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Description

Technical Field

[0001] The present invention relates to a pressure sen-
sor, a differential pressure type flow meter, and a flow
rate controller used in a fluid transport piping in various
industrial fields such as chemical plants, semiconductor
manufacturing, food, or biology.

Background Art

[0002] S.H. CHUE: "Pressure probes for fluid meas-
urement", PROGRESS IN AEROSPACE SCIENCES,
vol. 16, no. 2, 1975, pages 147-223, discloses a pressure
sensor. JP 2005221453 A discloses a pressure sensor.
JP2007034667 discloses a flow controller comprising
two pressure sensors, a differential pressure type flow
meter and a flow control valve. In the related art, pressure
sensors for measuring the pressure of fluid are widely
used. The pressure sensors of this type include those
used by being installed at a spot where the pressure of
fluid containing corrosive chemical agents such as high-
ly-refined nitric acid, hydrochloric acid, and hydrofluoric
acid is measured as in a semiconductor manufacturing
process, for example. More specifically, in a semicon-
ductor manufacturing apparatus, chemical solution con-
taining hydrofluoric acid or the like is used when perform-
ing an etching process on a semiconductor substrate, so
that the pressure sensor is built in a circulation circuit for
the chemical solution for ensuring stable supply of the
chemical solution.
[0003] The pressure sensor of this type is provided at
an end portion of a pressure introduction flow channel
branched in a T-shape upward from a primary fluid flow
channel in which fluid to be subjected to pressure meas-
urement flows.
[0004] The pressure sensor as described above can
be installed in pair in the primary fluid flow channel via
an orifice and used as a flow meter which calculates the
flow rate by converting the pressure difference between
the both pressure sensors into the flow rate. Then, by
controlling the flow rate calculated by the flow meter and
the opening of a variable valve so as to eliminate the
difference from the preset flow rate which is set in ad-
vance, a flow rate controller which performs a feedback
control on the flow rate of the primary fluid flow channel
to a desired value is achieved. (For example, see Patent
Document 1).
[0005] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 4-29835 (see Fig. 1)

Disclosure of Invention

[0006] In the pressure sensor described above, spe-
cifically in a case of measuring the pressure of liquid, if
compressible fluid such as air or gas is stagnated in the
pressure introduction flow channel configured to intro-

duce the fluid to be subjected to the pressure measure-
ment from the primary fluid flow channel, accurate pres-
sure measurement is hardly achieved. In other words,
since stagnation of slurry solution triggers coagulation of
the slurry solution, the growing coagulation makes the
pressure measurement impossible at last. Also, in the
semiconductor manufacturing process, for example, the
coagulated slurry may flow out to cause scratches gen-
erated on a wafer. In addition, the stagnation of the fluid
remarkably deteriorates the performance of chemical
substitution, and may affect the properties other than the
performance of the pressure measurement, such that if
pure water is flowed after the chemical solution has
flowed, the chemical solution can hardly be flowed off
and hence it takes time until the resistance value is low-
ered. Still further, as regards the differential pressure type
flow meter using the pressure sensor in the related art,
the stagnation of the chemical solution cannot react
quickly to the effect of temperature change, which may
cause a malfunction.
[0007] In other words, in the pressure sensor in the
related art, since the pressure detecting unit is arranged
at an upper end portion of the pressure introduction flow
channel branched in a T-shape upward from the primary
fluid flow channel, if the compressible fluid enters the
interior of the pressure introduction flow channel, it rises
to a pressure-receiving surface. Therefore, the com-
pressible fluid entered the interior of a pressure introduc-
tion portion can hardly return to the primary fluid flow
channel to be discharged and hence stagnates between
the fluid to be subjected to the pressure measurement
and the pressure-receiving surface, which may cause
various problems on the pressure measurement or the
semiconductor process.
[0008] In this manner, in a state in which the compress-
ible fluid stagnates on the pressure-receiving surface of
the pressure sensor, it is difficult to measure the fluid
pressure accurately by the pressure sensor due to the
effect of dynamic pressure variations from the fluid flow-
ing in the primary fluid flow channel.
[0009] In view of such background, in the pressure sen-
sor having the pressure introduction flow channel
branched from the primary fluid flow channel, a structure
in which the compressible fluid does not stagnate in the
vicinity of the pressure-receiving surface of the pressure
sensor in the interior of the pressure introduction portion
is desired in order to enable the accurate measurement
by the pressure sensor.
[0010] In view of such circumstances, it is an object of
the present invention to provide a pressure sensor having
a structure in which compressible fluid is prevented from
stagnating in the vicinity of a pressure-receiving surface
of the pressure sensor in the interior of the pressure in-
troduction portion, and a differential pressure type flow
meter and a flow rate controller using this pressure sen-
sor.
[0011] The present invention employs solutions de-
scribed below for solving the above-described problem.
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[0012] A pressure sensor according to the present in-
vention is a pressure sensor including a pressure detect-
ing unit arranged in a pressure introduction flow channel
branched in a T-shape upward from a primary fluid flow
channel in which fluid to be subjected to pressure meas-
urement flows, in which the pressure introduction flow
channel includes an inclined surface extending in a di-
rection to increase an opening area on the side of an inlet
port of the fluid on a wall surface on the downstream side
in terms of the direction of flow of the fluid.
[0013] According to the pressure sensor as described
above, since the pressure introduction flow channel in-
cludes the inclined surface in the direction to increase
the opening area on the side of the inlet port of the fluid
on the wall surface on the downstream side in terms of
the direction of flow of the fluid, even though the com-
pressible fluid such as air is contained in the fluid, it flows
along the inclined surface inclining toward the down-
stream side without stagnating in the pressure introduc-
tion channel.
[0014] In the pressure sensor as described above, the
pressure introduction flow channel is formed into a bowl
shape which narrows the opening area on the side of the
inlet port of the fluid, and the inclined surface is provided
on the wall surface on the downstream side in terms of
the direction of flow of the fluid in the bowl shape, whereby
the surface area of the inlet port of the fluid of the pressure
introduction flow channel is reduced so that the meas-
urement error due to the dynamic pressure of the fluid
can be reduced, and the inclined surface prevents the
stagnation of the compressible fluid so that the pressure
measurement of the fluid can be performed further ac-
curately.
[0015] The differential pressure type flow meter in the
present invention performs flow rate measurement by
arranging a pair of the pressure sensors according to
Claim 1 in the primary fluid flow channel in series via an
orifice and causing a control unit which receives an input
of a signal of a pressure value detected by the both sen-
sors to convert a pressure difference into a flow rate.
[0016] According to the differential pressure type flow
meter as described above, even though the compressible
fluid such as the air is contained in the fluid, the fluid is
not stagnated in the pressure introduction channel of the
pressure sensors, so that the differential pressure can
be detected accurately by the both pressure sensors.
Also, since the fluid is not stagnated in the interior of the
both pressure sensors and hence a temperature change
can be accommodated immediately, the error caused by
a temperature drift of the pressure value due to the tem-
perature change of the fluid can be eliminated. Therefore,
the differential pressure type flow meter which performs
the flow rate measurement using the both pressure sen-
sors is improved in accuracy in flow rate measurement.
[0017] A flow rate controller according to the present
invention includes a differential pressure type flow meter
performing the flow rate measurement by arranging a
pair of the pressure sensors according to Claim 1 in the

primary fluid flow channel in series via an orifice and
causing a control unit which receives an input of a signal
of a pressure value detected by the both sensors to con-
vert a pressure difference into a flow rate, and a flow rate
adjusting valve provided in the primary fluid flow channel
and controlled in opening so that the difference between
the flow rate measured value of the differential pressure
type flow meter and the preset flow rate value determined
in advance falls within a predetermined range.
[0018] According to the flow rate controller as de-
scribed above, since the differential pressure can be de-
tected accurately by the pressure sensors, the accuracy
in flow rate measurement by the differential pressure type
flow meter is improved. Therefore, the flow rate controller
having the flow rate control valve configured to be con-
trolled in opening using the flow rate measured value is
able to improve the accuracy in flow rate control.
[0019] According to the present invention as described
above, since the compressible fluid such as air contained
in the fluid can be prevented from stagnating in the pe-
riphery of the pressure detecting unit, the detection val-
ues of the pressure sensors become accurate. Also, the
inability of measurement or generation of scratches on
the wafer due to coagulation of slurry can be prevented
and, in addition, when the differential pressure type flow
meter is configured, detection is achieved without occur-
rence of the malfunction even under the temperature
change.
[0020] Therefore, remarkable effects such that the flow
rate accuracy measured by the differential pressure type
flow meter including the pressure sensors as compo-
nents is improved and, in addition, the flow rate control
accuracy of the flow rate controller which performs the
opening control of the flow rate control valve using the
flow rate measured value measured by the differential
pressure type flow meter is improved are achieved.

Brief Description of Drawings

[0021]

[FIG. 1] FIG. 1 is a drawing showing a first example
not according to the present invention, and is a front
view showing an example of a general configuration
of a flow rate controller.
[FIG. 2] FIG. 2 is a plan view of FIG. 1.
[FIG. 3] FIG. 3 is a vertical cross-sectional view of
FIG. 1.
[FIG. 4] FIG. 4 is a drawing showing a first embodi-
ment of the present invention, and is a vertical cross-
sectional view showing an example of an internal
structure of the flow rate controller.
[FIG. 5A] FIG. 5A is a drawing showing a pressure
introduction flow channel and an inclined surface in
FIG. 4, and is a plan view viewed from above on the
side of a sensor space.
[FIG. 5B] FIG. 5B is perspective view showing the
pressure introduction flow channel and the inclined
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surface in Fig 4.

[0022] Explanation of Reference:
[0023]

10: flow rate controller
12, 12A-12C: primary fluid flow channel
20: differential pressure type flow meter
21A: pressure sensor (first sensor)
21B: pressure sensor (second sensor)
22, 22A, 22B: pressure introduction flow channel
23: sensor body
24, 24A: body
25: sensor storage space
28, 28A: inclined surface
40: orifice unit
50: control unit
60: flow rate adjusting valve

Best Mode for Carrying Out the Invention

[0024] An embodiment of a pressure sensor, a differ-
ential pressure type flow meter, and a flow rate controller
according to the present invention will be described be-
low on the basis of the drawings.
[0025] In the first example shown in FIG. 1 to FIG. 3,
FIG. 1 is a front view of a flow rate controller 10, FIG. 2
is a plan view of FIG. 1, and FIG. 3 is a vertical cross-
sectional view of FIG. 1. The flow rate controller 10 is a
flow rate control apparatus integrated in a pipe 11 which
communicates with a primary fluid flow channel 12, de-
scribed later, and configured to maintain the fluid flow
rate of liquid (chemical solution or the like) flowing in the
same flow channel constant, and includes a differential
pressure type flow meter 20 configured to measure an
actual fluid flow rate, and a flow rate adjusting valve 60
configured to be able to control the opening of a valve
element. The differential pressure type flow meter 20 is
arranged on the upstream side of the flow rate adjusting
valve 60 in the direction of flow of the fluid flowing in the
primary fluid flow channel 12.
[0026] The differential pressure type flow meter 20 has
a configuration in which a pair of pressure sensors 21A,
21B are arranged in series via an orifice unit 40. In other
words, in the differential pressure type flow meter 20, the
fluid pressures being different after having passed
through the orifice unit 40 are detected by the both pres-
sure sensors 21A, 21B, and these two pressure values
are converted respectively into electric signals and input
to a control unit 50. The control unit 50 having received
signal input of the pressure values in this manner is able
to measure the flow rate of the fluid flowing in the primary
fluid flow channel by converting the differential pressure
obtained from the two pressure values into the flow rate.
In the description given below, the pressure sensor 21A
arranged on the upstream side of the orifice unit 40 is
referred to as a first sensor, and the pressure sensor 21B
arranged on the downstream side is referred to as a sec-

ond sensor as needed for discrimination.
[0027] The configurations of the pressure sensors
21A, 21B are basically the same except for a body and
the shape of the pressure introduction flow channel de-
scribed later, the first sensor 21A on the upstream side
will be described below.
[0028] The first sensor 21A includes, as shown in FIG.
3 for example, a sensor body (pressure detecting unit)
23 arranged in a pressure introduction flow channel 22
which is branched into a T-shape upward from the pri-
mary fluid flow channel 12 in which the fluid to be sub-
jected to the pressure measurement flows. In the illus-
trated configuration, the pressure introduction flow chan-
nel 22 which communicates with a sensor storage space
25 above so as to extend substantially orthogonal to the
fluid flow channel 12 formed through the body 24 is pro-
vided. The sensor body 23 is not specifically limited as
long as it can detect the fluid pressure, but for example,
a piezo-type pressure sensor, a capacitance pressure
sensor, and a strain gauge pressure sensor are prefer-
able. In this example, the strain gauge pressure sensor
is used as the sensor body 23.
[0029] A cover 26 is mounted on an upper portion of a
body 24 so as to cover the sensor body 23 and accessory
components such as a control substrate. Reference nu-
meral 27 in the drawing designates a cable for inputting
the electric signals of pressure values detected by the
sensor body 23 to the control unit 50.
[0030] In contrast, the second sensor 21B is different
from the above-described first sensor 21A in that the pri-
mary fluid flow channel 12 is formed in a body 24A which
is integral with the 60 described later, and in the shape
of a pressure introduction flow channel 22A. In other
words, the pressure introduction flow channel 22A of the
second sensor 21B includes an inclined surface 28 in the
direction to expand an opening area on the side of the
inlet port of the fluid on a wall surface on the downstream
side in terms of the direction of flow of the fluid. The in-
clined surface 28 is formed by providing inclination on a
side wall surface by forming half the pressure introduction
flow channel 22A on the downstream side into a substan-
tially truncated conical shape, and the pressure introduc-
tion flow channel 22A has a flow channel cross-sectional
area on the lower side which communicates with the pri-
mary fluid flow channel 12 and corresponds to the side
of the fluid inlet port larger than the side of the fluid outlet
port which communicates with the sensor storage space
25. Other configurations are the same as the first sensor
21A described above.
[0031] Incidentally, although the inclined surface 28 is
provided only on the second sensor 21B in the configu-
ration example described above, it is needless to say that
the inclined surface 28 is preferably provided on both the
first sensor 21A and the second sensor 21B.
[0032] The orifice unit 40 includes an orifice body 41,
which is a cylindrical member installed between the first
sensor 21A and the second sensor 21B. The orifice body
41 is formed with a primary fluid flow channel 12C which
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connects the primary fluid flow channels 12A, 12B formed
in the bodies 24, 24A of the first sensor 21A and the
second sensor 21B with the same flow channel cross-
sectional area. Also, an orifice flow channel 42 having a
reduced flow channel cross-sectional area in comparison
with that of the primary fluid flow channel 12C is formed
at an adequate position of the primary fluid flow channel
12C. In the illustrated example, the flow channel cross-
sectional area is reduced step by step from the primary
fluid flow channel 12C to the orifice flow channel 42 hav-
ing a smallest diameter.
[0033] The orifice body 41 is inserted at one end there-
of on the upstream side having the same flow channel
cross-sectional area as the primary fluid flow channels
12A, 12B into the interior of the body 24 of the first sensor
21A, and is inserted at the other end thereof on the down-
stream side having the orifice hole 42 into the interior of
the primary fluid flow channel 12B of the second sensor
21B. The both ends of the orifice body 41 are fixed to the
bodies 24, 24A by a joint structure using cap nuts 43.
[0034] The flow rate adjusting valve 60 is installed on
the body 24A which is common with the pressure sensor
21B in the primary fluid flow channel 12 on the down-
stream side of the pressure sensor 21B. The flow rate
adjusting valve 60 performs opening control so that the
difference between the flow rate measured value of the
differential pressure type flow meter 20 and the preset
flow rate determined in advance falls within a predeter-
mined range.
[0035] The illustrated flow rate adjusting valve 60 em-
ploys a configuration in which a needle (valve element)
62 is moved upward and downward by a drive mecha-
nism having a motor 61 such as a stepping motor to cause
the needle 62 to open and close to be at a desired opening
position with respect to a valve seat 63. However, the
drive mechanism or the structure of valve element of the
flow rate adjusting valve 60 is not specifically limited as
long as it is capable of adjusting the opening of the needle
62. Reference numeral 64 in the drawing designates a
cover for covering the motor 61 or the like, reference
numeral 65 designates a cable connected to the motor
61, and reference numeral 12D designates a primary fluid
flow channel which serves as an outlet port of the fluid.
[0036] The above-described first sensor 21A is fixed
to and supported by a base member 13 via the body 24.
In the same manner, the above-described second sensor
21B and the flow rate adjusting valve 60 are fixed to and
supported by a base member 14 via the common body
24A. Then, the bodies 24, 24A are connected by the or-
ifice unit 40, and the base members 13, 14 are integrally
connected, so that the flow rate controller 10 having the
differential pressure type flow meter 20 and the flow rate
adjusting valve 60 is configured.
[0037] Reference numeral 15 in the drawing is a cap
nut having a joint structure for connecting and fixing the
pipe 11 to the bodies 24, 24A.
[0038] The flow rate controller 10 configured in this
manner inputs a desired fluid flow rate (hereinafter, re-

ferred to as "preset flow rate") Qr which is desired to be
maintained constant into the control unit 50 to store there-
in before starting an operation. The control unit 10 acti-
vates the needle 62 of the flow rate adjusting valve 60
so as to be a valve opening corresponding to the input
preset flow rate Qr to set an initial opening. Then, when
the fluid is flowed to the flow rate controller 10, the dif-
ferential pressure type flow meter 20 measures a flow
rate of actually flowing fluid (hereinafter, referred to as
"measured flow rate") Qf and inputs the same to the con-
trol unit 5, so that the flow rate difference ΔQ between
the measured flow rate Qf and the preset flow rate Qr
(ΔQ = Qr - Qf) is obtained and compared in the interior
of the control unit 50.
[0039] The above-described flow rate difference ΔQ is
compared with an allowable range q set in advance.
Then, when an absolute value of the flow rate difference
ΔQ is smaller than the allowable range q (ΔQ < q), it is
determined that the desired preset flow rate Qr is flowing,
and the flow rate adjusting valve 60 is maintained in the
initial opening.
[0040] In contrast, when the flow rate difference ΔQ
described above is a positive value (Qr > Qf), and the
absolute value of the flow rate difference ΔQ is not smaller
than the allowable range q (ΔQ ≥ q), it is determined that
the measured flow rate Qf is in a state of being in the
small quantity side which does not satisfy the desired
preset flow rate Qr. Therefore, the needle 62 of the flow
rate adjusting valve 60 is activated in the direction of
opening larger than the initial opening in order to increase
the measured flow rate Qf.
[0041] In addition, when the flow rate difference ΔQ
described above is a negative value (Qr < Qf), and the
absolute value of the flow rate difference ΔQ is not smaller
than the allowable range q (ΔQ ≥ q), it is determined that
the measured flow rate Qf is in a state of being in the
large quantity side which does not satisfy the desired
preset flow rate Qr. Therefore, the needle 62 of the flow
rate adjusting valve 60 is activated in the direction of
opening smaller than the initial opening in order to reduce
the measured flow rate Qf.
[0042] In this manner, the flow rate controller 10 per-
forms feedback control so that the absolute value of the
flow rate difference ΔQ obtained by comparison with re-
spect to the preset flow rate Qr on the basis of the meas-
ured flow rate Qf inputted from the differential pressure
type flow meter 20 satisfies a predetermined allowable
range q, so that the fluid flow rate flowing in the primary
fluid flow channel 12 can be maintained constant.
[0043] The second sensor 21B as a component of the
differential pressure type flow meter 20 described above
includes the inclined surface 28 on the wall surface which
defines the pressure introduction flow channel 22A. The
inclined surface 28 is formed by inclining a wall surface
on the downstream side in terms of the direction of flow
of the fluid so as to expand the opening area on the side
of the fluid inlet port toward the downstream side, and
hence even though the compressible fluid such as air is
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contained in the fluid flowing in the primary fluid flow
channel 12B, the fluid flows toward the downstream side
without being stagnated in the interior of the pressure
introduction flow channel 22A. In other words, even when
the compressible fluid contained in the fluid flowing in the
primary fluid flow channel 12B enters the interior of the
pressure introduction flow channel 22A, the compressi-
ble fluid is flowed out easily along the inclined surface 28
which expands the opening area of the inlet port on the
downstream side in terms of the direction of flow of the
fluid as if it is attracted by the flow, so that the stagnation
between the sensor body 23 and the fluid in the interior
of the pressure introduction flow channel 22A branched
into a T-shape upward from the primary fluid flow channel
12B is prevented or restrained.
[0044] Therefore, the compressible fluid can hardly en-
ter the interior of the sensor storage space 25 where a
pressure-receiving surface of the sensor body 23 is
present, so that an event such that the pressure meas-
urement becomes unstable because the compressible
fluid is stagnated between the pressure-receiving sur-
face of the sensor body 23 and the liquid, and hence the
pressure is affected by the dynamic pressure variation
from the fluid flowing in the primary fluid flow channel
12B is prevented. In other words, since the pressure-
receiving surface of the sensor body 23 is able to receive
the pressure (static pressure) of the fluid flowing in the
primary fluid flow channel 12B directly, the accurate and
stable pressure measurement is achieved.
[0045] Then, when the pressure measurement by the
second pressure sensor 21B which constitutes the dif-
ferential pressure flow meter 20 is stabilized, the differ-
ential pressure obtained by the pair of pressure sensors
is also stabilized, so that the accuracy or the reliability of
the flow rate measured value obtained by converting the
differential pressure is improved. As regards the first
pressure sensor 21A and the second pressure sensor
21B which constitute the differential pressure flow meter
20, if both of them are provided with the inclined surface
28, the accuracy or the reliability of the flow rate meas-
ured value (measured flow rate Qf) is further improved.
[0046] In addition, as regards the flow rate controller
10 which performs the opening control of the flow rate
adjusting valve 60 using the measured value of the dif-
ferential pressure type flow meter 20 described above,
when the accuracy or the stability of the flow rate meas-
ured value (measured flow rate Qf) is improved, the fluid
flow rate control accuracy of the measured flow rate Qf
flowing in the primary fluid flow channel 12 is improved.
[0047] Subsequently, a first embodiment of the present
invention will be described on the basis of FIG. 4, FIG.
5A and FIG. 5B. In the following description, the same
components as those in the first example described
above are designated by the same reference numerals,
and detailed description thereof will be omitted.
[0048] In this embodiment, the pair of pressure sensors
21A, 21B which constitute the differential pressure flow
meter 20 both are provided with an inclined surface 28A

in a pressure introduction flow channel 22B. The pres-
sure introduction flow channel 22B in this case is formed
into a bowl shape which narrows the opening area on
the side of the inlet port where the fluid branched in a T-
shape from the primary fluid flow channel 12 is intro-
duced, and the inclined surface 28A is provided on the
wall surface on the downstream side in terms of the di-
rection of flow of the fluid in the pressure introduction flow
channel 22B. The inclined surface 28A is formed, as
shown in FIGS. 5A, 5B for example, by applying a working
on the wall surface of the pressure introduction flow chan-
nel 22B on the downstream side in terms of the direction
of flow of the fluid to remove the wall surface obliquely
toward the downstream side in terms of the direction of
flow of the fluid using a punching tool or the like from the
sensor storage space 25 side toward the primary fluid
flow channel 12.
[0049] In other words, since the pressure introduction
flow channel 22B in this embodiment is formed in such
a manner that the inlet opening area on the side of the
primary fluid flow channel 12 is narrower than the outlet
opening area on the side of the sensor storage space
25, it has a shape which allows the compressible fluid in
the fluid flowing in the primary fluid flow channel 12 to
flow hardly into the interior of the pressure introduction
flow channel 22B and the sensor storage space 25.
[0050] In addition, since the pressure introduction flow
channel 22B described above includes the inclined sur-
face 28A formed on the wall surface on the downstream
side in terms of the direction of flow of the fluid, the com-
pressible fluid entered from the inlet opening having the
narrow opening area flows out toward the downstream
side without stagnating in the pressure introduction flow
channel 22B by being guided by the inclined surface 28A.
[0051] Therefore, even when the compressible fluid
contained in the fluid flowing in the primary fluid flow
channel 12 enters the interior of the pressure introduction
flow channel 22B, the compressible fluid is flowed out
easily along the inclined surface 28A which enlarges the
opening area of the inlet port on the downstream side in
terms of the direction of flow of the fluid, so that the stag-
nation between the sensor body 23 and the fluid in the
interior of the pressure introduction flow channel 22B
branched into a T-shape upward from the primary fluid
flow channel 12 is prevented or restrained. Therefore,
the compressible fluid can hardly enter the interior of the
sensor storage space 25 where the pressure-receiving
surface of the sensor body 23 is present, so that an event
such that the pressure measurement becomes unstable
because the compressible fluid is stagnated between the
pressure-receiving surface of the sensor body 23 and
the liquid, and hence the pressure is affected by the dy-
namic pressure variation from the fluid flowing in the pri-
mary fluid flow channel 12 is prevented. In other words,
since the pressure-receiving surface of the sensor body
23 is able to receive the pressure (static pressure) of the
fluid flowing in the primary fluid flow channel 12B directly,
the accurate and stable pressure measurement is
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achieved.
[0052] Even when the configuration according to the
first embodiment described above is employed, the pres-
sure measurement by the first pressure sensor 21A and
the second pressure sensor 21B which constitute the dif-
ferential pressure flow meter 20 is accurate and stable,
whereby the differential pressure obtained by the both
pressure sensors 21A, 21B is also stabilized, so that the
accuracy or the reliability of the measured flow rate Qf
obtained by converting the differential pressure is im-
proved.
[0053] In addition, as regards the flow rate controller
10 which performs the opening control of the flow rate
adjusting valve 60 using the measured value of the dif-
ferential pressure flow meter 20 described above, when
the accuracy or the stability of the measured flow rate Qf
is improved, the fluid flow rate control accuracy of the
measured flow rate Qf flowing in the primary fluid flow
channel 12 is improved.
[0054] In this manner, according to the present inven-
tion as described above, since the compressible fluid
such as air contained in the fluid can be prevented from
stagnating in the periphery of the sensor body 23 which
is the pressure detecting unit, the detection values of the
pressure sensors 21A, 21B become accurate. Therefore,
the flow rate accuracy measured by the differential pres-
sure type flow meter 20 including the pressure sensors
21A, 21B as components is improved and, in addition,
the flow rate control accuracy of the flow rate controller
10 which performs the opening control of the flow rate
control valve 60 using the flow rate measured value
(measured flow rate Qf) measured by the differential
pressure type flow meter 20 is improved.
[0055] The present invention is not limited to the em-
bodiments described above, and may be modified as
needed without departing the scope of the present inven-
tion.

Claims

1. A pressure sensor (21A, 21B) comprising:

a primary fluid flow channel (12, 12A, 12B, 12C)
in which fluid to be subjected to pressure meas-
urement flows;
a pressure introduction flow channel (22, 22A,
22B) branched in a T-shape upward from the
primary fluid flow channel (12, 12A, 12B, 12C),
and
a pressure detecting unit (23) arranged in the
pressure introduction flow channel (22, 22A,
22B), wherein the pressure introduction flow
channel (22, 22A,22B) is formed such that the
opening area on the side of the inlet port of the
fluid is narrower than an opening area on the
side of the pressure detecting unit (23), and
characterised in that the pressure introduction

flow channel (22, 22A, 22B) includes an inclined
surface (28, 28A) formed toward the primary flu-
id flow channel (12, 12A, 12B, 12C) to increase
an opening area on the side of an inlet port of
the fluid on a wall surface on the downstream
side in terms of the direction of flow of the fluid.

2. A differential pressure type flow meter (20) config-
ured to perform flow rate measurement, comprising
a pair of the pressure sensors (21A, 21B) according
to Claim 1 in the primary fluid flow channel (12, 12A,
12B, 12C) arranged in series via an orifice (40) and
a control unit (50) which receives an input of a signal
of a pressure value detected by the both sensors
(21A, 21B) to convert a pressure difference into a
flow rate.

3. A flow rate controller (10) comprising: a differential
pressure type flow meter (20) according to Claim 2
and a flow rate adjusting valve (60) provided in the
primary fluid flow channel (12, 12A, 12B, 12C) and
controlled in opening so that the difference between
the flow rate measured value of the differential pres-
sure type flow meter (20) and the preset flow rate
value determined in advance falls within a predeter-
mined range.

Patentansprüche

1. Drucksensor (21A, 21B), umfassend:

einen primären Fluidströmungskanal (12, 12A,
12B, 12C), in dem Fluid, das Druckmessungen
auszusetzten ist, strömt,
einen Druckeinbringungsströmungskanal (22,
22A, 22B), der in einer T-Form nach oben von
dem primären Fluidströmungskanal (12, 12A,
12B, 12C) verzweigt ist, und
eine Druckerfassungseinheit (23), die in dem
Druckeinbringungsströmungskanal (22, 22A,
22B) angeordnet ist,
wobei der Druckeinbringungsströmungskanal
(22, 22A, 22B) derart gebildet ist, dass der Öff-
nungsbereich auf der Seite der Einlassöffnung
des Fluids schmaler ist als ein Öffnungsbereich
auf der Seite der Druckerfassungseinheit (23),
und dadurch gekennzeichnet, dass
der Druckeinbringungsströmungskanal (22,
22A, 22B) eine geneigte Fläche (28, 28A) auf-
weist, die hin zu dem primären Fluidströmungs-
kanal (12, 12A, 12B, 12C) gebildet ist, um einen
Öffnungsbereich auf der Seite einer Einlassöff-
nung des Fluids auf einer Wandfläche auf der
stromabwärtigen Seite hinsichtlich der Strö-
mungsrichtung des Fluids zu erweitern.

2. Strömungsmesser vom Differenzdrucktyp (20), der
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ausgestaltet ist, um eine Strömungsratenmessung
durchzuführen, umfassend ein Paar Drucksensoren
(21A, 21B) nach Anspruch 1 in dem primären Fluid-
strömungskanal (12, 12A, 12B, 12C), die in Reihe
über eine Drosselblende (40) angeordnet sind, und
eine Steuereinheit (50), die einen Eingang eines Si-
gnals eines Druckwerts empfängt, der von den bei-
den Sensoren (21A, 21B) erfasst wird, um einen
Druckunterschied in eine Strömungsrate umzuwan-
deln.

3. Strömungsratensteuerung (10), umfassend: einen
Strömungsmesser vom Differenzdrucktyp (20) nach
Anspruch 2 und ein Strömungsrate anpassendes
Ventil (60), das in dem primären Fluidströmungska-
nal (12, 12A, 12B, 12C) bereitgestellt und in Öffnung
derart gesteuert ist, dass der Unterschied zwischen
dem gemessenen Strömungsratenwert des Strö-
mungsmessers vom Differenzdrucktyp (20) und dem
voreingestellten Strömungsratenwert, der im Voraus
bestimmt wird, innerhalb eines vorbestimmten Be-
reichs liegt.

Revendications

1. Capteur de pression (21A, 21B) comprenant :

un canal principal d’écoulement de fluide (12,
12A, 12B, 12C) dans lequel s’écoule un fluide
devant faire l’objet d’une mesure de pression ;
un canal d’écoulement d’introduction de pres-
sion (22, 22A, 22B) partant vers le haut, en une
forme de T, du canal principal d’écoulement de
fluide (12, 12A, 12B, 12C), et
une unité de détection de pression (23) disposée
dans le canal d’écoulement d’introduction de
pression (22, 22A, 22B),
dans lequel le canal d’écoulement d’introduction
de pression (22, 22A, 22B) est formé de manière
que l’aire d’ouverture du côté de l’orifice d’entrée
du fluide soit plus étroite qu’une aire d’ouverture
du côté de l’unité de détection de pression (23),
et caractérisé en ce que :
le canal d’écoulement d’introduction de pression
(22, 22A, 22B) comporte une surface inclinée
(28, 28A) formée vers le canal principal d’écou-
lement de fluide (12, 12A, 12B, 12C) pour ac-
croître une aire d’ouverture du côté d’un orifice
d’entrée du fluide sur une surface de paroi du
côté aval, en termes de direction d’écoulement
du fluide.

2. Débitmètre du type à pression différentielle (20) con-
çu pour effectuer une mesure de débit, comprenant
une paire des capteurs de pression (21A, 21B) selon
la revendication 1, dans le canal principal d’écoule-
ment de fluide (12, 12A, 12B, 12C), agencés en série

par le biais d’un orifice (40) et une unité de comman-
de (50) qui reçoit une entrée de signal de valeur de
pression détectée par les deux capteurs (21A, 21B)
pour convertir une différence de pression en débit.

3. Régulateur de débit (10) comprenant :

un débitmètre du type à pression différentielle
(20) selon la revendication 2, et
une vanne de réglage de débit (60) placée sur
le canal principal d’écoulement de fluide (12,
12A, 12B, 12C) et commandée en ouverture, de
manière que la différence entre la valeur mesu-
rée de débit du débitmètre du type à pression
différentielle (20) et la valeur préréglée de débit
déterminée à l’avance chute à l’intérieur d’une
plage prédéterminée.
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