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34 METHODE D’INJECTION PNEUMATIQUE DE DOSES DE
SUBSTANCES POUDREUSES, DANS UNE CHAMBRE DE
MELANGE., A PRESSION VARIABLE

34 METHOD FOR THE PNEUMATIC INJECTION OF METERED
QUANTITIES OF POWDERED SUBSTANCES INTO A
CHAMBER AT A VARIABLE PRESSURE

i I T

/3{. ;

(57) The method consists 1n forming mn a single metering device a pneumatic mixture comprising the powdered
substances and the propellent gas, in propelling this mixture through a common main (18) mnto a distributor (20) 1n
which the mixture 1s split into secondary currents which are sent to each of the mjection points respectively through
secondary pipes ( 22 1, 225, ... 224), in determining the tflow rate 1n each of the secondary pipes (221, 229, ... 224) by

the tuyere (281, 289, ... 28;) tlow cross-sections and 1n influencing the transport conditions in each secondary pipe

(221,225, ... 22 by acting on the pressure P3 downstream from each tuyere (281, 289, ... 28,y) 1n order to maintain this

pressure at a determined value. The method 1s aiamed more particularly at the injection of powdered coal into a blast
furnace.
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METHOD FOR THE PNEUMATIC INJECTION OF METERED

UANTITIES OF POWDERED SUBSTANCES INTO A CHAMBER
AT A VARIABLE PRESSURE

The method consists in forming in a s8Single
metering device a pneumatic mixture comprising the
powdered substances and the propellent gas, in propelling
this mixture through a common main (18) into a distri-
butor (20) in which the mixture is split into secondary
currents which are sent to each of the injection points
respectively through secondary pipes (22,, 22,,... 22,),
in determining the flow rate in each of the secondary
pipes (22,, 22,,... 22,) by the tuyere (28,, 28,,... 28,)
flow cross-sections and in influencing the transport
conditions in each secondary pipe (22,, 22;,... 22,) by
acting on the pressure P3 downstream from each tuyere
(28,, 28,,... 28.) in order to maintain this pressure at
a determined value.

The method is aimed more particularly at the

injection of powdered coal into a blast furnace.
Figure 1.
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ETHOD FOR THE PNEUMATIC INJECTION OF METERED
ITIES OF POWDERED SUBSTANCE 'O A CHAMBEF
A VAR E PR RE

The present invention relates to a method for
injecting, by a pneumatic method, metered quantities of
powdered substances, at different points, into a chamber
which is at a variable pressure, according to which a
pneumatic mixture consisting of the powdered substances
and the propellent gas is formed in a single metering
device, this mixture is propelled through a common main
into a distributor in which the mixture is split into
secondary currents which are sent to each of the injec-
tion points respectively through secondary pipes.

With no limitation being implied, the invention
will be described more particularly with reference to its
preferred application, in other words the injection of
solid fuels, in particular powdered coal, into an indus-
trial furnace, such as a blast furnace.

Among the known methods and plants for injecting
solid fuels into a tank furnace, two different types can
essentlally be distinguished. 1In the plants of the first
type, the powdered coal is released under pressure from
a distributing hopper into a series of metering appar-
atuses in which the mixture of powdered coal and propel-
lent gas is formed and from which the mixture thus formed
is conveyed towards the points for injection into the
tank furnace. 1In these plants, one metering apparatus is
generally employed for each tuyere stock or for each pair
of tuyere stocks, with the result that the quantities
injected through the tuyere stocks may be metered indivi-
dually. These plants have the advantage of enabling a
high degree of accuracy of the individual flow rates. On
the other hand, they have the disadvantage that they
require many relatively long pipes between the distribu-
tion hopper and the tank furnace. Furthermore, metering
may be made difficult by the various variable parameters,
in particular fluctuations in pressure inside the fur-
nace, which have repercussions on the cost of the plant,
because of the need for numerous measurements and
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requlation loops.

In the second type of plant, only one metering
device is employed at or downstream from the distribution
hopper. In this metering apparatus, the overall flow
rate of the powdered coal is regulated so as to inject a
predetermined quantity of powdered coal per unit time.
These plants use the method described in the introduc-
tion, in other words the metered current containing the
required quantity of coal is divided in a distributor
into identical secondary currents. These plants have the
advantage that the distributor is arranged in immediate
proximity to the furnace so as to reduce the length of
the secondary pipes and, consequently, the space require-
ment around the furnace.

On the other hand, these plants have the disad-
vantage that the variable parameters, in particular
fluctuations in the pressure in the furnace, must be
controlled, as well as the influence of the features of
the various pipes, in order to obtain a uniform or
determined distribution of the overall flow rate metered
to the various tuyere stocks, as these parameters all
influence the pressure gradient in the secondary pipes
and, consequently, the flow rate of the powdered coal in
these pipes. Various strategies have already been
provided for this purpose. It has, for example, already
been proposed to deliberately lengthen some pipes, or to
provide them with calibrated flow orifices in order to
compensate for the influences of the differences in the
features of the pipes which are, for example, varying
lengths, their cross-section of flow resulting from
manufacturing tolerances or from wear and the influence
of their layout (horizontal, vertical or oblique).
However, both these differences and the measurements
necessary to compensate for their influences are very
difficult to detect and to determine. Furthermore, these
compensatory or corrective measures do not enable the
influence of the variations in pressure in the furnace to
be eliminated.

Another solution, (see EP-Al1-0,211,295) consists



10

15

20

25

30

35

40

2009766

in providing a tuyere or a narrowed cross-section, either in
the secondary pipes or 1n the distributor, where a pressure
head 1s created necessary for acceleration of the pneumatic
current up to the speed of sound. Acceleration of the
pneumatic current up to the speed of sound has the advantage
that the flow conditions upstream from the point where the
supercritical speed 1s produced are no longer influenced by
the flow conditions downstream from this point. This has,
of course, the great advantage that 1t 1is no 1longer
necessary to take into account the fluctuations in pressure
and other variable parameters existing 1n the secondary
pipes or 1in the chamber 1into which the powdered substances
are injected. However, the tuyeres necessary for the
acceleration up to the speed o0of sound require a high
pressure head and a relatively small flow c¢ross-section,
which gives rise to a high pressure at the inlet and a high
consumption of propellent gas and requires preliminary
screening of the powdered coal in order to remove the coarse
particles and to prevent risks of obstructing the tuyeres.

Document JP-A-5855507 discloses a control method
for the pneumatic injection of powdered coal into n tuyeres
of a shaft furnace. The powdered coal 1s directed 1n the
form of a pneumatic flow to a distributor, in which 1t 1is
distributed between n secondary ducts (Ai1) connected to the
n tuyeres of the shaft furnace. The n secondary ducts (A1)
are designed so as to exhibit the same pressure drop for the
same flow rate. Each of these secondary ducts (A1) 1s
connected to a source of compensating gas via an 1individual
control valve (Fi). The control valve (Fi) of each secondary
duct (Al) is associated with an independent control circuit
comprising a differential pressure sensor (D1) which
measures, upstream of the injection point (Ci) of the
compensating gas, the pressure drop between an upstream
measuring point and a measuring point downstream of this
secondary duct (Ai). These n control circuits are designed
so that they 1individually control the n flow rates of
compensating gas 1n such a way as to keep the n pressure
drops measured by the n differential pressure sensors
constant. It is obvious that the implementation of this
control method necessitates considerable control means.

The object of the present invention is to provide a
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novel method which enables a uniform or determined
distribution of the powdered substances in the secondary
pipes and the 1influence of the variable parameters on this
distribution to be eliminated.

In order to achieve this object, the method
proposed by the present 1invention is essentially charac-
terized in that the flow rate 1s determined in each of the
secondary pipes by the tuyere flow cross-sections and that
the transport conditions 1n each secondary pipe are
influenced by acting on the pressure downstream from each
tuyere 1n order to maintain this pressure at a determined
value.

The method proposed 1is based on the recognition
that all the variable parameters downstream from the tuyere
affect the flow rate of the powdered coal through these
tuyeres by modifying the pressure 1immediately downstream
from the tuyere, in other words by varying the pressure head
or head loss 1in this tuyere. In other words, by providing
means to compensate the effects of the variable parameters
on the pressure downstream from the tuyeres, so as to
maintain the pressure at a determined value, the flow rate
through these tuyeres, which 1s determined by their flow
cross-section, i1is no longer affected by unwanted wvariations
in pressure head as these variations are determined in all
the tuyeres, given that the downstream pressure 1s
maintained at a determined value and that the upstream
pressure is determined as desired.

Although these tuyeres give rise to an acceleration
of the pneumatic current, this acceleration remains far
below the speed of sound, with the result that the pressure
upstream from the tuyeres may be maintained at a lower level
and that the flow cross-sections of the tuyeres may be wider
than those employed in the methods operating at the speed of
sound.

The pressure 1s acted wupon by 1njecting a
compensating gas at a determined pressure downstream from
each tuyere. The gas is 1njected at the same pressure in all
the secondary pipes.

In order to reduce the consumption of compensating
gas, compensating tuyeres may advantageously be provided in
each of the secondary pipes downstream from the tuyeres, in
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order to compensate the differences in the features between
the various secondary pipes.

Other characteristics and features of the invention
will emerge from the detailed description of some
embodiments glven hereinbelow by way of illustration, with
reference to the attached drawings in which:

Figure 1 diagrammatically illustrates a first
embodiment of the method proposed by the present invention.

Figure 1 shows two silos 10, 12 in which the
powdered coal is stored which 1s intended to be sent into
a blast furnace in order to maintain the combustion
process. The total flow rate of the powder to be injec-
ted into the furnace 18 requlated in two metering
apparatuses 14, 16 which are alternately connected by a
main 18 to a distributor 20 which may be of the type
described in the document EP-Al1-0,211,295. In this
distributor, the primary pneumatic current is split into
secondary currents which are forwarded through secondary
pipes 22,, 22,,...22 2 to the tuyere stocks 24,, 24,,... 24,
of a blast furnace. Each pipe 22,, 22,,...22, has a
closing valve 26,, 26,,...26, for cutting, as desired, one
or more tuyere stocks 24,, 24,,...24, from the distri-
bution circuit.

The flow rate in each secondary pipe 22,, 22,,...
22, 18 determined by the flow cross-section of a tuyere
28,, 28,... 28, provided in each of the secondary pipes
downstream from the valves 26,, 26,,... 26,. This flow
cross-gsection is larger than that of the so-called
critical-speed tuyeres with the result that risks of
obstructions are virtually eliminated and that the system
operates with a pressure P, which is considerably smaller
upstream from the tuyeres.

Although the flow rate of the powdered coal
through the tuyeres 28,, 28,... 28, is determined by the
flow cross-sections of the latter, this flow rate. 1is
nevertheless dependent on the pressure head through these
tuyeres, in other words on the ratio P2/P3. Now, if P2

remains constant, P3 is subjected to the influence of the
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fluctuations in pressure in the furnace and is dependent
on the physical parameters of the secondary pipes, as
explained hereinabove.

In order to overcome this, the invention proposes
artificially maintaining a given pressure P3 downstream
from each of the tuyeres 28,, 28,,... 28_. This 1is
achieved according to the embodiment in Figure 1 by
connecting each of the secondary pipes 22,, 22,,... 22_
downstream from the tuyeres 28,, 28,,... 28, through a
non-return flap 30,, 30,,... 30, and a closing valve 32,,
32,,... 32, to a pipe 34 for a compensating gas. The
pressure of the gas in the pipe is set at a value PT by
a regulating valve 36 controlled by a manometer 38 with
the result that the pressure P3 downstream from all the
tuyeres is established and maintained at the same value
PT. The value of PT may be determined empirically when
a plant 1is 1installed by measuring P3 in each of the
secondary pipes 22, 22,,... 22, for varying flow rates of
coal and by selecting for a given flow rate a wvalue PT
which is equal to at least the strongest of the n pres-
sures measured in the n secondary pipes 22,, 22,,... 22_..

During operation of the system, the influence of
the parameters or fluctuations which tends to modify one
or more pressures P33 downstream from the tuyeres is
automatically compensated by a more or less strong
induction of compensating gas at the pressure PT, which
means that all the pressures P3 are maintained permanent-
ly at the value PT, independently of the downstream
parameters or fluctuations.

"It is possible to reduce the consumption of
compensating gas by providing in each of the secondary
pipes 22,, 22,,...22 compensating tuyéres 40,, 40,,... 40,
which are given dimensions so as to compensate the
differences between the features of the secondary pipes
22,, 22,,... 22, such as differences in length, cross-
sections, layouts etc..., and which normally have reper-

cussions on the value of P3.
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CLAIMS
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1. A method for the pneumatic 1njection of metered guantities

of powdered substances at different 1njection points into
a chamber under a variable pressure, sald method
comprising the following steps:

forming a pneumatlic mixture consisting of the powdered
substances and a propellant gas 1n a metering device,

feeding said pneumatlic mixture through a common main into
a distributor,

splitting sailid pneumatlic milixXture 1into several secondary
pneumatic currents 1n sald distributor,

feeding each of said secondary pneumatic currents through
a separate secondary pilipe to one of said injection points
in said chamber,

connecting each of sailid secondary plpes to a source of

compensating gas, thus defining a compensating gas
injection point for each secondary pipe;

creating a pressure drop by means of a tuyere 1n each
secondary plpe between the distributor and the
compensating gas 1njection polnt, said pressure drop being
chosen so as to determine, for an 1dentical pressure PT at

all the compensating gas 1njection points, a desired flow

pr—

rate of the powdered substances through each of said

secondary pilpes, and

adjusting the pressure of the source of gas so as to set a
pressure at all the compensating gas 1njection points that
1s substantially equal to the said pressure PT.

. The method according to c¢laim 1, whereilin 1local pressure

drops are created downstream of said compensating gas
injection polnts by means of compensating tuveres.
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