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(54) Rotary cooler

(57)  The rotary cooler (2), comprises a drum (11)
having a drum axis, the drum (11) being rotatable about
the drum axis, an inlet through which the material is fed
into the drum (11), the inlet comprising an inlet chute (9)
intended to receive material from a rotary kiln (1) and an
outlet through which the material is discharged from the
drum (11). The inlet (10) further comprises an inlet cone

L

-

(13), extending between the inlet chute (9) and the drum
(11). The inlet cone (13) is connected to the drum (11)
so as rotate about the drum axis together with the drum
(11), and has a frustoconical shape diverging from the
inlet end thereof towards the outlet end thereof, and com-
prising a frustoconically shaped double walled envelope
(17, 18) receiving a circulation of cooling liquid.
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Description

[0001] The presentinvention concerns a rotary cooler
for cooling material discharged from a rotary kiln, in par-
ticular coke discharged from a calcination kiln, compris-
ing a drum having a drum axis L, the drum being rotatable
about the drum axis L, an inlet through which the material
is fed into the drum, the inlet comprising an inlet chute
intended to receive the material from the rotary kiln and
an outlet through which the material is discharged from
the drum.

[0002] Rotary coolers of the above-mentioned type are
intended for cooling the extremely hot, and often even
incandescent, material discharged from a rotary kiln or
similar equipment.

[0003] Forexample,inthe case wheretherotary cooler
is part of a coke calcining system, the calcined coke is
discharged from the kiln into the rotary cooler at temper-
atures which can reach up to 1400°C.

[0004] The rotary coolers are thus continuously sub-
jected to very high temperature material flows. As a con-
sequence, these rotary coolers fail rather quickly and
have to be renewed or repaired at regular intervals. Since
rotary coolers are heavy industrial installations, their re-
newal induces very high costs.

[0005] One purpose of the invention is to provide a
rotary cooler which has an increased lifetime and induces
reduced costs.

[0006] To that end, the invention relates to a rotary
cooler according to claim 1.

[0007] The rotary cooler may also comprise one or
more of the following features, taken alone orin any tech-
nically possible combination:

- the double walled envelope of the inlet cone com-
prises an inner wall and an outer wall delimiting be-
tween them a cavity for receiving the circulation of
cooling liquid.

- atleast half of the volume of the cavity is filled with
the cooling liquid.

- the inner wall of the inlet cone has a frusto-conical
shape centred on the drum axis L and delimits the
interior volume of the inlet cone.

- the inlet cone is attached to the drum through a re-
movable attachment means.

- theinlet cone is lined interiorly with a layer of wear
and shock resistant material, said layer of wear and
shock resistant material being self-supporting and
forming a removable portion of the inner wall of the
inlet cone.

- the inlet comprises a stationary inlet part, relative to
which the inlet cone is rotatable about the drum axis
L, the rotary cooler comprising a sealing means for
sealingthe stationary inlet part againsttheinlet cone.

- the drum comprises a double walled exterior shell
and a plurality of product chambers for transporting
the material through the drum arranged in the interior
volume delimited by the exterior shell, a circulation

10

15

20

25

30

35

40

45

50

55

of cooling liquid being defined inside the double
walled exterior shell and between the product cham-
bers.

- itfurther comprises acooling liquid exchange system
for circulating the cooling liquid between the drum
and the inlet cone.

- the cooling liquid exchange system comprises a plu-
rality of connection tubes spaced angularly about the
drum axis L, each connection tube connecting the
double walled shell of the drum to the cavity delimited
between the inner and outer walls of the inlet cone
soas toallow the circulation of cooling liquid between
the drum and the cavity through the connection
tubes.

- theinlet chute comprises a double walled envelope
receiving a circulation of cooling liquid.

- itfurther comprises, atthe outlet thereof, a stationary
discharge housing covering the outlet end of the
drum and an outlet sealing system for sealing the
discharge housing against the drum.

- itcomprises a sweep air system and a controller con-
figured for controlling said sweep air system in order
to prevent the entry of air into the drum through the
outlet of the rotary cooler.

- the sweep air system comprises a first pressure
gauge arranged at the inlet of the rotary cooler for
measuring a first pressure value DP1 at the inlet of
the rotary cooler and a second pressure gauge ar-
ranged at the outlet of the rotary cooler for measuring
a second pressure value DP2 at the outlet of the
rotary cooler, the controller being configured for de-
termining a difference between the first pressure val-
ue and the second pressure value and for controlling
said sweep air system depending on the difference
such that the pressure at the inlet of the rotary cooler
becomes equal, equal or greater or greater than the
pressure at the outlet of the rotary cooler.

- the sweep air system comprises a fan and wherein
the controller is configured for adjusting the speed
of rotation of the fan depending on the difference
between the first measured pressure value DP1 and
the second measured pressure value DP2 such that
the pressure at the inlet of the rotary cooler becomes
equal or greater than the pressure at the outlet of
the rotary cooler.

[0008] The present invention also concerns a rotary
cooler for cooling material discharged from a rotary kiln,
in particular coke discharged from a calcination kiln, com-
prising a drum having a drum axis L, the drum being
rotatable about the drum axis L, an inlet through which
the material is fed into the drum and an outlet through
which the material is discharged from the drum, the inlet
and the outlet being located at opposite ends of the drum
taken along the direction of the drum axis L, characterized
in that the rotary cooler comprises a sweep air system
and a controller configured for controlling said sweep air
system in order to prevent the entry of air into the drum
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through the outlet of the rotary cooler.

[0009] The rotary cooler may also comprise one or
more of the following features, taken alone or in any tech-
nically possible combination :

- the sweep air system is able to prevent the entry of
airinto the drum through the outlet of the rotary cooler
by creating a depression at the outlet of the rotary
cooler compared to the inlet thereof.

- the sweep air system comprises a first pressure
gauge arranged at the inlet of the rotary cooler for
measuring a first pressure value DP1 at the inlet of
the rotary cooler and a second pressure gauge ar-
ranged at the outlet of the rotary cooler for measuring
a second pressure value DP2 at the outlet of the
rotary cooler, the controller being configured for de-
termining a difference between the first pressure val-
ue and the second pressure value and for controlling
said sweep air system depending on the difference
such that the pressure at the inlet of the rotary cooler
becomes equal or greater than the pressure at the
outlet of the rotary cooler.

- the sweep air system comprises a fan and wherein
the controller is configured for adjusting the speed
of rotation of the fan depending on the difference
between the first measured pressure value DP1 and
the second measured pressure value DP2 such that
the pressure at the inlet of the rotary cooler becomes
equal or greater than the pressure at the outlet of
the rotary cooler.

- the outlet of the rotary cooler comprises a stationary
discharge housing and wherein the rotary cooler fur-
ther comprises an outlet sealing system arranged
between the discharge housing and the drum for
sealing the discharge housing against the drum.

- the outlet comprises a stationary discharge housing
and the rotary cooler further comprises a sweep air
duct connected to the discharge housing of the rotary
cooler and intended for carrying a dust carrying flow
of gas from the drum to an afterburner.

- the fanis arranged in the sweep air duct.

- itfurther comprises a fresh air valve for the intake of
outside air into the sweep air duct and a valve control
device, configured for controlling the opening of the
fresh air valve depending on a flow of gas through
the sweep air duct.

- the valve control device is configured for controlling
the opening of the fresh air valve such that the ve-
locity of the flow of gas through the sweep air duct
is greater that a predetermined threshold.

- thefresh air valve is located upstream of the fan rel-
ative to the direction of the gas flow through the
sweep air duct.

- it further comprises a flow meter for measuring the
gas flow through the sweep air duct, said flow meter
being located downstream of the fresh air valve rel-
ative to the direction of gas flow through the sweep
air duct.
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- theinlet of the rotary cooler comprises an inlet chute
intended to receive the material from the rotary kiln
and an inlet cone, extending between the inlet chute
and the drum and intended for distributing the ma-
terial discharged from inlet chute into the drum, the
inlet cone being connected to the drum so as rotate
about the drum axis L together with the drum, and
the inlet cone having a frustoconical shape diverging
from the inlet end thereof towards the outlet end
thereof, and comprising a frustoconically shaped
double walled envelope receiving a circulation of
cooling liquid.

[0010] The invention also concerns an installation
comprising a rotary kiln, a rotary cooler such as defined
above, arranged at an outlet of the rotary kiln and intend-
ed for cooling the material discharged from the rotary
kiln, and an afterburner connected to an inlet of the rotary
kiln, and intended for burning waste gas formed in the
rotary kiln.

[0011] The installation according to the invention may
comprise one or more of the following features:

- it further comprises a sweep air duct connected to
the outlet of the rotary cooler at one end and to the
afterburner at its other end and intended for trans-
porting coke dust removed from the rotary cooler to
the afterburner.

- the sweep air system comprises a first pressure
gauge arranged at the inlet of the rotary cooler for
measuring a first pressure value DP1 at the inlet of
the rotary cooler and a second pressure gauge ar-
ranged at the outlet of the rotary cooler for measuring
a second pressure value DP2 at the outlet of the
rotary cooler, the controller being configured for de-
termining a difference between the first pressure val-
ue and the second pressure value and for controlling
said sweep air system depending on the difference
such that the pressure at the inlet of the rotary cooler
becomes equal or greater than the pressure at the
outlet of the rotary cooler, and wherein the installa-
tion further comprises a third pressure gauge intend-
ed for measuring a third pressure value PT3 at the
outlet of the rotary kiln, said controller being config-
ured for controlling the pressure PT1 at the inlet of
the rotary cooler such that the pressure at the inlet
of the rotary cooler is greater than the pressure at
the outlet of the rotary kiln.

[0012] The invention also related to a method for op-
erating a rotary cooler as defined above, comprising a
step of controlling the sweep air system so as to prevent
the entry of outside air into the drum mainly through the
outlet of the rotary cooler.

[0013] The invention will be better understood upon
reading the following specification, given only by way of
example and made in reference to the appended draw-
ings, wherein:
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- Figure 1isageneral schematic overview of the rotary
cooler according to the invention;

- Figure 2is a cross-sectional view of the rotary cooler
of Figure 1 taken along a transverse plane;

- Figure 3is a schematic perspective view of the rotary
cooler according to the invention;

- Figure 4 is a schematic view of an installation com-
prising the rotary cooler of Figure 3;

- Figure 5 is a perspective view of the inlet end of the
rotary cooler;

- Figure 6 is a sectional view of the inlet end of the
rotary cooler, taken along a vertical longitudinal
plane;

- Figure 7 is a schematic front view of the outlet end
of the rotary cooler which shows the sweep air sys-
tem;

- Figure 8 is a schematic view of the sweep air system
intended to prevent entry of outside air through the
outlet end of the drum of the rotary cooler.

[0014] In the following specification, the terms "inlet"
and "outlet" are used with reference to the usual direction
of the flow of the material through the installation.
[0015] The words "inner" and "outer" are used with ref-
erence to the drum axis L, an "inner" part of an element
being located radially closer to the drum axis L than an
"outer" part of this element.

[0016] In the entire specification, the cooling liquid is
in particular water, for example process water. Alterna-
tively, the cooling liquid may be a mixture of process wa-
ter and chemicals, used to prevent corrosion of the drum
11 of the rotary cooler 2, depending on the water quality.
[0017] A rotary cooler 2 according to the invention is
shown schematically in Figure 1. It is intended for cooling
material discharged from a rotary kiln 1 located upstream
oftherotary cooler 2, and more particularly granular, free-
flowing or dusty hot material.

[0018] The rotary cooler 2 is advantageously part of
an installation 3 such as the one shown schematically in
Figure 4.

[0019] The installation 3 is advantageously a coke cal-
cining installation intended for calcining green coke re-
sulting, for example, from oil refining processes, in order
to produce calcined coke.

[0020] The installation 3 comprises a rotary kiln 1, in-
tended e.g. to receive a feed of green petroleum coke at
itsinlet 8, and to transformitinto calcined petroleum coke.
The outlet 5 of the rotary kiln 1 is connected via a kiln
transfer chute 4 to the inlet 10 of the rotary cooler 2, which
is intended for cooling the material, in particular the hot
calcined coke, discharged from the rotary kiln 1. The hot
material is progressively cooled during its passage
through the rotary cooler 2, and the material, in particular
the cooled calcined coke, is discharged at the outlet 12
of the rotary cooler 2.

[0021] Theinstallation 3 shownin Figure 4 further com-
prises an afterburner 7. The afterburner 7 is connected
to the rotary kiln 1, and more particularly to the inlet 8 of
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the rotary kiln 1, as shown schematically by the arrow
between the rotary kiln 1 and the afterburner 7 in Figure
4. It is intended for burning the waste gas, also called
flue gas, formed in the rotary kiln 1.

[0022] Inaconventional manner, the rotary kiln 1 com-
prises an induced draftfan (not shown), which isintended
for controlling the draft of the the rotary kiln 1 measured
at the kiln discharge in order to control the calcining or
combustion process taking place therein. The induced
draft fan is further controlled for creating a flue gas cir-
culation in countercurrent to the flow of material through
the rotary kiln 1, towards the afterburner 7, waste heat
recovery, flue gas treatment systems and stack (not
shown) which is located close to the flue gas treatment
system.

[0023] Inthe example shownin Figure 4, the afterburn-
er 7 is further connected to the outlet 12 of the rotary
cooler 2 by means of a sweep air duct 82 (see Figure 8),
as shown schematically by the arrow between the rotary
cooler 2and the afterburner 7 in Figure 4. In this example,
the afterburner 7 is also used for burning the sweep air
and the coke dust removed from the rotary cooler 2.
[0024] The rotary cooler 2 will now be described in
more detail. The rotary cooler 2 comprises a drum 11
extending along a drum axis L, aninlet 10, through which
the material is fed into the drum 11, and an outlet 12,
through which the material is discharged from the drum
11. The inlet 10 and the outlet 12 are located at opposite
ends ofthe drum 11, taken along the direction of the drum
axis L. More particularly, the inlet 10 is located at an inlet
end of the drum 11 and the outlet 12 is located at an
outlet end of the drum 11.

[0025] The inlet 10 of the rotary cooler 2 is shown in
more detail in Figures 5 and 6. It comprises aninlet chute
9 and an inlet cone 13.

[0026] The inlet chute 9 is stationary during the oper-
ation of the rotary cooler 2. The drum 11 is rotatable about
the drum axis L relative to the inlet chute 9. The inlet cone
13 is rotatable with the drum 11 about the drum axis L.
[0027] The inlet chute 9 extends between the outlet 5
oftherotarykiln 1, more particularly the kiln transfer chute
4, and the inlet cone 13. More particularly, the inlet chute
9 extends into the inlet cone 13 at the inlet end of the
inletcone 13. Theinlet chute 9 comprises a double walled
shell 6 allowing for the circulation of cooling liquid be-
tween the walls of the double walled shell 6 of the inlet
chute 9.

[0028] The inlet cone 13 extends between the inlet
chute 9 and the drum 11. It is intended for transferring
the material discharged from the inlet chute 9 into the
drum 11. It is more particularly intended for distributing
the material discharged from the inlet chute 9 into the
drum 11.

[0029] The inlet cone 13 is rigidly connected to the
drum 11 so as to be rotatable about the drum axis L to-
gether with the drum 11. Advantageously, the inlet cone
13 is connected to the drum 11 through removable at-
tachment means, in particular through fast connection
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means. More particularly, in the example shown in the
Figures, the inlet cone 13 and the drum 11 comprise fac-
ing flanges 31, 32, which are detachably connected to
one another through the removable attachment means,
for example through bolts or screws.

[0030] The inlet cone 13 has a frusto-conical shape,
diverging from the inlet end thereof towards the outlet
end thereof. It is centred on the drum axis L.

[0031] It comprises aninner cone wall 17 and an outer
cone wall 18. The inner and the outer cone walls 17, 18
jointly delimit a double walled envelope intended for the
circulation of cooling liquid there between. The inner cone
wall 17 is spaced apart from the outer cone wall 18. A
cavity 38 is thus delimited between the inner cone wall
17 and the outer cone wall 18. The cavity 38 extends
around the entire circumference of the inlet cone 13. In
use, the cavity 38 is intended to contain cooling liquid.
[0032] The inner and the outer cone walls 17, 18 each
have a frusto-conical shape centred on the drum axis L.
The distance between the inner cone wall 17 and the
outer cone wall 18 is substantially constant along the
entire length of the inlet cone 13, taken along the direction
of the drum axis L.

[0033] More particularly, the distance between the in-
ner cone wall 17 and the outer cone wall 18, taken along
a radial direction, is equal to about 80 mm.

[0034] Advantageously, in use, more than 50% of the
volume of the cavity 38 is occupied by cooling liquid.
[0035] The inner cone wall 17 delimits the interior vol-
ume of the inlet cone 13. It is intended to be in contact
with the material flowing through the drum 11.

[0036] The inner cone wall 17 has a shape diverging
from the inlet end of the inlet cone 13 to the outlet end
thereof. The interior volume of the inlet cone 13 opens
out into the drum 11 so as to allow the product flow from
the inlet cone 13 into the drum 11.

[0037] The inlet cone 13 is advantageously further
lined interiorly with a layer of shock and wear resistant
material 22. Advantageously, the layer of shock and wear
resistant material 22 is made of steel plates with a ce-
ramic layer applied on their side intended to be in direct
contact with the hot material. This ceramic layer is rein-
forced by honeycomb shaped steel inserts. In particular,
the ceramic layer comprises silicon carbide (SiC), also
called carborundum.

[0038] Advantageously, the outer cone wall 18 is made
of steel.

[0039] The inner cone wall 17 comprises a steel wall
lined interiorly with the layer of shock and wear resistant
material.

[0040] Advantageously, the layer of shock and wear
resistant material 22 is self-supporting. It forms a remov-
able portion of the inner cone wall 17. More particularly,
itis removably attached to the steel wall of the inner cone
wall 17.

[0041] The layer of shock and wear resistant material
22 is advantageously intended to be replaced partly or
intotalin a period notless than once peryearin a planned
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maintenance shut down.

[0042] The word "wear" in particular designates the
breaking off of thin layers of material.

[0043] The rotary cooler 2 further comprises drive
means configured for rotating the drum 11 about the drum
axis L. The drive means comprise one electric main motor
and one electric auxiliary motor and a chain or belt gear
connected between the electric motors and the drum 11
for transmitting the rotation of the electric motor to the
drum 11. The drum 11 is supported on two riding rings
connected to the drum 11, these riding rings being sup-
ported on two roller stations. These drive means are con-
ventional and will therefore not be described in more de-
tail in the specification.

[0044] Theinlet cone 13 is fixedly attached to the drum
11. It is therefore driven in rotation by the drive means
together with the drum 11.

[0045] As can be seen in Figure 1, the rotary cooler
drum 11 comprises an external shell 20 delimiting an
internal volume for the transport of the material through
the rotary cooler 2. The external shell 20 is e.g. substan-
tially cylindrical of axis L. It comprises an outer shell wall
21 and an inner shell wall 26. The shell 20 thus has a
double wall.

[0046] The diameter of the inner cone wall 17 at the
outlet end thereof is substantially equal to the inner di-
ameter of the external shell 20, i.e. to the diameter of the
inner shell wall 21.

[0047] Inthe example shown in the Figures, the rotary
cooler 2 is a sectional cooler. As can be seen in particular
in Figures 2 and 5, the drum 11 comprises a plurality of
product chambers 23 arranged in the internal volume de-
limited by the external shell 20. Each product chamber
23 is intended for transporting the material from an inlet
end of the drum 11 up to an outlet end of the drum 11.
Each product chamber 23 extends substantially along
the entire length of the drum 11. Each product chamber
23 forms a sector of the drum 11.

[0048] Each product chamber 23 comprises an inner
wall 24, an outer wall 25 and two lateral walls 26, extend-
ing between the inner wall 24 and the outer wall 25. The
outer walls 25 of the product chambers 23 jointly form
the inner wall shell wall 21 of the shell 20. The inner walls
24 of the product chambers 23 delimit between them a
central passage 27 extending through the drum 11. The
lateral walls 26 of adjacent product chambers 23 delimit
between them radial flow passages 28, which open out
into the double walled external shell 20 at their radially
outer end and into the central passage 27 at their radially
inner end. The drum 11 further comprises a closure plate
(not shown) closing the radial flow passages 28 and the
central passage 27 at the inlet end thereof. This closure
plate extends substantially perpendicular to the drum ax-
is L.

[0049] Advantageously, the closure plate is lined, on
its face directed towards the inlet cone 13, with a layer
of shock and wear resistant material such as the one
described above for the inlet cone 13.
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[0050] The productchambers 23 may further comprise
internal transport shovel blades 29 for facilitating the
transport of the material through the rotary cooler drum
2. These internal transport shovel blades 29 may for ex-
ample comprise straight blades arranged parallel to the
drum axis L and/or inclined transport shovel blades,
which are inclined toward the drum axis L as shown in
Figures 5 and 6.

[0051] The rotary cooler 2 further comprises a cooling
circuit. This cooling circuit is intended for indirectly cool-
ing the material as it flows through the rotary cooler 2.
[0052] Furthermore, the cooling circuit is intended for
cooling the inlet chute 9, the inlet cone 13 and the drum
11, and more particularly the walls of the product cham-
bers 23.

[0053] More particularly, the cooling circuit comprises
a first cooling circuit for cooling the inlet cone 13 and the
drum 11. It further comprises a second cooling circuit for
cooling the inlet chute 9. Advantageously, the pressures
and/or flow rates of the cooling liquid in the first and sec-
ond cooling circuits are different. These two circuits may
be fed from a same buffer tank.

[0054] The cooling liquid for cooling the drum 11 and
the inlet cone 13 is supplied at the outlet end of the drum
11.

[0055] More particularly, the first cooling circuit com-
prises a liquid supply 33 and a rotating liquid supply con-
duit 30 connected to the liquid supply 33, through which
the cooling liquid is supplied into the drum 11. The liquid
supply conduit 30 extends into the drum 11 from the outlet
end of the drum 11. More particularly, it extends into the
central passage 27.

[0056] The firstcooling circuit further comprises, inside
the drum 11, the radial flow passages 28 between the
product chambers 23, the space between the internal
and the external walls 21, 26 of the shell 20 and the cen-
tral passage 27.

[0057] The conduit 30 inside the drum 11 is rotating
together with the drum 11. A connection with a non ro-
tating pipe of the liquid supply 33 is placed outside the
drum 11.

[0058] The firstcooling circuit further comprises a cool-
ing liquid exchange installation 35 intended for circulating
the cooling liquid between the drum 11 and the inlet cone
13.

[0059] The cooling liquid exchange installation 35
comprises at least one connection tube 36 which con-
nects the cooling liquid circuit of the drum 11 to the inside
of the double wall of the inlet cone 13 so as to create a
fluid communication between the drum 11 and the inlet
cone 13.

[0060] More particularly, the cooling liquid exchange
installation 35 comprises a plurality of connection tubes
36 which are angularly spaced about the drum axis L. In
particular, the connection tubes 36 are regularly distrib-
uted about the entire circumference of the inlet cone 13.
[0061] For each connection tube 36, the outer cone
wall 18 of the inlet cone 13 comprises a through-hole 37
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opening into the cavity 38 delimited between the inner
and the outer cone walls 17, 18 of the inlet cone 13. Each
connection tube 36 is connected to this through-hole 37
at one of its ends and to the double walled shell 20 of the
drum 11 atits other end. More particularly, the connection
tube 37 is connected to the inlet cone 13 through a flange
connection and to the drum 11 via a fast connection cou-
pling.

[0062] The cooling liquid exchange installation 35 is
adapted for both supplying the cooling liquid to the inlet
cone 13 and for evacuating the cooling liquid from the
inlet cone 13 as the drum 11 and the inlet cone 13 rotate
about the drum axis L.

[0063] More particularly, connection tubes 36 of the
cooling liquid exchange installation 35 first supply cooling
liquid from the drum shell 20 to the inlet cone 13 and later
return heated cooling liquid from the inlet cone 13 to the
drum 11 when the drum 11 has turned about the drum
axis L of an angle of about 180°.

[0064] As shown in Figure 1, the first cooling circuit
further comprises an evacuation conduit 40 for evacuat-
ing the cooling water warmed by its passage through the
drum 11 and through the inlet cone 13. The evacuation
conduit 40 extends through the drum 11 in the central
passage 27 up to the outlet end of the drum 11. The
warmed cooling liquid is evacuated from the drum 11 at
the outlet end thereof.

[0065] The first cooling circuit thus allows for the cir-
culation of cooling liquid between the product chambers
23, inside the double wall of the external shell 20, i.e.
between the outer wall of the exterior shell 20 and the
outer walls 25 of the product chambers 23, and inside
the double wall of the inlet cone 13.

[0066] The fresh cooling liquid is introduced into the
drum 11 at the outlet end thereof and flows through the
drum 11 towards the inlet end thereof, more particularly
up to the closure plate. From there, one fraction of the
cooling water flows through the cooling liquid exchange
installation 35 into the inlet cone 13, while the rest of the
cooling liquid flows around the product chambers 23, in-
cluding inside the double envelope of the shell 20.
[0067] The cooling liquid is supplied to the inlet cone
13 by free flow via the cooling liquid exchange installation
35 connecting the double wall of the inlet cone 13 to the
double wall of the drum 11.

[0068] The fraction of cooling liquid from the inlet cone
13 flows back into the drum 11 through the cooling liquid
exchange installation 35 as the drum 11 rotates around
the drum axis L.

[0069] The fraction of cooling liquid having flown
around the product chambers 23 and the cooling liquid
from the inlet cone 13 then flow back towards the outlet
12 of the drum 11 through the evacuation conduit 40.
[0070] As mentioned above, the rotary cooler 2 further
comprises a second cooling circuit for cooling the inlet
chute 9 of the rotary cooler 2. The second cooling circuit
is configured for creating a cooling liquid circulationinside
the double walled shell 6 of the inlet chute 9. The second
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cooling circuit comprises second cooling liquid supply
means. These second liquid supply means may be iden-
tical with the first cooling liquid supply means.

[0071] The rotary cooler 2 further comprises an inlet
sealing system. The inlet sealing system minimizes the
entry of air from the environment, also called ambient air,
into the rotary cooler 2 at the inlet end thereof. Advanta-
geously, it also participates in accommodating the heat
expansion of the drum 11 or of the inlet cone 13. It is
arranged at the inlet 10 of the rotary cooler 2, between
the inlet cone 13 and a stationary part of the inlet 10, in
particular a stationary inlet housing 39. The inlet housing
39 at least partly surrounds the inlet chute 9 at the outlet
end thereof and the inlet cone 13 at the inlet end thereof.
The inlet housing 39 can be moved in translation relative
to the inlet cone 13 during maintenance operations. It is
intended to be stationary during operation of the rotary
cooler 2.

[0072] As will be explained later, the rotary cooler 2
further comprises an outlet sealing system 41 arranged
at the outlet 12 of the rotary cooler 2. The outlet sealing
system 41 minimizes the entry of air from the environment
into the drum 11 at the outlet end thereof. The outer seal-
ing system comprises graphite blocks shaped according
to the radius of the external shell 20 of the drum 11 upon
which they are intended to bear and which are kept tight
to the external shell 20 by means of a steel rope which
is kept under tension by springs and / or weights pulling
at the steel rope.

[0073] The rotary cooler 2 according to the invention
is particularly advantageous. In particular, it has the abil-
ity to accept much higher throughput capacities and a
particularly high lifetime as compared to conventional ro-
tary coolers. Moreover, it can be maintained at reduced
cost.

[0074] Indeed, due to the fact that the inlet 10 of the
rotary cooler 2 comprises, directly upstream of the drum
11, an inlet cone 13 having a double-walled envelope,
receiving a circulation of cooling liquid, the inlet 10 of the
rotary cooler 2 is very well cooled, and therefore wears
out much slower from the contact with the hot material
discharged from the rotary kiln 1 than the inlets of con-
ventional rotary coolers.

[0075] The increased lifetime further results from the
conical shape of the inlet cone 13, which reduces the
retention time of material before entering the drum 11 by
speeding up the flow of material into the drum 11 as com-
pared to a cylindrical inlet. This feature also participates
in reducing the heat in the atmosphere of the inlet cone
13.

[0076] Therefore, the features according to which the
rotary cooler 2 has a conical inlet 13 and according to
which this conical inlet 13 is cooled by a circulation of
cooling liquid through its double walled envelope result
in a significant improvement in the lifetime before repair
or replacement of the drum 11.

[0077] The presence of a wear and shock resistant lin-
ing, which is also cooled by the cooling liquid circulation
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through the double wall of the inlet cone 13, further con-
tributes to slow the wear of the inlet 10 of the rotary cooler
2 from the contact with the hot material discharged from
the rotary kiln 1 as compared with conventional rotary
coolers.

[0078] The factthat the wear and shock resistant lining
is removable is also advantageous. Indeed, it allows in-
creasing the lifetime of the inlet cone 13 even more since
the lining can be removed and replaced easily when it is
worn partly or as a whole without having to replace the
entire inlet cone 13.

[0079] The ceramic lining elements on the closure
plate can also be easily replaced during a normal main-
tenance shutdown.

[0080] Furthermore, the inner wall of the water cooled
inlet chute 9 acts as a pre-cooler for the inlet area and
helps to reduce the temperature inside the inlet 10. This
leads to a cooling of the atmosphere of the rotary cooler
2 in that area in addition to that provided by the cooling
of the inlet cone 13 by means of the cooling liquid circu-
lation through its double walled envelope of the inlet cone
13, which further contributes to improving the lifetime of
the inlet cone 13.

[0081] Providing a detachable inlet cone 13 is also ad-
vantageous. Indeed, the inlet cone 13 is a portion of the
rotary cooler 2 which is subject to high wear, since it is
in direct contact with the hot material discharged from
the rotary kiln 1. Therefore, the inlet cone 13 wears out
much faster than the drum 11, where the material has
already been cooled compared to its original tempera-
ture. Since the inlet cone 13 isremovable, it can be easily
dismantled for repair at a work shop or replaced when it
is worn out without having to replace the drum 11 itself.
[0082] Itis also possible to pull back the inlet housing
39 which is supported by the chassis for the inlet chute
9, which itselfis placed onrollers. By removing inlet hous-
ing 39, access to the inlet cone 19 is provided to perform
minor repair works in situ without disconnecting the inlet
cone 13 from the drum 11.

[0083] The outlet 12 of the rotary cooler 2 will now be
described in more detail. The outlet 12 of the rotary cooler
2 comprises a discharge housing 60 through which the
material is discharged from the rotary cooler 2. More par-
ticularly, the discharge housing 60 communicates with
the drum 11. It receives the material discharged at the
outlet end of the drum 11.

[0084] The discharge housing 60 covers the outletend
of the drum 11. Itis stationary. The drum 11 is rotatable
about the drum axis L relative to the discharge housing
60.

[0085] The discharge housing 60 comprises at least
one discharge outlet, intended for discharging the mate-
rial from the rotary cooler 2. In the example shown in the
Figures, the discharge housing 60 comprises one main
discharge outlet 62. The material discharged through the
main discharge outlet 62 is intended to fall onto a belt
conveyor 63, shown schematically in Figure 4, for being
transported to a product silo.
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[0086] The main discharge outlet 62 is provided with
a slide gate 64, movable between a closing position, in
which it closes the main discharge outlet 62 and a re-
tracted position, in which the main discharge outlet 62 is
open and material can be discharged from the rotary cool-
er 2, in particular via a double pendulum flap 64 (shown
schematically in Figure 8), onto a belt conveyor 63.
[0087] In the example shown in the Figures, the dis-
charge housing 60 further comprises an emergency out-
let 66. The emergency outlet 66 may be provided with
an emergency discharge duct 67 protruding downwards
from the emergency outlet 66 in order to guide the ma-
terial discharged through the emergency outlet 66. The
emergency outlet 66 may be used in addition for dis-
charging lumps of refractory material discharged from
the kiln 1 into the coke cooler 11 which will be separated
by means of a screen installed above the main discharge
outlet 62.

[0088] According to another aspect, the rotary cooler
2 comprises systems for avoiding the entry of outside air
into the drum 11, and more particularly the flow of such
outside air towards the inlet of the rotary cooler 2.
[0089] The purpose of preventing outside air from en-
tering the drum 11 is to limit the ability of the hot material
discharged from the rotary kiln 1 to further burn inside
the inlet 10 of the rotary cooler 2, in particular inside the
inlet chute 9 and the inlet cone 13, due to the additional
oxygen from the outside air, thereby generating addition-
al heat with the risk of overheating parts installed at the
inlet 10 of the rotary cooler 2.

[0090] Once the material has been divided into sepa-
rate streams by being distributed into the product cham-
bers 23 of the drum 11, the material can be efficiently
cooled through the first cooling circuit described above,
which prevents ignition of the material inside the drum 11.
[0091] As mentioned earlier, the rotary cooler 2 further
comprises an outlet sealing system 41 arranged at the
outlet 5 of the rotary cooler 2, for minimizing the entry of
outside air into the drum 11 at the outlet end thereof.
More particularly, the outlet sealing system 41 is ar-
ranged between the discharge housing 60 and the drum
11 for sealing the connection of the stationary discharge
housing 60 to the drum 11. This sealing system 41 is
centred on the drum axis L and extends across the junc-
tion between the discharge housing 60 and the drum 11.
The outlet sealing system 41 is intended for preventing
the entry of outside air into the drum 11 at the junction
between the discharge housing 60 and the drum 11.
[0092] The outlet sealing system 41 comprises graph-
ite segments which are kept under tension and in contact
with the rotating drum 11 by means of arope that is pulled
by a spring and/or weights. The tensioned rope is at-
tached to the discharge housing 60 at one of its ends.
[0093] The rotary cooler 2 further comprises an inlet
sealing system as explained previously.

[0094] Sealing the rotary cooler 2 against entrance of
outside air, for example through the firstand second seal-
ing systems, minimizes the entry of outside air into the
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drum 11. "Outside air" is ambient air, i.e. air from the
environment 90 surrounding the rotary cooler 2.

[0095] Therotarykiln 1 forms areservoir with a variable
negative pressure relative to the atmospheric pressure.
Material is discharged at the outlet 12 of the rotary cooler
2 at atmospheric pressure.

[0096] Even though, the rotary cooler 2 comprises a
sealing system for sealing the rotary cooler 2 against the
entry of outside air, and comprising, in particular, the inlet
and outlet sealing systems, outside air may still penetrate
into the rotary cooler 2, in particularly at the outlet 12
thereof, for example through the discharge housing 60,
and more particularly through the product discharge out-
lets, such as the main discharge outlet 62, through the
double pendulum flap, the emergency outlet 66, and to
some minor extent, due to leakage of the sealing system
of the rotary cooler 2. The outside air having leaked into
the rotary cooler 2 at the outlet 12 thereof is called "leak-
age air" in the following.

[0097] According to the invention, the rotary cooler 2
comprises a sweep air system 75 and a controller 76
configured for controlling said sweep air system 75 in
order to prevent the entry of outside air, in particular leak-
age air, into the drum 11 through the outlet 12 of the
rotary cooler 2. The sweep air system 75 further prevents
the backflow of air, and in particular leakage air, towards
the inlet 10 of the rotary cooler 2 and thus to the rotary
kiln 1.

[0098] More particularly, the controller 76 is configured
for controlling the sweep air system 75 depending on a
measured pressure difference DP between the inlet 10
and the outlet 12 of the rotary cooler 2.

[0099] More particularly, the controller 76 is configured
for reducing the pressure at the outlet 12 of the rotary
cooler 2 relative to the pressure at the inlet 10 of the
rotary cooler 2, i.e. for creating a depression at the outlet
12 of the rotary cooler 2 compared to the inlet 10 thereof.
[0100] Thereby, the sweep air system 75 sucks in ex-
haust from the rotary kiln 1, also called sweep air, and,
due to the pressure difference between the inlet 10 and
the outlet 12, leakage air will not flow towards the inlet
10 of the rotary cooler, but will rather be sucked in with
the sweep air by the sweep air system.

[0101] The sweep air system 75 is further configured
for transporting this mixture of leakage air, sweep air and
dust to the afterburner 7. For this purpose, the sweep air
system 75 comprises a sweep air duct 82, connecting
the outlet 12 of the rotary cooler 2, and more particularly
the discharge housing 60, to the afterburner 7.

[0102] Advantageously, the sweep air system 75 com-
prises a first pressure gauge, located at the inlet 10 of
the rotary cooler 2, and adapted for measuring the pres-
sure PT1 at the inlet 10 of the rotary cooler 2, and a
second pressure gauge, located at the outlet 12 of the
rotary cooler 2, and adapted for measuring the pressure
PT2 at the outlet 12 of the rotary cooler 2.

[0103] The controller 76 is configured for controlling
the sweep air system 75 depending on the difference DP
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betweenthe pressure PT1 measured by thefirst pressure
gauge and the pressure PT2 measured by the second
pressure gauge such that the pressure at the inlet 10 of
the rotary cooler 2 becomes minimum equal or even
greater than the pressure at the outlet 12 of the rotary
cooler2. The pressure PT2 is advantageously lower than
the atmospheric pressure.

[0104] More particularly, in the example shown in the
Figure 7, the sweep air system 75 comprises a fan 80
located at the outlet 12 of the rotary cooler 2, and the
controller 76 is configured for controlling the sweep air
system 75 by adjusting the speed of rotation of the fan
80 depending on the difference DP between the pressure
PT1 measured by the first pressure gauge and the pres-
sure PT2 measured by the second pressure gauge, such
that, due to the controlled suction created by the fan 80
at the outlet 12 of the rotary cooler 2, the pressure at the
intlet 10 of the rotary cooler 2 becomes equal or greater
than the pressure at the outlet 12 of the rotary cooler 2.
[0105] The fan 80 is advantageously located in the
sweep air duct 82 connecting the outlet 12 to the after-
burner 7.

[0106] Thus, any backflow of gas, including leakage
air, through the drum 11 from the outlet 12 towards the
inlet 10 is effectively prevented. Entry of the leakage air
into the drum 11 through the outlet 12 will be prevented
since the leakage air will be sucked into the sweep air
duct 82 by the fan 80.

[0107] Theinstallation 3 further comprises a third pres-
sure gauge adapted for measuring the pressure PT3 at
the outlet 5 of the rotary kiln 1, more particularly above
the kiln transfer chute 4. The pressure PT3 is set by the
rotation speed of the induced draft fan of the rotary kiln 1.
[0108] The controller 76 is further able to control the
sweep air system 75, and more particularly the rotation
speed of the fan 82, such that the pressure PT1 at the
inlet of the rotary cooler 2 is smaller, in particular slightly
smaller, than the pressure PT3 at the outlet 5 of the rotary
kiln 1 so as to prevent a flow of gas, in particular air, from
the rotary cooler 2 into the rotary kiln 1. Indeed, the ox-
ygen content in the rotary kiln 1, and in particular in the
inlet chute 9 thereof should be precisely controlled.
[0109] The purpose of this control is to automatically
adjust the pressure difference between the kiln outlet 5
and the inlet 10 of the rotary cooler 2 such that no gas is
drawn from the rotary cooler 2 into the kiln 1 and no or
only little gas is extracted out of the kiln 1 towards the
rotary cooler 2.

[0110] Advantageously, the controller 76 is further able
to control the draft inside the rotary cooler 2 by adjusting
the amount of dust-carrying air (sweep air) extracted from
the rotary cooler at the outlet end thereof, in particular
by adjusting the speed of rotation of the fan 80.

[0111] The rotary cooler 2 further comprises a dust re-
moval system 82 intended for removing the dust from the
drum 11. The dust to be removed from the drum 11 results
from the displacement of the material, and particularly of
the coke, through the drum 11 and through the outlet 12,
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and in particular through the discharge housing 60. The
thus removed dust is to be transferred and burned in the
afterburner 7.

[0112] The dust removal system 81 is able to remove
the dust from the drum 11 and to transfer this dust to the
afterburner 7.

[0113] It comprises the sweep air duct 82, which con-
nects the outlet 12 of the rotary cooler 2, and more par-
ticularly the discharge housing 60, to the afterburner 7.
The sweep air duct 82 is intended for receiving a flow of
dust-carrying gas coming from the drum 11 and for car-
rying it to the afterburner 7.

[0114] The dust removal system 81 further comprises
a fresh air valve 84 configured for allowing the intake of
outside air into the sweep air duct 82 and a valve control
device 85, configured for controlling the opening of the
fresh air valve 84 depending on the flow of gas through
the sweep air duct 82. In Figure 8, the environment
around the sweep air duct 82 is symbolized by the refer-
ence 90.

[0115] More particularly, the valve control device 85 is
configured for opening the fresh air valve 84 in order to
allow the intake of outside air into the sweep air duct 82
if the velocity of the flow of gas through the sweep air
duct 82 is smaller than a preset threshold. This preset
amount is equal to or greater than the flow of gas nec-
essary for transporting the dust from the rotary cooler 2.
[0116] The fresh air valve 31 is located in the sweep
air duct 82. It is configured in such a way that it allows
the intake of outside air into the sweep air duct 82 when
it is in an at least partly open configuration.

[0117] The dust removal system 81 further comprises
the fan 80.
[0118] More particularly, in the example shown in the

Figures, the fresh air valve 84 is located upstream of the
fan 80 with respect to the direction of the flow of gas
through the sweep air duct 82. When the fresh air valve
84 is opened, the fan 80 is able to suck outside air into
the sweep air duct 82.

[0119] The dust removal system 81 further comprises
a flow meter 86 for measuring the flow of gas through
the sweep air duct 82. In the example shown in Figure
7, the flow meter 86 is located downstream of the fresh
air valve 84 and the sweep air fan 31.

[0120] The valve control device 85 is configured for
controlling the opening of the fresh air valve 84 depending
on the flow of gas measured by the flow meter 86.
[0121] For example, it is configured for opening the
fresh air valve 84 when the measured flow of gas is small-
er than the preset threshold. Thus, outside air will be
sucked into the sweep air duct 82 by the fan 80 through
the fresh air valve 84 and the flow of gas through the
sweep air duct 82 will be increased.

[0122] The valve controldevice 85 is further configured
for opening the fresh air valve 84 by an amount depend-
ing on the difference between the measured flow of gas
and the preset threshold.

[0123] The preset threshold is greater or equal to the



17 EP 2 889 568 A1 18

minimum flow of gas needed for transporting the dust
through the sweep air duct 82 to the afterburner 7. Ad-
vantageously, the flow of gas through the sweep air duct
82 should be sufficient for transporting the dust over a
distance of close to 100 meters.

[0124] The purpose ofthefresh air valve 84 isto ensure
that the flow of gas through the sweep air duct 82 is al-
ways sufficient for transporting the dust through the
sweep air duct 82 regardless of the speed of rotation of
the fan 80, and even though, due to a very good gas-
tightness of the rotary cooler 2, the flow of air through
the drum 11 and through the outlet 12 is kept to a mini-
mum.

[0125] Thanks to the dust removal system 81, the
speed of rotation of the fan 80 can be regulated in order
to control the pressure difference DP between the outlet
5 of the rotary kiln 1, and in particular the kiln transfer
chute 4, and the inlet 10 of the rotary cooler 2, and be-
tween the inlet 10 and outlet 12 of the rotary cooler 2, so
as to prevent any backflow of gas to the rotary kiln 1 or
to the inlet 10, regardless of the effect of this pressure
regulation on the flow of gas through the sweep air duct
82. Indeed, this effect can be corrected by an adequate
control of the fresh air valve 84.

[0126] As stated above, preventing the entry of leak-
age air into the drum 11 through its outlet 12, and partic-
ularly its flow towards the inlet 10 of the drum 11 is par-
ticularly advantageous. Indeed, the circulation of air to-
wards the inlet 10, where the material is very hot and
even still incandescent, may lead to further ignition of the
material entering the inlet cone 13 and thus cause addi-
tional thermal load to the steel parts of the inlet cone 13
itself and parts which keep the ceramic lining in place.
Such an additional combustion considerably raises the
temperature of the material in the inlet 10 and would
therefore result in an increased wear or thermal over-
loading and damage of the inlet 10 of the rotary cooler
2. Preventing the entry of air through the outlet openings
and sealing systems located at the inlet and outlet of the
drum 11, and particularly its flow towards the inlet 10 of
the drum 11 prevents such an additional combustion from
occurring, and thus increases the lifetime of the elements
of the inlet 10 which are in contact with the hot material
discharged from the rotary kiln 1.

[0127] The inventors have further found out that a ro-
tary cooler 2 comprising a cooled inlet cone 13 and a
cooled inlet chute 9 as described above, as well as a
controlled sweep air system 75 as described above for
preventing the outside air from entering into the drum 11
through the outlet 12 of the rotary cooler 2 is particularly
advantageous.

[0128] Indeed, these features have a synergistic effect
on the increase of the lifetime of the rotary cooler 2. This
is due to the combined effect of :

- subjecting the inlet 10 of the rotary cooler 2 to a par-
ticularly efficient cooling as defined above; and
- preventing additional combustion of the material
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from occurring at the inlet 10 before the material en-
ters the drum 11 through adequate sealing of the
cooler 2 and though the sweep air system 75.

[0129] The inventors have found out that, without the
controlled sweep air system 75 as described above, the
time between successive maintenance operations of the
cooler 2, especially for the inlet 10 of the cooler 2, is
limited to approximately 8 months for internals and a re-
placement of the entire cooler drum after approximately
8 years. Such maintenance operations require a shut-
down of the production.

[0130] The combined presence of the controlled
sweep air system 75 and of the cooled conical inlet 13
as described above increases the maintenance time be-
tween shut downs to min. 12 months for ceramic lining
and maintenance operations of the cooler inlet 13 to more
than 3 to 4 years in case of normal operation conditions.
[0131] Thanks to the removable attachment of the inlet
cone 13 to the drum 11, the lifetime of the cooler 2 is
even increased by at least two years compared with pre-
vious designs of sectional coolers.

[0132] The sweep air system 75 is further very simple
to implement since it only requires placing a fan 80 into
the sweep air duct 82, providing pressure gauges and
programming the controller 76 adequately.

[0133] Theinvention further relates to a method for op-
erating a rotary cooler as described above, comprising
a step of controlling the sweep air system 75 so as to
prevent the entry of outside air into the drum through the
outlet 12 of the rotary cooler 2.

[0134] More particularly, the method comprises a step
of advantageously creating a depression at an outlet end
12 of the rotary cooler 2 compared to the inlet 10 of the
rotary cooler 2.

[0135] Controlling the sweep air system 75 so as to
prevent the entry of outside air into the drum through the
outlet 12 of the rotary cooler 2 comprises:

- measuring a first pressure value DP1 at the inlet 10
of the rotary cooler 2 and a second pressure value
DP2 at the outlet 12 of the rotary cooler 2;

- determining a difference between the first pressure
value and the second pressure value and;

- controlling the sweep air system 75 depending on
the difference such that the pressure at the inlet 10
of the rotary cooler 2 becomes equal or greater than
the pressure at the outlet 12 of the rotary cooler 2.

[0136] More particularly, controlling the sweep air sys-
tem 75 depending on the difference such that the pres-
sure at the inlet 10 of the rotary cooler 2 becomes mini-
mum equal or even greater than the pressure at the outlet
12 of the rotary cooler 2 comprises adjusting the speed
of rotation of the fan 80 depending on the difference be-
tween the first measured pressure value DP1 and the
second measured pressure value DP2 such that the
pressure at the inlet 10 of the rotary cooler 2 becomes
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greater than the pressure at the outlet 12 thereof.
[0137] The method further comprises controlling the
fresh air valve 84 depending on a flow of gas through the
sweep air duct 82.

[0138] More particularly, controlling the fresh air valve
84 comprises measuring the flow of gas through the
sweep air duct 82, in particular downstream of the fresh
air valve, and downstream of the fan 80.

[0139] Even more particularly, controlling the fresh air
valve 84 comprises controlling the opening of the fresh
air valve 84 such that the flow of gas through the sweep
air duct 82 is greater that a predetermined threshold.
[0140] According to a particular embodiment, the
method further comprises a step of measuring a third
pressure value PT3 at an outlet 5 of the rotary kiln 1 and
controlling the sweep air system, and more particularly
the rotation speed of the sweep air fan 80, depending on
the difference between the third pressure value PT3 and
the first pressure value PT1 such that the first pressure
value PT1 is smaller than the third pressure value PT3.

Claims

1. Rotary cooler (2) for cooling material discharged
from a rotary kiln (1), in particular coke discharged
from a calcination kiln, comprising a drum (11) hav-
ing a drum axis (L), the drum (11) being rotatable
about the drum axis (L), an inlet (10) through which
the material is fed into the drum (11), the inlet (10)
comprising an inlet chute (9) intended to receive the
material from the rotary kiln (1) and an outlet (12)
through which the material is discharged from the
drum (11), characterized in that the inlet (10) further
comprises an inlet cone (13), extending between the
inlet chute (9) and the drum (11) and intended for
distributing the material discharged from inlet chute
(9) into the drum (11), the inlet cone (13) being con-
nected to the drum (11) so as rotate about the drum
axis (L) together with the drum (11), and the inlet
cone (13) having a frustoconical shape diverging
from the inlet end thereof towards the outlet end
thereof, and comprising a frustoconically shaped
double walled envelope (17, 18) receiving a circula-
tion of cooling liquid.

2. Rotary cooler (2) according to claim 1, wherein the
double walled envelope (17, 18) of the inlet cone (13)
comprises an inner wall (17) and an outer wall (18)
delimiting between them a cavity (38) for receiving
the circulation of cooling liquid.

3. Rotary cooler (2) according to claim 2, wherein at
least half of the volume of the cavity (38) is filled with
the cooling liquid.

4. Rotary cooler (2) according to claim 2 or claim 3,
wherein the inner wall (17) of the inlet cone (13) has

10

15

20

25

30

35

40

45

50

55

1"

10.

1.

12.

20

a frusto-conical shape centred on the drum axis (L)
and delimits the interior volume of the inlet cone (13).

Rotary cooler (2) according to any one of the pre-
ceding claims, wherein the inlet cone (13) is attached
to the drum (11) through a removable attachment
means.

Rotary cooler (2) according to any one of the pre-
ceding claims, wherein the inlet cone (13) is lined
interiorly with a layer of wear and shock resistant
material (22), said layer of wear and shock resistant
material being self-supporting and forming a remov-
able portion of the inner wall (17) of the inlet cone
(13).

Rotary cooler (2) according to any one of the pre-
ceding claims, wherein the inlet (10) comprises a
stationary inlet part (39), relative to which the inlet
cone (13) is rotatable about the drum axis (L), the
rotary cooler (2) comprising a sealing means for seal-
ing the stationary inlet part (39) against the inlet cone
(13).

Rotary cooler (2) according to any one of the pre-
ceding claims, wherein the drum (11) comprises a
double walled exterior shell (20) and a plurality of
product chambers (23) for transporting the material
throughthedrum (11) arranged in the interior volume
delimited by the exterior shell (20), a circulation of
cooling liquid being defined inside the double walled
exterior shell (20) and between the product cham-
bers (23).

Rotary cooler (2) according to claim 8, further com-
prising a cooling liquid exchange system (35) for cir-
culating the cooling liquid between the drum (11) and
the inlet cone (13).

Rotary cooler (2) according to claim 9, taken in com-
bination with claim 2, wherein the cooling liquid ex-
change system comprises a plurality of connection
tubes (36) spaced angularly about the drum axis (L),
each connection tube (36) connecting the double
walled shell (20) of the drum (11) to the cavity (38)
delimited between the inner and outer walls (17, 18)
of the inlet cone (13) so as to allow the circulation of
cooling liquid between the drum (11) and the cavity
(38) through the connection tubes (36).

Rotary cooler (2) according to any one of the pre-
ceding claims, wherein the inlet chute (9) comprises
a double walled envelope (6) receiving a circulation
of cooling liquid.

Rotary cooler (2) according to any one of the pre-
ceding claims, further comprising, at the outlet (12)
thereof, a stationary discharge housing (60) covering
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the outlet end of the drum (11) and an outlet sealing
system (41) for sealing the discharge housing (60)
against the drum (11).

Rotary cooler (2) according to any one of the pre-
ceding claims, comprising a sweep air system (75)
and a controller (76) configured for controlling said
sweep air system (75) in order to prevent the entry
of air into the drum (11) through the outlet (12) of the
rotary cooler (2).

Rotary cooler (2) according to claim 13, wherein the
sweep air system (75) comprises a first pressure
gauge arranged at the inlet (10) of the rotary cooler
(2) for measuring a first pressure value (DP1) at the
inlet (10) of the rotary cooler (2) and a second pres-
sure gauge arranged at the outlet (12) of the rotary
cooler (2) for measuring a second pressure value
(DP2) at the outlet (12) of the rotary cooler (2), the
controller (76) being configured for determining a dif-
ference between thefirst pressure value and the sec-
ond pressure value and for controlling said sweep
air system (75) depending on the difference such
that the pressure at the inlet (10) of the rotary cooler
(2) becomes equal or greater than the pressure at
the outlet (12) of the rotary cooler (2).

Rotary cooler (2) according to claim 14, wherein the
sweep air system (75) comprises a fan (80) and
wherein the controller (76) is configured for adjusting
the speed of rotation of the fan (80) depending on
the difference between the first measured pressure
value (DP1) and the second measured pressure val-
ue (DP2) such that the pressure at the inlet (10) of
the rotary cooler (2) becomes equal or greater than
the pressure at the outlet (12) of the rotary cooler (2).
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