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A slight variation of this approach is described in Patent Specification
US-A-2 897 672 wherein The invention relates to apparatus for measur-
electrical resistance strain gauges are used to ing the mass flow rate of a
mixture of solids and  measure the reactive force of the fluid as it backs
air flowing within a conduit, and has particular   5    up in the
transition tube and circulates within the though not exclusive application
to reaction mass  elbow chamber around the outside of the straight
flowmeters for pulverized coal.                   tube and the elbow tube.
An annular weight is A common approach to the measurement of
installed on the unsupported end of the elbow mass flow rate of solid
particles in a pneumatic  tube to minimise the effect of resonance.
conveying system has been to measure the volu-   l0  Another approach to
measuring volumetric metric flow rate (0) or the bulk velocity (V) of the
flow employs a magnetostrictive element. As mixture, measure the bulk
density (p) of the      described  in  Patent Specification  US-A- mixture,
and  then  combine  the  two            3 203 241 a force is exerted on the
magneto- measurements in order to determine the mass       strictive
element in accordance with the flow rate flow rate (m) of the mixture:
15   of the medium and is then translated via the magnetostrictive
properties of the element into a m=pQ=pVA
corresponding electrical signal. According to one aspect of the invention
there where A is equal to the cross-sectional area of the   is provided
apparatus for measuring the mass pipe. This approach is used in Patent
Specifica-   20   flow rate of a mixture of solids and air flowing tion
US-A-4 216 673 wherein  a diffential        within a conduit characterised
by an orifice pressure unit (DPU) across an orifice and a pipe  flowmeter
having an orifice within the conduit section is combined with a turbine
meter to derive  with means to measure the pressure differential mass flow
rate or density.                        across the orifice so as to measure
the volumetric Direct measurement of the volumetric flow rate   25   flow
rate independently of the solids concen- is complicated by the velocity of
the particles  tration, a reaction mass flowmeter so connected being
different to that of the air, which is known  to the conduit as to
determine the velocity of the as "slip velocity". The slip velocity of an
entrained  mixture and processing means arranged to calcu- solid particle
depends mainly on the size and    late the mass flow rate of the mixture
from shape of the particles within the same transport  30   measurements of
the orifice flowmeter and the system. It is extremely difficult, however,
to    reaction mass meter, the reaction mass flow- measure with reasonable
accuracy the slip vel-     meter comprising an inner elbow having a first
ocities of all the individual particles in any flow  inlet end attached to
the conduit, and a free outlet system. Attempts have been made to estimate
the   end, an outer elbow surrounding the inner elbow "average" slip
velocity of the particles, however,  35   and attached at one end to the
inner elbow this approach requires knowledge of the particle  adjacent the
first end and at its opposite end to size distribution, which is not
readily available in-  the conduit, and a load cell having a sensing situ.
Moreover, determination of the bulk density  element attached to the inner
elbow in a position of the mixture is not a straightforward operation  to
sense the reaction force applied to the inner because of the spatial and
temporal mal-distribu-   40   elbow by the mixture as the mixture changes
tion of the particles. Accordingly, the synthesizing  direction as it flows
through the inner elbow. approach has not been successful.
According to another aspect of the invention It has also been proposed
that, in a reaction   there is provided a method of measuring the mass
flowmeter, the reaction force generated by   mass flow rate of a mixture of
solids and air the flow momentum is measurable by one or   45   flowing in
a conduit characterised by using an more strain gauges attached to the
flexure point  orifice flowmeter to measure pressure differential of a 90
degree elbow concentrically placed inside  across an orifice plate and thus
the volumetric air another elbow. The reacting inside elbow is fixed  flow
rate independently of the solids concen- at the upstream end, and the
downstream end is   tration; using a reaction mass flowmeter to unsupported
so that it can translate in response to   50   measure reaction force, by
means of a load cell the flow momentum and vibrate freely at its
attached to an elbow of the reaction flowmeter natural frequency. The
steady output of the strain  and sensing the reaction force applied to the
gauge is a measure of the flow momentum, while    elbow by the fluid as the
fluid changes direction the fluctuating component can be analyzed for its
as it flows through the elbow; and calculating the natural frequency, which
is a function of the   55   mass flow rate of the mixture, the mass flow
rate density of the mixture passing through the elbow  of the air and the
mass flow rate of the solids section. While such an arrangement can be
using the measurements of the orifice and reac- expected to work well with
relatively dense mix-  tion mass flowmeters. tures, such as coal slurries
of water or oil, it is not  The orifice meter is designed to measure the
air considered to be practical for lightly loaded pneu-   60   flow rate,
ignoring the solid particles in the matic systems such as pulverized coal
transport   system. The reaction force measured at the elbow lines, at
least partially due to the fact that the large  is an indication of the sum
total momentum 



mass of the elbow compared to the relatively      generated by the air
andthe coal particles emerg- small changes in the density makes such a
system  ing from the elbow. It is recognized that many of too insensitive
to be useful.               65   the coal particles could be moving at
lower 2    3               EP 0178104 B1                      4 velocities
than the air, however, the difference     Referring to the drawing, a
reaction mass between the actual velocities of the coal particles
flowmeter system comprises the combination of and the velocity of the air
is used in reducing the  a reaction force measurement element 10 shown data
and can be compensated by a calibration       in  Figure  1, and  a
differential pressure factor (or equation) as explained below:      5
measurement element 12 shown in Figure 2. (a) Velocity of the air, V., is
determined by:     Referring to Figure 1, the reaction force measurement
element 10 comprises an elbow [ERR]            (1)          assembly 14
which is part of a piping system carrying a mixture of, for example,
pulverized where                                         10   coal and air.
The elbow assembly includes an Q=volumetric rate of flow
outer elbow 16 and an inner elbow 18. The inner [ERR]=differential pressure
across the orifice      elbow is anchored to the outer elbow at a position
flowmeter                                          20, and has a free end
22. A flexure hinge is pa=density of the air
integral with the inner elbow 18 and is in the form C=meter coefficient
(=cA)                 15   of an elastomeric seal 24 connecting separate
sections of the inner elbow. A load cell 26 [ERR]              (2)
mounted on the outer elbow 16, has its sensing element attached to the
inner elbow 18. In accord- where
ance with known characteristics of such devices, A=cross-sectional area of
pipe              20   the change in direction which the fluid undergoes
(b) Reaction force, F, measured at the elbow is:  as it flows through the
elbow assembly 14 results in a reaction force F, indicated by the arrow in
F=pm QVm              (3)          Figure 1, acting on the inner elbow 18,
which is proportional to the density and the velocity of the where
25    mixture, the force being measured by the load cell pm=density of the
mixture                        26. Vm=velocity of the mixture
Under some conditions, excessive vibration of (c) Mass flow rate of the
mixture, mm, is        the inner elbow can occur. Accordingly, a liquid is
calculated by:                                     provided in the annular
space 30 between the 30   inner and outer elbows to dampen such vibra-
[ERR]        (4)          tions. The connection between the elbows at the
restrained end of the inner elbow can be a fixed It is recognized that
[ERR], however, a         connection, such as by welding, however, the free
calibration factor (K) can be derived based on     end 22 of the inner
elbow 18 is connected to the experimental data such that K VmNa=1 whereby
35   outer elbow 16 by means of a flexible seal the mass flow rate can be
determined by:           element 32. To compensate for expansion, a
reservoir 33 is connected between the annular [ERR]             (5)
space 30 and the outlet of the elbow assembly 14 by a pressure equalization
line 34, which includes (d) Mass flow rate of the coal, [ERR], is
calculated   40   a filter 36. by:
In order physically to restrain the inner elbow 18 in the event of
excessive vibration amplitude, a [ERR]            (6)           plurality
of restrainers 38 (e.g. six to eight) are disposed between the inner and
outer elbows. where mass flow rate of air, [ERR]        45   The actual
configuration of these restrainers is Thus, the mass flow rate of the
mixture can be   not critical but they can be in the form of rods 40
determined  from   two   relatively  simple        extending through and
attached to the outer measurements, and a calibration factor or equa-
elbow, and plates 42 attached to the ends of the tion.
rods and normally spaced from the inner elbow. An important advantage is
that detailed. know-   50  Means are preferably provided to compensate
ledge is not required of the particle size, slip   for the erosion of the
inner surface of the inner velocity and the mixture density, all of which
are  elbow 18 when abrasive mixtures such as one very  difficult to
measure. The two  basic        containing pulverized coal are being
measured. measurements, the air flow rate and the reaction   Such means is
shown as a wear plate 44 fixed to force, not only give the mixture and the
air flow    55   the inside of the inner elbow 18, which prevents 



rates, but also the coal mass flow rate as well.   premature wear-through
of the elbow. Since the The invention is diagrammatically illustrated by
change in weight of the elbow will affect the force way of example with
reference to the accompany-    measurement, the load cell 26 includes means
to ing drawing, in which:-                            re-zero it whenever
the flow is shut off. Figure 1 is a sectional view of a reaction force   60
The pressure differential can be measured measurement element of one
embodiment of           either upstream or downstream of the elbow
apparatus according to the invention; and          assembly by known means.
In accordance with a Figure 2 is a schematic view of a differential
preferred embodiment, as shown in Figure 2, first pressure measurement
element of one embodi-        and second diaphragm-type sealed pressure
taps ment of apparatus according to the invention.  65   46 are located on
opposite sides of a segmented 3    5               EP  0 178 104  81
6 orifice plate 48 located in a horizontal run 50 of a  inner elbow is
segmented adjacent the inlet end piping system of which the elbow assembly
14 is     and includes a first segment attached to the a part. The pressure
taps 46 are connected to a     conduit, a second coaxial segment, and
flexible pressure differential readout element 52, in        means (24)
connecting the first and second seg- known manner.
5    ments. In operation, the mass flow  rates can be           7.
Apparatus according to claim 1, including a measured using equations (1) to
(6), using the      wear plate (44) attached to at least a portion of the
force measurement determined by means of the        interior of the inner
elbow (18) in the area of the reaction force measuring element 10, and the
bend thereof. pressure differential as measured by the differen-   10  8.
Apparatus according to claim 1, including tial pressure  measurement
element 12, as           restraining means (40, 42) attached to the outer.
described in detail above.                          elbow (16) and
positioned to contact the inner Various modifications and improvements are
elbow (18) when the inner elbow (18) deflects possible, for example the
flow direction could be   more than a predetermined amount. reversed from
that shown in Figures 1 and 2.  15      9. A method of measuring the mass
flow rate of a mixture of solids and air flowing in a conduit Claims
characterised by using an orifice flowmeter to measure pressure
differential across an orifice 1. Apparatus for measuring the mass flow
rate     plate and thus the volumetric air flow  rate of a mixture of
solids and air flowing within a    20   independently of the solids
concentration; using conduit characterised by an orifice flowmeter        a
reaction mass flowmeter to measure reaction having an orifice within the
conduit (50) with       force, by means of a load cell attached to an means
(46, 52) to measure the pressure differen-    elbow of the reaction
flowmeter and sensing the tial across the orifice so as to measure the
reaction force applied to the elbow by the fluid as volumetric flow rate
independently of the solids   25   the fluid changes direction as it flows
through the concentration, a reaction mass flowmeter (10) so    elbow; and
calculating the mass flow rate of the connected to the conduit (50) as to
determine the   mixture, the mass flow rate of the air and the velocity of
the mixture and processing means        mass flow  rate  of the  solids
using  the arranged to calculate the mass flow rate of the     measurements
of the orifice and reaction mass mixture from  measurements of the orifice
30   flowmeters. flowmeter and the reaction mass meter, the reac- tion mass
flowmeter (10) comprising an inner        Patentanspruche elbow (18) having
a first inlet end (20) attached to the conduit, and a free outlet end (22),
an outer     1. Vorrichtung zum Messen der Massenflugrate elbow (16)
surrounding the inner elbow (18) and    35   einer Mischung von Feststoffen
und Luft, welche attached at one end to the inner elbow adjacent     durch
eine Leitung fliessen, gekennzeichnet durch the first end (20) and at its
opposite end to the   ein BlendenfluBmeIgerat, welches innerhalb der
conduit, and a load cell (26) having a sensing      Leitung (50) eine
lffnung aufweist mit Mitteln element attached to the inner elbow  (18) in
(46, 52), urn die Druckdifferenz uber der Blende- position to sense the
reaction force applied to the    40   n6ffnung zu messen und dadurch die
Volumen- inner elbow (18) by the mixture as the mixture      fluirate
unabhAngig von der Feststoffkonzentra- changes direction as it flows
through the inner    tion zu messen, ein Reaktions-MassenflulmeSge- elbow
(18).                                         rat (10), welches derartig an
die Leitung (50) 2. Apparatus according to claim 1, in which said
angeschlossen ist, daB es die Geschwindigkeit means to measure the pressure
differential com-   45   der Mischung bestimmt, und eine Prozessorein-
prises first and second diaphragm-type sealed       richtung, welche so
ausgelegt ist, dag sie die pressure taps (46) disposed on opposite sides of
Massenflul~rate der Mischung aus den Messun- an orifice plate (48).
gen  des  BlendenfluBmeSgerates  und  des 



3. Apparatus according to claim 1 or claim 2,     ReaktionsmassenmeBgerates
berechnet, wobei including means for sealing an annular space (30)   50
das Reaktions-MassenfluBmelgerit (10) einen defined between the inner (18)
and outer (16)       inneren Krummer (18) aufweist, der ein erstes elbows,
the annular space (30) being filled with a  Einla~ende (20) aufweist,
welches an der Leitung damping fluid.
angebracht ist, und ein freies AuslaBende (22), 4. Apparatus according to
claim 3, in which the   einen iuBeren Krummer (16), welcher den inne- outer
elbow (16) is fixedly attached to the inner   55   ren Krummer (18) umgibt
und an einem Ende an elbow (18) adjacent the first end (20), and a
dem inneren Krammer angebracht ist, welches flexible connection (32) is
provided between the    zunichst dem  ersten Ende (20) liegt, und an outer
elbow (16) and the inner elbow (18) at the    seinem entgegengesetzten Ende
an der Leitung free end (22) of the inner elbow.
angebracht ist, und eine Belastungszelle (26), 5. Apparatus according to
claim 4, including a   60   welche ein Abfuhlelement hat, das an dem inne-
pressure  equalization  line  (34)  connected       ren Krummer (18) an
einer Stelle angebracht ist, between the annular space (30) and the conduit
daB es die Reaktionskraft abfuhit, welche auf den downstream of the annular
space (30), and an        inneren Krummer (18) von der Mischung ausge-
expansion reservoir (33) connected in the line.     Obt wird, wenn diese
ihre Richtung andert, wah- 6. Apparatus according to claim 1, in which the
65   rend sie durch den inneren Krummer (18) flieBt. 4    5           EP
0178104 B1                      6 orifice plate 48 located in a horizontal
run 50 of a  inner elbow is segmented adjacent the inlet end piping system
of which the elbow assembly 14 is   and includes a first segment attached
to the a part. The pressure taps 46 are connected to a   conduit, a second
coaxial segment, and flexible pressure differential readout element 52, in
means (24) connecting the first and second seg- known manner.
5    ments. In operation, the mass flow rates can be          7. Apparatus
according to claim 1, including a measured using equations (1) to (6),
using the    wear plate (44) attached to at least a portion of the force
measurement determined by means of the      interior of the inner elbow
(18) in the area of the reaction force measuring element 10, and the
bend thereof. pressure differential as measured by the differen-   10    8.
Apparatus according to claim 1, including tial pressure measurement element
12, as          restraining means (40, 42) attached to the outer described
in detail above.                        elbow (16) and positioned to
contact the inner Various modifications and improvements are      elbow
(18) when the inner elbow (18) deflects possible, for example the flow
direction could be  more than a predetermined amount. reversed from that
shown in Figures 1 and 2.  15    9. A method of measuring the mass flow
rate of a mixture of solids and air flowing in a conduit Claims
characterised by using an orifice flowmeter to measure pressure
differential across an orifice 1. Apparatus for measuring the mass flow
rate   plate and thus the volumetric air flow rate of a mixture of solids
and air flowing within a   20   independently of the solids concentration;
using conduit characterised by an orifice flowmeter     a reaction mass
flowmeter to measure reaction having an orifice within the conduit (50)
with     force, by means of a load cell attached to an means (46, 52) to
measure the pressure differen-  elbow of the reaction flowmeter and sensing
the tial across the orifice so as to measure the      reaction force
applied to the elbow by the fluid as volumetric flow rate independently of
the solids   25   the fluid changes direction as it flows through the
concentration, a reaction mass flowmeter (10) so  elbow; and calculating
the mass flow rate of the connected to the conduit (50) as to determine the
mixture, the mass flow rate of the air and the velocity of the mixture and
processing means      mass flow  rate of the solids using  the arranged to
calculate the mass flow rate of the   measurements of the orifice and
reaction mass mixture from  measurements of the orifice   30  flowmeters.
flowmeter and the reaction mass meter, the reac- tion mass flowmeter (10)
comprising an inner      Patentansprfche elbow (18) having a first inlet
end (20) attached to the conduit, and a free outlet end (22), an outer   1.
Vorrichtung zum Messen der Massenflui~rate elbow (16) surrounding the inner
elbow (18) and   35   einer Mischung von Feststoffen und Luft, welche
attached at one end to the inner elbow adjacent   durch sine Leitung
fliessen, gekennzeichnet durch the first end (20) and at its opposite end
to the  ein Blendenflufmel~gerat, welches innerhalb der conduit, and a load
cell (26) having a sensing    Leitung (50) eine Offnung aufweist mit
Mitteln element attached to the inner elbow (18) in       (46, 52), urn die
Druckdifferenz uber der Blende- position to sense the reaction force
applied to the   40   noffnung zu messen und dadurch die Volumen- inner
elbow (18) by the mixture as the mixture    flugrate unabhangig von der
Feststoffkonzentra- 



changes direction as it flows through the inner   tion zu messan, ein
Reaktions-MassenfluBmegge- elbow (18).
rat (10), welches derartig an die Leitung (50) 2. Apparatus according to
claim 1, in which said  angeschlossen ist, daa es die Geschwindigkeit means
to measure the pressure differential corm-   45   der Mischung bestimmt,
und eine Prozessorein- prises first and second diaphragm-type sealed
richtung, welche so ausgelegt ist, daB sie die pressure taps (46) disposed
on opposite sides of  MassenfluBrate der Mischung aus den Messun- an
orifice plate (48).                            gen  des
BlendenflugmeBgerates  und  des 3. Apparatus according to claim 1 or claim
2,   Reaktionsmassenmelgerates berechnet, wobel including means for sealing
an annular space (30)   50   das Reaktions-MassenfluBmelfgerat (10) einen
defined between the inner (18) and outer (16)    inneren Krummer (18)
aufweist, der ein erstes elbows, the annular space (30) being filled with a
Einlagende (20) aufweist, welches an der Leitung damping fluid.
angebracht ist, und ein freies Auslatende (22), 4. Apparatus according to
claim 3, in which the  einen auleren Krummer (16), welcher den inne- outer
elbow (16) is fixedly attached to the inner   55   ren Krummer 418) umgibt
und an einem Ende an elbow (18) adjacent the first end (20), and a     dem
inneren Krummer angebracht ist, welches flexible connection (32) is
provided between the  zunachst dem ersten Ende (20) liegt, und an outer
elbow (16) and the inner elbow (18) at the  seinem entgegengesetzten Ende
an der Leitung free end (22) of the inner elbow.                 angebracht
ist, und eine Belastungszelle (26), 5. Apparatus according to claim 4,
including a   60   welche ein Abfuhlelement hat, das an dem inne- pressure
equalization  line  (34) connected      ren Krdmmer (18) an einer Stelle
angebracht ist, between the annular space (30) and the conduit    daB es
die Reaktionskraft abffhlt, welche auf den  * downstream of the annular
space (30), and an     inneren Krummer (18) von der Mischung ausge-
expansion reservoir (33) connected in the line.   ubt wird, wenn diese ihre
Richtung andert, wah- 6. Apparatus according to claim 1, in which the   65
rend sie durch den inneren Krummer (18) flieBt. 4    7               EP
0178104 B1                       8 2. Vorrichtung nach Anspruch 1, wobei
die         Revendications Einrichtung zum Messen der Druckdifferenz erste
und zweite membranartig abgsdichtete Druckauf-        1. Appareil pour la
mesure du d6bit massique nehmer (46) aufweist, welche auf gegenuberlie-
d'un m6lange de solides et d'air s'ecoulant dans genden Seiten einer
Blendenplatte (48) ange-    5    un conduit caract6rise par un d6bitmetre a
orifice ordnet sind.                                        pr6sentant a
I'interieur du conduit (50) un orifice 3. Vorrichtung nach Anspruch 1 oder
2, welche     muni d'un moyen (46, 52) propre 3 mesurer la Mittel zum
Abdichten sines ringformigen Raumes      diff6rence de pression entre les
deux c6tes de (30) einschlieot, der zwischen dem inneren (18)     I'orifice
afin de mesurer le debit volum6trique und dem auBeren (16) Krummer
definiert ist,   10   independamment de la concentration en solides, wobel
der ringformige Raum  (30) mit einem          un debitmetre de masse A
r6action (10) relie au Dampfungsfluid gefuillt ist.
conduit (50) en sorte de determiner la vitesse du 4. Vorrichtung nach
Anspruch 3, wobei der          m6lange et un moyen de traitement agenc6
pour auIere Krummer (16) an dem inneren Krummer          calculer le d6bit
massique du m6lange d'apres (18) unmittelbar an dem ersten Ends (20) fest
i5   des mesures faites par le d6bitmetre A orifice et angebracht ist, und
wobei sine flexible Verbin-     par le debitmetre de masse a reaction, le
debitme- dung (32) zwischen dem auseren Krummer (16)         tre de masse a
r6action (10) comportant un coude und dem inneren Krummer (18) an dem
freien          interieur (18) qui presente une premiere extremite Ende
(22) des inneren Krummers vorgesehen ist.      d'entr6e (20) fix6e au
conduit et une extremite de 5. Vorrichtung nach Anspruch 4, welche sine
20   sortie libre (22), un coudeoext6rieur (16) entourant
Druckausgleichsleitung  (34)  einschlieBt, die      le coude int6rieur (18)
et fixe par une extr6mite au *  \....7' zwischen dem ringformigen Raum (30)
und der      coude interieur pros de la premiere extremite (20) Leitung
stromabwarts von dem  ringformigen          et par son extremite opposee au
conduit, et une Raum (30) angeschlossen ist, sowie einen Aus-       cellule
dynamometrique (26) comportant un 6le- gleichsbehalter (33) aufweist,
welcher an die   25    ment capteur fixe au coude interieur (18) a un
(Ausgleichs-) Leitung angeschlossen ist.            emplacement voulu pour
d6celer la force de 6. Vorrichtung nach Anspruch 1, bei welcher
r6action appliquee au coude interieur (18) par le der innere Krummer am
Einlalende in Segments        melange lorsque celui-ci change de direction
en aufgeteilt ist und sin erstes Segment aufweist,     s'ecoulant a travers
le coude interieur (18). welches an die Leitung angeschlossen ist, sin   30
2. Appareil selon la revendication 1, dans lequol zweites koaxiales Segment
aufweist, und flexible    ledit moyen de mesure de difference de pression
Mittel (24) aufweist, welche das erste und zweite   est constitue par une
premiere et une seconds Segment miteinander verbinden.
prises de pression 6tanchees a membrane (46) 7. Vorrichtung nach Anspruch
1, welche sine        disposees de part et d'autre d'un diaphragms de 



VerschleiBplatte (44) aufweist, die an zumindest   35   debitmetre (48).
einem Abschnitt des Inneren des inneren Krum-         3. Appareil selon la
revendication 1 ou la reven- mers (18) im Bereich von dessen Krummung
dication 2, comportant un moyen pour etancher angebracht ist.
un espace annulaire (30) defini entre les coudes 8. Vorrichtung nach
Anspruch 1, welche Halts-      interieur (18) et exterieur (16), l'espace
annulaire mittel (40, 42) aufweist, die an dem  duleren    40   (30) etant
rempli d'un fluide amortisseur. Krummer (16) angebracht sind und so
angeordnet        4. Appareil selon la revendication 3, dans lequel sind,
daB sie mit dem inneren Krummer (18) in       le coude exterieur (16) est
fix6 de manibre perma- Beruhrung treten, wenn dieser um mehr als einen
nente au coude interieur (18) pres de la premiere vorbestimmten Betrag
ausschligt.                    extremite (20), et un raccordement flexible
(32) 9. Verfahren zum Messen der MassenfluBrate   45   est pr6vu entre le
coude exterieur (16) et le coude einer Mischung von Feststoffen und Luft,
welche     interieur (18) A l'extremite libre (22) du coude durch eine
Leitung fliessen, gekennzeichnet durch   interieur. die Verwendung sines
BlendenfluBmeBgerites,           5. Appareil selon la revendication 4,
comportant um die Druckdifferenz uber einer Blendenplatte      un conduit
d'egalisation de pression (34) montee und damit die VolumenfluBrate der
Luft unabhan-   so   entre 1'espace annulaire (30) et le conduit en aval
gig von der Feststoffkonzentration zu messen; die   de l'espace annulaire
(30), et un reservoir de Verwendung sines Reaktions-Massenflugmegge-
dilatation (33) interpose sur la conduits. rates, um die Reaktionskraft zu
messen mit Hilfe      6. Appareil selon la revendication 1, dans lequel
einer Belastungszelle, welche an einem Krummer      le coude int6rieur est
segmente pres de l'extr6- des Reaktions-FluBmefgerates angebracht ist,  5S
mite d'entree et comporte un premier segment und durch Abfuhlen der
Reaktionskraft, welche       fixe au conduit, un second segment coaxial et
un auf den KrOmmer durch das Fluid ubertragen          moyen flexible (24)
reliant les premier et second wird, wenn dieses wahrend des Flusses durch
segments. den Krummer seine Richtung andert; und durch          7. Appareil
selon la revendication 1, comportant Berechnen der MessenfluBrate der
Mischung, der   60   une plaque d'usure (44) fixee A une partie au
MassenfluBrate der Luft und der MassenfluBrate      moins de l'int6rieur du
coude interieur (18) dans der Feststoffe unter Verwendung der Messungen
la zone de flexion de celui-ci. des Blenden- und des
Reaktions-Massenflugmeg-         8. Appareil selon la revendication 1,
comportant gerates.                                            un
moyen-entrave (40,42) fixA au coude ext6rieur 65   (16) et place en sorte
de porter contre le coude 5    ,,F  9  '        EP  0178104  B1
10 interieur (18) quand celui-ci se deforme au-dela      mesurer une force
de reaction, au moyen d'une d'un degre determine.
cellule dynamometrique fixee A un coude du 9. Procede pour Ia mesure du
d6bit massique         debitmetre 3 r6action at on d6cele la force de d'un
melange de solides et d'air s'ecoulant dans     r6action que le fluide
applique au coude lorsqu'il un conduit caracteris6 en ce qu'on.a recours 3
un    5    change de direction en s'ecoulant A travers le debit-metre a
orifice pour mesurer la difference      coude; et I'on calcule le d6bit de
masse du de pression entre les deux cotes d'une plaque a       melange, le
debit de masse de l'air et le debit de orifice et ainsi le d6bit d'air
volumetrique ind6-    masse des solides en utilisant les mesures faites
pendamment de la concentration en solides; on         par les d6bitmbtres A
orifice et de masse a utilise un d6bitmetre de masse a r6action pour   so
r6action. 15 20 25 30 35 40 45 50 55 60 65 6    


