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(57) Abrege(suite)/Abstract(continued):
shaping portions therefor, and the channel sectional area in a range of from the channel branching portion (18) toward the tube-

side opening portions (17) Is linearly decreased. Abranchirig wall tip end (20) of a branching wall (19) extending from a position of
the channel branching portion (18) to the other end of a manifold body (12) Iis arranged at the channel branching portion (18) . The
sectional shape of the channel (15) Is a circular shape at a position of the pipe-side opening portion (16), and is changed to D-
shapes at the position of the channel branchingportion (18) by the branching wall tip end (20).
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Abstract

Provided 1s a Coriolis flowmeter capable of achieving

suppression of a pressure 1loss of amanifold and the like. A channel

(15) of a manifold (8) includes a pipe-side opening portion (16),

tube-side opening portions (17), and a channel branching portion

(18) as shaping portions therefor, and the channel sectional area
1n a range of from the channel branching portion (18) toward the

tube-side opening portions (17) is linearly decreased. A branching

wall tip end (20) of a branching wall (19) extending from a position

of the channel branching portion (18) to the other end of a manifold
body (12) i1s arranged at the channel branching portion (18). The
sectional shape of the channel (15) is a circular shape at a position
of the pipe-s-ide opening portion (16), and is changed to D-shapes

at the positionof the channel branchingportion (18) by the branching

wall tip end (20).
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Description

L4

Title of Invention: CORIOLIS FLOWMETER WITH MANIFOLD PRESSURI
LOSS REDUCTION

Technical Field
[0001] The present invention relates to a Coriolis flowmeter
1ncluding manifolds arranged at both end portions of flow tubes,

respectively.

Background Art

[0002] A Coriolis flowmeter 1s a mass flowmeter utilizing a fact
that a Coriolis force acting on a flow tube 1s proportional to a
mass flow rate when the flow tube through which a fluid to be
measured flows 1s supported at both ends thereof and vibration
1s applied about a support poilnt 1n a direction perpendicular to
a flow direction of the flow tube.

0003} The Coriolis flowmeter 1s well known and a shape of a flow

tube 1n the Coriolis flowmeter 1is roughly c¢lassified 1nto a
straight tube shape and a curved tube shape. When two flow tubes
are arranged, manifolds (branching pipes) for branching a channel
into two channels are arranged at both end portions of the flow

tubes, respectively, corresponding to an inflow port side and an

outflow port side.
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(0004 ] [PTL 1] JP 04-22209 B

[PTL 2] JP 2009-180699 A

summary of Invention

Technical Problems

[0005] When a shaping portion for the channel of the manifold

1s configured to simply branch the channel, the channel sectional

F

area at the time of completion of the branching becomes twice as

large as the channel sectional area on a pipe connection side.

Specifically, whenitisassumedthatacircularshapel0lillustrated

in FIG. 12(a) is a channel sectional shape on the pipe connection

side, the circular shape 101 is easily divided into two parts with

use of a shapingportion configuredto firstly transformthe circular

shape 101 1n directions indicated by the arrows P, change a division

transition shape 102 illustrated in FIG. 12(b) to a figure-of-eight

division transition shape 103 illustrated in FIG. 12(c), and to

—

finally transform the figure-of-eight division transition shape

103 1nto two circular shapes 104 illustrated in FIG. 12(d), thereby

completing the division of the circular shape 101. As understood

from the figures, however, the sectional area i1s increased and thus

the channel sectional area at the time of completion of the branching
becomes twice as large as the channel sectional area on the pipe
connection side (note that, i1in order to enhance the measurement

gty
fp—

sensitivity of general Coriolis flowmeters, the sectional area of

the flow tube 1s set smaller than the pipe sectional area, and hence
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the diameter of the channel is decreased in conformity with the

diameter of the flow tube after the completion of the branching,

thus leading to abrupt decrease in sectional area, that is, abrupt

ftlow contraction).

[0006] By the way, 1n the above-mentioned shaping portion, the
channel sectional area 1s increased within a period until the circular
shape 101 1s divided into the two circular shapes 104, and the channel
sectional area 1s 1ncreased in a short section inside the manifold.

Therefore, there 1s a problem in that the pressure loss 1is also

1ncreased along with the increase in sectional area.

[0007] The increase in sectional area of the manifold not only causes
the above-mentioned increase 1in pressure loss, but also causes
separation of flows and clogging in a case where the branching ratio
1s changed, which may lead to many disadvantages such as decrease in
mass flow rate measurement sensitivity.

[0008] The present 1nvention has been made in view of the above-
mentioned circumstances, and it is therefore an object of the present

invention to provide a Coriolis flowmeter capable of achieving

suppression of a pressure loss of a manifold and the like.

Solution to Problems

[0009] In order to solve the above-mentioned problems,

according to the present invention, there is provided a Coriolis

flowmeter configured to drive flow tubes and detect a phase
difference and/or a vibration frequency proportional to a

Coriolis force acting on each of the flow tubes, to
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thereby determine a mass flow rate and/or density of a
fluid to be measured, which flows through the each of the
flow tubes, the Coriolis flowmeter 1ncluding manifolds
arranged at both end portions of the each of the flow
tubes, in which a number of the flow tubes 1s set to an
even number, 1n which a channel of each of the manifolds
includes, as shaping portions therefor: a pipe-side
opening portion arranged close to a pilpe to which the

Coriolis flowmeter 1s to be 1nstalled; tube-side opening

portions arranged c¢lose to the flow tubes, a number of
the tube-side opening portions being equal to the number
of the flow tubes; and a channel branching portion to be
branched corresponding to the number of the flow tubes,
in which areas of branching portion sectional shapes of
the channel branching portion are set equal to each other,
and 1n which a channel sectional area in a range of from
the channel branching portion toward the tube-side opening
portions is set so as to be prevented from becoming larger
than the areas of the branching portion sectional shapes.
[0010] In a Coriolis flowmeter according to an embodiment
of the present invention, the channel sectional area 1n
the range of from the channel branching portion toward
the tube-side opening portions 1s set so as to be linearly
decreased from the areas of the Dbranching portion

sectional shapes.
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(0011] In a Coriolis flowmeter according to an embodiment
of the present invention, each of the branching portion
sectional shapes of the channel branching portion 1s set
to a non-circular shape, and a shape of each of the tube-
side opening portions is set to a circular shape.

[0012] In a Coriolis flowmeter according to an embodiment
of the present invention, the number of the flow tubes 1s
set to two, the each of the branching portion sectional
shapes of the channel branching portion 1is set to a D-
shape, and the shape of the each of the tube-side opening
portions 1s set to the circular shape

[0013] In a Coriolis flowmeter according to an embodiment
of the present invention, the each of the flow tubes 1s
formed 1nto a straight tube shape or a curved tube shape,
and when the each of the flow tubes 1s formed 1nto the
curved tube shape, a region 1in the range of from the
channel branching portion toward the tube-side opening
portions 18 formed i1into a curved shape.

[0014] In a Coriolis flowmeter according to an embodiment
of the present invention, when a transition portion toward
complete Dbranching 1s arranged between the <channel
branching portion and the pipe-side opening portion, the

channel sectional area of the transition portion 1s set
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SO as to be prevented from becoming larger than an area

of an opening shape of the pipe-side opening portion.

Advantageous Effects of Invention

(00151 According to an embodiment of the present
invention, the channel of the manifold includes the tube-
side opening portions, the channel branching portion, and
the pipe-side opening portion as the shaping portions
therefor, and the channel sectional area 1n the range of
from the channel branching portion toward the tube-side
opening portions 1s not 1ncreased. Thus, such an effect
1S attained that suppression of the pressure loss and the
like, that 1s, optimization of the pressure loss and the
like can be achieved.

([0016] According to an embodiment of the present
invention, the channel sectional area 1n the range of from
the channel branching portion toward the tube-side opening
portions 1s linearly decreased so that the channel
sectional area 1s not 1ncreased. Thus, such an effect 1is
attalned that the suppression of the pressure loss and
the like, that 1s, the optimization of the pressure 1loss
and the llke can be achieved.

([0017] According to an embodiment of the present
invention, as the shaping portions for preventing the
increase 1n channel sectional area, the sectional shape

in the range of from the channel branching portion toward

the tube-side opening portions 1s changed from the



CA 02866264 2016-06-09

non-clircular shape to the circular shape. Thus, such an
effect 1s attained that the present 1nvention can
contribute to the suppression of the pressure 1loss and
the like, that 1s, the optimization of the pressure l1loss
and the 1like.

(0018] According to an embodiment of the present invention,
when two flow tubes are arranged, as the shaping portions for
preventing the increase in channel sectional area, the sectional
shape 1n the range of from the channel branching portion toward
the tube-side opening portions 1s changed from the D-shape to
the circular shape. Thus, such an effect 1s attained that the

—

present 1nvention can contribute to the suppression of the

pressure loss and the 1like, that 1s, the optimization of the
pressure loss and the like.

(0019] According to an embodiment of the present 1nvention,
such an effect 1s attained that the present invention 1is
applicable to the flow tube having the straight tube shape or
the curved tube shape.

[0020] According to an embodiment of the present invention, the
transition portion adaptable for transition toward complete
branching may be arranged without the immedilate branching at the
position of the channel branching portion. In this case, when

the transition portion 1s also formed so that the channel
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sectional area 1s not increased, such an effect is attained that

the suppression of the pressure loss and the like, that is, the

optimization of the pressure loss and the like can be achieved.

Brief Description of Drawings

[0021] FIG. 1 1s a structural view 1llustrating a Coriolis

flowmeter according to the present invention.

TA
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FIG. 2 1s a view illustrating the Coriolis flowmeter of FIG.

1, which is cut into a half along a horizontal direction.

FIG. 3 1s an enlarged view illustrating the region A of FIG.

FIGS. 4 are views each illustrating a channel sectional shape

including a channel branching portion.

FIGS. 5 are views each 1llustrating a channel sectional shape

1n a range of from the channel branching portion toward tube-side

openling portions.

FIGS. 6 are views each 1llustrating a channel sectional shape

including the tube-side opening portions.

FIGS. 7 are views each 1illustrating a modification example

ot the channel sectional shape.

FIG. 8 1s a graph showing a change 1in sectional area.

FIG. 91sagraphshowingthechangeinsectional area (including

those of comparative examples).
FIG. 10 1s a graph showing pressure losses.

FIGS. 1llarestructuralviewseachillustratinganotherexample

of the Coriolis flowmeter.

FIGS. 12 are views each illustrating a related-art channel

sectional shape.

Description of Embodiments

[0022] A Coriolis flowmeter according to the present invention

includes manifolds arranged at both end portions of flow tubes,
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respectively. Each of the manifolds is set so that the channel
sectional area in a range of from a channel branching portion toward
tube-side opening portions 1s not increased.

First Embodiment

o d

[0023] Now, a first embodiment of the present invention is

described with reference to the drawings. FIG. 1 is a structural

view 1llustrating a Coriolis flowmeter according to the present

invention. FIG. 2 is a view illustrating the Coriolis flowmeter

of FIG. 1, which 1s cut into a half along a horizontal direction.

FIG. 3 1s an enlarged view illustrating the region A of FIG. 2.

FIGS. 4 are views each 1llustrating a channel sectional shape

including a channel branching portion. FIGS. 5 are views each

1llustrating a channel sectional shape in a range of from the channel

branching portion toward tube-side opening portions. FIGS. 6 are

views each 1llustrating a channel sectional shape 1ncluding the

tube-slide opening portions. FIGS. 7 are views each 1llustrating

a modification example of the channel sectional shape. FIG. 8 1s

a graph showing a change in sectional area. FIG. 9 1s a graph showing
the change in sectional area, including those of comparative examples.

FIG. 10 1s a graph showing pressure losses.

[0024] In FIGS. 1 and 2, aCoriolis flowmeter (or densitymeter)

1 of the present invention includes a pair of flow tubes 2, a drive

(drive unit) 3, a pair of pickoffs (phase difference detection unit)
4, a temperature sensor (not shown), brace bars 5 arranged on an

upstream side and a downstream side, an outer cylinder 6, a converter
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/7, and manlifolds 8 arranged on the upstream side and the downstream
side (on an inflow side and an outflow side). Further, the Coriolis

flowmeter 1 1s installed in the middle of a pipe (not shown) through

intermediation of the manifolds 8.

e

(0025] The Coriolis flowmeter 1 of the present invention has

a feature 1n the manifolds 8. Further, thils feature enables

optimization of a pressure loss and the like.

[0026] Firstly, the respective components of the Coriolis

flowmeter 1 are described.

[0027] The pair of flow tubes 2 has a parallel straight tube

shape, inwhichthe flowtubesarearrangedat apredetermineddistance.

The pair of flow tubes 2 as used herein has a circular cross section.
The material for the pair of flow tubes 2 1is a material that 1is
generally used in this technical field, such as stainless steel,
hastelloy, and titaniumalloy. Themanifolds 8 on the upstream side
and the downstream side are arranged at both end portions 9 of the

palr of flow tubes 2, respectively. A fluid to be measured (not

shown) flows through the pair of flow tubes 2, and in this embodiment,

F

the fluid to be measured flows in the arrow direction of FIG. 1.

N

[ 0028] The drive 3 is provided so as to vibrate the pair of

flow tubes 2 with resonance. Such a drive 3 1s arranged at a center

g

position of the pair of flow tubes 2 in a longitudinal direction

thereof. Thepairofpickoffsdisprovidedsoastodetectavibration

velocity of the pair of flow tubes 2 that 1s vibrated with resonance

through the driving of the drive 3. Such a pair of pickoffs 4 1is

10
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arranged at a predetermined distance from the drive 3. The

temperature sensor (not shown) 1s arranged at the downstream end

portion 9 of the pair of flow tubes 2.

(0029] The drive 3, the pair of pickoffs 4, and the temperature

sensor (not shown) are electrically connected to the converter 7

via an electric wire 10. The converter 7 includes an arithmetic

processing unit for performing predetermined arithmetic processing

based on, for example, signals from the pair of pickoffs 4 and the
temperature sensor (not shown), acontrolunit forperformingvarious

kinds of control, and an indication unit for indicating a result

of the arithmetic processing.

[0030] FEach of the brace bars 5 1s a metal plate having a

predetermined size, and 1s provided so as to connect the opposing

flow tubes 2, 1n other words, to bridge the opposing flow tubes

2 (see F'IG. 2). Eachof thebracebars 5 1s arranged between a maximum

amplitude position and a fixed end (end portion 9) of the pair of

flow tubes 2.

[0031] The outer cylinder 6 is a cylindrical member made of
metal, and accommodates the pair of flow tubes 2 and the like inside.

The manifolds 8 on the upstream side and the downstream side are

L

fixed to both end portions 11 of such an outer cylinder 6.

[0032] Each of the manifolds 8 on the upstream side and the

downstream side is a branching pipe formed by casting. The same

manifolds 8 are arranged on the upstream side and the downstream

side, and only the manifold 8 on the upstream side 1s described

11
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herein.

[0033] The manifold 8 includes a manifold body 12, a disc-like

P

flange 13 i1ntegrated with one end of the manifold body 12, and a

disc-like outer cylinder fixation portion 14 integrated with the

other end of the manifold body 12.

[0034] The flange 13 1s formed as a portion to be connected

and fixed to the pipe (not shown). Further, the outer cylinder

fixation portion 14 1s formed as a portion for fixing the end portion

11 of the outer cylinder 6.

[0035] A channel 15 1s formed 1n the manifold body 12 so as

to pass therethrough from one end to the other end thereof. The

channel 15 1s a flow passage of the fluid to be measured (not shown),
and 1n this embodiment, the channel 15 i1s formed so as to be branched

into two channels corresponding to the two flow tubes 2. The channel

15 1s set so as to be branched into as many channels as the flow

tubes Z.

[0036] In FIG. 3, the channel 15 includes a pipe-side opening
portion 16, tube-side opening portions 17, and a channel branching

portion 18 as shaping portions therefor. The pipe-side opening

portion 16 is a shaping portion opened at one end of the manifold

body 12, and the tube-side opening portions 17 are shaping portions

openedat theotherendof themanifoldbodyl1l2. Thatis, thepipe-side
opening portion 16 is a portion arranged on the pipe side (not shown),

and the tube-side opening portions 17 are portions arranged on the

flow tube 2 side.

12
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[0037] The pipe-side opening portion 16 is formed into a
circular shape in conformity with a terminal opening shape on the
pipe side (not shown). Further, the pipe-side opening portion 16
1s formed at a diameter equal to the diameter of the above-mentioned
terminal opening shape. On the other hand, each of the tube-side

opening portions 17 1s formed into a circular shape in conformity

with a shape of the end portion 9 of the flow tube 2. Further, each

of the tube-side opening portions 17 is formed at a diameter capable

P
-

of inserting and fixing the end portion 9 in a watertight manner.

Two tube-sideopeningportions l7arearrangedand formedatadistance

d

equal to the distance between the pair of flow tubes 2.
[0038] The channel branching portion 18 1is a portion for
branching the channel 15 into two channels, and in this embodiment,

P
p—

the channel branching portion 18 is arranged 1n the viclnity of

N

the pipe-side opening portion 16. A branching wall tip end 20 of

a branching wall 19 extending from the position of the channel
branching portion 18 to the other end of the manifold body 12 1is
arranged at the channel branching portion 18. The branching wall
tip end 20 is a tip end of the branching wall 19, and 1s formed
into a sharp edge. The channel 15 is immediately branched into two

ﬁ

channels by the branching wall tip end 20 at the position of the

channel branching portion 18. The channel 15 is bisected into right

and left channels.

[0039] In addition to the above-mentioned branching wall tip

”

end 20, the branching wall 19 has a pair of side surfaces extending

13
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to the other end side of the manifold body 12. The pair of side
surfaces has flat surface portions 21 continuous with the branching

wall tip end 20, curved surface portions 22 continuous with the tube-

side opening portions 17, and intermediate portions 23 each formed

petween the flat surface portion 21 and the curved surface portion

22 for transition from the flat surface to the curved surface.

[0040] The sectional shape of the channel 15 is a circular shape
at a position of the pipe-side opening portion 16, and is changed to
a non-circular shape, that is, two D-shapes at the position of the
channel branching portion 18 as a result of the bisection by the
pranching wall tip end 20. The D-shapes correspond to branching
portion sectional shapes 26 (see FIG. 4(b)). Further, at a position
ranging from the channel branching portion 18 to the tube-side opening
portions 17, each of the side surfaces of the branching wall 19 is
changed in an order of “flat surface portion 21”-“intermediate portion
23"-"curved surface portion 22”, and hence the sectional shape 1is
also changed in the following order from each of the branching portion

sectional shapes 26. That 1s, the sectional shape is changed in an
order of “"D-shape”-"substantially D—-shape”— “substantlally

circular shape”-“circular shape”.

[0041] In the channel 15 having such a sectional shape, the
sectional area 1s set so as to attain the following features.

Specifically, the channel sectional area in a range of from the

channel branching portion 18 toward the tube-side opening portions

14
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17 1s set so as not to become larger than the areas of the branching

portion sectional shapes 26 (see FIG. 4(b)). More specifically,

the channel sectional area in the range of from the channel branching
portion 18 toward the tube-side opening portions 17 1s set so as
to be linearly decreased from the areas of the branching portion
sectional shapes 26 (the channel sectional area 1s decreased 1n

a linear fashion, provided that the channel sectional area 1s not

decreased abruptly) (described later with reference to FIG. 8).

10042 ] Note that, the linear decrease may be linear decrease

that 1s as approximate to the imaginary line of FIG. 8 as possible.

ot

This case 1s also effective because the channel sectional area 1s

not 1ncreased.

[0043] In addition to the above-mentioned settings, 1n this
embodiment, the sectional area of the channel 15 1n a range of from
the pipe-side opening portion 16 toward the channel branchingportion
18 is set so as to maintain the area of the opening shape (circular
shape) of the pipe-side opening portion 16. Note that, when 1t 1s

assumed that a long distance may be secured in the range of from

the pipe-side opening portion 16 toward the channel branchingportion

18, a transition portion toward complete branching may be formed.

In this case, the channel sectional area at the transition portion

is set so as not to become larger than the area of the opening shape

(circular shape) of the pipe-side opening portion 16.
(0044 ] Now, the sectional shape of the channel 15 and the change

in sectional area of the channel 15 are described in more detail.

15
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[0045] A circular shape 24 1illustrated in FIG. 4(a) 1is a

sectional shape at the position of the pipe-side opening portion

16. The sectional area at this time corresponds to the first point

from the left in FIG. 8. Two D-shapes 25 1llustrated 1in FIG. 4 (b)

are sectional shapes at the position of the channel branching portion
18. In other words, the D-shapes 25 are the branching portion

sectional shapes 26. The sectional area at this time corresponds

to the second point fromthe left in FIG. 8. At the poilnts subsequent
to the second point, the sectional area is linearly decreased (the
sectional area is decreased in a linear fashionwith a gentle slope).

Two D-shapes 27 illustrated in FIG. 4(c) are sectional shapes at

positions of the flat surface portions 21 on the side surfaces of

the branching wall 19, and are also sectional shapes i1mmediately

after the start of branching. The sectional area at this time

corresponds to the third point from the left in FIG. 8.

[0046] Two D-shapes 28 and 29 illustrated in FIGS. 5(a) and

5(b) are sectional shapesatthepositionsofthe flat surfaceportions

21 on the side surfaces of the branching wall 19. The sectional

area at this time corresponds to the fourth and fifth points from

the left in FIG. 8. Two substantially D-shapes 30 and 31 illustrated

in FIGS. 5(c) and 5(d) are sectional shapes at positions of the

intermediate portions 23 on the side surfaces of the branching wall

19. The sectional area at this time corresponds to the sixth and

seventh points from the left in FIG. 8.

[10047] Two substantiallycircular shapes 32illustratedinFIG.

16
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6 (a) are sectional shapes at positions of the curved surface portions

22 on the side surfaces of the branching wall 19. The sectional

area at this time corresponds to the eighth point from the left

(third point from the right) in FIG. 8. Two circular shapes 33 and

34 illustrated in FIGS. 6(b) and 6(c) are sectional shapes at the

P

positions of the curved surface portions 22 on the side surfaces

of the branching wall 19 and at positions of the tube-side opening

portions 17. The sectional area at this time corresponds to the

ninth and tenth points from the left (second and first points from

the right) in FIG. 8.

(0048 ] Note that, as the change insectional shape of the channel
15, in the above description, there is employed such a change in
shape that each sectional shape 35 is line-symmetrical across the
center line C as illustrated in FIG. 7(a). However, the present
invention is not limited thereto. That is, there may be employed

such a change in shape that the regions indicated by the arrows

OandRhavedifferent shapes ineachsectional shape 36as illustrated

in FIG. 7(b).

[0049] The channel 15 is formed into the following shape. That

is, the channel 15 is formed into a shape having no abrupt flow
contraction regionor enlarged regionin the range of fromthe channel
branching portion 18 toward the tube-side opening portions 1/. Now,

F
B

the change in sectional area of the channel 15 (in the range oOrT

from the channel branching portion 18 toward the tube-side opening

portions 17) and comparative examples thereof are described with

17
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reference to FIG. 9. Further, pressure losses are described with

reference to FIG. 10.

[0050] InFIG. 9, theplot indicatedby the symbol "O0" represents

the change in sectional area of the channel 15, and is the same

plot as that of FIG. 8. On the other hand, the plot indicated by

the symbol "0" represents a change in sectional area of Comparative
Example 1. Further, the plot indicated by the symbol "A"™ represents

a change 1in sectional area of Comparative Example 2, and the plot

indicated by the symbol "O" represents a change in sectional area

of Comparative Example 3.

00501 ] In the case of the channel 15, which 1s shown 1n the

plot indicated by the symbol "o", the sectional area 1s linearly

decreased toward the right side along the horizontal axis. In

Comparative Example 1, which is shown in the plot indicated by the

symbol "0", on the other hand, the channel sectional areais increased

immediately after the branching, and then the flow is contracted

abruptly. ThepressurelossofComparativeExamplel, whichinvolves
such a change in sectional area, is shown in the plot 1ndicated
by the symbol "0" of FIG. 10. The plot indicated by the symbol "O"

under the plot indicated by the symbol "0" represents a pressure

loss of the channel 15. It is understood from the graph that the

case involving the increase in channel sectional area immediately

after the branching followed by the abrupt flow contraction 1is a

factor in causing the increase in pressure loss.

[0052 ] Referringback toFIG. 9, inComparative Example 2, which

18
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is shown in the plot indicated by the symbol "A", similarly to
Comparative Example 1, the channel sectional area 1s 1ncreased
immediately after the branching, and then the flow 1s contracted
relatively abruptly. Thus, although not particularly shown, the

pressure loss of Comparative Example 2 is larger than that of the

channel 15 as well.

[0053] Comparative Example 3, which is shown 1n the plot

indicated by the symbol "[0", is an example in which the channel

sectional area is not increased. However, the change in sectional
area 1s not constant and the flow is contracted abruptly i1in several
regions. Although not particularly shown, also in the case where
the change in sectional area isnot constant and the flowis contracted

abruptly in several regions, the pressure loss is larger than that

of the channel 15.

[0054] In the case of the channel 15, the channel sectional
area is linearly decreased (the channel sectional area is decreased

in a linear fashion with a gentle slope). Thus, it is understood

that there is no enlarged region or abrupt flow contraction region

and the pressure loss is therefore smallest among the above-mentioned

examples.

[0055] As described above, the channel 15 of the manifold 8
includes the pipe-side opening portion 16, the tube-side opening
portions 17, and the channel branching portion 18 as the shaping

r—
pr—

portions therefor, and the channel sectional area in the range of

from the channel branching portion 18 toward the tube-side opening
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portions 17 is linearly decreased so that the channel sectional

area 1s not increased. Thus, such an effect 1s attained that

suppression of the pressure loss and the like, that 1is, optimization

P

of the pressure loss and the like can be achieved.

Second Embodiment

[00506] Now, a second embodiment of the present invention 1s

described with reference to the drawings. FIGS. 11 are structural

views each illustrating another example of the Coriolis flowmeter.

10057] In FIGS. 11, a Coriolis flowmeter (or density meter)
51 includes a pair of flow tubes 52 having a portal shape, a drive
(drive unit) 53, a pair of pickoffs (phase difference detection

unit) 54, a temperature sensor (not shown), brace bars 55 arranged

on an upstream side and a downstream side, and manifolds 56 arranged

on the upstream side and the downstream side (on an inflow side

andanoutflowside). Further, theCoriolisflowmeter5lisinstalled

in the middle of a pipe (not shown) through intermediation of the

manifolds 5o.

(0058 ] The manifold 56 has the features of the manifold 8 (see

FIG. 3) of the first embodiment. That is, the manifold 56 has a

channel 57 formed so that the channel sectional area is not 1ncreased.

The pair of flow tubes 52 has the portal shape, and hence the channel
57 is formed so as to have a curved shape 58.

10059] ‘Needless to say, the Coriolis flowmeter 51 attains the

b

same effect as that of the first embodiment.

0060 ] Besides, as a matter of course, various modifications
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may be made to the present invention without departing from the

gist of the present invention.

[0061] In the above description, the number of the flow tubes

2 (52) 1s two, but the present invention 1s not limited thereto.

The number of the flow tubes 2 (52) may be four, six, or the like.

Note that, the present invention is also applicable to a case where

the number of the flow tubes 2 (52) 1is three or five (1in this case,

however, the structure of the flowmeter becomes complicated).

Reference Signs List

[0062] 1...Coriolis flowmeter (or density meter)
2...f1low tube
3...drive

4...pickoff

5...brace bar
6...outer cylilinder
7...converter

8...mani1fold

9...end portion
10...electric wire
11...end portion

12...manifold body
13...flange
14...outer cylinder fixation portion

15...channel

21
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17..

18..

19..

20..

21..

22 .

23..

24 ..

25..

26
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.plpe-side openling portion
.tube-side opening portion
.channel branching portion
.branching wall

.branching wall tip end
.flat surface portion

. .curved surface portion
.Ilntermediate portion
.clrcular shape

.D-shape

. . .branching portion sectional shape

27, 28, 29...D-shape

30, 31...substantially D-shape

32, 33...substantially circular shape

34..

.clrcular shape

35, 36...sectional shape

51

02+ . .

53.

54. .

290. .

56..

57. .

o8

...Coriolis flowmeter (or density meter)

| I

"low tube
.drive
.pickoff

.brace bar

.manifold
.channel

. . .curved shape

22
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What i1is claimed 1s:

[Claim 1] A Coriolis flowmeter configured to drive flow tubes and

detect a phase difference and/or a vibration frequency proportional

to a Coriolis force acting on each of the flow tubes, to thereby

determine a mass flow rate and/or density of a fluid to be measured,

which flows through the each of the flow tubes,

the Coriolis flowmeter comprising manifolds arranged at both

end portions of the each of the flow tubes,

wherein a number of the flow tubes 1s set to two,
whereinachannel of eachof themanifolds comprises, as shaping
portions therefor:

a plipe-side opening portion arranged close to a pipe

to which the Coriolis flowmeter 1s to be 1nstalled;

tube-si1de opening portions arranged close to the flow
tubes, a number of the tube-side opening portions being two; and
a channel branching portion to be branched into two,

g

wherein areas of branching portion sectional shapes o0f the

channel branching portion are set equal to each other,

wherein a channel sectional area in a range of from the channel

branching portion toward the tube-side opening portions 1s set so

as tobeprevented frombecoming larger than the areas of the branching

portion sectional shapes,

wherein each of the branching portion sectional shapes of the

channel branching portion 1is set to a D-shape,
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wherein a shape of each of the tube-side opening portions is
set to a circular shape, and

ﬁ
p—

wherein the channel sectional area in the range of from the

channel branching portion toward the tube-side opening portions

1s set so as to be linearly decreased from the areas of the branching

portion sectional shapes.

[Claim 2] A Coriolis flowmeter according to claim 1, wherein a

sectlonal shape of the channel is changed in the range of from the
channel branching portion toward the tube-side opening portions
1n an order of the D-shape, a substantially D-shape, a substantially

circular shape, and the circular shape.

[Claim 3] A Coriolis flowmeter according to claim 2,
wherein the channel further comprises a branching wall, the
branching wall including:
a branching wall tip end formed into a sharp edge; and
a palir of flat surface portions continuous with the
branching wall tip end,
wherein the branching wall tip end is arranged at the channel

branching portion.

[Claim 4] A Coriolis flowmeter according to claim 3, wherein the
branching wall further includes:

curved surface portions continuous with the tube-side
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openling portions; and

intermedlate portions each formed between the curved

surface portion and the flat surface portion for transition from

a flat surface to a curved surface.

[Claim 5] A Coriolis flowmeter according to claim 1, 2, 3, or 4,

wherein, when the each of the flow tubes 1s formed i1nto £he

o~
e

a curved tube shape, aregionintherangeof fromthe channel branching

portion toward the tube-side openingportions 1s formed into a curved

shape.

[Claim ©] A Coriolils flowmeter according to claim 1, 2, 3, 4, or
5, wherein—a transition portion 1s arranged between the channel
branching portion and the pipe~-side opening portion, the transition
portion serving as a portion at which the channel sectional area

is set so as to be prevented from becoming larger than the area

of the opening shape of the pipe-side opening portion and as a portion

toward complete branching.
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