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(57) Abstract

A method and apparatus for feeding solid fuel such as coal or peat into a pressurized boiler, dryer or other similar pressurized space.
The method uses as the fuel feeder a rotating cylinder/ram piston feeder comprising two feed cylinders (3). The goal of the invention is
accomplished by reducing the pressure in the gate feed cylinder (3) prior to moving the feed cylinder to the position corresponding to the
pressure level preceding the filling step of the cylinder and then keeping the cylinder pressure at a reduced pressure level during the transfer
step between the filling step and the connection step for discharging into the pressurized space and, after the transfer step, finally elevating
the cylinder pressure just prior to the connection for discharging into the pressurized space.
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Method and apparatus for feeding solid material into a

pressurized space

The present invention relates to a method according to
the preamble of claim 1 for feeding solid fuel such as
coal or peat into a pressurized boiler, dryer or other

pressurized space.

The method also concerns an apparatus according to the
preamble of claim 8 suited for implementing the method.

Different types of pressurized burning methods and dryers
have gained an important position in energy generating
processes burning solid fuels. Pressurization offers
improved efficiency, and in fact, pressurization is
frequently a prerequisite for the operation and economy
of modern energy generating methods.

Pressurization causes a plurality of technical problems
related to need for maintaining the pressurized spaces
tightly sealed and hindering the pressure from escaping
and preventing the materials and reaction products from
flowing to the environment or other stages of the
process. These requirements are particularly difficult to
fulfill when the process must be fed with solid fuel from
a space of lower pressure. As the pressure of solid fuel
cannot be elevated in the same fashion as that of gases
or liquids, special actions must be taken to feed solid
fuel over a pressure differential. Particularly difficult
fuels to handle are peat and other fuels of organic
origin such as straw, bark and wood chips, because they
resist flowing and have a low specific weight, which

makes their transport by gravity unreliable.

A variety of different types of feeders and conveyors
have been developed for the handling of solid fuels. Of
these, briquette presses and auger or ram auger feeders



10

15

20

25

30

35

WO 96/09113 PCT/FI95/00515

are suited for special applications and typically for
relatively low pressures only. Pulverized material of
relatively good flowing property can be fed by means of
different pneumatic methods utilizing gate chambers and
similar arrangements. A shortcoming of these approaches
is their limited suitability for fine-pulverized materi-
als only as well as the high consumption of the transport
carrier medium and the pumps, blowers and other equipment
required in pneumatic methods of material transport, all
of these contributing to the increased costs of such a
system. For these reasons, the feed of solid fuels to a
space of high pressure is principally implemented using
different types of compartment and gate feeders.

Gate feeders may have one or more gate chambers which are
filled from a storage chute. At the start of the feed
cycle, the gate chamber is rotated to the outlet opening
of the storage chute and the gate chamber is allowed to
become filled with the material flowing from the storage
chute. After the gate chamber is full, it is transferred
to the solids inlet connection to the pressurized space
and is emptied using compressed air, the ram movement of
a piston or simply by gravity flow. The gate chamber may
be pressurized prior to its connection with the pressur-

ized space.

The US Pat. No. 4,037,736 discloses a gate feeder having
two vertical feed cylinders with a piston in each for
feeding solid material into a vertical solids upflow
retort vessel used for the treatment of oil-containing
materials. The feed cylinders are adapted side by side on
horizontal linear guides and fill chutes are provided
symmetrically to both sides of the retort. In this
fashion one of the feed cylinders may be emptied into the
retort, while the other chamber is being filled, whereby
the efficiency of the apparatus is improved. The

drawbacks of this apparatus are related to its slow
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operating speed caused by the linear motions, and due to
the gravity fill, the bridging tendency of the material
during the filling step of the feed cylinder. The
bridging tendency in the chute is strongly dependent on
the material being fed rendering this apparatus ill
suited for feeding peat and similar materials.

The Finnish laid-out publication 85,186 discloses an
apparatus having two gate chambers from which the materi-
al being fed is discharged into the pressurized space by
means of a piston adapted into the chamber. The chambers
are mounted onto a base plate having an inlet opening and
an outlet opening for filling and discharging the cham-
bers. The chambers are transferred the inlet opening to
the outlet opening and vice versa by rotating the cham-
bers. A special characteristic of the apparatus is that
the gate chamber is maintained sealed during the transfer
step, while the pressure of the chamber is simultaneously
elevated to the prevailing pressure of the pressurized
space by means of compressed gas fed into the chamber.
The material to be fed is loaded into the gate chamber by
means of an auger conveyor and gravity. The chief short-
coming of this apparatus is the heavy wear of the base
plate and the seals adapted between the base plate and a
body member arranged to be rotatable with respect to the
body plate. The wear is caused by the pressure elevation
of the filled gate chamber during the rotation step of
the chamber. Here, the imposed pressure pushes the base
plate away from the body piece with a high force and the
material contained in the chamber abrades the base plate,
whereby the bearings and seals of the chamber construc-
tion are subjected to heavy stresses. Furthermore, the
material to be fed easily becomes located between the
body piece and the base plate thus increasing the wear
and requiring more torque to rotate the chamber. The
progress of the wear is rapid, because wear increases the

clearance between the sealed sliding joint between the
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base plate and the body piece, whereby more and more
material being fed can enter between the sealing

surfaces.

It is an object of the present invention to achieve a
method based on a piston-actuated feed cylinder capable
of reducing the wear of the feeder and the pressure

transients imposed on the feeder apparatus.

According to a preferred embodiment of the invention, the
high-pressure side of the feeder apparatus is provided
with a gate valve capable of providing the desired
function of the invention.

The goal of the invention is accomplished by reducing the
gate chamber pressure prior to moving the gate chamber to
the position corresponding to the pressure level
preceding the filling step of the chamber.

According to a preferred embodiment of the invention, the
pressure of the gate chamber is kept at a lower pressure
during the filling step and transfer to the feeding step
to the pressurized space and, after the transfer step,
the chamber pressure is elevated just prior to the
connection of the chamber to the pressurized space.

More specifically, the method according to the invention
is characterized by what is stated in the characterizing
part of claim 1.

Furthermore, the apparatus according to the invention is
characterized by what is stated in the characterizing

part of claim 8.

The invention offers significant benefits.
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The method according to the invention is capable of
significantly reducing the wear of the feeder apparatus
without complicating the construction of the apparatus.
As the chamber pressure is kept at the ambient pressure
during the chamber transfer step, less torque is required
to rotate the chambers, which facilitates a construction
of lighter weight thus reducing the stresses imposed on
the feeder structures. The operation of the feeder is
relatively fast, which permits the use of moderate volume
gate chambers even when large amounts of fuel must be
fed. The elevation and lowering of chamber pressure can
be implemented by means of feed piston movements, whereby
no separate gas inlet channels are required. This con-
tributes to lower operating costs of the feeder appa-
ratus. The fill side of the feeder apparatus may be com-
plemented with an auger conveyor for filling the gate
chamber, whereby fail-safe filling of the gate chamber is
assured and no risk of fuel bridging or rlugging can
occur as is the case in gravity filling. In such an
arrangement, the feeder apparatus is advantageously
provided with a horizontal design. The wear of the feeder
apparatus is further reduced by the use of a lubricating/
sealing and flushing liquid. The use of the lubricating
ligquid also prevents gas leaks to the surroundings. Owing
to the gate valve construction, pressure leaks from the
pressurized space are reduced.

In the following the invention is described in greater

detail with the help of the annexed drawings in which

Figure 1 shows diagrammatically a feeder apparatus

according to the invention;

Figure 2 shows the sliding gate valve of the feeder
apparatus illustrated in Fig. 1; and
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Figures 3a - 3d elucidate the different operating steps
of the feeder apparatus illustrated in Fig. 1.

The feeder apparatus according to the invention is con-
structed about a base plate 15. A fill chute 1 operated
at atmospheric pressure is connected to feed cylinders
via an auger feeder 2 attached to the base plate 15 and
the base plate 15 is provided with a fill inlet opening
16 located to coincide with the outlet of the auger
feeder 2. The auger feeder 2 is rotated by means of a
motor 13. On the same side of the base plate 15, so as to
coincide with another opening, a feed outlet opening 17,
is adapted a nozzle 6 exiting in the pressurized space.

A sliding gate valve 5 is adapted to the nozzle 6 close
to the base plate 6. The gate valve 5 is shown in Fig. 2,
and in the illustrated embodiment the sliding gate valve
5 comprises a sliding plate 11 adapted to move in a
linear fashion in a sealed seat, whereby the slide plate
is provided with an opening 12 of the same size as the
outlet opening of the base plate 15 and a contiguous area
18 sufficiently large to cover the base plate outlet
opening 17. The sliding plate 11 is moved by means of a
hydraulic cylinder 4 and the space of the sealed seat
remaining about the sliding plate 11 is filled with a
sealing liquid 9. The sealing liquid is adapted to flow
inside the gate valve 5 so that the liquid 9 always fills
the free volume in the sealed seat as the position of the
sliding plate 11 is varied. To the nozzle 6 is also con-
nected a pressurization/depressurization nozzle 10
located between the base plate 15 and the sliding gate

valve 5.

To the opposite side of the base plate 15 are adapted two
feed cylinders 3. The feed cylinders 3 are rotatably
mounted in bearings supported by the base plate 15 and a
shaft 14. The feed cylinders 3 are adapted to abut the
base plate 15 so that when one of the cylinders 3 is
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coincident with the cylinder inlet opening 16 of the base
plate 15, the other cylinder is coincident with the
cylinder outlet opening 17 of the base plate. Either of
the feed cylinders 3 is provided with a piston 7 which is
reciprocatingly movable inside the bore of the cylinder 3
by means of hydraulic cylinder 4, whereby the rods of the
hydraulic cylinders are adapted to be coaxial with their
respective cylinders 3. The hydraulic cylinders 4 are
adapted to feeder construction so as to be supported by
the shaft 14. The free space remaining about the piston
rods behind the pistons 7 of the feed cylinders 3 is
filled with a sealing liquid 9, and these sealing liquid
spaces are joined with each other by means of a connect-

ing pipe 8.

The operating steps of the feeder apparatus are elucidat-
ed in Figs. 3a - 3d. For greater clarity, the pistons 7
are marked with reference letters A and B in these dia-
grams. In the first step the cylinder of piston B is
shown rotated coincident with the outlet opening 17 and
the feed cylinder 3 is full of the material being fed.
During this step, the space remaining between piston B
and the sliding gate valve 5 is pressurized by means of
gas fed via the pressurizing nozzle 10, or alternatively,
by pushing piston B forward, whereby the space between
the piston and the sliding gate valve is reduced and the
pressure in the space is elevated. Here, piston A is
moved backward and the displacement of its cylinder 3 is
filled with the material fed by the auger feeder 2. After
the cylinder pressurization phase in completed, the
sliding gate valve 5 is opened and the material being fed
is discharged into the pressurized space by moving piston
B forward. Simultaneously, piston A is moved backward and
the displacement of its cylinder 3 is filled with the
material fed by the auger feeder 2. The mutually
synchronized movement of pistons A, B is easy to
implement by synchronizing the operation the hydraulic
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cylinders 4 actuating the pistons. While the pressurizing
gas can be selected quite freely, at least inert gases
and mixtures thereof as well as steam are most suited for

use as pressurizing media.

In the second step piston B has already discharged the
material into the pressurized space and the auger feeder
2 has filled the cylinder 3 of piston A. Next, the
sliding gate valve 5 is closed. After the closure of the
valve 5, the third step is initiated, whereby pressure in
the cylinder of piston B is first lowered prior to
starting the rotating transfer movement of the cylinders.
The pressure reduction is performed either by moving
piston B slightly backward, whereby the volume between
the piston and the valve 5 increases and the pressure
decreases. As said pressurized volume is small, a very
short retraction of the piston is sufficient to lower the
pressure sufficiently for the subsequent rotating
transfer phase of the cylinders. However, the equivalent
forward movement of piston A corresponding to the
retraction of piston B causes no discernible pressure
increase in the cylinder of piston A, because the volume
in the cylinder of piston A is now appreciably larger
than the volume expanded in the other cylinder. Instead
of moving the pistons, the pressure reduction may be
implemented via the pressure relief nozzle 10, whereby
the pressure reduction takes place during the same step
as if moving the pistons. After the pressure reduction
phase, the feed cylinders 4 with their hydraulic
cylinders 4 are rotatingly transposed about the shaft 14
by 180°, whereby the fill/discharge cycle can be
restarted from the beginning.

To reduce wear of the apparatus and seal the apparatus,
Jubricating/flushing liquid 9 is used in the sliding gate
valve 5 and the feed cylinder 3. This liquid lubricates
the moving parts of the apparatus and collects particles
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of the material being fed that have possibly leaked past
the seals thus appreciably reducing abrasion caused by
such particles. The lubricating liquid may be filtered
during operation, whereby impurities accumulated in the
liquid are removed. The pressure of the liquid may be
kept above the ambient pressure, whereby in principle no
solids can enter the space filled with the liquid. The
lubricating/flushing liquid may advantageously be water
which has no deleterious effect in conjunction with the
material being fed. Obviously, other lubricating agents

are suitable.

Besides those represented above, the present invention
may have alternative embodiments. For instance, the two
feed cylinders can be replaced by a greater number of
cylinders. When the number of cylinders is increased,
even total numbers of cylinders are preferred to odd
numbers, because even numbers of cylinders make it easier
to arrange the flows of hydraulic fluid and lubricating
liquid between the cylinders. In principle the method
could also be applied to a single feed cylinder, while in
such a case the construction of the apparatus hardly
becomes simpler, but rather, its efficiency is impaired.
The linear-movement sliding gate valve can be replaced,
e.g., by a sliding gate member moving along a curved path
or a gate valve comprising a circular rotatable gate
plate having one or more openings made to it. The auger
feeder is not essential to the function of the invention;
the material fill into the feed cylinders may be arranged

by gravity or a suitable type of force-actuated feeder.
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Claims:
1. A method of feeding solid material into a pressurized

space using a feeder apparatus comprising

- a base plate (15) having at least one fill inlet
opening (16) and at least one feed outlet opening
(17),

- at least one feed cylinder (3) having a piston (7)

for varying the volume of the feed cylinder (3); and

- means for rotatingly moving the feed cylinder (3)
from the inlet opening (16) to the outlet opening
(17) and back,

in which method

C

- the material being fed into a process is first
filled via the inlet opening (16) into the feed
cylinder (3),

- the feed cylinder (3) is transferred by a rotating
movement to coincide with the outlet opening (17),
and

- the material being fed is discharged by means of
the piston (7) of the feed cylinder (3) into a

pressurized space,
aracterized in that
- the communication via the outlet opening (17) to

the pressurized space is kept closed during the
transfer movement of the feed cylinder (3), and
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- after the ram movement of the piston (7) of the
feed cylinder (3) is stopped, the communication via
the outlet opening (17) to the pressurized space is
closed and the pressure inside the feed cylinder 1is
lowered.

2. A method as defined in claiml, character -
i z ed in that the pressure inside the feed cylinder
(3) is elevated after the rotating transfer movement and
prior to the feed of the material into said pressurized
space, and the communication to said pressurized space is
opened after elevating the pressure inside the feed

cylinder.

3. A method as defined in claim2, character -
i1z ed in that the pressure inside the feed cylinder
(3) is elevated by moving the piston (7) of the cylinder
toward said base plate (15).

4. A method as defined in claim 2, character -
i z ed in that the pressure inside the feed cylinder
(3) is elevated by passing pressurized medium such as a
gas into the feed cylinder.

5. A method as defined in any foregoing claim,
characterized in that the pressure inside
the feed cylinder (3) is lowered by moving the piston (7)
of the cylinder farther away from said base plate (15).

6. A method as defined in any foregoing claim,
characterized in that the pressure inside
the feed cylinder (3) is lowered by discharging pressur-

ized medium such as a gas from the feed cylinder.

7. An apparatus for feeding solid material into a

pressurized space, said apparatus comprising
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- a base plate (15) having at least one fill inlet
opening (16) and at least one feed outlet opening
(17),

- at least one feed cylinder (3) having a piston (7)
for varying the volume of the feed cylinder (3); and -

- means for rotatingly moving the feed cylinder (3)
from the inlet opening (16) to the outlet opening
(17) and back,

characterized by

- a gate element (5) capable of closing and opening
the communication via the outlet opening (17) to the

pressurized space.

8. An apparatus as defined in claim 7, c harac -

t erized in that the number of said feed cylinders
(3) is two and they are adapted in conjunction with said
base plate (15) so that when one of the feed cylinders
(3) is coincident with the cylinder inlet opening (16) of
the base plate, the other cylinder is respectively
coincident with the outlet opening (17) of the base

plate.

9. An apparatus as defined in claim 7 or 8, char -
acterized in that said gate element is a sliding
gate valve (5), in which the free space of the sealed
seat remaining about the sliding gate element (11) is
filled with a sealing liquid (9) whose volume is varied
according to the movements of the sliding gate element.

10. An apparatus as defined in claim 8 or 9, c har -
acterized in that the free space remaining about
the piston rods behind the pistons (7) of the feed cylin-
ders (3) is filled with a sealing liquid (9) and these
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sealing liquid spaces are joined with each other by means
of at least one connecting pipe (8), whereby the liquid
can flow via the connecting pipe from one liquid space to
the other according to the movements of the pistons (7).

11. An apparatus as defined in claim 9 or 10, c h a r -
acterized in that said sealing liquid is main-
tained at a pressure above the ambient pressure.

12. An apparatus as defined in any of claims 9 - 11,
characterized in that said liquid is water.
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