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Description
TECHNICAL FIELD

[0001] Thisdisclosurerelatestoan active grid arrange-
ment of solids flow control valves to control ash or solids
flow through a moving bed heat exchanger or similar de-
vice. This disclosure relates to the solids flow control
valve for use in a moving bed heat exchanger, as well
as other applications. This disclosure also relates to
methods of using the solids flow control valve.

BACKGROUND

[0002] Moving bed heat exchangers use valves to con-
trol the flow of solids through them. Various types of me-
chanical valves such as ball valves, gate valves, sluice
valves and rotary valves can be used for flow control of
the solids. However, these valves have moving parts that
contact each other and ash and particles passing through
the moving bed heat exchanger, and these parts often
undergo wear over time that reduces their ability to con-
trol the flow of solids. In addition, closing these valves
with the solids in their midst poses problems that pertain
to exercising active control when desired.

[0003] In addition, special design considerations need
to be given to the fact that the components of the valve
need to function and survive at extremely high tempera-
tures. The solids (e.g., ash) leaving the moving bed heat
exchanger is frequently at temperatures of greater than
1500°F.

[0004] Itistherefore desirable todevelop a flow control
system for the moving bed heat exchanger that can con-
trol the flow of solids at temperatures of 1500°F or greater
without any wear.

[0005] US 2009/0151902 A1 discloses a valve with a
standpipe, a shoe and a transport pipe downstream of
the shoe. US 5,682,828 discloses a valve according to
the preamble of claim 1, with a standpipe, a shoe and a
transport pipe downstream of the shoe. The shoe has a
heel, a base and a toe; ports for compressed air admis-
sion are provided at the standpipe and at the base.

SUMMARY

[0006] Disclosed herein is a solids flow control valve
according to the features of claim 1.

[0007] Disclosed herein is also a solids flow control
system according to the features of claim 7.

[0008] Disclosed herein too is an active grid solids dis-
tributor according to the features of claim 12.

[0009] Disclosed herein too is a method comprising
discharging solids from a heat exchanger through a plu-
rality of solids flow control valves according to the fea-
tures of claim 15.
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BRIEF DESCRIPTION OF THE FIGURES
[0010]

Figure 1 depicts the solids flow control valve system
for a moving bed heat exchanger that comprises a
plurality of solids flow control valves;

Figure 2 is an enlarged depiction of the solids control
flow valve showing the direction of flow of hot solids
and/or ash;

Figure 3 is an enlarged depiction of the shoe. The
Figure 3 depicts a side view and a back view of the
shoe;

Figure 4 depicts the active grids solids distributor for
controlling a plurality of solids flow control valves;
Figure 5 is a graphical depiction of the solids flow
control valve using the digital pulse method;

Figure 6 is a graphical depiction of the average solid
control valve transportduct pressure drop versus the
ash flow rate for various solid control valve sizes and
transport duct inclination; and

Figure 7 is another graphical comparison of labora-
tory experimental results with results from an appli-
cation of the solids control valve to a commercial
operating circulating fluidized bed boiler.

DETAILED DESCRIPTION

[0011] Disclosed herein is a solids flow control valve
system that controls the flow of high temperature solids
(also known as high temperature ash) as they exit a mov-
ing bed heat exchanger and are transported to a com-
bustion chamber. The solids flow control valve system
controls the flow of high temperature solids as they exit
the moving bed heat exchanger, which in turn leads to
control of the flow of solids within the moving bed heat
exchanger. In an exemplary embodiment, the solids are
hot solids and/or ash from the moving bed heat exchang-
er. The solids flow control valve advantageously has no
moving parts, which minimizes maintenance and im-
proves reliability. It may use an air pressure of less than
4 pounds per square inch to facilitate transportation of
solids back to a combustion chamber. The solids flow
control valve can handle pieces of rubble that are the
same size as the valve inlet. The lack of moving parts in
the solids flow control valve system makes the valve sys-
tem easy to construct and to maintain.

[0012] Disclosed herein too is an active grid distributor
that comprises a plurality of solids control valves for con-
trolling the distribution of high temperature solids as they
exit the moving bed heat exchanger and are transported
to the combustion chamber. The grid controls the flow of
and distribution of high temperature solids in the moving
bed heat exchanger. Like the individual solids flow control
valves, the active grid distributor has no moving parts,
uses gravity and low pressure air to facilitate transporta-
tion of solids from the moving bed heat exchanger
through the solids flow control valve. It can handle pieces
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of rubble that are the same size as the grid inlet. The lack
of moving parts makes the active grid distributor easy to
construct and to maintain.

[0013] Figure 1 depicts the solids flow control valve
system 100 for a moving bed heat exchanger 200 that
comprises a plurality of valves 102, 104. As will be de-
tailed below in the Figure 2, each valve 102, 104 com-
prises a standpipe 112, a shoe 126, and a housing 116.
As depicted by the arrows in the Figure 1 and 2, hot solids
and/or ash from the moving bed heat exchanger 200 trav-
el from the moving bed heat exchanger through the valve
102 into a transport conduit 120 to a combustion chamber
976. With reference to the Figure 2, the hot solids and/or
ash travels from the moving bed heat exchanger 200
through the standpipe 112, the shoe 126 and the housing
116 before entering the transport conduit 120 from which
they are transported to the combustion chamber 976. In
one embodiment, the combustion chamber 976 may be
replaced by areactor (not shown) ora hopper (not shown)
which facilitates disposal of the hot solids and/or ashes.
[0014] The solids flow control valve system 100 is dis-
posed downstream of the moving bed heat exchanger
200 and in operative communication with it. The solids
flow control valve system 100 is generally located up-
stream of the combustion chamber 976 (or alternatively
the reactor or the hopper). In one embodiment, the solids
flow control valve system 100 is disposed directly below
the moving bed heat exchanger 200 and contacts an
opening in the floor of the moving bed heat exchanger.
As shown in the Figure 1, the moving bed heat exchanger
200 comprises an enclosure 202 that contains a number
of tubes (not shown) which are arranged in one or more
heat exchanger tube bundles 212. The enclosure 202 is
formed by vertical walls 204 of the moving bed heat ex-
changer, a roof 206 that contacts the vertical walls and
a floor 208 that also contacts the vertical walls 204. The
moving bed heat exchanger receives hot solids and/or
ashes from a boiler cyclone loop seal, the combustion
chamber, the reactor, the hopper, or a similar source of
hot granular solids.

[0015] Referring to the Figure 2, the tube bundles 212
in the moving bed heat exchanger 200 are arranged to
remove heat from the hot solids and/or ashes and to
transfer it to a cooling medium. The cooling medium is
generally water, steam, thermal oil, or heat transfer cool-
ant. The heating or cooling medium flows through the
tubes. Cooling medium and product (e.g., hot solids
and/or ash) flow occurs in cross, parallel, or countercur-
rent to each other. The coolers work according to the
moving bed principle, i.e., the hot solids and/or ash forms
a product column which flows continuously downwards
between the cooling tubes. Heat is transferred from the
ash or solids through the tube walls to the cooling fluid.
[0016] The solids flow control valves 102, 104, and so
on contact the floor 208 of the moving bed heat exchang-
er 200. With respectonce again to the Figure 1, hot solids
and/or ash from the moving bed heat exchanger 200
flows downwards between the tubes (not shown) towards
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the solids flow control valves 102 and 104. The Figure 2
depicts a single valve 102. The valve 102 comprises a
standpipe 112 that is operative to transport hot solids
and/or ash from the moving bed heat exchanger 200 to
a combustion chamber 976 or to a reactor(not shown) or
to a hopper (not shown) via an inclined transport conduit
120. The standpipe also serves as a pressure seal be-
tween the higher pressure transport pipe and the lower
pressure moving bed heat exchanger. The upper end of
the standpipe 112 contacts the floor 208 of the moving
bed heat exchanger 200. The floor 208 contains a plu-
rality of holes 210 which are lined up with an opening of
the standpipe 112. In other words, the standpipe 112 and
the hole 210 are coaxial and are concentrically aligned.
[0017] Theupperend ofthe standpipe 112 may contact
the floor 208 via an optional flange 124. The flange 124
permits the valve to be removed for maintenance and for
replacement if desired. The end of the standpipe 112
opposite the upper end contacts a flow control shoe 126
(hereinafter shoe 126) into which the hot solids and/or
ashes that are transported through the standpipe 112 are
deposited. The shoe 126 lies downstream of the stand-
pipe 112. The shoe 126 may be a monolithic part of the
standpipe 112 or it may be fixedly attached to the stand-
pipe 112 by rivets, by welding, or the like. In one embod-
iment, the shoe 126 may be reversibly attached to the
transport conduit by screw threads or by bolts and nuts.
The shoe 126 discharges.its contents into a housing 116
and to a transport pipe 120. The transport pipe 120 is
located downstream of the shoe 126.

[0018] Anoptional expansion joint 125 may be installed
in the standpipe to accommodate thermal expansion dif-
ferences between the moving bed heat exchanger 208
and the transport pipe 120.

[0019] AscanbeseenintheFigures1and2,the stand-
pipe 112 is vertical. However, it is also possible to incline
the standpipe atangles other than the vertical. The stand-
pipe generally transports solids from the moving bed heat
exchanger to the combustion chamber 976 or reactor of
hopper under the effect of gravity and it is therefore de-
sirable for the standpipe to be positioned in such a man-
ner so as to permit gravity to facilitate the movement of
solids from the moving bed heat exchanger to combus-
tion chamber 976 or alternatively to a reactor or to a hop-
per. Thus even when the standpipe is inclined at angles
other than the vertical, itis desirable for gravity to be able
to effect the downward flow of solids.

[0020] The height of the standpipe is determined by
thedesign back pressure between the combustion cham-
ber or discharge hopper and the moving bed heat ex-
changer 200. Back pressures less than the design value
will permit ash or solids to be discharged to the transport
pipe 120.

[0021] The Figure 3 is an enlarged depiction of the
shoe 126. The Figure 3 depicts a side view and a back
view. Neither the side view northe back view in the Figure
3 are drawn to scale. The shoe 126 contains a back face
128 (hereinafter the heel 128) that is aligned with the
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standpipe 112 such that the inner wall of the standpipe
is flush with the inner face of the heel 128. Affixed to the
heel 128 is a first port 118 containing a sintered frit,
through which pressurized air may be admitted into the
shoe 126. The base of the shoe 126 contains a porous
sintered frit 122 through which low pressurized air may
be admitted into the shoe 126.

[0022] The base of the shoe 126 acts as a temporary
restraint to the downwards flow of the hot solids and/or
ash. As the hot solids and/or ash flows downwards under
gravity, it meets the base of the shoe 126 and begins to
pile up in the shoe. The base of the shoe 126 thus acts
as a control on the downward flow of hot solids and/or
ash.

[0023] Opposed to the heel 128 is the toe 114 of the
shoe. The shoe 126 has opposing side walls 132 and
134, each of which contacts the heel 128, the base of
the shoe and the toe 114 of the shoe. The side walls 132,
134 extend above the top of the toe 114 when measured
from the bottom of the base of the shoe 126. A housing
116 completes the shoe 126.

[0024] The side walls 132, 134 of the of the shoe form
side walls for the housing 116 and contact the roof 140
of the housing. The housing 116 has a front wall 162 and
a rear wall 160. The front wall 162 contacts the roof 140
of the housing, while the rear wall 160 contacts the base
122 ofthe shoe 126 as shown inthe Figure 3. The housing
116 thus prevents hot solids and/or ashes that are trans-
ported to the shoe from falling out of the solids control
valve system.

[0025] As can be seen in the Figure 3, the passages
in the shoe 126, the passages between the toe 114 of
the shoe 126 and the roof 140 or walls 160 of the housing
116, and the passages within the housing 116 are atleast
3 times greater, specifically at least 5 times greater than
the largest debris that are transported through the valve
control system. In an exemplary embodiment, the pas-
sages in the shoe 126, the passages between the toe
114 of the shoe 126 and the roof 140 or walls 160 of the
housing 116, and the passages within the housing 116
are at least 5 times greater than the largest debris that
are transported through the valve control system. Having
the passages be at least 3 times larger than the largest
debris that can be transported in the system, facilitates
a smooth movement of the hot solids and/or ashes and
prevents clogging of the solids flow control system.
[0026] The first port 118 in the shoe 126 serves as an
inlet port for pressurized air that is intended to dislodge
large debri present in the high temperature solids and/or
ash. The hot solids and/or ash that are discharged from
the moving bed heat exchanger may contain occasional
large debris that can cause clogging of the valves 102,
104. In order to dislodge the debris and in order to main-
tain a uniform flow of hot solids and/or ashes through the
valves 102, 104, pressurized air is periodically dis-
charged through the valves through the first port 118 and
also the base 122 at flow rates greater than needed for
steady operation. The high pressure air is discharged
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through the valve for periods of about 5 to about 20 sec-
onds at intervals of about 30 seconds to about 40 sec-
onds.

[0027] As detailed above, the base of the shoe 126
contains a porous sintered frit 122 through which low
pressurized air may be admitted into the shoe 126. The
sintered frit may be manufactured from a ceramic or from
a metal that does not react with any of the hot solids,
ashes or the hot gases that are discharged through the
valve 102. Alternatively, the porous sintered frit may be
replaced with a pad of sintered mesh that has a minimal
pressure drop. The sintered frit or the pad of sintered
mesh may have a pore size of about 3 micrometers to
about 10 micrometers. The average particle size of ash
particles or hot solids is about 50 to about 200 microm-
eters and the bulk of these particles cannot pass through
the porous frit or the pad of sintered mesh. Adrain in the
plenum supplying air to the frit permits the evacuation of
fines that might pass through the frit.

[0028] The presence of aporousfritorapad of sintered
mesh located at the base of the shoe facilitates the uni-
form flow of hot solids and ash through the shoe because
of a stream of low pressure air admitted into the shoe via
the porous frit or the mesh 122. The low pressure air
fluidizes the hot solids or ash and facilitates the uniform
transportation of hot solids and/or ash from the shoe 126
into the transport pipe 112. The stream of low pressure
air may be continuous or may be intermittent.

[0029] In one embodiment, the low pressure air may
be admitted into the shoe via a portion of the base (i.e.,
it may be allowed to enter the shoe via the forward portion
or through the rear portion of the frit.) In other words, the
low pressure air may be admitted into the shoe ata variety
of different positions and at a variety of different angles.
The low pressure air is generally admitted through the
porous sintered frit 122 at a pressure of about 0.08 to
about 0.23 kilogram per square centimeter. The toe 114
is opposed to the heel 128 and the inner surface of the
toe 114 isinclined to the base by an angle o thatis greater
than 90 degrees. The angle o that ranges from about
105 to about 135 degrees.

[0030] The housing 116 covers the shoe 126 and di-
rects the hot solids and/or hot ashes from the shoe to the
transport pipe 120. The housing 116 is in a protective
relationship with the shoe 128 and surrounds the shoe
128. The housing 116 contacts the shoe and the transport
pipe and provides a fluid communication pathway be-
tween the shoe and the transport pipe. It prevents hot
solids and/or ashes from dispersing into the environment
around the valves. The transport pipe 120 is inclined at
an angle effective to transport the fluidized hot solids
and/or fluidized ashes to the combustion chamber 976
or to a hopper. The transport pipe is inclined at an angle
B with respect to a vertical. The angle [} is varied at an
angle of about 60 degrees to about 120 degrees meas-
ured clockwise or anti-clockwise with respect to the ver-
tical.

[0031] Ascan be seen from the Figures 2, 3 and 4, the
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solids flow control valves 102 and 104 function to control
the flow of hot solids and/or ash by creating a tortuous
pathway between the shoe 126 and the housing 116.
The tortuous pathway causes the solids to flow in at least
two different directions from the moving bed heat ex-
changer to the combustion chamber or the reactor or the
hopper. As may be seen from the Figure 2, the hot solids
and/or ashes flow in a first direction and upon contacting
the base of the shoe, the hot solids and/or ashes change
direction and flow in a second direction towards the toe
of the shoe. Upon moving across the toe 114 of the shoe,
the hot solids and/or ashes once again change direction
and flow in a third direction towards the transport pipe
120. The tenuous pathway created in the shoe 126 is
thus used to regulate the flow of solids.

[0032] The transport pipe 120 may have a diameter of
about 25 centimeters to about 500 centimeters. It is to
be noted that the transport pipe has a diameter that is at
least 3 times, specifically at least 4 times, and more spe-
cifically at least 5 times greater than the largest debris
that may be transported from the moving bed heat ex-
changer to the combustion chamber or to the hopper or
to the reactor. As may be seen in the Figure 1, one or
more valves may be in operative communication with the
transport pipe 120. It is to be noted that while the Figure
1, depicts two valves, the air flow control valve system
may have about 1 to about 50 valves, specifically about
5 to about 25 valves, and more specifically about 4 to
about 16 valves. In an exemplary embodiment, the solids
flow control valve system has about 16 valves. The
number of valves may be dependent on the cross-sec-
tional area of the moving bed heat exchanger 200.
[0033] When the solids flow control valve system com-
prises a plurality of valves, the valves are arranged ad-
jacent to each other in a plurality of rows. Each row is in
communication with a transport pipe. As aresult, a single
or plurality of transport pipes may be used to connect the
plurality of rows of valves with the combustion chamber
or with a hopper.

[0034] Inone exemplary embodiment, when an air flow
control valve system has 16 valves, the valves may be
arranged in 4 rows each having 4 valves. The system
will then have 16 standpipes, 16 shoes and 16 covers,
each standpipe being associated withashoe and acover.
The 4 valves in each row will be connected to a transport
pipe 120. The system will have 1 or 4 transport pipes,
each of which will transport the solids or ashes to the
combustion chamber or to the hopper.

[0035] Thestandpipe, the shoe, the housing, the trans-
port pipe are all manufactured from materials that do not
react with the hot solids or gases produced in the com-
bustion chamber. The parts of the valve may be manu-
factured from metals, refractories, or a combination
thereof. Metal parts that are coated with ceramics can
also be used.

[0036] The valve system disclosed herein has a
number of advantages. It has no moving parts as aresult
of which maintenance is greatly reduced over other com-
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parable valves that have moving parts (e.g., ball valves,
gate valves, sluice valves).

[0037] A wide range of ash or solids flow control is ob-
tained by a digital sequencing of the air supplied to the
valves 102, 104. The pressurized air is discharged
through the valve for periods of about 5 to about 20 sec-
onds at intervals of about 30 seconds to about 40 sec-
onds. The precise intervals depend on the desired ash
flow through the valves. The valves can be sequenced
or operated individually to provide the desired ash flow
and ash distribution through the moving bed heat ex-
changer standpipe

[0038] As the back pressure changes, the ash flow
through the ash flow control valve system does not
change. The system is thus self-controlling by the air sup-
ply sequencing described above. The back pressure limit
is controlled by the ash bulk density and the height "h"
of the standpipe above the shoe inlet. By setting the
height "h" of the standpipe the flow rate of the hot solids
and/or ashes can be controlled by adjusting the air flow
to ports 118 and 122.

[0039] The plurality of solids flow control valves 102,
104, and so on, provide a uniform ash flow profile through
the moving bed heat exchanger by controlling the flow
of each flow control valve. It also allows for the use of a
plurality of solids flow control valves, because it enables
operation of the solids flow control valves in such a man-
ner as to effect a uniform solids flow control through the
valves. This in turn allows for uniform solids flow across
the moving bed heat exchanger and for a uniform tem-
perature profile across the moving bed heat exchanger.
[0040] The active grids solids distributor allows for con-
trol of the flow of hot solids and/or ash through the moving
bed heat exchanger with no moving parts, can use low
pressure control and transport air from a primary air (PA)
or secondary air (SA) fan (not shown), and can accom-
modate and pass the occasional piece of oversize rubble
through the ash control valve. The active grid solids dis-
tributor is reliable because it has no moving parts, which
minimizes maintenance and improves reliability.

[0041] The ash flow through an individual solids flow
control valve is controlled by pulsing of air flow through
the valve. Digital air flow control may be accomplished
via the programmable logic controller. The programma-
ble logic controller may use a microprocessor computer
or a distributed control system. Secondary means of sol-
ids flow control can be attained by varying the control air
flow rates during each pulse. The heat transfer of the
moving bed heat exchanger tube bundle is not affected
by this intermittent flow of ash.

[0042] The active grids solids distributor refers to a plu-
rality of ash control valves that are operated in a pre-
scribed manner to control the total solids flow rate and
solids flow distribution throughout the moving bed heat
exchanger. The activation air flow is alternated among
each of the solids flow control valves in the active grids
solids distributor in a prescribed pattern so that each ash
control valve in succession is actuated.



9 EP 2 632 831 B1 10

[0043] Flow control variation between the ash control
valves is obtained by changing the time for air flow acti-
vation for each ash control valve. The total hot solids
and/or ash flow through the moving bed heat exchanger
is controlled by the dwell time between activation for each
ash control valve.

[0044] A programmable logic controller is in electrical
communication with the solids flow control valve system
and is used to set the air flow sequences for the ash
control valves. The programmable logic controller may
be a microprocessor, a computer, or the like. The acti-
vation and dwell times for the ash control valves can be
adjusted to smooth outimbalances in solids flow through
the moving bed heat exchanger. Depending upon the
tube bundle arrangement in the moving bed heat ex-
changer, it may also be used to bias the solids flow dis-
tribution in the moving bed heat exchanger for coolant
temperature control.

[0045] The Figure 4 is a depiction of the active grids
solids distributor 400. The active grids solids distributor
400 comprises programmable logic controller 402 in elec-
trical communication with a temperature measuring de-
vice 404, a first solenoid valve 406, a second solenoid
valve 406’, a first air flow control valve 408 (that controls
air flow to the solids flow control valves 102, 104, and so
on), a second air flow control valve 408’ and a fan (not
shown) or a pump 410. The fan or pump 410 is operative
to discharge air (such as the primary air source of the
combustion chamber) into the shoe via the first port 118
orvia the base 122. The air from the fan or the pump 410
is discharged via the first air flow control valve 408 and
the first solenoid valve 406 into the first port 118 of the
shoe 126 or via the second air flow control valve 408’
and the second solenoid valve 406’ into the base 122 of
the shoe 126. The first solenoid valve 406 and the second
solenoid valve 406’ functions as an "on-off" valve, while
the first air flow control valve 408 and the second air flow
control valve 408’ is operative to allow for the control of
the effective flow of air to the shoe 126. Temperature
information from the moving bed heat exchanger is re-
ceived by the programmable logic controller 402, which
then activates air to the respective solid flow control
valves 102, 104, and so on.

[0046] In one embodiment, in one method of function-
ing of the active grids solids distributor 400, the temper-
ature at various points in the moving bed heat exchanger
200 or the inlet and outlet fluid temperature of the fluid
flowing into the tube bundles 212 is fed to the program-
mable logic controller 402. Depending upon the temper-
ature profile in the moving bed heat exchanger 200, the
programmable logic controller 402 may activate the air
flow control valve 408 and the solenoid valve 406 to ac-
tuate the flow of solids in a particular solid flow control
valve 102 or 104 and so on. As noted above, there may
be a plurality of valves in the solids flow control valve
408. The programmable logic controller 402 may use a
variety of different forms of logic to control the solids flow
control valves in the solids flow control system. The op-
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eration of the active grids solids distributor 400 and the
solids flow control valves are discussed in further detail
below. While the active grids solids distributor 402 is
shown functioning as a closed loop system, one of ordi-
nary skill in the art would understand that the system may
operate in an open loop mode.

[0047] The actuation of the valves may be based upon
avariety of parameters such as the temperature of water
or steam in one or more pipes, the flow rate of water or
steam in one or more pipes, the temperature profile of
the moving bed heat exchanger, the load on the boiler,
the ash profile, the desires of a particular user, the overall
system profile, or the like, or a combination of at least
one of the foregoing parameters.

[0048] The active grid solids distributor can control 1
toabout50valves, specifically about 5 to about25 valves,
and more specifically about 4 to about 24 valves. In an
exemplary embodiment, the active grid solids distributor
can control hot solids and/or ash flow in an ash valve
control system having about 16 valves. It is generally
desirable to have an even number of valves.

[0049] In one exemplary embodiment, an active grid
solids distributor can control 16 ash control valves. Inone
manner or functioning, the active grid solids distributor
will permit low pressure air in the first valve of the 16
valves for a period of about 3 to about 15 seconds, spe-
cifically about 5 to about 10 seconds, after which it is
turned off for a period of 15 to about 50 seconds, specif-
ically about 20 to about 30 seconds.

[0050] Upon turning off the first valve, the active grid
solids distributor will permit low pressure airin the second
valve of the 16 valves for a period of about 3 to about 15
seconds, specifically about 5 to about 10 seconds, after
which itis turned off for a period of 15 to about50 seconds,
specifically about 20 to about 30 seconds. In this manner,
the active grid solids distributor turns all 16 valves on and
off sequentially, or in parallel. The process is then repeat-
ed.

[0051] In one embodiment, the valves may be activat-
ed sequentially in rows or in columns. For example, the
valves in the first row or first column may be activated
prior to the valves in the second row or second column.
In another embodiment, the valves in a plurality of rows
or columns may be activated simultaneously prior to the
valves in another plurality of rows or columns being ac-
tivated simultaneously. In another embodiment, the
valves in all of the rows or all of the columns may be
activated simultaneously. The aforementioned sequenc-
es may be used for either the low pressure air or the high
pressure air or for both of them. The low pressure airand
the high pressure air may be alternated in a variety of
sequences for the valves in different rows or in different
columns. In yet another embodiment, the valves may be
activated in any desirable sequence. As discussed here-
inbefore, the sequence of activation of the valves may
be dependenton an input parameter to the controller 402
of function in an open loop mode with a predetermined
sequence.
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[0052] As noted above, this method of controlling the
hot solids and/or ash flow maintains a uniform distribution
of temperature across the moving bed heat exchanger.
It is to be noted that the solids flow control valves and
the active grid solids distributor can be used in other types
of heat exchangers where heat is to be extracted from
hot solids and/or ash. It can also be used in other indus-
tries where control of solids flow is desired. For example,
it can be used in industries involved in the manufacture
of metals such as steel and aluminum, where irregularly
shaped solids are to be charged to a furnace.

[0053] The following examples, which are meantto be
non-limiting illustrate the solids flow control valve system
and the active grid solids distributor.

EXAMPLE
Example 1

[0054] This example depicts the functioning of the sol-
ids flow control valve and the solids flow control valve
system. This example details the solids flow control valve
and its operation using a low pressure air source.
[0055] A commercial moving bed heat exchanger hav-
ing a square cross-sectional area with sides of approxi-
mately 16 feet x 16 feet size was selected as a base for
this experiment. A slice model was constructed to dem-
onstrate the use of the ash control valve grid to control
the ash flow through the slice. A series of nozzles were
located under the slice model to connect with ash control
valves. The ash control valves and the moving bed heat
exchanger used for this experimental set-up are similar
to that shownin the Figure 1. The ash control valves were
pneumatically actuated by a low-pressure air system. As
explained above, each ash control valve was supplied
with fluidizing air through a sintered mesh at the bottom
or sole, and at the bottom of the inlet dip leg or heel.
[0056] A house compressed air supply passed through
a pressure-reducing valve to provide an air flow at 60
inches of water gage pressure. Several ash control
valves could be fed by the air supply. Four ash control
valves with two admission ports each were connected to
the air supply. Each port had a flow control valve and an
isolation ball valve to control airflow to the port. This per-
mitted the flow to a single portto be set to a desired value
and then turned on or off by the isolation ball valve without
disturbing the flow setting.

[0057] Two air admission ports were used to provide
maximum ash flow rates; a bottom or sole air-port, and
a standpipe or heel air-port. Initially several single open-
ings of various orientation were tried for the air-port in
order to determine the optimum location.

[0058] The air ports were supplied with a pad of sin-
tered mesh having minimal pressure drop and a pore
size of the order of 5 micrometers. The pads were re-
cessed in the bottom of a % inch deep opening and as
such did not see the stream of ash flowing through the
ash control valve. The use of the sintered pads with air
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flowing therethrough prevented backsifting of the ash into
the air supply plenum.

[0059] Each solids flow control valve discharged solids
and/or ashes into a 2 inch transport pipe. The solids/and
or ashes were discharged into a receiving hopper, which
served as a replacement for the combustion chamber.
[0060] Ash flow control by the ash control valve was
basically on or off. Minor ash flow control could be ob-
tained by adjusting the air flows. However in order to pass
rubble through the ash control valve, the air flows needed
to be maintained at high flow settings. Low ash flows
were obtained by a digital on-off operation of the valves
(typically 5 seconds with the air flow on followed by 25
second with the air flow off). If the on-off ratio was ad-
justed, the average ash flow would correspondingly
change. The moving bed heat exchanger tube bundle
heat transfer was not affected by this intermittent flow of
ash.

Example 2

[0061] This example was conducted to demonstrate
how the height "h" and diameter of a standpipe can be
used to control the back pressure in the solids flow control
valve. The height of the standpipe above the shoe deter-
mines how much back pressure can develop in the sys-
tem. The height of the standpipe was increased by 10
inches with a 1.88 inch inner diameter tube extension
into the slice model to provide increased backpressure
flow capability.

[0062] Multiple ash control valves were tested, all dis-
charging into a common return transport tube as shown
in Figure 1. The ash control valves were of 2 inches dip
leg size and of 3 inches dip leg size respectively. The
size difference was selected to provide a size scale up
for the ash control valve. The solids flow control valves
all discharged into the 2 inch transport pipe. Several an-
gles of inclination 3 from 15 degrees to 330 degrees for
the transport pipe were evaluated. Two sizes of ash con-
trol valves were tested - a 2 inch diameter standpipe and
a 3-inch diameter standpipe. Both sizes discharged into
a 2-inch inner diameter transport pipe.

[0063] Control air sequencing for the ash control valve
and standpipe is shown in the Figure 5. Low range pres-
sure regulating valves were connected to a house com-
pressed air supply. This provided an adjustable supply
pressure for the ash control valves and for the transport
pipe. The pressure regulators were set for ranges from
60 inches of H,O to 120 inches of H,0 depending on the
test requirements. Air flow to the ash control valve was
measured by an orifice meter. Air flow to the transport
tube was measured by a separate orifice meter having.
[0064] Airflowing from the measurement orifice to the
base of the solids flow control valve (the sintered pad)
and heel ports (the first port) was controlled by a inch
pipe needle valve and a inch ball valve. The major pres-
suredropinthe air supply system wasinthe needle valve.
The needle valve for each ash control valve was set with
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the others isolated by their ball valves so that the orifice
meter measured the flow to that particular ash control
valve. The needle valves were successively set for each
port on each ash control valve and unchanged during a
test.

[0065] The primary characteristic of the ash control
valve was the control of the sequential air flow rates need-
ed for activation, the subsequent solids flow rate, the in-
fluence of the transport pipe inclination, and the effect of
rubble or oversize particles on performance. Ash flow
rate control by an ash control valve is primarily an on-off
process. Secondary control is attained by varying the
controlairflow rates. The primary control method for mov-
ing bed heat exchanger application was to pulse the ash
control valve by a digital air flow control, resulting in
pulsed solids flow control. This pulsed flow control did
not have a significant effect on heat transfer.

[0066] The results of the inclination angle and size are
shown in Figure 6. Figure 6 shows allgraphical depictions
of the average ash control valve transport duct pressure
drop versus the ash flow rate for various ash control valve
sizes and transportductinclination. The ash control valve
control air was on continually at the beginning of the test,
then was digitally pulsed 10 seconds on followed by 20
seconds off, then was pulsed 5 seconds on followed by
25 seconds off.

[0067] From the Figure 7 it may be seen thatincreased
solids flow resulted in an increased transport pressure
drop. The transport pressure drop limited the solids flow
rate. The standpipe height"h" above the ash controlvalve
determined the maximum backpressure against which
the ash control valve could transport solids.

[0068] Fromthefiguresabove, it may be seenthatvery
little air was needed for control. The solids to air ratio for
the ash control valve was determined to be of the order
of 400 to 20,000 pounds solids/pound of air. This trans-
lates to about 20 to about 150 pounds per hour per square
foot based on the standpipe cross-sectional area. In ef-
fect, the solids would flow if enough air was supplied to
fluidize the material in the standpipe and the standpipe
was of sufficient height.

[0069] From the Figure 6, it may be seen that a pneu-
matic solids flow control valve can effectively control the
flow rate and meet the capacity requirements of a moving
bed heat exchanger. The final configuration tested con-
tained sintered mesh control air fluidizing pads. Air injec-
tion ports without the sintered mesh pads were subject
to ash backsifting and loss of flow capacity. The sintered
pads never experienced backsifting or loss of flow.
[0070] These experiments also showed that a stand-
pipe above the ash control valve was desirable as it
serves as a pressure boundary seal. The height require-
ment of the standpipe was seen to be dictated by the ash
density and backpressure. Backpressure would be gov-
erned by the combustion chamber-cyclone pressure dif-
ferential and by the inclination of the transport pipe. Min-
imal backpressure is provided by transport pipes that
have an inclination 3 of 60 to 120 degrees from a vertical
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(see Figure 2).

[0071] These examples also show that low pressure
primary air could be used for control activation of the ash
control valve, and for transport of the ash from the ash
control valve to the combustion chamber, provided that
transport pipes are sloped downward at an angle of in-
clination 3 of 60 to 120 degrees measured from a vertical.
The solids flow control valves can transport from about
20,000 to about 400,000 pounds per hour per square foot
of hot solids and/or ash with an ash to air weight ratio of
2000 or greater.

Example 3

[0072] A hot field test was conducted at an operating
circulating fluidized bed (CFB) boiler site to demonstrate
that the above concepts could be put into commercial
practice. A moving bed heat exchanger slice model of
0.46 meter by 2.1 meter plan area cross section was
installed to receive a slip stream of hot recycled ash from
the CFB boiler. Two ash control valves with dip leg di-
ameters of 0.15 meter discharging into a common return
duct of 0.25 meter diameter. The moving bed heat ex-
changer and control valves were operated for an extend-
ed period of several cumulative months to demonstrate
the ability to transfer design criteria from ambient condi-
tions to hot operating conditions for an extended period
of time.

[0073] It will be understood that when an element is
referred to as being "on" another element, it can be di-
rectly on the other element or intervening elements may
be present therebetween. In contrast, when an element
isreferred to as being "directly on" another element, there
are no intervening elements present. As used herein, the
term "and/or" includes any and all combinations of one
or more of the associated listed items.

[0074] It will be understood that, although the terms
"first," "second," "third" etc. may be used herein to de-
scribe various elements, components, regions, layers
and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these
terms. These terms are used to distinguish one element,
component, region, layer or section from another ele-
ment, component, region, layer or section. Thus, "a first
element," "component,” "region," "layer" or "section" dis-
cussed below could be termed a second element, com-
ponent, region, layer or section without departing from
the teachings herein.

[0075] The terminology used herein is for the purpose
of describing particular embodiments and is not intended
to be limiting. As used herein, the singular forms "a," "an’
and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be
further understood that the terms "comprises" and/or
"comprising," or "includes" and/or "including" when used
in this specification, specify the presence of stated fea-
tures, regions, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
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addition of one or more other features, regions, integers,
steps, operations, elements, components, and/or groups
thereof.

[0076] Furthermore, relative terms, such as "lower" or
"bottom" and "upper" or "top," may be used herein to
describe one element’s relationship to another element
as illustrated in the Figures. It will be understood that
relative terms are intended to encompass different ori-
entations of the device in addition to the orientation de-
picted in the Figures. For example, if the device in one
of thefigures is turned over, elements described as being
on the "lower" side of other elements would then be ori-
ented on "upper" sides of the other elements. The exem-
plary term "lower," can therefore, encompasses both an
orientation of "lower" and "upper," depending on the par-
ticular orientation of the figure. Similarly, if the device in
one of the figures is turned over, elements described as
"below" or "beneath" other elements would then be ori-
ented "above" the other elements. The exemplary terms
"below" or "beneath" can, therefore, encompass both an
orientation of above and below.

[0077] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and the present disclo-
sure, and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.
[0078] Exemplary embodiments are described herein
with reference to cross section illustrations that are sche-
matic illustrations of idealized embodiments. As such,
variations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or toler-
ances, are to be expected. Thus, embodiments de-
scribed herein should not be construed as limited to the
particular shapes of regions as illustrated herein but are
to include deviations in shapes that result, for example,
from manufacturing. For example, a region illustrated or
described as flat may, typically, have rough and/or non-
linear features. Moreover, sharp angles that are illustrat-
ed may be rounded. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and
are not intended to limit the scope of the present claims.
[0079] The term "and/or" is construed to mean both
"and" as well as "or". The expression A and/or B is there-
fore construed to mean A and B as well as A or B. The
expression A, B and/or C is construed to mean A, B and
CaswellasAorBorC.

Claims

1. A solids flow control valve comprising:
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a standpipe (112);

a shoe (126);

a transport pipe (120); wherein the standpipe
(112) is in operative communication with the
shoe (126) and lies upstream of the shoe (126);
the standpipe (112) comprising a first end and
a second end, where the firstend is connectable
to a source that contains disposable solids and
the second end is in fluid contact with the shoe
(126); the shoe (126) being operative to restrict
the flow of the disposable solids;

the transport pipe (120) being disposed down-
stream of the shoe (126) to receive and transport
the solids from the shoe (126),

ports for supplying pressurized air into the shoe
(126),

a controller (402) for controlling the pressurized
air flow through the ports,

wherein the shoes (126) comprises a heel (128),
a base (122) and a toe (114), where the heel
(128), the base (122) and the toe (114) each
contact one another,

at least one of the ports is located at the base
(122) of the shoe (126),

at least one of the ports is located at the heel
(128), characterized in that

the toe (114) is inclined to the base (122) at an
internal angle that is greater than 90 degrees,
within arange of 105 to 135 degrees, preferably
135 degrees.

The solids flow control valve of Claim 1, wherein the
standpipe (112) is inclined from an axis perpendic-
ular to the base (122).

The solids flow control valve of Claim 1, further com-
prising a housing (116) that is in a protective rela-
tionship with the shoe (126) and surrounds the shoe
(126).

The solids flow control valve of Claim 3, wherein the
housing (116) contacts the shoe (126) and the trans-
port pipe (120) and provides a fluid communication
pathway between the shoe (126) and the transport
pipe (120).

The solids flow control valve of Claim 1, wherein
ports of the shoe (126) comprises a porous sintered
pad through which low pressure air is introduced into
the shoe (126).

The solids flow control valve of Claim 1, wherein the
transport pipe (120) is horizontal or is inclined with
respectto a vertical; and where the solids flow control
valve contains no parts that move relative to other
parts of the valve.

A solids flow control system comprising a plurality of



10.

11.

12.

13.

14.

15.

16.

17.

17 EP 2 632 831 B1 18

solids control valves of Claim 1.

The solids flow control system of Claim 7, wherein
the system comprises about 1 to about 50 valves.

The solids flow control system of Claim 7, wherein
the system comprises about 16 solids control valves.

The solids flow control system of Claim 7, wherein
a plurality of valves are in communication with a sin-
gle transport pipe (120).

The solids flow control system of Claim 10, wherein
the system comprises a plurality of transport pipes
(120) and wherein each transport pipe (120) is in
communication with a plurality of solids control
valves.

An active grid solids distributor comprising the solid
flow control system of Claim 7, wherein the transport
pipe is horizontal or is inclined with respect to a ver-
tical; and where the solids flow control valve contains
no parts that move relative to other parts of the valve.

A method comprising:

discharging solids from a heat exchanger
through a plurality of solids flow control valves
according to claim 1;

discharging air into the shoe (126) to fluidize the
solids; and

transporting the solids to a combustion chamber
or hopper,

intermittently introducing pressurized air having
apressure of about 0.08 to about 0.23 kilograms
per square centimeter into the at least one port
located at the heel (128) of the shoe (126), and
introducing pressurized air having a pressure of
about 0.08 to about 0.23 kilograms per square
centimeter into the at least one port located at
the base (122) of the shoe (126).

The method of Claim 13, wherein the discharging of
the airisdue to actuation broughtby a programmable
logic device.

The method of Claim 13, wherein the discharging of
air into the shoe (126) comprises discharging it in-
termittently.

The method of Claim 13, wherein the discharging
comprises actuating atleast one valve of the plurality
of valves prior to actuating another valve, and where
the actuating comprises turning on pressurized air
in atleastone valve for a period of time before turning
it off.

The method of Claim 13, wherein the pressurized is
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admitted into the shoe (126) intermittently for solids
flow rate control, such as air admission for a period
of about 3 to about 10 seconds and then shut off for
a period of about 5 to about 30 seconds.

Patentanspriiche

1.

Feststoff-Durchflusssteuerventil, umfassend:

ein Standrohr (112);

einen Schuh (126);

ein Transportrohr (120); wobei das Standrohr
(112) mitdem Schuh (126) betriebswirksam ver-
bunden ist und stromaufwarts des Schuhs (126)
liegt; wobei das Standrohr (112) ein erstes Ende
und ein zweites Ende umfasst, wobei das erste
Ende mit einer Quelle verbindbar ist, die Ein-
wegfeststoffe enthélt, und das zweite Ende mit
dem Schuh (126) in Fluidkontakt steht; wobei
der Schuh (126) ausgelegtist,den Flussder Ein-
wegfeststoffe zu beschranken;

wobei das Transportrohr (120) stromabwarts
des Schuhs (126) angeordnet ist, um die Fest-
stoff von dem Schuh (126) aufzunehmen und
zu transportieren,

Anschlisse zum Zuflihren von Druckluft in den
Schuh (126), eine Steuerung (402) zum Steuern
der Druckluftstrdomung durch die Anschlisse,
wobei die Schuhe (126) eine Ferse (128), eine
Basis (122) und einen Zeh (114) umfassen, wo-
bei die Ferse (128), die Basis (122) und der Zeh
(114) einander jeweils kontaktieren, wobei sich
mindestens einer der Anschliisse an der Basis
(122) des Schuhs (126) befindet,

sich mindestens einer der Anschliisse an der
Ferse (128) befindet,

dadurch gekennzeichnet, dass

der Zeh (114) zu der Basis (122) in einem In-
nenwinkel von mehr als 90 Grad, innerhalb ei-
nes Bereichs von 105 bis 135 Grad, vorzugs-
weise 135 Grad geneigt ist.

Feststoff-Durchflusssteuerventil nach Anspruch 1,
wobei das Standrohr (112) von einer Achse geneigt
ist, die zu der Basis (122) senkrecht ist.

Feststoff-Durchflusssteuerventil nach Anspruch 1,
ferner umfassend ein Gehause (116), das in einer
Schutzbeziehung zu dem Schuh (126) steht und den
Schuh (126) umgibt.

Feststoff-Durchflusssteuerventil nach Anspruch 3,
wobei das Gehause (116) den Schuh (126) und das
Transportrohr (120) kontaktiert und einen Fluidver-
bindungsweg zwischen dem Schuh (126) und dem
Transportrohr (120) bereitstellt.
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Feststoff-Durchflusssteuerventil nach Anspruch 1,
wobei die Anschliisse des Schuhs (126) ein pordses
gesintertes Segment umfassen, durch welches Nie-
derdruckluft in den Schuh (126) eingefiihrt wird.

Feststoff-Durchflusssteuerventil nach Anspruch 1,
wobeidas Transportrohr (120) horizontal oderin Be-
zug auf eine Vertikale geneigt ist; und wobei das
Feststoff-Durchflusssteuerventil keine Teile enthalt,
die sich in Bezug auf die anderen Teile des Ventils
bewegen.

Feststoff-Durchflusssteuersystem, umfassend
mehrere Feststoffsteuerventile nach Anspruch 1.

Feststoff-Durchflusssteuersystem nach Anspruch 7,
wobei das System etwa 1 bis etwa 50 Ventile um-
fasst.

Feststoff-Durchflusssteuersystem nach Anspruch 7,
wobei das System etwa 16 Feststoffsteuerventile
umfasst.

Feststoff-Durchflusssteuersystem nach Anspruch 7,
wobei mehrere Ventile mit einem einzigen Transpor-
trohr (120) in Verbindung stehen.

Feststoff-Durchflusssteuersystem nach Anspruch
10, wobeidas System mehrere Transportrohre (120)
umfasst und wobei jedes Transportrohr (120) mit
mehreren Feststoffsteuerventilen in Verbindung
steht.

Feststoffverteiler mit aktivem Gitter, umfassend das
Feststoff-Durchflusssteuerventil nach Anspruch 7,
wobei das Transportrohr horizontal oder in Bezug
auf eine Vertikale geneigt ist; und wobei das Fest-
stoff-Durchflusssteuerventil keine Teile enthalt, die
sich in Bezug auf die anderen Teile des Ventils be-
wegen.

Verfahren, umfassend:

Abgeben von Feststoffen aus einem Warmetau-
scher durch mehrere Feststoff-Durchflusssteu-
erventile nach Anspruch 1;

Abgeben von Luft in den Schuh (126), um die
Feststoffe zu fluidisieren; und Transportieren
der Feststoffe zu einer Brennkammer oder ei-
nem Trichter,

intermittierendes Einflihren von Druckluft mit ei-
nem Druck von etwa 0,08 bis etwa 0,23 Kilo-
gramm pro Quadratzentimeter in den mindes-
tens einen Anschluss, der sich an der Ferse
(128) des Schuhs (126) befindet, und
Einflihren von Druckluft mit einem Druck von et-
wa 0,08 bis etwa 0,23 Kilogramm pro Quadrat-
zentimeter in den mindestens einen Anschluss,
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der sich an der Basis (122) des Schuhs (126)
befindet.

Verfahren nach Anspruch 13, wobei das Abgeben
der Luft auf einer Betatigung beruht, die von einer
programmierbaren Logikvorrichtung herbeigefihrt
wird.

Verfahren nach Anspruch 13, wobei das Abgeben
von Luftin den Schuh (126) das intermittierende Ab-
geben davon umfasst.

Verfahren nach Anspruch 13, wobei das Abgeben
das Betatigen mindestens eines Ventils der mehre-
ren Ventile vor dem Betéatigen eines anderen Ventils
umfasst und wobei das Betéatigen das Einschalten
von Druckluft in mindestens einem Ventil fir einen
Zeitraum vor seiner Abschaltung umfasst.

Verfahren nach Anspruch 13, wobei die Druckluft in
den Schuh (126) fir die Feststoff-Durchflusssteue-
rung intermittierend eingelassen wird, wie ein Luft-
einlass flr einen Zeitraum von etwa 3 bis 10 Sekun-
denunddanach eine Abschaltung flr einen Zeitraum
von etwa 5 bis etwa 30 Sekunden.

Revendications

1.

Vanne pour réguler ['écoulement de solides

comprenant :

une colonne montante (112) ;

un auget (126) ;

un tuyau de transport (120) ;

dans laquelle la colonne montante (112) est en
communication fonctionnelle avec 'auget (126)
et se situe en amontde l'auget (126), la colonne
montante (112) comprenant une premiére ex-
trémité et une seconde extrémité, ol lapremiere
extrémité peut étre raccordée a une source qui
contient des solides jetables et la seconde ex-
trémité est en contact fluidique avec l'auget
(126), 'auget (126) étant destiné a restreindre
I’écoulement des solides jetables ;

le tuyau de transport (120) étant disposé en aval
de l'auget (126) pour recevoir et transporter les
solides provenant de I'auget (126) ;

des orifices pour alimenter I'auget (126) en air
Sous pression ;

un régulateur (402) pour commander I'écoule-
ment d’air sous pression par les orifices,

dans laquelle 'auget (126) comprend un talon
(128), une base (122) et un bout (114), ou le
talon (128), la base (122) et le bout (114) sont
en contact I'un avec l'autre et au moins un des
orifices est situé ala base (122) de 'auget (126),
au moins un des orifices est situé au niveau du
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talon (128),

caractérisée en ce que le bout (114) estincliné
par rapportalabase (122) avec un angle interne
qui est supérieur a 90 degrés, dans une four-
chette de 105 a 135 degrés, de préférence 135
degrés.

Vanne pour réguler 'écoulement de solides selon la
revendication 1, dans laquelle la colonne montante
(112) est inclinée par rapport a un axe perpendicu-
laire a la base (122).

Vanne pour réguler 'écoulement de solides selon la
revendication 1, comprenant en outre un capot (116)
qui a un role de protection vis-a-vis de 'auget (126)
et entoure l'auget (126).

Vanne pour réguler I'écoulement de solides selon la
revendication 3, dans laquelle le capot (116) est en
contact avec l'auget (126) et le tuyau de transport
(120) et fournit une voie de communication fluidique
entre 'auget (126) et le tuyau de transport (120).

Vanne pour réguler 'écoulement de solides selon la
revendication 1, dans laquelle les orifices de 'auget
(126) comprennent un tampon fritté poreux a travers
lequel de lair basse pression est introduit dans
lauget (126).

Vanne pour réguler 'écoulement de solides selon la
revendication 1, dans laquelle le tuyau de transport
(120) est horizontal ou est incliné par rapport a la
verticale et dans laquelle il n’y a pas de piéces mo-
biles par rapport a d’autres piéces de la vanne.

Systéme de régulation de I'’écoulement de solides
comprenant une pluralité de vannes pour réguler
I'écoulement de solides selon la revendication 1.

Systéme de régulation de I’écoulement de solides
selon la revendication 7, dans lequel le systéme
comprend entre environ 1 et environ 50 vannes.

Systéme de régulation de I'’écoulement de solides
selon la revendication 7, dans lequel le systéme
comprend environ 16 vannes pour réguler I'écoule-
ment de solides.

Systéme de régulation de I'écoulement de solides
selon la revendication 7, dans lequel une pluralité
de vannes sont en communication avec un unique
tuyau de transport (120).

Systéme de régulation de I'écoulement de solides
selon la revendication 10, dans lequel le systéme
comprend une pluralité de tuyaux de transport (120)
et dans lequel chaque tuyau de transport (120) est
en communication avec une pluralité de vannes pour
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réguler I'écoulement de solides.

Répartiteur de solides a grille active, comprenant le
systéme de régulation de I'écoulement de solides
selon la revendication 7, dans lequel le tuyau de
transport est horizontal ou est incliné par rapport a
la verticale et dans laquelle il n’y a pas de piéces
mobiles par rapport a d’autres piéces de la vanne.

Procédé comprenant les opérations consistant a :

décharger des solides provenant d’un échan-
geur thermique par une pluralité de vannes pour
réguler I'écoulement de solides selon la reven-
dication 1 ;

dégager de 'airdans 'auget (126) pour fluidiser
les solides ; et

transporter les solides vers une chambre de
combustion ou une trémie ;

introduire par intermittence de l'air sous pres-
sion ayant une pression entre environ 0,08 a
environ 0,23 kilogrammes par centimétre carré
dans ledit orifice situé au niveau du talon (128)
de l'auget (126) ; et

introduire de I'air sous pression ayant une pres-
sion entre environ 0,08 a environ 0,23 kilogram-
mes par centimétre carré dans ledit orifice situé
a la base (122) de l'auget (126).

Procédé selon la revendication 13, dans lequel le
dégagement de l'air est d0 a un actionnement dé-
clenché par un circuit logique programmable.

Procédé selon la revendication 13, dans lequel le
dégagement d’air dans l'auget (126) comprend de
le dégager par intermittence.

Procédé selon la revendication 13, dans lequel le
dégagement comprend l'opération consistant a ac-
tionner au moins une vanne de la pluralité de vannes
avantd’actionner une autre vanne etdans lequel cet
actionnement comprend l'opération consistant a
ouvrirau moins une vanne pendant un certain temps
avant de la fermer.

Procédé selon la revendication 13, dans lequel I'air
sous pression est admis dans 'auget (126) pour ré-
guler le débitde solides par intermittence, par exem-
ple avec une admission d’air pendant une période
comprise entre environ 3 et environ 10 secondes et
puis un arrét pendant une période comprise entre
environ 5 et environ 30 secondes.
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MECSERELSNAL KILERD 2407 ARABLASANAK STABALYORASARA SZOLGALD SRELEP

SEABADALMIIGENYPONTOR

1. Zagydramidy sxatdbyord szelep, amedy lanaimay

sitdoadvet (112}

sarokosdvst (138

srdfiittversisket {1201 aho! az alidosd (112} Ssezakotiotéshan van & sarokesdvel (186}, ss s
saskoad (1281 altlt m;ﬁymketaf}\ ab tovabbd 2 ofttosdnek {TTE) st vogs 46 mascdik vége van, shal
a2 eisd vég zegyhuliadiket tanaimass forrashozr csatishoriathatd, o8 2 masodiy vag sramdas! dssze-
kitiatdshan van a sarokoadesl (128); ds @ sarokesd (128) akaddlyorza a sagyhuliadék dramigsdy

3 sealioveratek {1207 & sarokost (126} uldn van beikiatve annak rdekebsn, hogy fogades
&% srafiilsg o sarokesdbat {128) szdrmed sagyot

stiviiedl lsvegdnek a satpkesdie (138) jtlatasdra solgald bemenateRet,

seabaivordeszhast (4021 @ sdeitett levend szabdlyordsdra 8 bamenateken &t

atel & sarohosdvek (128) sarokrdaszel {128), sloprésazs! (128) és wirésszel {114 vannak

s

siatva, ahol @ sarokrésy (128, ax slapréer (188} & a2 ujrdez {114} egymassal frinthardsben yvan-

legulabl 8 bemenstek envike @ sarokosd {(128) alsprészéna (122} helyezhedik g,
logalabh 2 bemevetek oyy rdees & sarckrdsandl (128 van ehendazve, szl jollomarve.
hogy

ar ufirdss {119) belsd sxoggel 2 alaprdsy (122} fels be van hajlitva, amaly s28g nagyobd,
it 20 ok, tovahbg 15 &5 135 fok kozdlt van, odlsserden 135 fok.
2. Az 1. igdnyno szerintl zagydramias szabalyzd saelap, ahol & eiltiosd {HIR) oy slapresare
$128) merdlages fengelivel szdget warbe.
3 Az 1 igdnypord spevintl zagydramids szabalyozd szelap, amelynek ovabha & sarchestvet

20} vadd hdza {(118) van, amely korbaveszi » saroheadvad {1238},

P

4 A F ndnvpont sterinl, zagydramils seabdlyed sselep, ahol 8 hae {118 & sankostvet
{128) &3 2 sosliidosdved (120) drinthexik, ¢s dramiasi Osszakiiolost toramt @ saredesd (136} da @

. iggnypont seevintl, ragydramids szabdlvozd szelep, ahol & sarckosd (126} bemenatel
pordsus szinteral! lappal vannak alidtva, amelen & alscsony nyomasy levegdt vezelink ve & sardk-
Lsdbe (138

& Az 1 ignypont szednl, zagydrambis szabadloze szelep, ahol @ sealliidveretdk (1

4 OYON 2

BN 3\)§2
gintes vagy fords Alast o Hpgliegesher viszonyitva, e ahed @ zagyaramigst szabaiyosd szaisp
rient farialmiad & srelep mas rdsenibiel visroayiive Mg ressekat

7oAz Y. igenypont sxerintl zagydracolds szabsiiond seslepsiel tarlalmard segyaramiast sz

balesd rendsser

FTIBATI 148978 FIKG



8 A 7. igdnypont szerind vagvarsmias ezabdlyzd rendsser, ahol @ rendezer kb 148 &0 sze-
noel van aliahva

SA 7 igdnypont szeint ragvdramigs sxabalyzd rendezar, ahol a rendszer kb, 16 zagyaram-
tas waabdiyords szeleppel van alinlva,

1004 T igsnypont szerintl zagydramids seabalyzd rendsesr, ahtd & szelepek agystien sl
thvaratdkkel (120 vannak kaposoiatban

1. A 10 igénypont szarint] xagvdramids szabdhad rendazer, ahol 8 rendsrar s2amos 3nali-

Wostvel (120) van Kiglakitva, ag ahol minden sgyey tovdbhitd szdliitdnsd (120} Wb ragydramids
srabdiyze sxetepps! van dssrekatietdsben

12, A7 igdnypont szerint zagyaranidas szabalyzs seelepe! lanigimae sktiv racsos Zagyeioss-
i, ahol & szalifdosd vizeintas vagy o Nigadlegesasl spoget 240 be &3 ahol & zagyaranias szabilysd
sealep nem larialnas olyan elemst, amely MOXoy & salep mas resseibey viszonyiva,

13, Bliavds, amelogk stean

zagyot vazelink sl HOosereiobdt sxamos, ax 1. igenypant szavintl ragyaramias szabalyzé
szedepen kereszith

lovegdt jultstunk o sarckosdbe (128, sxael Suidiedive » xagyol; &8

0,00-18 033 bodom® nyomdsh stirtett fevegdt vezelink be stakaszosan lsgaldbb egy olyan

2 zagyol dgeftkaniaba vagy garatha tovabhitiuk,
bemensien &1, smaly 8 sarokosd {130 sarkdndt (128) van Kikdpesvy, &8

05,0840 023 kgfom® nyomast strftedt levegdt verstiink b legsldbl sqy olvan bemensten,
amaly a sarckesd {128} alaprészénst {132} helysckadik @

14, A 13, igénypont szerintl aljdras, ahol 7 fevegd elveretése programozhatd logival eszkdz
mkodiatisova! valdsul mag.

15, A 13 igénypont sconindl olidsis, ahol 8 fevegt bejullalasdt o sarokestite (128} szakaszo-
[an vagsERdl,

184 15 igdnypont szadntl olidnds, ahol 8 levegd beiutlatdse sovan legalabh egy srelepst
makSitetink & sxamos sxalepbdl, mislo egy masik szsispet mkodietnénk, €5 ah-{* s dikidetds
Soran adofl ey sivitell lnvegdt fultatunk be legaidbb agy soelepbs, mieldt axt slzdmank.

17,4 13 ipdoypont sserintl ali@rds, shol & zagy dramiayl sebesssgdnek szabatyozasahar 8
aliritell levendt szakaszosan julisliok a sarckostbe (125} Ggy. hogy & levagld beiutiatasansk idefe
adott perfddusban 3 &8 10 masodperns KE20H van, mald st kavettien S48 30 mdsudperciy tavjedd pe-

ricdushan a levagd bajutiaideat salinsteitalily
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