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[57] 

In a rotating drum heater for ?uent solid material in 
which the material is repeatedly lifted by the motion 
of the drum and allow to fall through a nest of station 
ary heating tubes, with a slight component of motion 
along the drum and tubes, lifting blades have two or 
more material-retaining elements to assist uniformity 
of distribution of material over the nest of tubes. Also 
described are, inter alia, improved sealing arrange 
ments between stationary end-caps and the drum, a 
self-contained transporting chassis for the heater and 
an improved arrangement for recycled and mixing 
heating gas. 

ABSTRACT 

14 Claims, 18 Drawing Figures 
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DEVICE FOR HEATING OR DRYING DUST-LIKE 
MATERIAL 

The invention relates to apparatus for the recupera 
tive heating or drying of pulverulent or granular ?uent 
solid material. Known apparatus of this type has a sta 
tionary bundle of heating tubes with lenticular or them 
bic cross-sections, which lie at a small angle to the hori 
zontal, and, in the middle portion of their length, lie 
within and parallel to the axis of a rotating drum. This 
rotating drum is equipped at its inner circumference 
with lifting blades, which continuously transport the 
?uent material upwards and then pour it over the heat 
ing tubes. The ends of the heating tubes are fastened in 
stationary end caps, which have short cylindrical parts 
surrounding the tube ends at both ends of the drum and 
which meet the end ?anges of the rotating drum 
through sliding seals. An inlet or outlet duct for the 
heating medium passes to the heating tubes through the 
end wall of the end caps and within the short cylindrical 
part of the end caps the feeding in of the heating mate 
rial is effected from the top at one end of the drum, 
whilst the discharge of the heating material is effected 
at the bottom of the other end. 
These devices are used, for example, for the heating 

up of the stone-?our ?ller used for bituminous road 
construction. 
The known apparatus have had the characteristic 

that since the lifting blades were simple metal strips 
which projected into the drum the material they were 
lifting would always be deposited from them as they 
reached a particular level in the drum, and would be 
deposited from them while they executed only a small 
range of travel. Thus the material would tend to be de 
posited onto a particular portion only of the array of 
heating tubes. 
This is not disadvantageous in apparatus such as that 

seen in German Patent No 160 406, which is for the 
drying of corn and wherein the tubes are surrounded by 
a stationary container within the rotating drum. There, 
the object is to keep the container full (there is a con 
trolled outlet at its bottom) so that there is a compact 
mass of corn around the heating tubes. Obviously the 
fact that the container is filled by deposition from one 
small range of angles around the drum is immaterial. 
The exact range of angles depends on the angle of re 
pose of the material. 
But in arrangements such as that shown in German 

Patent 491 182, where there is no internal container, 
this is a disadvantage because either the array of pipes 
is not fully used (if the material deposited at one posi 
tion does not spread across all of them) or, to achieve 
that efficient use, the inside of the drum must be kept 
almost as full as the stationary container was in the con 
struction shown in German Patent 160 406. For some 
materials, this compaction and slow movement past the 
tubes is undesirable. 
We ?nd, for example, that for materials with a low 

moisture content and particularly when they are stone 
materials, which have very low thermal conductivity, 
the most efficient way to use such an apparatus is with 
the material kept in continuous free motion over the 
tubes; that is to say when the particles of material fall 
at their free-fall velocity through the passages between 
the tubes. In general, with such materials, we find that 
the heat transfer coef?ent increases proportionally 
with the speed at which particles pass through the array 
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2 
of tubes. It is therefore apparent that the mode of oper 
ation which was desired in German Patent 160 406, 
and which is imposed on the user by the construction 
shown in German Patent 491 182 is not efficient or de 
sirable in the case of many materials, and in particular 
in the case of stone-?our ?lling materials. 
The construction which will be described later has 

the object of transporting the greatest possible quantity 
of material to be heated in a distribution which as equal 
as possible over all passages between the heating-tubes, 
so that an optimum heat transfer shall be achieved by 
a continuous falling movement of the particles. There 
may also be turbulent mixing of the particles with the 
air in the apparatus. 

In this invention, the rotatable drum is equipped uni 
formly distributed on the circumference, with a plural 
ity, preferably about 25 to 30, of two-step or multi-step 
lifting blades. These are formed by two unequal legs 
which are at 90° or more to each other and on the 
longer leg of which one or more intermediate or distrib 
uting legs are ?xed, parallel to the shorter leg. The 
longer leg of this is set in the radial direction of the in 
ternal wall of the rotary drum, or has, in the sense of 
rotation of the drum, an inclination of up to 30° to the 
radial. In either case the shorter legs and the intermedi~ 
ate or distributing legs are tangents to circles which are 
concentric with the drum. 
The ratio of the lengths of the legs is preferably about 

1:2, and the radial height of the longer leg is preferably 
approximately 1.2 times the distance between the radi 
ally outer ends of those longer legs. Preferably also the 
width of the intermediate or ledges amounts to about 
the 0.4 to 0.6 times the radial‘ height of the longer legs. 

It is preferred, particularly for improvement of the 
flow-properties of the tubes relative to the ?uent mate 
rial, and for reduction of possible accumulated deposits 
on the tubes, to provide a truly aligned arrangement of 
the tubes with equal dividing distances in lieu of the 
staggered tube arrangement used hitherto. 

In order to provide further improvements in the setup 
and operation of the heater, which allow a simpler and 
more compact type of construction and lead to sub 
stantial cost savings, a mixing chamber for circulating 
and fresh combustion gases is provided coaxially with 
the rotating drum and adjoining the outside of the end 
wall of the outlet-side end cap. 

Particular embodiments of the invention will now be 
described with reference to the accompanying draw 
ings wherein: 
FIG. 1 is a side diametrical sectional view of a first 

embodiment showing heating tubes and their support 
FIG. 2 is an end view to show the arrangement of the 

heating tubes 
FIG. 3 is a view on an enlarged scale of part of FIG. 

2 

FIG. 4 illustrates in end view, one arrangement of lift 
ing blades in the rotating drum in this embodiment 
FIGS. 5 and 6 show alternative such arrangements 
FIGS. 7 and 8 are side views of the embodiment 

showing mounting and transporting elements in differ 
ent dispositions 
FIG. 9 is an end view and FIG. 10 is a plan view with 

parts removed both showing a drive arrangement for 
the drum 
FIG. 11 is a section, on one radius, to show some de 

tail of an end-cap sealing arrangement 
FIG. 12 is a side view of the end-cap, 
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FIG. 13 is a section on the line A-A, of FIG. 2 
FIG. 14 is a detail of one part of the end cap sealing 

arrangement - 

FIG.'I5 is a side view of a second embodiment 
FIG. 16 is a cross-section on the line 3-8 of FIG. 15, 

and 
FIGS. 17 and 18 are sections on one radius through 

end cap sealing arrangements at an inlet end and an 
outlet end, respectively. 

in the drawings, the embodiments have the elements 
such as heating tubes, rotating drum, stationary end 
caps which have been mentioned in the discussion of 
the prior art. These will not be generally described fur 
ther, since such further description would be unneces 
sary to one skilled in the art, and the following descrip 
tion details only the novel or inventive features of the 
embodiments. 
The lenticular-sectioned tubes 1 are comparatively 

long (e.g. about 4 - 5 m) and a support is provided only 
for every alternate row of tubes. These supports are ar 
ranged at about one-third up to two-thirds of the total 
length of the tubes, and are horizontal ?at bar cross 
pieces 70. As shown in FIG. 1, the horizontal cross 
pieces 70 are in this case arranged in a staggered for 
mation relative to each other in such a way that seen 
in cross-section, they lie in a line at an inclination of 
about 45° to the axis of the rotatable drum 4. 
The pitch of the axes of these tubes in the array is 

preferably 1.3 to 1.5 times the largest cross-sectional 
dimension of the tubes. 
Due to the rotation of the rotatable drum bending vi— 

brations of the heating tubes are incited. This is de 
sired, because the tubes of the rows which are between 
the rows supported by the crosspieces 70, can vibrate 
freely along their entire length, they being supported 
only at their extreme ends, in the end walls 2 of the end 
caps 3. This reduces the chances of the ?uent material 
accumulating and promotes the trickling flow of the - 
material between the tubes. 
To the same end the tubes 1 are arranged in a rectan 

gular lattice pattern, shown in FIGS. 2 and 3, which of 
fers vertical (and horizontal) passages for the ?uent 
material to pass between them. 
FIG. 4 shows an arrangement of 27 two-step lifting 

blades 19a with F-shaped cross-section, which are uni 
formly distributed around the inner circumference of 
the rotatable drum. This blade-shape is formed by two 
unequal legs, to the longer leg of which a medium inter 
mediate or distributing leg Z is welded parallel to the 
smaller leg. _ - 

The longer leg S2 of each blade is welded by its outer 
end onto the inner drum wall to lie in the radial direc 
tion of the rotatable drum. These blades retain material 
in them over a wider arcuate angle of travel than would 
a single lifting blade, thus improving the distribution of 
material over the tubes 1. 
The distribution of the material to be heated is still 

further improved in the arrangement shown in FIG. 5 
where the blades have an F pro?le 19b which is in 
clined to the radial towards the rotation of the rotatable 
drum. The most favourable pro?le angle is ?xed in such 
way, that all the lifting blades below the uppermost 

, level of the drum and above the horizontal centre line 
through axis of the rotatable drum have their planar 
rear faces inclined below the angle of repose of the ma 
terial to be heated. The angle of repose of stone-?our 
is about 55°. 
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4 
In this form of execution the last portion of the mate 

rial to be heated will fall completely out of its lifting 
blade and between the heating tubes without any por 
tion being able to deposit itself on the back of the pre 
ceding blade. The inclination of the longer leg of each 
blade 19b to the radius of the rotatable drum amounts 
in this arrangement to about 25° to 30°. 
The height h of both these pro?les is measured in the 

radial direction and is preferably of the order of 1.2 
times the distance between the outermost ends of the 
longer legs, and the width of the intermediate or dis 
tributing leg Z amounts to about 0.4 h to 0.6 h. 
A form of blade 19c with more than one intermediate 

or distributing leg is shown in FIG. 6. 
With these constructions it is possible with speeds of 

rotation of the drum between 5 and 9 r.p.m. to obtain 
an optimum distribution of material over the entire 
heating tube system. 

It is convenient to arrange the whole drum 4 on an 
undercarriage frame 80, which serves for the transport 
of the device as a semitrailer. FIGS. 7 and 8 show this 
arrangement, together with devices for the support and 
adjustment of inclination of the drum to the horizontal. 
A rear wheel bogie 81 is fixed on the undercarriage 
frame 80 in a detachable manner. Rack-driven jacks 82 
or other telescopic members are pivotally arranged on 
two positions one each side of the frame below the 
front drum end and swingable supports 83 are similarly 
arranged below the rear drum end. 
By means of these adjustable supports the plant can 

be immediately placed on a foundation provided for 
this purpose, as shown in FIG. 8. This feature of the 
heater allows for the alteration of the angle of inclina 
tion of the drum to the horizontal (usually between 3° 
and 8°) to increase or decrease of the number of times 
the material to be heated passes over the heating tubes 
between its entry to and outlet from the drum. The op 
timum number of times depends mainly on the mois 
ture content of the material, and the drum inclination 
is in such a way that a material to be heated (which has 
the lowest heat transfer coef?cient at maximum mois 
ture content) can with the maximum flue gas tempera 
ture (about 400°C) still be brought to the required end 
temperature (about 200°C). 
FIGS. 9 and 10 show the drive of the rotatable drum 

4 by means of a polyphase induction motor 75 via a 
gear unit 76. Motor and gear unit are arranged in suit 
able manner on the undercarriage frame 80 below the 
rotatable drum 4. The transmission of the rotational 
movement from the motor to gear unit is effected by 
means of V-belts,_and a chain drive is provided from 
gear unit 76 to drum 4. 
The drum speed can be changed between 5 and 9 

r.p.m. by exchanging various V-belt pulleys within the 
V-belt drive. By this means it becomes possible to 
adapt the speed to the different flow characteristics of 
e.g. the rock flour. If the angle of inclination of the 
drum under full load conditions is also adjusted, opti 
mum heating up of the material is obtained using an ap 
proximately constant ?ue gas temperature. 
A further feature of the present heater is the arrange 

ment of axially glidingly movable sealing elements be 
tween the rotatable drum 4 and the stationary front 
caps 3 shown in FIGS. 11 to 14. 
The sealing devices consist of seals 52, which are axi 

ally movable and touch, under spring pressure, rotating 
sealing rings 51 replaceably ?xed to end flanges 50 of 
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the rotatable drum 4. The seals 52 are fixed via ?ange 
rings 53 to short cylinders 54, which glide over and are 
guided along the radially inner wall of the stationary 
end cap 3 and are therefore axially movable on the end 
cap. 

The ?ange ring 53 is gastightly connected with the 
end cap 3 by means of an expansion sleeve 65. 
To secure the axially movable but non-rotating seal 

ing elements 52,53,54 against the rotational movement 
of the drum 4, each ?ange ring 53 is retained by swing 
ing hinge rods 56, attached at three equidistant circum 
ferential points of the end cap 3. These hinge rods are 
movably journalled by means of ball-and-socket joints 
57 to connecting elements 58 at the circumference of 
the end cap 3 and at the circumference of the ?ange 
ring 53. 
The sealing rings 51,52 are replaceably ?xed on the 

non-rotating, axially movable, ?ange rings 53 and on 
the ?anges 50 of the rotating drum. The ?ange rings 53 
have adjustable stops, which limit the wear of the seal 
ing rings under abrasion 51,52 to a speci?c thickness. 
Pins 60 are fixed on end ?anges 61 of the end caps 3 
at equal circumferential distances and the compression 
springs 62 which urge the rings 52 and 51 into contact 
are kept adjustable as to their spring length by means 
of screw threaded collars 63 and exert their spring pres 
sure against the studs 64 on the ?anges 53. 
The advantages obtained by this embodiment consist 

in particular in that, in comparison with previously 
known devices, a considerably bigger quantity of mate 
rial to be heated can be transported continuously and 
uniformly distributed between the heating tubes 
whereby an optimum heat transfer is not only effected 
by contact with the heating surfaces, but to a substan 
tial part also by convective heat transfer from the 
heated air, which is actively participating in the turbu 
lent mixing of the tiller particles during the falling of 
the material between the tubes. 
The setting of the drum on the plane base frame on 

which the heater is both supported and transported 
contributes substantially to the simpli?cation and cost 
reduction of the total design achieved by the embodi 
ment. 

' These advantages are also presented by the second 
embodiment, which will now be described, but which 
has certain additional features of interest. 
This second embodiment of heater is equipped with 

a two-stage oil-burner 87 with fully automatic regula 
tion. Said oil-burner is installed at the outer end of the 
burner muf?e 88 which is itself mounted coaxially with 
the drum. The burner muffle 88 has an external mantle 
of normal steel and an internal lining consisting of tire 
bricks. It is enclosed by a coaxial sleeve 91 thus form 
ing a duct 92 around it. At one end the duct is con 
nected via a mixing chamber 89 with a gas inlet open 
ing of the heater and which connects at its other end to 
gas recirculation ducts 93 (see also FIG. 16). The mix 
ing chamber 89 for recirculated gas and freshly com 
busted gases is mounted outside the end cap 3 coaxially 
with the drum. ' 

The freshly combusted gases flow from the right (as 
shown in FIG. 15) into the axially central portion of 
mixing chamber 89. In the said chamber they are mixed 
with the recirculated gases which have cooled during 
their passage through the tubes and by means of the re 
circulation fan 95 the mixed gases are delivered contin- - 
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6 
uously through the stationary heating tubes within the 
rotary drum 4. 
The thorough mixing of the freshly combusted gases 

with the recirculated cooled gases is helped by a perfo 
rated metal plate 90 4 to 5 mm thick which is two 
thirds to three-fourths along the length of the mixing 
chamber, in the direction of ?ow. It serves at the same 
time as protection against radiant heat, by dissipating 
the radiant heat of the ?ame gases from the central re 
gion of the heating tube system and distributing it to the 
mixed gases which will be passing into all of the cross 
section of the heating tube system. 
The perforations in the plate 90 are holes 30 to 35 

mm diameter with their centres uniformly pitched at 
‘distances of 50 to 60 mm. 

The recirculation fan 95 is mounted at the gas outlet 
end of the drum 4, in prolongation of the axis of the ro 
tary drum 4. It is mounted in continuation of the gas 
outlet duct 97 with interposition of an expansion sleeve 
96, from there the cooled gases ?ow, for the major 
part, into the recirculation ducts 93. However, a short 
vertical chimney ?ue 94 is arranged above the outlet 
connection of the recirculation fan 95, and allows a 
small portion of the cooled gases to pass to the outside 
atmosphere. 
The complete heater is supported on a plane frame 

85, which acts as a chassis-frame with a detachable bo 
gie. This can be of a type suitable either (for any one 
heater) for road transport or for rail transport. The 
heater as a whole can be dimensioned on this frame so 
that the whole may be transported by rail. 
On site, the heater is set up as described for the first 

embodiment. 
In use, the material to be dried e.g. stone-?our filler 

material, is fed in through the upper inlet opening 15 
of the end cap 3 which is at the gas outlet end of the 
rotary drum 4 and which is, when the axis of the drum 
is inclined to the horizontal, at a higherlevel than the 
other end. As described above, the material reaches the 
outlet opening 16 at the bottom of the material outlet 
(and gas inlet) end cap after a number of passages over 
and between the heating tubes determined by the angle 
of inclination to the horizontal of the axis of the drum. 
The improved material delivery achieved by the mul 

ti-stage lifting blades is further aided by a better shield 
ing of the sealing elements 51 to 54 at the end ?anges 
of the rotating drum 4 against possible ingress of parti 
cles of material. For this purpose coaxial short cylinder 
surfaces 100,101 are arranged to lie radially inside 
seals, penetrating into both ends of the rotatable drum 
and having a diameter about 2 to 3 cm smaller than the 
inner diameter of the rotatable drum. 
FIG. 17 shows the cylinder surface 100 at the mate 

rial inlet end. It penetrates about 100 to 150 mm into 
the rotatable drum 4 to the end wall 2 of the'adjoining 
end cap 3 to which it is made fast by welding. 
Within the length that this cylinder 100 penetrates 

into the drum one or two rings or spirals of about 12 
mm square pro?les 103 are ?xed to the wall of the 
drum in the small annular gap between the inner wall 
of the rotatable drum and this cylinder to leave only a 
narrow air gap of about I to 2 mm open outside the cyl 
inder surface 100. 
The arrangement at the material outlet end is shown 

in FIG. 18. About 15 to 20 mm behind the end ?ange 
of the rotatable drum 4 a cylinder 101 is welded by 
means of a thin annulus 102 lying normal to the axis of 
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the drum. The cylinder 101 is welded fast to this annu 
lus and penetrates about 230 to 250 mm into the length 
of the adjoining end cap 3. 

In a manner analogous to that shown in FIG. 17, one 
or two rings or spirals 104 of about 12 mm square pro 
file are fixed in the gap outside the cylinder, but this 
time it or they are secured to the cylinder to lie within 
the front cap 3 in the gap between the guide cylinder 
54 of the sliding sealing elements 51 to 53. The cylinder 
10] rotates with the rotatable drum, so that these rings 
or spirals rotate in the gap at this end of the drum and, 
in the case of a spiral, continuously urge any filler parti 
cles which enter this gap out of the region of the sliding 
seals toward the material outlet 16. At the material 
inlet side as shown in FIG. 17, such a spiral again ro 
tates with the rotatable drum but in this case is ar 
ranged to urge material into the drum. 
The advantages obtained by this embodiment con 

sists in a more compact and simpler design as well as 
a technically more advantageous and reliable regula 
tion obtained by the installation of a two-step regulated 
oil or gas burner with its combustion chamber within a 
ring duct for the leading in of the recirculated gases 
into the adjoining coaxial mixing chamber. 
This arrangement of burner allows for shorter duct 

lengths and hence smaller incipient heat losses so that 
less thermal insulation is required. 
The protection against radiant heat installed in front 

of the burner ?ame gives a higher service life of the 
heating tube system. 
Shielding the sliding seals at the ends of the rotary 

drum and the arrangement of rotating spirals in the 
gaps outside these shields mean that the ingress of par 
ticles between the sealing surfaces of the sliding sealing 
elements is almost completely prevented whereby their 
life is increased to a considerable extent. 
What is claimed is; 
1. Apparatus for the heating or drying of pulverulent 

or granular fluent solid material comprising, in combi 
nation, a rotatable drum, an array of heating tubes of 
generally oval cross-section having a pitch between the 
centers of the tubes within the range of about 1.3 to 1.5 
times the major cross-section dimension of the tubes, 
said rotatable drum with the major sectional axes of 
said tube extending in a generally vertical direction, a 
plurality of supports for at least some of said tubes dis 
posed at distances about one-third of the way there 
along, and a plurality of lifting blades extending gener 
ally longitudinally within the drum secured along its 
inner periphery for lifting pulverulent or granular ?u 
ent solid material within said drum continuously up 
wards during rotation of said drum to drop it generally 
uniformly over the array of tubes, the lifting blades 
each comprising in turn, two unequal legs, the longer 
of which is fixedly attached at one end portion thereof 
with the inner circumferential wall of the rotatable 
drum and at the other end portion thereof with the 
shorter leg, said shorter leg being a tangent to a circle 
inscribed about the axis of rotation of the drum, the 
longer leg extending at an angle to the radial direction 
‘of the drum which is in the approximate range 0° to 
about 30° so that the angle between the two legs is be 
tween approximately 90° to about 120°, and further 
compressing at least one intermediate distributing leg 
secured with the longer leg between the inner circum 
ferential wall of the drum and the shorter leg, extending 
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in generally the same direction and parallel to said 
shorter leg. 

2. Heater according to claim 1 wherein the ratio of 
the length of the longer leg to the shorter leg is about 
2:1. 

3. Heater according to claim 1 wherein the radial dis 
tance between the inner circumferential wall of the 
drum and the shorter leg is about 1.2 times the distance 
apart of the radially outer ends of adjacent longer legs. 

' 4. Heater according to claim 1 wherein the length of 
the intermediate distributing leg is about 0.4 to 0.6 
times the radial distance between the inner circumfer 
ential wall of the drum and the shorter leg. 

5. A heater according to claim 1 wherein only every 
alternate row of the array is so supported. 

6. Heater according to claim 5 wherein the array 
comprises of a square lattice with vertical free passages 
between the tubes. 

7. Heater according to claim 1 further comprising a 
stationary end cap, a seal between the rotatable drum 
and said stationary end cap a telescopic guide construc 
tion associated with the end cap, a stationary wear ring 
carried by said telescopic guide construction, a rotating 
wear ring secured to the end of the rotatable drum, 
means for urging the wear rings together and means for 
restraining the wear ring associated with the end cap 
from rotation relative to that end cap. ' 

8. Heater according to claim 7 wherein the means for 
. restraining the rotation of the wear ring comprises a 
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swingable hinge rod attached by respective ball and 
socket joints on one end portion thereof to the tele 
scopic guide construction on the other and portion 
thereof to the end cap. 7 

9. Heater according to claim 7 wherein there is addi 
tionally provided radially within the telescopic con 
struction a cylindrical sleeve fastened with one of the 
end caps and the rotating drum and penetrating axially 
within the other to lie radially within the other, and a 
screw element in the gap between the said cylindrical 
sleeve and the one of the rotatable drum and the end 
cap into which it penetrates to urge material penetrat 
ing into that gap in an axial direction away from said 
wear rings. 

10. Heater according toclaim 7 wherein the seal fur 
ther comprises an adjustable stop to limit the distance 
of the closest approach of the end cap and the drum 
upon abrasion of the wear rings. 

11. Heater according to claim 7 mounted on a chassis 
which has a detachable bogie adjacent at least one end 
and hinged telescopic supports adjacent at least the 
other end to enable movement to a construction site 
and mounting thereat at a desired angular elevation. 

12. Heater according to claim 1 wherein the drum 
has a gas inlet end. and gas outlet end, further compris 
ing a stationary end cap at each end thereof a mixing 
chamber provided on the end cap at the gas inlet end, 
a burner for producing heated combustion gases, a 
burner muf?e connected between said burner and said 
mixing chamber for conducting the heated combustion 
gases from said burner to said mixing chamber, and re~ 
circulating gas means comprising, in turn, an annular 
duct surrounding said burner muffle, for conducting 
combustion gases from the gas outlet end to said mixing 
chamber, the mixing chamber comprising a central 
portion for receiving freshly combusted gas from said 
burner via said burner muffle, and a radially outer por 
tion for receiving recirculated gas via said annular duct 
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portion for receiving recirculated gas via said annular 
duct. ’ 

13. Heater according to claim 12 wherein said recir 
culating gas means comprises a recirculating fan 
mounted in prolongation of the gas outlet end of the 
drum and adapted to recirculate gas to the mixing 
chamber and gas recirculating ducts connected thereto 
extending generally parallel to the axis of the drum and 
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outside the drum, together with means for controlledly 
causing a portion of the circulating gas to escape to the 
outside atmosphere. 

14. Heater according to claim 12 further comprising 
a shield against radiant heat penetration provided in 
the mixing chamber. 

* * * * * 


