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DESCRIPTION

Technical Field

[0001] The present invention relates to an ultrasonic flow meter device which measures the
flow rate of a fluid flowing through a plurality of flat fluid passages into which a measurement
fluid passage is divided by partition plates, by use of an ultrasonic flow meter.

Background Art

[0002] As a conventional example of an ultrasonic flow meter device, an ultrasonic flow meter
device disclosed in JP 2012-103149 is known. For example, as shown in Figs. 6 and 7,
partition plates 9 are inserted into a fluid passage 4 through an opening 8 and partition the fluid
passage 4 into a plurality of flat fluid passages 10.

[0003] Commonly, the partition plates 9 are manufactured by punching of a roll material made
of SUS. In this case, warpage or burr is generated in the partition plates 9. Therefore,
treatment for removing the warpage or the burr is performed. However, in some cases,
warpage or burr which is invisible is left. Even such slight warpage or burr affects the flow of
the fluid along the partition plates 9.

[0004] If the partition plates 9 are inserted into the fluid passage 4 in a state in which the
directions of obverse surfaces do not conform to each other and the directions of reverse
surfaces do not conform to each other, the effects of the warpage or the burr are varied among
the flat fluid passages 10. Under the circumstances, a flow velocity distribution is varied among
the flat fluid passages 10, and the non-uniformity of the flow rate among flow meter devices
occurs.

JP 2006-038627 A relates to a gas meter. On a propagation window part, a plate-shaped
turbulent flow suppression member is assembled from the inside of a measuring passage. On
the turbulent flow suppression member, the transmission portion for transmitting an ultrasonic
wave is formed on a part of a face facing to the inside of the measuring passage at the
assembling state time. The lengthy side of the straightening vane is arranged across the
propagation window part in the flowing direction of gas. The turbulent flow suppression
member is put into the pressed state onto the propagation window part by the straightening
vane at the assembling state time, and, at the same state time, an aperture is formed between
the transmission portion and the lengthy side of the straightening vane facing the transmission
portion.

Summary of the Invention
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[0005] It is an object of the present invention to provide an improved and useful ultrasonic flow
meter device in which the above-mentioned problems are eliminated.

[0006] In order to achieve the above-mentioned object, there is provided an ultrasonic flow
meter device according to claim 1.

[0007] Advantageous embodiments are defined by the dependent claims.

[0008] Advantageously, an ultrasonic flow meter comprises a fluid passage forming section
including a measurement fluid passage, and an opening facing a bottom surface of the
measurement fluid passage; a pair of ultrasonic transducers which transmit and receive an
ultrasonic wave via the opening; a partition plate which partitions the measurement fluid
passage; and an identification section provided on an end surface of the partition plate and
used to identify an obverse surface and a reverse surface of the partition plate.

Advantageous Effects of Invention

[0009] The present invention has the above-described configuration, and can achieve an
advantage that an ultrasonic flow meter device capable of reducing the non-uniformity of a flow
rate among flow meter devices can be obtained.

Brief Description of Drawings

[0010]

Fig. 1 is a cross-sectional view showing an ultrasonic flow meter device according to the
embodiment of the present invention.

Fig. 2 is a cross-sectional view showing the ultrasonic flow meter device which is taken along
line A-A of Fig. 1.

Fig. 3 is a perspective view showing a fluid passage block to which a sheet of Fig. 1 is
attached.

Fig. 4 is a cross-sectional view showing a portion of the ultrasonic flow meter device of Fig. 1.

Fig. 5 is a cross-sectional view showing a portion of an ultrasonic flow meter device according
to another example.

Fig. 6 is a cross-sectional showing a conventional ultrasonic flow meter device.

Fig. 7 is a cross-sectional view showing a conventional ultrasonic flow meter device.
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Description of Embodiments

[0011] A first invention provides an ultrasonic flow meter device comprising: a fluid passage
forming section including a measurement fluid passage, and an opening facing a bottom
surface of the measurement fluid passage; a pair of ultrasonic transducers which transmit and
receive an ultrasonic wave via the opening; a partition plate which partitions the measurement
fluid passage; and an identification section provided on an end surface of the partition plate
and used to identify an obverse surface and a reverse surface of the partition plate.

[0012] In a second invention, in the ultrasonic flow meter device according to the first
invention, the identification section may be placed outside of the measurement fluid passage.

[0013] In a third invention, the ultrasonic flow meter device according to the second invention,
further comprises a sheet covering the opening, wherein the sheet includes a first aperture
through which the ultrasonic wave transmitted from the ultrasonic transducer travels, and a
second aperture through which the ultrasonic wave reflected on the bottom surface of the
measurement fluid passage travels, and wherein the identification section is a convex section
protruding through one of the first aperture and the second aperture.

[0014] In a fourth invention, the ultrasonic flow meter device according to the first invention
further comprises a sheet covering the opening, wherein the sheet includes a first aperture
through which the ultrasonic wave transmitted from the ultrasonic transducer travels, and a
second aperture through which the ultrasonic wave reflected on a bottom surface of the
measurement fluid passage travels, and wherein the identification section is a recess section
facing one of the first aperture and the second aperture.

[0015] Hereinafter, the embodiment of the present invention will be described with reference to
the drawings. Note that the present invention is not limited to the embodiment.

(Embodiment)

[0016] Fig. 1 is a cross-sectional view showing an ultrasonic flow meter device 30 according to
the embodiment. As shown in Fig. 1, the ultrasonic flow meter device 30 includes a fluid
passage block 32, a sensor block 33, a pair of ultrasonic transducers 46, 47, and a substrate
(board) 51.

[0017] The fluid passage block 32 is a fluid passage forming section for forming a fluid
passage (measurement fluid passage) 31 which measures the flow rate of a fluid. The fluid
passage block 32 includes inside thereof, an inlet 31a, an outlet 31b, and a measurement fluid
passage 31. The measurement fluid passage 31 has a rectangular cross-section. One end of
the measurement fluid passage 31 is connected to the inlet 31a, while the other end (opposite
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end) of the measurement fluid passage 31 is connected to the outlet 31b. An inlet wall surface
54 which is a curved surface is provided on an upstream side of the inlet 31a.

[0018] The fluid passage block 32 further includes a bottom plate 37 and an opening 38. The
bottom plate 37 is perpendicular to the inlet 31a and the outlet 31b. The inner surface of the
bottom plate 37 is a flat surface, and defines the bottom surface of the measurement fluid
passage 31. The bottom plate 37 is provided with a plurality of grooves 43. The grooves 43 are
recesses of a rectangular parallelepiped shape. The two grooves 43 arranged along the flow
direction (arrow 55) in the measurement fluid passage 31 are placed to be spaced apart from
each other and extend linearly.

[0019] The opening 38 has a rectangular shape, and is perpendicular to the inlet 31a and the
outlet 31b. The opening 38 is placed to face the bottom plate 37. The opening 38 is covered by
a sheet 45.

[0020] The sheet 45 is formed of a resin sheet, a metal mesh, a resin mesh, a foam resin, etc..
The sheet 45 is provided with two apertures 57. Each of the apertures 57 is a hole through
which an ultrasonic wave transmitted from each of the ultrasonic transducers 46, 47 travels.
The aperture 57 located on an upstream side and the aperture 57 located on a downstream
side are placed to be spaced apart from each other along the flow direction in the
measurement fluid passage 31. One of the upstream aperture 57 and the downstream
aperture 57 is a first aperture and the other of them is a second aperture.

[0021] Partition plates 39 are placed in the measurement fluid passage 31. Each of the
partition plates 39 has a rectangular flat plate shape, and includes an obverse surface 39a
(Fig. 2), a reverse surface 39b, an upper end surface, a lower end surface, an upstream end
surface, and a downstream end surface. The height of the partition plate 39 (length between
the upper end surface and the lower end surface) is equal to the height of the measurement
fluid passage 31 (length of the fluid passage block 32 between the bottom plate 37 and the
opening 38). The length of the partition plate 39 (length between the upstream end surface
and the downstream end surface) is equal to the length of the measurement fluid passage 31.

[0022] The obverse surface 39a (Fig. 2) and the reverse surface 39b of the partition plate 39
face each other. The upstream end surface faces the inlet 31a, while the downstream end
surface faces the outlet 31b. The upper end surface faces the opening 38, and includes, for
example, two upper projections 41 and convex sections 56. The upper projections 41 are
provided to protrude upward from the corners of the upstream end and downstream end of the
partition plate 39.

[0023] The convex sections 56 are identification sections by which the obverse surfaces 39a
(Fig. 2) and the reverse surfaces 39b of the partition plates 39 can be identified. Each of the
convex sections 56 has a rectangular shape, and protrudes upward from the upper end
surface. The convex sections 56 are placed on the partition plates 39 in non-symmetric
positions with respect to a center line between the upstream end and the downstream end. In



DK/EP 3012593 T3

the present embodiment, the convex sections 56 are placed to be closer to the downstream
upper projection 41 rather than the upstream upper projection 41, between the two upper
projections 41.

[0024] The convex sections 56 protrude upward through the opening 38 and via the
downstream aperture 57. In this case, the convex sections 56 are not located in the center
portion of the downstream aperture 57. Instead, the convex sections 56 are located in the
vicinity of the upstream edge of the downstream aperture 57. In this configuration, the convex
sections 56 are located to be distant from a propagation path of the ultrasonic wave
transmitted from the ultrasonic transducer 46, 47 (away from the center of the propagation
path).

[0025] The lower end surface faces the bottom plate 37, and includes, for example, two lower
projections 42. The two lower projections 42 are spaced apart from each other and face the
grooves 43 of the bottom plate 37, respectively. The lower projections 42 protrude downward
from the lower end surface and are inserted into the grooves 43, respectively. In this way, the
lower ends of the partition plates 39 are supported by the edges of the grooves 43,
respectively.

[0026] The sensor block 33 is used to attach the first ultrasonic transducer 46 and the second
ultrasonic transducer 47 to the measurement fluid passage 31. The sensor block 33 is placed
on the fluid passage block 32 with the sheet 45 interposed between the sensor block 33 and
the fluid passage block 32. The sensor block 33 is provided with fastening members 50 by
which the pair of ultrasonic transducers 46, 47 are fastened to the measurement fluid passage
31 at fixed angles, respectively.

[0027] The first ultrasonic transducer 46 on the upstream side is directed to the downstream
side relative to a direction perpendicular to a flow direction (arrow 55) in a state in which the
first ultrasonic transducer 46 is fastened to the fastening member 50. The second ultrasonic
transducer 47 on the downstream side is directed to the upstream side relative to the direction
perpendicular to the flow direction in a state in which the second ultrasonic transducer 47 is
fastened to the fastening member 50. In this configuration, the first ultrasonic transducer 46
and the second ultrasonic transducer 47 can mutually transmit and receive the ultrasonic wave
as indicated by an arrow 52 in Fig. 1.

[0028] The first ultrasonic transducer 46 faces the upstream aperture 57 of the sheet 45. The
second ultrasonic transducer 47 faces the downstream aperture 57 of the sheet 45. The outer
peripheral surfaces of the ultrasonic transducers 46, 47 are covered by elastic bodies,
respectively. Since the elastic bodies are interposed between the ultrasonic transducers 46, 47
and the sensor block 33, it becomes possible to prevent a vibration of each of the ultrasonic
transducers 46, 47 from being transmitted to the sensor block 33. Thus, a noise can be
mitigated.

[0029] The substrate 51 is electrically connected to the ultrasonic transducers 46, 47 and
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fastened to the sensor block 33. A measurement circuit section (not shown) and a calculation
circuit section (not shown) are mounted on the substrate 51. The measurement circuit section
measures a time for which the ultrasonic wave travels between the pair of ultrasonic
transducers 46, 47 based on the outputs of the ultrasonic transducers 46, 47. The calculation
circuit section calculates the flow rate based on the output of the measurement circuit section.

[0030] Fig. 2 is a cross-sectional view showing the ultrasonic flow meter device 30 which is
taken along line A-A of Fig. 1. As shown in Fig. 2, the fluid passage block 32 further includes a
first side wall 35 and a second side wall 36. The first side wall 35 and the second side wall 36
face each other and extend in a direction perpendicular to the bottom plate 37. The side walls
35, 36 define the side surface of the measurement fluid passage 31 and have a rectangular
cross-section of the measurement fluid passage 31.

[0031] The obverse surface 39a and the reverse surface 39b of each of the partition plates 39
are provided in parallel with the side walls 35, 36, respectively, and placed inside of the
measurement fluid passage 31. For example, the obverse surface 39a of the partition plate 39
faces the first side wall 35, while the reverse surface 39b of the partition plate 39 faces the
second side wall 36. The plurality of (in the present embodiment, three) partition plates 39
partition the measurement fluid passage 31 into a plurality of (in the present embodiment, four)
flat fluid passages 40. The partition plates 39 are placed at equal intervals between the first
side wall 35 and the second side wall 36.

[0032] Fig. 3 is a perspective view showing the fluid passage block 32 to which the sheet 45 is
attached. As shown in Fig. 3, on the upstream edge of the upper side of the fluid passage
block 32, a plurality of (in the present embodiment, three) upstream grooves 44 are provided.
The upstream grooves 44 are placed in parallel with each other at equal intervals, and are in
communication with the opening 38. The upstream upper projections 41 of the partition plates
39 are inserted into the upstream grooves 44, respectively. In this way, the upstream ends of
the partition plates 39 are supported by the edges of the grooves 44, respectively.

[0033] In addition, on the downstream edge of the upper side of the fluid passage block 32, a
plurality of (in the present embodiment, three) downstream grooves 44 are provided. The
downstream grooves 44 are placed in parallel with each other at equal intervals, and are in
communication with the opening 38. The downstream grooves 44 are placed to face the
upstream grooves 44, respectively. The downstream upper projections 41 of the partition
plates 39 are inserted into the downstream grooves 44, respectively. In this way, the
downstream ends of the partition plates 39 are supported by the edges of the grooves 44,
respectively.

[0034] Next, the procedure for assembling the ultrasonic flow meter device 30 will be
described with reference to Figs. 1 to 4. Fig. 4 is an enlarged cross-sectional view showing a
portion of the ultrasonic flow meter device 30. As shown in Figs. 1 to 4, the partition plates 39
are inserted into the measurement fluid passage 31 through the opening 38 while inserting the
both end portions of each of the partition plates 39 into the corresponding pair of grooves 44,
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respectively. Then, the lower projections 42 of the partition plates 39 are inserted into the
grooves 43 of the bottom plate 37, respectively. Thereby, the lower end portions of the partition
plate 39 contact the bottom plate 37, and the upper projections 41 are fitted to the grooves 44,
respectively. In this way, the partition plates 39 are attached to the fluid passage block 32 in
predetermined positions, respectively.

[0035] When the partition plates 39 are inserted into the measurement fluid passage 31 in the
above-described manner, the partition plates 39 are placed so that the convex sections 56 are
closer to the outlet 31b rather than the inlet 31a. In this way, the directions of the obverse
surfaces 39a of the plurality of partition plates 39 conform to each other and the reverse
surfaces 39b of the plurality of partition plates 39 conform to each other.

[0036] Then, the sheet 45 is attached to the fluid passage block 32 in such a way that the
sheet 45 covers the opening 38, and the convex sections 56 of all of the partition plates 39
protrude upward through the downstream aperture 57 (if the partition plates 39 are placed in a
correct direction). In this configuration, it can be more easily determined whether or the
partition plates 39 are placed in the correct direction, by merely checking whether or not all of
the convex sections 56 are located within one aperture 57.

[0037] Finally, the sensor block 33 to which the ultrasonic transducers 46, 47 and the substrate
51 are attached is attached to the fluid passage block 32. Thus, assembling of the ultrasonic
flow meter device 30 is completed.

[0038] Next, the operation of the ultrasonic flow meter device 30 will be described with
reference to Figs. 1 to 3. As indicated by the arrow 55 of Fig. 1, a fluid to be detected flows into
the ultrasonic flow meter device 30. The fluid is faired by the inlet wall surface 54 which is the
curved surface, and introduced into each of the flat fluid passages 40 of the measurement fluid
passage 31. The fluid flows into the plurality of flat fluid passages 40 with an equal distribution
ratio.

[0039] In a state in which the fluid is flowing through the flat fluid passages 40, the first
ultrasonic transducer 46 transmits the ultrasonic wave. The ultrasonic wave travels through the
upstream aperture 57 of the sheet 45, travels obliquely across the flat fluid passages 40, and is
reflected on the bottom plate 37. Then, the ultrasonic wave travels through the downstream
aperture 57 of the sheet 45 and is received by the second ultrasonic transducer 47. Also, the
second ultrasonic transducer 47 transmits the ultrasonic wave, the ultrasonic wave is reflected
on the bottom plate 37, and the first ultrasonic transducer 46 receives the ultrasonic wave.

[0040] The measurement circuit section of the substrate 51 measures a transit time (upstream
transit time) of the ultrasonic wave that passes when the first ultrasonic transducer 46
transmits the ultrasonic wave to the second ultrasonic transducer 47, and a transit time
(downstream transit time) of the ultrasonic wave that passes when the second ultrasonic
transducer 47 transmits the ultrasonic wave to the first ultrasonic transducer 46. The
calculation circuit section calculates a flow velocity based on a difference between the
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upstream transit time and the downstream transit time, and derives a flow rate from the flow
velocity.

[0041] In accordance with the above-described configuration, the convex sections 56 are
provided on the partition plates 39 in the non-symmetric positions. By aligning the convex
sections 56 of the plurality of partition plates 39 with each other, the directions of the obverse
surfaces 39a of the partition plates 39 can be easily made to conform to each other and the
directions of the reverse surfaces 39b of the partition plates 39 can be easily made to conform
to each other. Since the convex sections 56 protrude upward through the downstream
aperture 57, the positions of the convex sections 56 can be easily checked. This makes it
possible to easily determine whether or not the directions of the obverse surfaces 39a of the
partition plates 39 conform to each other and the directions of the reverse surfaces 39b of the
partition plates 39 conform to each other. Thus, assembling of the ultrasonic flow meter device
30 can be easily carried out.

[0042] Since the partition plates 39 are placed in such a manner that the directions of the
obverse surfaces 39a conform to each other and the directions of the reverse surfaces 39b
conform to each other, warpage or burr generated in the partition plates 39 uniformly affects
the fluid flowing along the obverse surfaces 39a or the reverse surfaces 39b of the partition
plates 39. Therefore, the flow velocity distribution can be made uniform among the flat fluid
passages 40. As a result, the non-uniformity of the flow rate among flow meter devices can be
reduced.

[0043] The convex sections 56 protrude upward through the opening 38, and do not exist
inside of the measurement fluid passage 31. For this reason, the convex sections 56 affect
less the flow of the fluid in the measurement fluid passage 31. As a result, the flow rate of the
fluid can be measured more accurately.

[0044] In the above-described configuration, the partition plates 39 are placed in the
measurement fluid passage 31 in such a manner that the obverse surfaces 39a face the first
side wall 35 and the reverse surfaces 39b face the second side wall 36. Alternatively, the
partition plates 39 may be placed in the measurement fluid passage 31 in such a manner that
the obverse surfaces 39a face the second side wall 36 and the reverse surfaces 39b face the
first side wall 35.

[0045] In the above-described configuration, the convex sections 56 are placed to face the
downstream aperture 57. Alternatively, the convex sections 56 may be placed to face the
upstream aperture 57.

[0046] In the above-described configuration, the convex sections 56 are provided on the
partition plates 39 such that the convex sections 56 protrude upward from the upper end
surfaces, as identification sections, respectively. Alternatively, as shown in Fig. 5, recesses 58
may be provided in the partition plates 39 such that the recesses 58 are recessed in the upper
end surfaces, respectively, as the identification sections used to identify the obverse surfaces
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39a and the reverse surfaces 39b of the partition plates 39.

[0047] The recesses 58 are provided in the partition plates 39, respectively, in non-symmetric
positions with respect to the center line between the upstream end and the downstream end of
the partition plates 39, for example, in positions that face the downstream aperture 57. The
size of the recesses 58 is set to be substantially equal to that of the aperture 57 so that the
recesses 58 extend over the substantially entire region of the aperture 57. In this case, the
positions of the recesses 58 can be checked through the aperture 57. Therefore, it becomes
possible to easily determine whether or not the directions of the obverse surfaces 39a of the
partition plates 39 conform to each other and the directions of the reverse surfaces 39b of the
partition plates 39 conform to each other.

[0048] In the above-described configuration, the identification sections are provided separately
from the upper projections 41. Alternatively, in addition to the function of fastening the partition
plates 39, the upper projections 41 may be used as the identification sections used to identify
the obverse surfaces 39a and the reverse surfaces 39b of the partition plates 39. In this case,
the shapes or positions of the two upper projections 41 provided on each of the partition plates
39 may be configured to be non-symmetric to identify the obverse surface 39a and the reverse
surface 39b of the partition plate 39.

[0049] In the above-described configuration, the identification sections are provided on the
upper end surfaces of the partition plates 39, respectively, which face the opening 38.
Alternatively, the identification sections may be provided on the lower end surfaces of the
partition plates 39, respectively. In this case, for example, convex sections protruding
downward from the lower end surfaces of the partition plates 39 or recesses which are
recessed upward in the lower end surfaces of the partition plates 39 may be used as the
identification sections, respectively.

[0050] The above described embodiments may be combined so that they do not exclude each
other.

[0051] Numerous modifications and alternative embodiments of the invention will be apparent
to those skilled in the art in view of the foregoing description. Accordingly, the description is to
be construed as illustrative only, and is provided for the purpose of teaching those skilled in the
art the best mode of carrying out the invention.

Industrial Applicability

[0052] The ultrasonic flow meter device of the present invention is useful as an ultrasonic flow
meter device or the like, which can reduce non-uniformity of the flow rate among flow meter
devices.

Reference Signs List



[0053]
30
ultrasonic flow meter device
31
measurement fluid passage
32
fluid passage block (fluid passage forming section)
38
opening
39
partition plate
39a
obverse surface
39b
reverse surface
41
upper projection (identification section)
42
lower projection (identification section)
45
sheet
46
first ultrasonic transducer
47
second ultrasonic transducer
56
convex section (identification section)
57
aperture
58

recess (identification section)
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ULTRALYDSFLOWMALERANORDNING

PATENTKRAV

1. Ultralydsflowmaleranordning, der omfatter:

et afsnit (32), som danner en vaeskepassage, og som indbefatter en
malevaeskepassage (31), en bundplade (37) og en abning (38), der vender mod en flad
overflade af bundpladen (37);

et par af ultralydstransducere (46, 47), der overfgrer og modtager en ultralydbalige
via abningen (38);

en skilleplade (39), der opdeler méleveeskepassagen (31),

kendetegnet ved, at ultralydsflowmaleranordningen (30) desuden omfatter:

et identifikationsafsnit, der er tilvejebragt pa en endeflade af skillepladen (39) og
anvendes til at identificere en forside (39a) og en bagside (39b) af skillepladen (39),
hvor ultralydsflowmaleranordningen desuden omfatter:

en plade (45), der daekker abningen (38),

hvor pladen (45) har en faerste abning (57), som ultralydbelgen, der overfares fra
ultralydstransduceren, gar igennem, og en anden abning (57), som ultralydbelgen, der
reflekteres pa den flade overflade af maleveeskepassagen (31), gar igennem, og

hvor identifikationsafsnittet er et konvekst afsnit (56), der rager frem gennem én ud

af den farste abning (57) og den anden abning (57).

2. Ultralydsflowmaleranordning ifelge krav 1,

hvor identifikationsafsnittet er placeret uden for malevaeskepassagen (31).

3. Ultralydsflowmaleranordning, der omfatter:

et afsnit (32), som danner en vaeskepassage, og som indbefatter en
malevaeskepassage (31), en bundplade (37) og en abning (38), der vender mod en flad
overflade af bundpladen (37);

et par af ultralydstransducere (46, 47), der overfarer og modtager en ultralydbalige
via abningen (38);

en skilleplade (39), der opdeler méleveeskepassagen (31),

kendetegnet ved, at ultralydsflowmaleranordningen (30) desuden omfatter:
et identifikationsafsnit, der er tilvejebragt pa en endeflade af skillepladen (39) og

anvendes til at identificere en forside (39a) og en bagside (39b) af skillepladen (39),
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hvor

ultralydsflowmaleranordningen desuden omfatter:

en plade (45), der daekker abningen (38),

hvor pladen (45) har en faerste abning (57), som ultralydbalgen, der overferes fra
ultralydstransduceren, gar igennem, og en anden abning (57), som ultralydbelgen, der
reflekteres pa den flade overflade af maleveeskepassagen (31), gar igennem, og
hvor identifikationsafsnittet er et forseenket afsnit (58), der vender mod én ud af den

farste abning (57) og den anden abning (57).
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[ Fig.4]
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