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(57) Abstract

The invention relates to a device and a pro-
cedure for measuring the flow of a gas or gas mix-
ture in a flow channel (7), said device comprising a
frame (10), which comprises measuring space (8), a
measuring duct (6), which is mounted on the frame
between the flow channel and the measuring space
and which is open at both ends (2, 9) to pass the
pressure wave generated by the flow from the mea-
suring duct into the measuring space, and a mea-
suring element (1) mounted on the frame and used
to measure the pressure wave, said measuring ele-
ment being disposed near the second end (9) of the
measuring duct. According to the invention, the
measuring duct is disposed in a substantially per-
pendicular orientation relative to the direction of
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flow the gas or gas mixture and so that it can ro-
tate about its longitudinal axis, the measuring duct

comprises a first orifice (4), which is disposed at
the first end (2) of the measuring duct and faces
alternately in the direction of flow and against the
flow to pass a changing and cyclic pressure wave
into the measuring duct, and the measuring duct
comprises a second orifice (3), which is disposed
in the part of the measuring duct extending into the
measuring space to equalise the static pressures in
the measuring space and measuring duct.
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FLOWMETER

The present invention relates to a device as
defined in the preamble of claim 1 for measuring the
flow of a gas or gas mixture in a flow channel. Fur-
thermore, the invention relates to a procedure as de-
fined in the preamble of claim 9 for measuring the
flow of a gas or gas mixture in a flow channel.

In prior art, a so-called Pitot tube 1is
known, which 1is used to measure the flow of a gas or
gas mixture in a flow channel. In a Pitot tube appli-
cation, the tube comprises two sensors, one of which
is used to measure the normal pressure in the flow
channel and the other to measure the pressure genera-
ted in the sensor by the flow. Such sensors may be
e.g. tubes, one of which has been bent against the di-
rection of flow so that the flow enters the tube in a
substantially perpendicular direction while the other
is oriented in the direction of flow and measures the
internal pressure in the flow channel. The pressure
difference thus obtained is proportional to the square
of the prevailing flow. _

Where the gas or gas mixture to be measured
contains large particles, condensation liquids and
corroding substances, conventional sensors inserted
from outside the flow channel are unreliable because
static Pitot tubes are liable to get clogged up and
gather condensation liquid.

The object of the present invention 1is to
eliminate the drawbacks mentioned above.

A specific object of the present invention 1is
to produce a device that it simple and cheap.

A further specific object of the invention is
present a procedure in which the measuring duct, i.e.
sensor, cannot be clogged up.

The device of the invention is characterised

by what is presented in claim 1.
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The procedure of the invention 1is characte-
rised by what is presented in claim 9.

The device of the invention comprises a fra-
me, a measuring duct and a measuring element. The de-
vice is connected to a flow channel, in which the flow
of a gas or gas mixture is measured. The frame further
comprises a measuring space. The measuring duct 1is
mounted on the frame between the flow channel and the
measuring space. The measuring duct 1s open at both
ends, so that a pressure wave generated in the duct by
the flow can advance into the measuring space. The me-
asuring element is placed near the second end of the
measuring duct in the measuring space and it 1is used
t£o measure the pressure wave.

According to the invention, the measuring
duct 1is disposed in a substantially perpendicular
orientation relative to the direction of flow of the
gas or gas mixture and so that it can rotate about its
longitudinal axis. The measuring duct comprises a
first orifice, which is disposed at the first end of
the measuring duct and alternately in the direction of
flow and against the flow to admit a changing and
cyclic pressure wave into the measuring duct. The mea-
suring duct further comprises a second orifice, dis-
posed in that part of the measuring duct which extends
into the measuring space to equalise the static pres-
sures in the measuring space and measuring duct.

In an embodiment of the device, the diameter
of the first orifice is larger than the inner diameter
of the measuring duct to allow unimpeded generation of
a pressure wave in the measuring duct. The orifice is
preferably of a circular or oval form.

In an embodiment of the device, the device
comprises a power means, preferably an electric motor,
which is mounted on the frame and connected to the me-
asuring duct, preferably by means of a V-belt, to ro-

tate the measuring duct.

PCT/F198/00636
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In an embodiment of the device, the measuring
element 1is a microphone, loudspeaker or equivalent,
which is used to convert the pressure wave into an
electric signal. The device may comprise one or more
measuring elements. For instance, 1in an arrangement
comprising two microphones, the measuring duct may be
a double tubular structure comprising two tubes one
inside the other, forming two separate flow routes.

In an embodiment of the device, the measuring
duct is connected to the flow channel and measuring
space via airtight and watertight joints to ensure
that external disturbances, e.g. air flow and splashes
of liquid, will not produce errors in the measurement.

In an embodiment of the device, a protective
air stream flowing into the measuring space 1s used so
that the protective air flows into the measuring space
and through the measuring space further via the measu-
ring duct into the flow space. This prevents impuri-
ties from entering from the flow channel into the mea-
suring duct and further into the measuring space.

In an embodiment of the device, the part of
the measuring duct extending into the flow channel is
provided with one or more orifices disposed at diffe-
rent angles relative to the radius perpendicular to
the longitudinal axis of the measuring duct. In this
case, cyclic pressure waves changing in different pha-
se are passed into the measuring duct.

In an embodiment of the device, the device
comprises means for the processing and shaping of an
electric signal. These means may comprise a signal
filter and a converter element. The signal filter fil-
ters the electric signal in a manner known in itself
to eliminate any frequencies that differ from a si-
nusoidal signal. The converter element converts, in a
manner known in itself, an analogue signal into a di-
gital signal, which can be processed e.g. using a com-

puter.
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In the procedure of the invention, the measu-
ring duct is rotated in a substantially perpendicular
orientation to the flow, with the result that the
first orifice comprised the measuring duct is alterna-
tely in the direction of flow and against the flow.
Thus, a changing and cyclic pressure wave generated in
the measuring duct through the orifice is passed into
the measuring element, and the changing and cyclic
pressure wave 1is converted in the measuring element
into an electric signal, whereupon the flow 1s deter-
mined on the basis of .the amplitude of the electric
signal.

In an embodiment of the procedure, a sinusoi-
dal signal 1is separated from the electric signal by
filtering out all other signals. This produces a sig-
nal of a constant wavelength.

In an embodiment of the procedure, the measu-
ring duct is rotated at a constant speed.

In an embodiment of the procedure, the flow
is computed based on the formula v2=AP, where v = flow
and AP = pressure difference, which is proportional to
the amplitude of the electric signal.

The invention makes it possible to use the
device in unclean conditions where the gas in the flow
to be measured may contain e.g. large particles, con-
densation liquid and corroding substances. Disturbance
cumulation in the measurement works continuously. The
device 1s easy and cheap to construct and therefore
also to maintain. Calibration of the measurement can
always be successfully carried out in unclean condi-
tions. The device can be used for measurements at high
pressures because the measuring space can be implemen-
ted as a small and therefore pressure-resistant space.

In the following, the invention will ©be
described in detail by referring to the attached dra-

wings, wherein

PCT/FI198/00636
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Fig. 1 presents a device according to the in-
vention, and

Fig. 2 presents a measuring duct according to
the invention.

The device presented in Fig. 1 comprises a
frame 10, a measuring space 8, a measuring element 1,
a supporting element 11, a measuring duct 6, orifices
3,4, a sealing ring 12, a belt pulley 13 connected to
the measuring duct, a power means 5, a belt pulley 14
connected to the power means, a belt 15 and an element
18 for the supply of protective gas, a signal filter
16 and a converter element 17. The device is connected
to a flow channel 7. This connection may be a standard
valve connection.

In the embodiment illustrated by Fig. 1, the
device comprises a sealing ring 12 placed between the
frame 10 and the flow channel 7, preferably provided
with rubber seals, to make the joint airtight and wa-
tertight. Attached to the frame 10 1is a supporting
element 11, on which the measuring element 1 and the
power means are mounted. The measuring duct 6 1is con-
nected between the measuring space 8 and the flow
channel 7, preferably supported by bearings.

In the part extending into the measuring spa-
ce 8, a belt pulley 13 is mounted on the measuring
duct 6. Attached to the power means 5 is another belt
pulley 14, and the pulleys 13,14 are connected by a
belt 15.

The first end 2 of the measuring duct 6 1is
provided with a first orifice 4, whose diameter 1is
larger than the inner diameter of the measuring duct
6. The measuring duct 6 has a second orifice 3 between
the belt pulley 13 and the frame. The second end 9 of
the measuring duct 6 1is disposed near the measuring
element 1.

Fig. 2 presents a measuring duct 6 provided

with three orifices 4', 4?, and 4°, which serve to ge-
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nerate pressure waves with a phase difference between
them.

By means of the belt 15, the power means 5
drives the measuring duct 6 at a constant speed of ro-
tation. The constant speed of the power means 5 can be
adjusted in a manner known in itself. As a result of
the flow of the gas or gas mixture, the rotation of
the measuring duct 6 and the orifice 4, a changing and
continuous pressure wave is generated in the measuring
duct because the orifice 4 faces alternately against
the flow and in the direction of the flow. When the
orifice 4 faces against the flow, the pressure wave in
the measuring duct 6 is at a maximum, and when the
orifice 4 faces in the direction of the flow, the
pressure wave in the measuring duct 6 is at a minimum.
The measuring duct 6 passes the pressure wave to the
second end 9 of the measuring duct 6, which is close
to the measuring element 1. The changing pressure wave
produces a movement in the measuring element 1, and
this movement is converted in the measuring element 1
into an electric signal. The measuring element 1is
electrically connected to a signal filter 16, which
filters out all unnecessary components from the sig-
nal, so that only the sinusoidal component remains in
the signal. The signal filter 1lg is electrically con-
nected to a converter element 17, which converts the
signal from a continuous-time form into a discrete-
time form, in other words, performs an A/D conversion
on the signal. This allows the signal to be fed e.g.
into a computer for further processing.

The second orifice 3 stabilises the pressures
in the measuring space 8 and in the measuring duct to
an equal level.

Via the protective gas supply element 18,
protective gas can be supplied into the measuring spa-

ce 8 and further into the measuring duct 6. Therefore,

PCT/F198/00636
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impurities will not be easily admitted from the flow
channel 7into the measuring duct 6.

As illustrated by Fig. 2, the measuring duct
6 can be provided with three orifices 4*, 4% and 43, in
which case three pressure waves with a phase differen-
ce between them will be generated in the measuring
duct 6.

The invention 1is not restricted to the
examples of its embodiments described above, but many
variations are possible within the scope of the inven-

tive idea defined by the claims.
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CLAIMS
1. Device for measuring the flow of a gas or
gas mixture in a flow channel (7), said device compri-
sing:

a frame (10) comprising measuring space (8),

a measuring duct (6), which is mounted on the
frame between the flow channel and the measuring space
and which is open at both ends (2, 9) to pass a pres-
sure wave generated by the flow from the measuring
duct into the measuring space, and

a measuring element (1) mounted on the frame
and used to measure the pressure wave, sald measuring
element being disposed near the second end (9) of the
measuring duct,

characterised in that

the measuring duct is disposed in a substan-
tially perpendicular orientation relative to the di-
rection of flow the gas or gas mixture and so that it
can rotate about its longitudinal axis,

the measuring duct comprises a first orifice
(4), which is disposed at the first end (2) of the me-
asuring duct and faces alternately in the direction of
flow and against the flow to pass a changing and
cyclic pressure wave into the measuring duct, and

the measuring duct comprises a second orifice
(3), which is disposed in that part of the measuring
duct which extends into the measuring space to equali-
se the static pressures in the measuring space and in
the measuring duct.

2. Device as defined in claim 1, cha-
racterised in that the diameter of the first
orifice (4) is larger than the inner diameter of the
measuring duct (6).

3. Device as defined in claim 1 or 2,
characterised in that the device comprises a
power means (5), which is connected to the measuring
duct (6) to rotate 1it.
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4. Device as defined in any one of claims 1 -
3, characterised in that the measuring ele-
ment (1) is a microphone or equivalent, which serves
to convert the pressure wave into an electric signal,
and that the device comprises one or more measuring
elements (1', 1%, ... 1%

5. Device as defined in any one of claims 1 -
4, characterised 1in that the measuring duct
(6) is connected to the flow channel (7) and to the
measuring space (8) in an airtight and watertight man-
ner.

6. Device as defined in any one of claims 1 -
5, characterised 1in that it incorporates a
supply of protective air flowing into the measuring
space (8) to prevent impurities from entering into the
measuring duct (6) and into the measuring space.

7. Device as defined in any one of claims 1 -
6, characterised in that the part of the me-
asuring duct (6) extending into the flow channel (7)
is provided with one or more orifices (4%, 4%, and 4°)
disposed at different angles relative to the radius
perpendicular to the longitudinal axis of the measu-
ring duct, 1in which case cyclic pressure waves chan-
ging in different phase are passed into the measuring
duct.

8. Device as defined in any one of claims 1 -
7, characterised in that the device compri-
ses means (16, 17) for the processing and shaping of
an electric signal.

9. Procedure for measuring the flow of a gas
or gas mixture in a flow channel by using a device
comprising:

a frame (10) comprising measuring space (8),

a measuring duct (6), which is mounted on the
frame between the flow channel and the measuring space
and which 1is open at both ends (2, 9) to pass the
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pressure wave generated by the flow from the measuring
duct into the measuring space, and
a measuring element (1) mounted on the frame
and used to measure the pressure wave, said measuring
5 element being disposed near the second end (9) of the
measuring duct,
characterised in that
- the measuring duct is rotated in a plane
substantially perpendicular to the flow, with the re-
10 sult that an orifice (4) alternately faces in the di-
rection of flow and against the flow,

- a changing and cyclic pressure wave genera-
ted in the measuring duct through the orifice 1is
passed into the measuring element,

15 - the changing and cyclic pressure wave 1is
converted in the measuring element into an electric
signal, and

- the flow is determined on the basis of the

amplitude of the electric signal.
20 10. Procedure as defined in claim 9, cha -
racterised in that a sinusoidal signal is sepa-
rated from the electric signal by filtering out sub-
stantially all other signals.

11. Procedure as defined in claim 9 or 10,
25 characterised in that the measuring duct (6)
is rotated at a constant speed.

12. Procedure as defined in any one of claims

9 - 11, characterised 1in that the flow is
computed based on the formula v’=AP, where v = flow
30 and AP = pressure difference between the dynamic and

static pressures prevailing in the flow channel, 1i.e.

amplitude of the electric signal.
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