged between 
the hot stage 3 and intermediate stage is cooled by super 
heated steam or by a steam mixture of the boiler so that 
the said flue gas cooler 5 serves as steam superheater or 
as evaporator heating surface. The cooling means is 
supplied through conduit 26 and is withdrawn through 
conduit 27. The other additional flue gas cooler 4 ar 
ranged between the intermediate air pre-heater stage 
and cool air pre-heater stage 2 is passed through by feed 
water similar to FIG. 1 and thus serves as economizer 
heating surface. The remainder of the arrangement cor 
responds substantially to that of FIG. 1. 

FIG. 3 illustrates an arrangement which differs from 
that of FIG. 1 primarily in that a portion of the air, which 
has been partially pre-heated in the cooler air pre-heater 
stage 2, is directly withdrawn from the air pre-heater and, 
at a higher pressure but lower temperature than at the 
main air outlet 5-2, is conveyed for instance to a fuel 
mill for drying, sifting and feeding of the ground fuel or 
the fuel to be ground. This air after leaving the air pre 
heater stage 2, instead of entering the additional flue gas 
cooler 4 and the subsequent air pre-heater stage, directly 
enters the air withdrawal hood 6 surrounding shaft 19. 
The said hood 6 rotates by means of shaft 9 in the same 
direction and at the same speed as the air intake hood 4 
and the main air discharge hood i5. The air withdrawal 
hood 6 has a tubular upward extension passing through 
the main air discharge hood 35 and by means of the seal 
25, which may for instance be designed in form of a sleeve, 
leads into the stationary withdrawal passage 13. 

In a corresponding modification of the arrangement of 
FIG. 1, the heat exchange body of the air pre-heater stage 
1 and the chamber housing the flue gas cooler 4 are ad 
vantageously, by means of a stationary pipe 27 Surround 
ing the tubular air withdrawal hood ió, shielded against 
said air withdrawal hood 6 similar to the heat exchanging 
body of the air pre-heater stage 2 being shielded against 
shaft 19 passing therethrough. 

FIG. 4 represents a simplified top view of FIG. 3 which 
diagrammatically illustrates the arrangement of the rotat 
ing main air discharge hood 15 and the air withdrawal 
hood 6 coaxially arranged thereto. Both hoods are pro 
vided with air passages 38 and 3: both of which are sur 
rounded by shielding frames 13 which side on the sta 
tionary end faces 17 pertaining thereto. This top view 
also shows the arrangement of the radial partitions 28 
referred to above which partitions extend through the 
entire cylindrical chamber and the length thereof of the 

O 

20 

25 

30 

40 

45 

50 

60 

70 

5 

4. 
air pre-heater including the heat exchange body and the 
additional flue gas coolers 4 and 5. 

With regard to FiG. 4a representing a section along 
the line IWa-IVa of FIG. 4, this figure clearly shows the 
partitions 23. Arranged in the chambers formed by said 
partitions are located the coil means 4 uniformly dis 
tributed. The coils are preferably arranged substantially 
radially. FIG. 4a also shows the customary heat eXchang 
ing bodies and 2 of the heat exchanger stages as referred 
to above. 

FiG. 5 shows a further embodiment of the invention 
and, more specifically, illustrates an eabodiment of an 
air pre-heater in which the heat exchange bodies 81 and 
i82 rotate together with the additional flue gas cooler 
284 whereas the air intake hood 14, the air discharge 
hood 13 and the fue gas intake and discharge hood 89 
and 23 are arranged stationarily. However, the bear 
ings and the drive of the heavy rotating masses are not 
shown inasmuch as these correspond to the generally 
customary and heretofore known systerns. Also with 
the arrangement of FiG. 5, the radially extending parti 
tions 228 extend through the entire rotating air pre 
heater unit. FIG. 5 also shows the heavy shaft is with 
the inner bores which connect the additional flue gas 
cooler A84 through the diagrammatically indicated stuffing 
boxes 24, and 42 with the supply conduit 52; and the 
discharge conduit 22 for the cooling meails. 

FIG. 6 shows a combined stuffing box with the con 
nections 21 and E22 for the supply and discharge of 
the cooling means. This combination stuffing box re 
quires merely a high pressure seal 559. The connection 
with the shaft is effected through two pipes i5i and 52 
which are coaxially arranged one in the other and are 
fixedly connected with each other while being rotatably 
connected to the shaft. The cooling means flows in the 
annular chamber between said two pipes i5 and 152 to 
the cooler and leaves the latter through the inner pipe iSi. 

Between the collector hoods i53 and 54 for the Sup 
ply and discharge there is provided only one low pressure 
stuffing box 155. With actual boiler installations, espe 
cially with refineries, it is frequently necessary to increase 
the temperature of the hot air beyond the value indicated 
for the normal load or the load limit, or at least to main 
tain said hot air temperature at Said value when the 
actual load represents only a fraction of the normal load. 
In this instance, normally the hot air temperature will 
by itself drop but on the other hand, the ignition at low 
loads is more easily interrupted and lowers the fuel 
chamber temperature whereby with refineries the danger 
of the "freezing of the melting chamber and the slag 
discharge opening will be increased. It is, therefore, 
suggested in accordance with the present invention to 
reduce the additional flue gas cooling and thereby to 
increase the heating of the air in the “cold' air pre 
heater stage. To this end, it is Suggested above all to 
reduce the defects of the cooling means in the additional 
flue gas cooler, i.e. to reduce the quantity of the feed 
water passing through said fille gas cooler. This is done 
in its simplest way as far as it is possible in the boiler 
installation, by temporarily reducing the feeding of the 
boiler, for instance by means of a throttie valve or by 
means of the feed valve which is provided anyhow, or 
by a controllable bypass conduit or valve which passes 
a certain quantity of the total amount of Supplied feed 
water around the additional flue gas coolier so as to 
bypass the same. A second possibility of reducing the 
additional flue gas cooling and thereby to produce a 
further increase in the teiperature of the hot air coil 
sists in increasing the temperature of the cooling means. 
At low temperature of the feed water, it would also be 
possible to this end to employ a feed water pre-heating 
for instance by means of withdrawal turbine Steam, by 
means of live steam from the boiler or by means of other 
additional heat Sources. 
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It is, of course, to be understood that the present in 
vention is, by no means, limited to the particular con 
structions shown in the drawings but also comprises any 
modifications within the scope of the appended claims. 
Thus, while only the arrangement of FIG. 1 has been 
shown as being equipped with the members 33, 34, 35, 
also the other modifications shown in the drawings may 
be equipped with the said members 33, 34, 35. 
What I claim is: 
1. In combination in a multi-stage regenerative air 

pre-heater: a housing, a plurality of stationary cylindrical 
heat exchanging bodies coaxially arranged in said housing 
and in spaced relationship to each other and representing 
different heat exchanging stages, stationary coil means ar 
ranged in said housing and interposed between said heat 
exchanging bodies for connection with a source of liquid, 
radially extending partition means extending through said 
heat exchanging bodies and the space surrounding said 
coil means so as to form a plurality of sector chambers 
sealed in a gas-tight manner along their entire lengths 
through all of said heat exchanging bodies, stationary 
heating gas supply and discharge conduit means com 
municating with said heat exchanging bodies for respec 
tively passing heating gas through said heat exchanging 
bodies and around said coil means and discharging the 
heating gas passed through said heat exchanging bodies, 
stationary air feeding and withdrawing passage means ar 
ranged in spaced relationship to said heat exchanging 
bodies, and rotatable connecting conduit means respec 
tively communicating with said air feeding and withdraw 
ing passage means and rotatable relative to said heat ex 
changing bodies and during rotation of said connecting 
conduit means successively communicating with at least 
one of said sector chambers while simultaneously closing 
off the respective other sector chambers with regard to 
said air withdrawing passage means. 
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2. A multi-stage regenerative air preheater provided 

with a plurality of stationary coaxial cylindrical heat ex 
change bodies having therebetween at least one interven 
ing space and with stationary cooling elements in said 
space between said heat exchange bodies, heating gas Sup 
ply and discharge conduit means communicating with said 
heat exchange bodies, air feeding and air withdrawing 
passage means arranged in spaced relationship to said 
heat exchange bodies, and rotatable connecting conduit 
means communicating with said air feeding and air with 
drawing passage means and rotatable relative to said heat 
exchange bodies, said air preheater being further provided 
with radially extending partition means extending entirely 
through said heat exchange bodies and through said inter 
vening space and dividing said heat eXchange bodies and 
said space with the cooling elements therein into a plu 
rality of annular sector-shaped chambers, said connecting 
conduit means, during rotation thereof, successively com 
municating with at least one of Said sector-shaped cham 
bers while closing off other of said chambers. 

3. A multi-stage air preheater according to claim 2, 
wherein said heat exchange bodies and said cooling ele 
ments extend over the entire annular cross Section of 
said air preheater. 
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