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one of the flow-speed distribution calculating member 67
and the flow calculating member 68. The present invention
having such a configuration provides a doppler ultrasonic
flowmeter, a flow measurement method, and a flow mea-
surement program, having the advantage of enabling mea-
surement of the flow-speed distribution and measurement of
the flow, regardless of irregularities in the measurement
results of the flow-speed distribution.
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DOPPLER TYPE ULTRASONIC FLOWMETER,
FLOW RATE MEASURING METHOD USING
DOPPLER TYPE ULTRASONIC FLOWMETER
AND FLOW RATE MEASURING PROGRAM USED
IN THIS DOPPLER TYPE ULTRASONIC
FLOWMETER

TECHNICAL FIELD

[0001] The present invention relates to a doppler ultra-
sonic flowmeter for measuring the flow-speed distribution of
a fluid and the flow thereof using ultrasonic pulses, a flow
measurement method with the doppler ultrasonic flowmeter,
and a flow measurement program thereof, particularly to a
doppler ultrasonic flowmeter having a function for measur-
ing the flow-speed distribution of various fluids and flow
thereof in a non-contact manner, a flow measurement
method with the doppler ultrasonic flowmeter, and a flow
measurement program thereof.

BACKGROUND ART

[0002] As a conventional technique, a doppler ultrasonic
flowmeter using the ultrasonic pulsed doppler method has
been known as disclosed in Japanese Unexamined Patent
Application Publication No. 2000-97742.

[0003] The doppler ultrasonic flowmeter has a configura-
tion wherein ultrasonic pulses are cast from a transducer
onto a measurement line within a flow tube, ultrasonic echo
signals, i.e., the reflected-wave signals from suspended fine
particles in a fluid flowing in the fluid tube are analyzed so
as to calculate the flow-speed distribution and the flow of the
fluid flowing along the measurement line based upon the
positions and velocities of the suspended fine particles. The
measurement line is formed by an ultrasonic-pulse beam
cast from the transducer.

[0004] The doppler ultrasonic flowmeter may be applied
to an opaque fluid and an opaque-fluid tube, as well as
having the advantage of measuring the flow of a fluid
flowing a fluid tube in a non-contact manner. Furthermore,
the doppler ultrasonic flowmeter has the advantage of mea-
surement of the flow-speed distribution of an opaque fluid
and the flow thereof, e.g., measurement of the flow of liquid
metal such as mercury, sodium, and so forth, as well as
having functions for measuring the flow-speed distribution
and the flow of a fluid flowing in the flow tube with
measurement along the measurement line.

[0005] The doppler ultrasonic flowmeter has the advan-
tage of detecting change in the flow-speed distribution over
time along the measurement line formed by the ultrasonic
pulses cast onto the fluid from the transducer, and accord-
ingly, it is hoped that the doppler ultrasonic flowmeter can
be applied to measurement of a transient flow of a fluid
flowing through the flow tube, and measurement of the
flow-speed distribution and measurement of the flow in a
turbulent situation.

[0006] An arrangement example of the ultrasonic flow-
speed distribution meter and the ultrasonic flowmeter
described above is disclosed in Japanese Unexamined Patent
Application Publication No. 2000-97742.

[0007] Measurement with the conventional doppler ultra-
sonic flowmeters is made under the assumption of existence
of reflected ultrasonic echoes due to reflection from bubbles
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or particles contained in a fluid which is to be measured.
Accordingly, in some cases, extremely unstable flow of the
fluid which is to be measured leads to irregularities in the
measurement results of the flow-speed distribution due to
irregularities in density of bubbles or the like. Furthermore,
with the conventional doppler ultrasonic flowmeters, mea-
surement of the flow is made based upon the measurement
results of the flow-speed distribution. Accordingly, such
irregularities in the flow-speed distribution affect computa-
tion of the flow, resulting in irregularities in the measure-
ment results of the flow, as well.

[0008] Furthermore, the conventional doppler ultrasonic
flowmeter has a function for receiving ultrasonic echoes at
128 positions at best, giving consideration to a tradeoff
between responsibility of measurement of the flow which
changes in a short period of time and the performance of the
hardware of the conventional doppler ultrasonic flowmeter.
In this case, the minimum interval (which will be referred to
as “channel distance” hereafter) between the measurement
points for measuring the ultrasonic echoes matches the value
obtained by dividing the ultrasonic speed Cw in the fluid to
be measured, by twice the basic frequency f, of the ultra-
sonic pulse.

[0009] Accordingly, with the conventional doppler ultra-
sonic flowmeter employing such a channel distance, the
maximum distance of the measurement line matches 128
times the minimum channel distance, leading to a problem
that measurement of the flow-speed distribution cannot be
made over the entire tube in a case wherein the fluid tube is
formed with a greater diameter than the aforementioned
measurement line.

[0010] On the other hand, the ultrasonic speed Cw in the
fluid which is to be measured, the basic frequency f, of the
ultrasonic pulses, and the incident angle a of the ultrasonic
pulse, are adjusted based upon the kind of the fluid which is
to be measured, the thickness and material of the tube, so as
to make optimum measurement. Accordingly, conventional
doppler ultrasonic flowmeters require preliminary measure-
ment for determining the optimum settings suitable for the
object which is to be measured, which is troublesome. This
leads to low evaluation of ease of use, although the con-
ventional doppler ultrasonic flowmeter has the advantage of
making measurement while suppressing error without “flow
correction cocfficients”.

[0011] On the other hand, an arrangement may be made
wherein the kind of the hardware is varied corresponding to
the object to be measured and the measurement range, €.g,,
the doppler ultrasonic flowmeter may include multiple kinds
of hardware so as to handle various tube size and various
range of the maximum flow speed. However, such a con-
figuration is undesirable from the perspective of design,
costs, and the like.

[0012] On the other hand, an arrangement may be made
wherein measurement is made at a greater number of mea-
surement positions than with the aforementioned one so as
to make measurement over a greater length than with the
conventional one. However, such configuration is restricted
by the performance of the hardware, costs, and so forth,
from the perspective of responsibility of the measurement of
the flow which changes in a short period of time. Even if the
problems of the hardware performance and costs are solved
in the future, such configuration is undesirable since such



US 2005/0245827 Al

configuration is overspeced for the measurement range in
which measurement can be made with the conventional
doppler ultrasonic flowmeters.

[0013] On the other hand, the conventional doppler ultra-
sonic flowmeters have a configuration wherein measurement
can be made even if a part of the fluid flows backward, i.e.,
a part of the fluid flows at a negative velocity. However, in
actual measurement, in a case wherein the fluid flows at a
sufficient flow speed, hardly any fluid flows backward.
Accordingly, an arrangement may be made wherein only the
forward flow is measured on the assumption that there is no
backward flow in order to extend the measurement range of
the flow speed. However, such configuration has a problem
that determination cannot be made whether or not a back-
ward flow occurs.

[0014] Accordingly, it is an object of the present invention
to provide a doppler ultrasonic flowmeter for making more
correct measurement of the flow-speed distribution or mea-
surement of the flow regardless of irregularities in the
measurement results of the flow-speed distribution, a flow-
measurement method using the doppler ultrasonic flowme-
ter, and a flow-measurement program employed for the
doppler ultrasonic flowmeter.

[0015] Furthermore, it is another object of the present
invention to provide a doppler ultrasonic flowmeter having
a function for automatically calculating setting values cor-
responding to the properties of the object to be measured, a
flow-measurement method using the doppler ultrasonic
flowmeter, and a flow-measurement program employed for
the doppler ultrasonic flowmeter.

[0016] Furthermore, it is another object of the present
invention to provide a doppler ultrasonic flowmeter having
a greater measurement range than with the conventional one
without extending the performance of the hardware thereof,
a flow-measurement method using the doppler ultrasonic
flowmeter, and a flow-measurement program employed for
the doppler ultrasonic flowmeter.

[0017] Furthermore, it is another object of the present
invention to provide a doppler ultrasonic flowmeter having
functions for extending the measurement range for the flow
speed in a case wherein there is no flow at a negative
velocity while detecting whether or not there is any flow at
a negative velocity, a flow-measurement method using the
doppler ultrasonic flowmeter, and a flow-measurement pro-
gram employed for the doppler ultrasonic flowmeter.

DISCLOSURE OF INVENTION

[0018] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 1 comprises: an ultrasonic transmis-
sion member for casting ultrasonic pulses with a predeter-
mined frequency onto the fluid within a tube, which is to be
measured, along a measurement line from an ultrasonic
transducer; a flow-speed distribution measurement unit for
receiving ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution of the
fluid to be measured in the measurement region; a flow
measurement unit for measuring the flow of the fluid to be
measured in the measurement region based upon the flow-
speed distribution of the fluid to be measured; and a fre-
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quency selecting/setting member for automatically selecting
the optimum frequency, i.e., the basic frequency f, which
causes the resonant transmission phenomenon with regard to
the tube wall of a fluid tube within which the fluid to be
measured flows, with the ultrasonic transmission member
having a configuration for emitting ultrasonic pulses with
the optimum frequency selected by the frequency selecting/
setting member.

[0019] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 2 comprises: an ultrasonic transmis-
sion member for casting ultrasonic pulses with a predeter-
mined frequency onto the fluid within a fluid tube, which is
to be measured, along a measurement line from an ultrasonic
transducer; a flow-speed distribution measurement unit for
receiving ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution of the
fluid to be measured in the measurement region; a flow
measurement unit for measuring the flow of the fluid to be
measured in the measurement region based upon the flow-
speed distribution of the fluid to be measured; and an
incident angle adjusting/setting member for adjusting and
setting the incident angle of the ultrasonic pulses cast from
the ultrasonic transducer into the fluid to be measured, with
the incident angle adjusting/setting member having a con-
figuration for adjusting and setting the position and the
direction of the ultrasonic transducer such that the ultrasonic
pulses are cast onto the fluid tube with an incident angle
which causes the resonant transmission phenomenon with
regard to the tube wall of the fluid tube.

[0020] 1In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 3 comprises: an ultrasonic transmis-
sion member for casting ultrasonic pulses with a predeter-
mined frequency onto the fluid within a fluid tube, which is
to be measured, along a measurement line from an ultrasonic
transducer; a flow-speed distribution measurement unit for
receiving ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution of the
fluid to be measured in the measurement region; a flow
measurement unit for measuring the flow of the fluid to be
measured in the measurement region based upon the flow-
speed distribution of the fluid to be measured; and a trans-
ducer position adjusting mechanism for adjusting the rela-
tive position of a pair of ultrasonic transducers serving as the
ultrasonic transmission member, 1.¢., a first transducer and a
second transducer, which are disposed away one from
another along the axial direction of a fluid tube, with the
transducer position adjusting mechanism having a configu-
ration for adjusting the position of the pair of transducers
while maintaining the positional relation thereof such that
the ultrasonic pulse beam cast from the first transducer and
the ultrasonic pulse beam cast from the second transducer
are orthogonal one to another in the measurement region
within the fluid tube.

[0021] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 4 comprises: a first reflected-wave
receiver and a second reflected-wave receiver for receiving
ultrasonic echoes, i.e., the reflected waves from the mea-
surement region of the fluid tube due to ultrasonic pulses
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cast from the first transducer and the second transducer; a
velocity-vector calculating member for calculating the
velocity vectors in the direction of the ultrasonic measure-
ment lines of the first reflected-wave receiver and the second
reflected-wave receiver based upon the magnitude of ultra-
sonic echoes received by the first reflected-wave receiver
and the second reflected-wave receiver, respectively; and a
flow-speed vector calculating member for calculating the
flow-speed vector of the fluid to be measured, by calculating
the vector sum of the velocity vectors calculated by the
velocity vector calculating member, with the flow-speed
distribution measurement unit calculating the flow-speed
distribution based upon the flow-speed vectors, and with the
flow measurement unit computing the flow of the fluid to be
measured, based upon the flow-speed distribution.

[0022] 1In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim § a comprises flow-speed distribution
calculating member for calculating the flow-speed distribu-
tion of the fluid to be measured, within the measurement
region, with the flow-speed distribution calculating member
comprising: a flow-speed distribution calculating element
for calculating the flow-speed distribution of the fluid to be
measured, within the fluid tube; a center position-detecting
element for detecting the center position of the fluid tube;
and an area selecting element for selecting an area within the
fluid tube where the flow-speed distribution is calculated, in
units of division area; the area of the fluid tube being divided
at the center position into two division areas, and with the
flow-speed distribution measurement unit computing the
flow-speed distribution for one of the division areas, which
has been selected by the area selecting element, and estimate
the flow-speed distribution of the fluid to be measured, in the
measurement region, on the assumption that the flow-speed
distribution is symmetrical with regard to the center posi-
tion.

[0023] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 6 comprises a flow-speed distribution
calculating member for calculating the flow-speed distribu-
tion of the fluid to be measured, within the measurement
region, with the flow-speed distribution calculating member
comprising: a flow-speed distribution calculating element
for calculating the flow-speed distribution of the fluid to be
measured, within the measurement; a center position detect-
ing element for detecting the center position of the fluid
tube; and an automatic area selecting element for automati-
cally selecting an area within the fluid tube where the
flow-speed distribution is calculated, in units of division
area; the area of the fluid tube being divided at the center
position into two division areas, and with the flow-speed
distribution measurement unit computing the flow-speed
distribution for one of the division areas, which has been
selected by the automatic area selecting element, and esti-
mate the flow-speed distribution of the fluid to be measured,
in the measurement region, on the assumption that the
flow-speed distribution is symmetrical with regard to the
center position.

[0024] Note that the aforementioned automatic area
selecting element selects an area where the flow-speed
distribution of the fluid to be measured exhibits sufficient
continuity over the area including the measurement points
near the inner wall of the tube. Furthermore, the automatic
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area selecting element employs algorithm having a smooth-
ing function such as spline processing, thereby selecting an
area with a smooth boundary.

[0025] 1In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in Claim 7 comprises: an ultrasonic transmis-
sion member for casting ultrasonic pulses with an emission
frequency of f;, from the ultrasonic transducer into the fluid
to be measured, within the fluid tube, along the measurement
line with an incident angle a; a flow-speed distribution
measurement unit for receiving ultrasonic echoes reflected
from the measurement region due to ultrasonic pulses cast
onto the fluid to be measured, with a pulse repetition
frequency fpgy, SO as to measure the flow-speed distribution
of the fluid to be measured within the measurement region;
a flow measurement unit for computing the flow of the fluid
to be measured, within the measurement region, based upon
the flow-speed distribution of the fluid to be measured; and
an optimum-value calculating member for automatically
calculating the optimum value used for adjustment of mea-
surement, which depends upon the properties of the object
to be measured.

[0026] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 8 comprises: an ultrasonic transmis-
sion member for casting ultrasonic pulses with an emission
frequency of £ from the ultrasonic transducer into the fluid
to be measured, within the fluid tube, along the measurement
line with an incident angle a; a flow-speed distribution
measurement unit for receiving ultrasonic echoes reflected
from the measurement region due to ultrasonic pulses cast
onto the fluid to be measured, with a pulse repetition
frequency fpgy, SO as to measure the flow-speed distribution
of the fluid to be measured within the measurement region;
a flow measurement unit for computing the flow of the fluid
to be measured, within the measurement region, based upon
the flow-speed distribution of the fluid to be measured; and
an optimum-value calculating member for automatically
calculating the optimum value used for adjustment of mea-
surement, which depends upon the properties of the object
to be measured, with the optimum-value calculating member
comprising: a data input element for inputting the tube
diameter Di of the fluid tube, the ultrasonic wave speed Cw
in the fluid to be measured, and the incident angle ¢ of the
ultrasonic pulses; a maximum flow-speed calculating ele-
ment for calculating the maximum flow speed V based upon
the flow-speed distribution calculated by the flow-speed
distribution calculating member; a normalized-speed calcu-
lating element for calculating the normalized speed V, by
dividing the calculated maximum flow speed V by the
ultrasonic wave speed Cw in the fluid to be measured; a
normalized-frequency calculating element for calculating
the normalized frequency F, by dividing the pulse repetition
frequency fpre by the emission frequency fy; and a fre-
quency setting element for resetting the emission frequency
to an emission frequency f; so as to satisfy the following
expressions: F =24V sin a; and fpp.=Cw/2Di, with the
flow-speed distribution measurement unit receiving ultra-
sonic echoes with the updated emission frequency f; so as to
measure the flow-speed distribution.

[0027] 1In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 9 comprises: an ultrasonic transmis-
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sion member for casting ultrasonic pulses with an emission
frequency of £, from the ultrasonic transducer into the fluid
to be measured, within the fluid tube, along the measurement
line with an incident angle a; a flow-speed distribution
measurement unit for receiving ultrasonic echoes reflected
from the measurement region due to ultrasonic pulses cast
onto the fluid to be measured, with a pulse repetition
frequency fprp, SO as to measure the flow-speed distribution
of the fluid to be measured within the measurement region;
a flow measurement unit for computing the flow of the fluid
to be measured, within the measurement region, based upon
the flow-speed distribution of the fluid to be measured; and
an optimum-value calculating member for automatically
calculating the optimum value used for adjustment of mea-
surement, which depends upon the properties of the object
to be measured, with the optimum-value calculating member
comprising: a data input element for inputting the tube
diameter Di of the fluid tube, the ultrasonic wave speed Cw
in the fluid to be measured, and the incident angle ¢ of the
ultrasonic pulses; a maximum flow-speed calculating ele-
ment for calculating the maximum flow speed V based upon
the flow-speed distribution calculated by the flow-speed
distribution calculating member; a normalized-speed calcu-
lating element for calculating the normalized speed V,, by
dividing the calculated maximum flow speed V by the
ultrasonic wave speed Cw in the fluid to be measured; a
normalized-frequency calculating element for calculating
the normalized frequency F, by dividing the pulse repetition
frequency fpry by the emission frequency f,,; and an incident
angle setting element for reset the incident angle of the
ultrasonic pulses to an incident angle ol so as to satisfy the
following expressions: F,24Vsin o; and fppp=Cw/2Dj,
with the flow-speed distribution measurement unit receiving
ultrasonic echoes due to ultrasonic pulses cast with the
updated incident angle al so as to measure the flow-speed
distribution.

[0028] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 10 comprises: an ultrasonic trans-
mission member for casting ultrasonic pulses with a prede-
termined frequency onto the fluid within a fluid tube, which
is to be measured, along a measurement line from an
ultrasonic transducer; a flow-speed distribution measure-
ment unit for receiving ultrasonic echoes reflected from the
measurement region due to ultrasonic pulses cast onto the
fluid to be measured so as to measure the flow-speed
distribution of the fluid to be measured in the measurement
region; a flow measurement unit for measuring the flow of
the fluid to be measured in the measurement region based
upon the flow-speed distribution of the fluid to be measured,
a channel distance computing member for computing the
minimum channel distance based upon the frequency of the
ultrasonic pulses and the speed thereof; a measurement
range display member for displaying the measurement range
calculated based upon the minimum channel distance; and a
channel distance change/setting member for changing the
channel distance to a value obtained by multiplying the
minimum channel distance by an integer according to
instructions from the user, with the flow-speed distribution
measurement unit making measurement of the flow-speed
distribution with the channel distance thus determined.

[0029] 1In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 11 comprises: an ultrasonic trans-
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mission member for casting ultrasonic pulses with a prede-
termined frequency onto the fluid within a fluid tube, which
is to be measured, along a measurement line from an
ultrasonic transducer; a flow-speed distribution measure-
ment unit for receiving ultrasonic echoes reflected from the
measurement region due to ultrasonic pulses cast onto the
fluid to be measured so as to measure the flow-speed
distribution of the fluid to be measured in the measurement
region; a flow measurement unit for computing the flow of
the fluid to be measured in the measurement region based
upon the flow-speed distribution of the fluid to be measured,
a channel distance computing member for computing the
minimum channel distance based upon the frequency of the
ultrasonic pulses and the speed thereof; and an automatic
channel distance change/determination member for deter-
mining whether or not the channel distance is changed to a
value obtained by multiplying the minimum channel dis-
tance by an integer, according to the required measurement
range determined based upon the input data of the inner
diameter of the fluid tube within which the fluid to be
measured flows, and so forth, with the flow-speed distribu-
tion measurement unit making measurement of the flow-
speed distribution with the channel distance thus deter-
mined.

[0030] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 12 comprises: an ultrasonic trans-
mission member for casting ultrasonic pulses with a prede-
termined frequency onto the fluid within a tube, which is to
be measured, along a measurement line from an ultrasonic
transducer; a flow-speed distribution measurement unit for
receiving ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution of the
fluid to be measured in the measurement region; a flow
measurement unit for computing the flow of the fluid to be
measured in the measurement region based upon the flow-
speed distribution of the fluid to be measured; a flow-speed
distribution output member for outputting the relation
between the flow-speed distribution of the fluid to be mea-
sured in the measurement region and the distance in the
direction of the measurement line in the form of an image on
a screen; a flow-speed zero-point display member for super-
imposing the zero points each of which represent the flow
speed of zero, on the flow-speed distribution output by the
flow-speed distribution output member, in the form of a
continuous line; and a flow-speed measurement range
switching member which allows the user to switch the
measurement range between the normal measurement range
and the double-measurement-range, thereby enabling mea-
surement of the positive flow speed in a measurement range
twice that of the normal measurement range, according to
the selection of the user. With such a configuration, in the
event that the user has requested the flow-speed measure-
ment range switching member to switch the flow-speed
measurement range, the flow-speed distribution output
member outputs the flow-speed distribution in the positive
range alone, as well as measuring the flow-speed distribu-
tion with a measurement range twice that of the normal
measurement mode.

[0031] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 13 comprises: an ultrasonic trans-
mission member for casting ultrasonic pulses with a prede-
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termined frequency onto the fluid within a fluid tube, which
is to be measured, along a measurement line from an
ultrasonic transducer; a flow-speed distribution measure-
ment unit for receiving ultrasonic echoes reflected from the
measurement region due to ultrasonic pulses cast onto the
fluid to be measured so as to measure the flow-speed
distribution of the fluid to be measured in the measurement
region; a flow measurement unit for computing the flow of
the fluid to be measured in the measurement region based
upon the flow-speed distribution of the fluid to be measured,
a positive/negative determination member for determining
whether or not the fluid-speed distribution of the fluid to be
measured contains any negative flow-speed components in
the measurement region; and a flow-speed measurement
range switching member for switching the measurement
range of the flow-speed distribution measurement unit to a
measurement range twice that of the normal measurement
mode, for measuring the positive flow speed, in the event
that determination has been made that the flow-speed dis-
tribution contains no negative flow-speed components. With
such a configuration, in the event that determination has
been made that the flow-speed distribution contains no
negative flow-speed components, the flow-speed distribu-
tion measurement unit make measurement of the flow-speed
distribution with a measurement range twice that of the
normal measurement mode.

[0032] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 14 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; and a
flow measurement processing step for measuring the flow by
further performing computation processing for the flow-
speed distribution data of the fluid to be measured, with the
flow-speed distribution measurement processing step com-
prising: a flow-speed distribution calculating step for calcu-
lating the flow-speed distribution data of the fluid to be
measured, and the center position data of the fluid tube, by
performing computation processing for the flow-speed dis-
tribution of the reflectors; a flow-speed distribution data
output step for outputting the flow-speed distribution data
and center position data thus obtained in the flow-speed
distribution calculating step so as to be displayed on display;
and an area determination step which allows the user to set
a division area where the speed of the reflector groups is
calculated in the flow-speed distribution calculating step; the
area of the fluid tube being divided at the center position into
two division areas.

[0033] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 15 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
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obtained in the reflector-group-speed calculating step; and a
flow measurement processing step for measuring the flow by
further performing computation processing for the flow-
speed distribution data of the fluid to be measured, with the
flow-speed distribution measurement processing step com-
prising: a flow-speed distribution calculating step for calcu-
lating the flow-speed distribution data of the fluid to be
measured, and the center position data of the fluid tube, by
performing computation processing for the flow-speed dis-
tribution of the reflectors; an automatic area selecting step
for automatically selecting a division area where the flow-
speed distribution is calculated using the reflector groups;
the area of the fluid tube being divided at the center position
into two division areas; and a flow-speed distribution data
output step for outputting the flow-speed distribution data
and the center position data obtained in the flow-speed
distribution calculating step and the automatic area selecting
step, so as to be displayed on display.

[0034] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 16 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; an
optimum-value setting step for calculating the optimum
values of the basic frequency f,, the pulse repetition fre-
quency fprp, and the incident angle «; and a flow measure-
ment processing step for measuring the flow by further
performing computation processing for the flow-speed dis-
tribution data of the fluid to be measured, with the reflector-
group-speed calculating step comprising: an initial value
acquisition step for receiving the initial values of the basic
frequency f, the pulse repetition frequency fyxp, the inci-
dent angle a, at the start of measurement; and a reflector-
group-speed calculating step for receiving ultrasonic echoes
due to ultrasonic pulses cast onto the fluid to be measured,
so as to calculate the speed of each of the number of
reflectors contained in the fluid to be measured, and with the
optimum-value setting step including an emission frequency
reset step for resetting the emission frequency to an emission
frequency f; so as to satisfy the following expressions:
Fy24Vsin o; and fppp=Cw/2DI

[0035] 1In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 17 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; an
optimum-value setting step for calculating the optimum
values of the basic frequency f,, the pulse repetition fre-
quency fprp, and the incident angle o; and a flow measure-
ment processing step for measuring the flow by further
performing computation processing for the flow-speed dis-
tribution data of the fluid to be measured, with the reflector-
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group-speed calculating step comprising: an initial value
acquisition step for receiving the initial values of the basic
frequency f,, the pulse repetition frequency fogrp, the inci-
dent angle o, at the start of measurement; and a reflector-
group-speed calculating step for receiving ultrasonic echoes
due to ultrasonic pulses cast onto the fluid to be measured,
so as to calculate the speed of each of the number of
reflectors contained in the fluid to be measured, and with the
optimum-value setting step including an incident angle reset
step for resetting the incident angle to al so as to satisfy the
following expressions: F 24V sin o; and f,z=Cw/2Di.

[0036] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 18 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; a
channel distance computing step for computing the mini-
mum channel distance based upon the frequency of the
ultrasonic pulses and the speed thereof; a measurement
range display steps for displaying a GUI which allows the
user to determine whether or not the channel distance is set
to a value obtained by multiplying the minimum channel
distance by an integer, thereby allowing the user to set the
measurement region to a value obtained by multiplying the
minimum measurement region by an integer; a channel
distance changing step for changing the channel distance to
a value obtained by multiplying the minimum channel
distance by an integer, according to instructions of the user;
and a flow measurement processing step for measuring the
flow by further performing computation processing for the
flow-speed distribution data of the fluid to be measured.

[0037] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 19 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; a
channel distance computing step for computing the mini-
mum channel distance based upon the frequency of the
ultrasonic pulses and the speed thereof; a measurement
range calculating step for calculating the measurement range
based upon the minimum channel distance thus computed; a
channel distance changing step having a function for deter-
mining whether or not the channel distance is to be set to a
value obtained by multiplying the minimum channel dis-
tance by an integer, thereby allowing the system to auto-
matically change the channel distance; and a flow measure-
ment processing step for measuring the flow by further
performing computation processing for the flow-speed-dis-
tribution data of the fluid to be measured.

[0038] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
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tion disclosed in claim 20 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; a
flow-speed distribution output step for outputting the rela-
tion between the flow-speed distribution of the fluid to be
measured and the distance in the direction of the measure-
ment line ML, in the form of an image on a screen; a
flow-speed zero-line display step for superimposing a fluid-
speed zero line on the flow-speed distribution output in the
form of an image on a screen in the flow-speed distribution
output step; a flow-speed measurement range switching
determination step which allows the user to determine
whether or not the flow-speed measurement range is
switched; a flow-speed measurement range switching step
for switching the flow-speed measurement range to twice
that of the normal measurement range, for measuring the
positive flow speed according to the instructions of the user;
and a flow measurement processing step for measuring the
flow by further performing computation processing for the
flow-speed distribution data of the fluid to be measured.

[0039] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 21 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; a
flow-speed range switching determination step which allows
the user to determine whether or not the flow-speed mea-
surement range is switched; a flow-speed distribution output
step for outputting the relation between the flow-speed
distribution of the fluid to be measured, and the distance in
the direction of the measurement line ML, in the form of an
image on a screen; a flow-speed zero-line display step for
superimposing a flow-speed zero line on the flow-speed
distribution output in the form of an image on a screen in the
flow-speed distribution output step; a flow-speed measure-
ment range switching step for switching the flow-speed
measurement range to twice that of the normal measurement
mode according to the instructions of the user for measuring
the positive flow speed; and a flow measurement processing
step for measuring the flow by further performing compu-
tation processing for the flow-speed distribution data of the
fluid to be measured.

[0040] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 22 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
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obtained in the reflector-group-speed calculating step; a flow
measurement processing step for measuring the flow by
further performing computation processing for the flow-
speed distribution data of the fluid to be measured, with the
flow-speed distribution measurement processing step com-
prising: a flow-speed distribution calculating step for calcu-
lating the flow-speed distribution data of the fluid to be
measured, and the center position data of the fluid tube, by
performing computation processing for the flow-speed dis-
tribution of the reflectors; a flow-speed distribution data
output step for outputting the flow-speed distribution data
and center position data thus obtained in the flow-speed
distribution calculating step so as to be displayed on display;
and an area determination step which allows the user to set
a division area where the speed of the reflector groups is
calculated in the flow-speed distribution calculating step; the
area of the fluid tube being divided at the center position into
two division areas, and with a computer executing the
reflector-group-speed calculating step, the flow-speed dis-
tribution measurement processing step, and the flow mea-
surement processing step, according to the program.

[0041] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 23 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; and a
flow measurement processing step for measuring the flow by
further performing computation processing for the flow-
speed distribution data of the fluid to be measured, with the
flow-speed distribution measurement processing step com-
prising: a flow-speed distribution calculating step for calcu-
lating the flow-speed distribution data of the fluid to be
measured, and the center position data of the fluid tube, by
performing computation processing for the flow-speed dis-
tribution of the reflectors; an automatic area selecting step
for automatically selecting a division area where the flow-
speed distribution is calculated using the reflector groups;
the area of the fluid tube being divided at the center position
into two division areas; and a flow-speed distribution data
output step for outputting the flow-speed distribution data
and the center position data obtained in the flow-speed
distribution calculating step and the automatic area selecting
step, so as to be displayed on display, and with a computer
executing the reflector-group-speed calculating step, the
flow-speed distribution measurement processing step, and
the flow measurement processing step, according to the
program.

[0042] 1In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 24 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; an
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optimum-value setting step for calculating the optimum
values of the basic frequency f,, the pulse repetition fre-
quency forp, and the incident angle o; and a flow measure-
ment processing step for measuring the flow by further
performing computation processing for the flow-speed dis-
tribution data of the fluid to be measured, with the reflector-
group-speed calculating step comprising: an initial value
acquisition step for receiving the initial values of the basic
frequency f,, the pulse repetition frequency Fp ., the inci-
dent angle o, at the start of measurement; and a reflector-
group-speed calculating step for receiving ultrasonic echoes
due to ultrasonic pulses cast onto the fluid to be measured,
so as to calculate the speed of each of the number of
reflectors contained in the fluid to be measured, and with the
optimum-value setting step including an emission frequency
reset step for resetting the emission frequency to an emission
frequency f; so as to satisfy the following expressions:
F, 24V sin o; and f,,=Cw/2Di, and with a computer
executing the reflector-group-speed calculating step, the
flow-speed distribution measurement processing step, the
optimum-value setting step, and the flow measurement
processing step, according to the program.

[0043] 1In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 25 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; an
optimum-value setting step for calculating the optimum
values of the basic frequency f,, the pulse repetition fre-
quency fprp, and the incident angle ; and a flow measure-
ment processing step for measuring the flow by further
performing computation processing for the flow-speed dis-
tribution data of the fluid to be measured, with the reflector-
group-speed calculating step comprising: an initial value
acquisition step for receiving the initial values of the basic
frequency f,, the pulse repetition frequency fpry, the inci-
dent angle a, at the start of measurement; and a reflector-
group-speed calculating step for receiving ultrasonic echoes
due to ultrasonic pulses cast onto the fluid to be measured,
so as to calculate the speed of each of the number of
reflectors contained in the fluid to be measured, and with the
optimum-value setting step including an incident angle reset
step for resetting the incident angle to ol so as to satisfy the
following expressions: F,24V,sin a; and f,.=Cw/2Di,
and with a computer executing the reflector-group-speed
calculating step, the flow-speed distribution measurement
processing step, the optimum-value setting step, and the
flow measurement processing step, according to the pro-
gram.

[0044] 1In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 26 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
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the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; a
channel distance computing step for computing the mini-
mum channel distance based upon the frequency of the
ultrasonic pulses and the speed thereof; a measurement
range display step for displaying a GUI which allows the
user to determine whether or not the channel distance is set
to a value obtained by multiplying the minimum channel
distance by an integer, thereby allowing the user to set the
measurement region to a value obtained by multiplying the
minimum measurement region by an integer; a channel
distance changing step for changing the channel distance to
a value obtained by multiplying the minimum channel
distance by an integer, according to instructions of the user;
and a flow measurement processing step for measuring the
flow by further performing computation processing for the
flow-speed distribution data of the fluid to be measured, with
a computer executing the steps according to the program.

[0045] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 27 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; a
channel distance computing step for computing the mini-
mum channel distance based upon the frequency of the
ultrasonic pulses and the speed thereof; a measurement
range calculating step for calculating the measurement range
based upon the minimum channel distance thus computed; a
channel distance changing step having a function for deter-
mining whether or not the channel distance is to be set 1o a
value obtained by multiplying the minimum channel dis-
tance by an integer, thereby allowing the system to auto-
matically change the channel distance; and a flow measure-
ment processing step for measuring the flow by further
performing computation processing for the flow-speed dis-
tribution data of the fluid to be measured, with a computer
executing the steps according to the program.

[0046] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 28 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; a
flow-speed distribution output step for outputting the rela-
tion between the flow-speed distribution of the fluid to be
measured and the distance in the direction of the measure-
ment line ML, in the form of an image on a screen; a
flow-speed zero-line display-step for superimposing a fluid-
speed zero line on the flow-speed distribution output in the
form of an image on a screen in the flow-speed distribution
output step; a flow-speed measurement range switching
determination step which allows the user to determine
whether or not the flow-speed measurement range is
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switched; a flow-speed measurement range switching step
for switching the flow-speed measurement range to twice
that of the normal measurement range, for measuring the
positive flow speed according to the instructions of the user;
and a flow measurement processing step for measuring the
flow by further performing computation processing for the
flow-speed distribution data of the fluid to be measured, with
a computer executing the steps according to the program.

[0047] In order to solve the aforementioned problems, a
doppler ultrasonic flowmeter according to the present inven-
tion disclosed in claim 29 comprises: a reflector-group-
speed calculating step for receiving ultrasonic echoes due to
ultrasonic pulses cast onto the fluid to be measured, so as to
calculate the speed of each of a number of reflector groups
contained in the fluid to be measured; a flow-speed distri-
bution measurement processing step for measuring the flow-
speed distribution of the fluid to be measured, based upon
the flow-speed distribution data of the reflector groups
obtained in the reflector-group-speed calculating step; a
flow-speed range switching determination step which allows
the user to determine whether or not the flow-speed mea-
surement range is switched; a flow-speed distribution output
step for outputting the relation between the flow-speed
distribution of the fluid to be measured, and the distance in
the direction of the measurement line ML, in the form of an
image on a screen; a flow-speed zero-line display step for
superimposing a flow-speed zero line on the flow-speed
distribution output in the form of an image on a screen in the
flow-speed distribution output step; a flow-speed measure-
ment range switching step for switching the flow-speed
measurement range to twice that of the normal measurement
mode according to the instructions of the user for measuring
the positive flow speed; and a flow measurement processing
step for measuring the flow by further performing compu-
tation processing for the flow-speed distribution data of the
fluid to be measured, with a computer executing the steps
according to the program.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1 is a schematic diagram which shows a
configuration of a doppler ultrasonic flowmeter according to
a first embodiment of the present invention.

[0049] FIG. 2 is a schematic diagram which shows a basic
configuration of a computer included in a doppler ultrasonic
flowmeter according to the present invention.

[0050] FIG. 3 is a schematic diagram which shows a
configuration of a doppler ultrasonic flowmeter according to
a second embodiment of the present invention.

[0051] FIG. 4 is a schematic explanatory diagram for
describing a mechanism for calculating the velocity com-
ponent in the ultrasonic incident direction using the doppler
frequency with a doppler ultrasonic flowmeter according to
a third embodiment of the present invention.

[0052] FIG. 5 is a diagram for describing a measurement
mechanism of the doppler ultrasonic flowmeter according to
the third embodiment of the present invention.

[0053] FIG. 6 is a block diagram for describing signal
processing performed by the doppler ultrasonic flowmeter
according to the third embodiment of the present invention.

[0054] FIG. 7 is a functional block diagram of a doppler
ultrasonic flowmeter according to a fourth embodiment of
the present invention.
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[0055] FIG. 8 is an explanatory diagram for making
description step by step regarding the processing procedure
of ultrasonic flow measurement with the doppler ultrasonic
flowmeter according to the fourth embodiment of the present
invention.

[0056] FIG. 9 is a schematic diagram which shows an
example of the flow-speed distribution displayed on a dis-
play monitor, which allows the user to select a division area
where the flow-speed distribution is calculated using the
reflector groups.

[0057] FIG. 10 is a functional block diagram of a doppler
ultrasonic flowmeter according to a fifth embodiment of the
present invention.

[0058] FIG. 11 is an explanatory diagram for making
description step by step regarding the processing procedure
of ultrasonic flow measurement with the doppler ultrasonic
flowmeter according to the fifth embodiment of the present
invention.

[0059] FIG. 12 is a functional block diagram of a doppler
ultrasonic flowmeter according to a sixth embodiment of the
present invention.

[0060] FIG. 13 is an explanatory diagram for describing
the conditions which determine whether or not optimum
measurement can be made with the doppler ultrasonic
flowmeter according to the sixth embodiment of the present
invention, showing a region where optimum measurement
can be made and a region where optimum measurement
cannot be made, wherein the horizontal axis represents the
normalized speed V*, and the vertical axis represents the
normalized frequency F*.

[0061] FIG. 14 is an explanatory diagram for describing
the conditions which determine whether or not optimum
measurement can be made with the doppler ultrasonic
flowmeter according to the sixth embodiment of the present
invention, showing a region where optimum measurement
can be made and a region where optimum measurement
cannot be made, wherein the horizontal axis represents the
logarithm of Cw/Di, and the vertical axis represents the
logarithm of the pulse repetition frequency (fprp)-

[0062] FIG. 15 is an explanatory diagram for describing
the conditions which determine whether or not optimum
measurement can be made with the doppler ultrasonic
flowmeter according to the sixth embodiment of the present
invention, showing a region where optimum measurement
can be made and a region where optimum measurement
cannot be made, as well as showing typical kinds of tubes.

[0063] FIG. 16 is an explanatory diagram for making
description step by step regarding the processing procedure
of ultrasonic flow measurement with the doppler ultrasonic
flowmeter according to the sixth embodiment of the present
invention.

[0064] FIG. 17 is a functional block diagram of a doppler
ultrasonic lowmeter according to a seventh embodiment of
the present invention.

[0065] FIG. 18 is an explanatory diagram for making
description step by step regarding the processing procedure
of ultrasonic flow measurement with the doppler ultrasonic
flowmeter according to the seventh embodiment of the
present invention.
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[0066] FIG. 19 is a functional block diagram of a doppler
ultrasonic lowmeter according to an eighth embodiment of
the present invention.

[0067] FIG. 20 is an explanatory diagram for making
description step by step regarding the processing procedure
of ultrasonic flow measurement with the doppler ultrasonic
flowmeter according to the eighth embodiment of the
present invention.

[0068] FIG. 21 is a schematic explanatory diagram which
shows an example of a screen displayed on a display monitor
in a measurement range display step of the ultrasonic flow
measurement procedure of the doppler ultrasonic flowmeter
according to the eighth embodiment of the present inven-
tion.

[0069] FIG. 22 is a functional block diagram of a doppler
ultrasonic flowmeter according to a ninth embodiment of the
present invention.

[0070] FIG. 23 is an explanatory diagram for making
description step by step regarding the processing procedure
of ultrasonic flow measurement with the doppler ultrasonic
flowmeter according to the ninth embodiment of the present
invention.

[0071] FIG. 24 is a functional block diagram of a doppler
ultrasonic flowmeter according to a tenth embodiment of the
present invention.

[0072] FIG. 25(A) and FIG. 25(B) are diagrams which
show examples of screens displayed on a display monitor,
respectively displaying the relation between the flow-speed
distribution data of the fluid to be measured, which has been
output from the flow-speed distribution output member, and
the distance in the measurement line ML, with the doppler
ultrasonic flowmeter according to the tenth embodiment of
the present invention.

[0073] FIG. 26 is an explanatory diagram for making
description step by step regarding the processing procedure
of ultrasonic flow measurement with the doppler ultrasonic
flowmeter according to the tenth embodiment of the present
invention.

[0074] FIG. 27 is a functional block diagram of a doppler
ultrasonic flowmeter according to an eleventh embodiment
of the present invention.

[0075] FIG. 28 is an explanatory diagram for making
description step by step regarding the processing procedure
of ultrasonic flow measurement with the doppler ultrasonic
flowmeter according to the eleventh embodiment of the
present invention.

REFERENCE NUMERALS

[0076] 10, 10A, 10B, 10C, 10D, 10E doppler ultra-
sonic flowmeter

[0077] 11 fluid tube

[0078] 12 fluid to be measured

[0079] 13 ultrasonic flow-speed distribution data

acquisition unit (Udflow unit)
[0080]
[0081]

14 computer

15 signal transmission cable
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[0082]

[0083] 18 flow-speed distribution data acquisition
member

[0084]
[0085
[0086
[0087
[0088
[0089
[0090
[0091

17 ultrasonic transmission member

19 frequency selecting/setting member
20 ultrasonic transducer

21 oscillating amplifier

23 oscillator

24 emitter

25 ultrasonic reflector (reflector)

27 reflected-wave receiver

28 amplifier

[0092] 29 A/D converter

[0093] 30 flow-speed distribution data acquisition
element

[0094]
[0095]

[0096]
ment

[0097]
[0098]
[0099]
[0100]
]
]

]
]
]
]
]
]
]
]

31 oscillation frequency varying element
32 basic frequency range setting element

33 reflected-wave magnitude extracting ele-

35 computation processing member
36 memory

37 storage member

38 input member

[0101
[0102] 40 interface member

[0103] 41,41A,41B, 41C, 41D, 41E, 41F, 41G, 41H
flow-measurement PG

39 display monitor

[0104] 43 contact medium

[0105] 50, 50A doppler ultrasonic flowmeter

[0106] 51 incident angle adjusting/setting member

[0107] 52 incident angle adjusting mechanism

[0108] 53 incident angle range setting member

[0109] 54 reflected-wave magnitude extracting mem-
ber

[0110] 56 stepping motor

[0111] 60 doppler ultrasonic flowmeter

[0112] 61 ultrasonic transducer position adjusting
mechanism

[0113] 62 velocity-vector calculating member

[0114] 63 flow-velocity vector calculating member

[0115] 67, 67A flow-speed distribution-calculating
member

[0116] 68 flow calculating member

[0117] 70 flow-speed distribution calculating element

[0118] 71 center position detecting element

[0119]

72 area selecting element

10
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[0120] 73 center line
[0121] 74 area sclection GUI
[0122] 75 automatic area selecting element
[0123] 77, 77A optimum value calculating member
[0124] 78 data input element
[0125] 79 maximum flow-speed calculating element
[0126] 80 normalized flow-speed calculating element
[0127] 81 normalized frequency calculating element
[0128] 82 frequency setting element
[0129] 84 incident angle setting element
[0130] 87 channel distance computing member
[0131] 88 measurement range display member
[0132] 89 channel distance change/setting member
[0133] 91 measurement range bar
[0134] 92 flow-speed distribution display portion
[0135] 93 channel distance change/determination
dialog box
[0136] 94 channel distance setting window
[0137] 95 vertical cursor
[0138] 97 channel distance automatic change/deter-
mination membr
[0139] 99 flow-speed distribution output member
[0140] 100 flow-speed zero-point display member
[0141] 101 flow-speed measurement range switching
member
[0142] 103 flow-speed zero line
[0143] 104 flow-speed range switching GUI
[0144] 106 positive/negative determination member
[0145] 107 automatic flow-speed range switching
member
BEST MODE FOR CARRYING OUT THE
INVENTION
[0146] Description will be made regarding a doppler ultra-

sonic flowmeter according to an embodiment of the present
invention with reference to the accompanying drawings.

First Embodiment

[0147] FIG. 1 is a schematic diagram which shows a
schematic configuration of a doppler ultrasonic flowmeter
10 according to a first embodiment of the present invention.

[0148] The doppler ultrasonic flowmeter 10 has a configu-
ration for measuring the flow-speed distribution of a fluid 12
(liquid or gas) which is to be measured, flowing within a
fluid tube 11, thereby enabling real-time measurement of the
flow over time. The doppler ultrasonic flowmeter 10 com-
prises an ultrasonic flow-speed distribution data acquisition
unit (which will be referred to as “Udflow unit” hereafter) 13
for making measurement of the flow speed of the fluid 12 to
be measured, flowing within the fluid tube 11, in a non-
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contact manner, and a computer 14 for computing the
flow-speed distribution of the fluid 12 to be measured based
upon the electric signals (data) received from the Udflow
unit 13 in order to calculate the flow of the fluid 12 to be
measured, and displaying the measurement results thus
obtained over time. Note that the Udflow unit 13 is electri-
cally connected to the computer 14 through a signal trans-
mission cable 15.

[0149] The Udflow unit 13 comprises an ultrasonic trans-
mission member 17 for transmitting ultrasonic pulses with a
predetermined frequency (basic frequency f,) along the
measurement line ML within the fluid 12 to be measured, an
flow-speed distribution data acquisition member 18 for
receiving ultrasonic echoes reflected from the measurement
region due to the ultrasonic pulses cast onto the fluid 12 to
be measured, and calculating the flow-speed distribution of
the fluid 12 which is to be measured in the measurement
region in the form of the flow-speed distribution data, and an
frequency selecting/setting member 19 for automatically
selecting the ultrasonic frequency (which will be referred to
as “optimum frequency” hereafter) which allows measure-
ment of the flow-speed distribution of the fluid 12 to be
measured, flowing within the fluid tube 11 or measurement
of the flow thereof, with optimum efficiency.

[0150] The ultrasonic transmission member 17 comprises
an ultrasonic transducer 20 for oscillating ultrasonic pulses
with a predetermined frequency, and an oscillating amplifier
21 serving as ultrasonic oscillation signal generating means
for oscillating the ultrasonic transducer 20. The oscillating
amplifier 21 includes an oscillator 23 for generating electric
signals with a predetermined basic frequency f,, and an
emitter 24 for outputting pulse-shaped electric signals
(which will be referred to as “ultrasonic oscillation signals”
hereafter) at predetermined time intervals (1/F, ) according
to the electric signals reccived from the oscillator 23.

[0151] At the time of measurement of the flow-speed
distribution of the fluid 12 to be measured or measurement
of the flow thereof, the ultrasonic transducer 20 receives
ultrasonic oscillation signals with the predetermined basic
frequency f, from the oscillating amplifier 21 serving as
ultrasonic oscillation signal generating means. Upon recep-
tion of the pulse-shaped ultrasonic oscillation signals, the
ultrasonic transducer 20 oscillates ultrasonic pulses with the
basic frequency f,, and casts the ultrasonic pulses thus
oscillated onto the fluid 12 to be measured, along the
measurement line ML. Note that the ultrasonic pulses are
cast with the pulse width of around 5 mm, for example, in
the form of a straight beam with an extremely small diver-
gence angle.

[0152] The ultrasonic transducer 20 has the functions
serving as ultrasonic receiving means as well as the ultra-
sonic transmission member 17. With the present embodi-
ment, the ultrasonic transducer 20 receives ultrasonic echoes
due to reflection of incident ultrasonic pulses from one of a
great number of ultrasonic reflectors (which may be simply
referred to as “reflector” hereafter) 25 contained in the fluid
12 which is to be measured. Note that examples serving as
reflectors 25 include: bubbles, fine particles of a material
such as aluminum or the like having different acoustic
impedance from that of the fluid 12 to be measured, i.¢., a
foreign material, which are contained with high uniformity
in the fluid 12 to be measured.
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[0153] The ultrasonic echoes received by the ultrasonic
transducer 20 are transmitted to a reflected-wave receiver 27
included in the Udflow unit 13. The reflected-wave receiver
27 converts the ultrasonic echoes into electric signals. The
electric signals (which will be referred to as “ultrasonic echo
signals” hereafter) converted from the ultrasonic echoes are
input to an amplifier 28 from the reflected-wave receiver 27.
The electric signals are amplified by the amplifier 28,
following which the electric signals are input to an analog-
to-digital (which will be referred to as “A/D” hereafter)
converter 29.

[0154] Furthermore, the A/D converter 29 receives electric
signals (which will be referred to as “basic frequency
signals” hereafter) with a basic frequency f, from the oscil-
lating amplifier 21. Accordingly, the A/D converter 29
converts the ultrasonic echo signals and the basic frequency
signals in the form of analog signals into those in the form
of digital signals. Then, the digitized ultrasonic echo signals
and the digitized basic frequency signals are input to a
speed-distribution data acquisition element 30.

[0155] The speed-distribution data acquisition element 30
includes a processor for performing computation processing,
and has a function for calculating change in the position
corresponding to the doppler shift based upon the digitized
ultrasonic echo signals and the digitized basic frequency
signals received from the A/D converter 29, each of which
are time-series data, more specifically, based upon the
difference in the frequency between both the aforementioned
signals, thereby calculating the speed of a number of reflec-
tors (which will be expediently referred to as “reflectors” or
“reflector group” hereafter) 25 contained in the fluid 12 to be
measured, along the measurement line ML. The measure-
ment results are corrected with regard to the tilt angle c,
thereby measuring the flow-speed distribution of the reflec-
tors 25 on the cross-section of the fluid tube 11.

[0156] The speed of the reflectors 25 contained in the fluid
12 to be measured is assumed to be the same as the flow
speed of the fluid 12 to be measured. Accordingly, measur-
ing the speed of the reflectors 25 contained in the fluid 12 to
be measured means measuring the flow speed of the fluid 12
to be measured. The flow-speed data of the reflectors 25 thus
obtained by computation processing is output from the
flow-speed distribution data acquisition element 30, and is
input to the computer 14 serving as flow-speed distribution
calculating member and flow calculating member through
the signal transmission cable 15.

[0157] The computer 14 performs computation processing
for the flow-speed data of the reflectors 25 received from the
flow-speed distribution data acquisition element 30. First,
the computer 14 performs flow-speed distribution measure-
ment processing step for calculating the flow-speed distri-
bution of the fluid 12 to be measured, and displaying the
calculation results on display included in the computer 14.
Then, the computer 14 further performs flow measurement
processing step for computing the flow thereof based upon
the flow-speed distribution of the fluid 12 to be measured
thus obtained, and displaying the calculation results.

[0158] The frequency selecting/setting member 19 com-
prises an oscillation frequency varying element 31 for
inputting control signals to the oscillating amplifier 21 for
controlling the oscillation frequency of the oscillating ampli-
fier 21, a basic frequency range setting element 32 for
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operating the oscillation frequency varying element 31 in a
predetermined frequency range, e.g., in a frequency range of
200 kHz to 4 MHz, the reflected-wave receiver 27 for
receiving the ultrasonic echoes which are the reflected
waves from the reflector 25 within the fluid tube 11, and
outputting the ultrasonic echo signals converted from the
ultrasonic echoes, the amplifier 28 for amplifying the ultra-
sonic echo signals received from the reflected-wave receiver
27, and a reflected-wave magnitude extracting element 33
for extracting the magnitude of the ultrasonic echo signals
received from the amplifier 28, and storing the extracted
signal magnitude in memory included in the reflected-wave
magnitude extraction element 33.

[0159] The frequency sclecting/setting member 19 repeats
processing for extracting and selecting the ultrasonic oscil-
lation frequency by actions of the reflected-wave magnitude
extracting element 33, the oscillation frequency varying
element 31, and the like, thereby outputting control signals
for automatically selecting and setting the optimum ultra-
sonic oscillation frequency suitable for the measurement.
Then, the control signals output from the frequency select-
ing/setting member 19 is input to the oscillating amplifier 21
in the form of feedback signals. The oscillating amplifier 21
automatically selects and adjusts the oscillation frequency
according to the control signals thus received.

[0160] In this case, the frequency selecting/setting mem-
ber 19 automatically selects the optimum frequency, e.g., the
basic frequency f; at which resonant transmission occurs in
the tube wall of the fluid tube 11 within which the fluid 12
to be measured flows, for example, thereby allowing the
ultrasonic transducer 20 to oscillate the ultrasonic pulses
with the optimum frequency. Specifically, the frequency
selecting/setting member 19 automatically selects the opti-
mum frequency such that the value obtained by multiplying
the half wavelength of the ultrasonic pulses by an integer
matches the tube thickness of the fluid tube 11 within which
the fluid 12 to be measured flows. The aforementioned
method has been proposed based upon the fact that the fluid
tube 11 formed with the wall thickness matching the value
obtained by multiplying the half wavelength of the selected
ultrasonic pulse having the basic frequency of f, by an
integer exhibits extremely high transmissivity with regard to
the ultrasonic pulses.

[0161] FIG. 2 is a schematic diagram which shows a basic
schematic configuration of the computer 14. The computer
14 comprises a computation processing member 35 such as
a CPU, an MPU, or the like, for performing computation
processing, a memory 36 for temporarily storing electronic
data, a storage member 37 for recording and storing the
electronic data, a input member 38 which allow the user to
input instructions, a display monitor 39 for displaying the
computation results, and an interface (which will be abbre-
viated to “I/F” hereafter) member 40 for electric connection
between the computer 14 and external devices. Note that the
storage member 37 stores a flow measurement program
(“program” will be abbreviated to “PG” hereafter) 41 for
allowing the computation processing member 35 to execute
computation processing (including accessory computation
processing) for calculating the flow-speed distribution of the
fluid 12 to be measured and the flow thereof.

[0162] With the doppler ultrasonic flowmeter 10, the com-
puter 14 executes the flow measurement PG 41. As a result,
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the computer 14 performs flow-speed distribution measure-
ment processing step, or a series of flow-speed distribution
measurement processing step and the flow measurement
processing step, according to the flow measurement PG 41,
and displays the measurement results of the flow-speed
distribution of the fluid 12 to be measured or the measure-
ment results of the flow thereof on the display monitor 39.

[0163] Note that in FIG. 1, reference numeral 43 denotes
a contact medium for smoothly transmitting the ultrasonic
waves cast from the ultrasonic transducer 20 into the fluid
tube 11. That is to say, the contact medium 43 is provided for
reducing the acoustic impedance for improving transmission
of the ultrasonic pulses cast into the fluid tube 11 from the
ultrasonic transducer 20, thereby improving acoustic switch-
ing.

[0164] While description has been made regarding the
doppler ultrasonic flowmeter 10 having a configuration
wherein the Udflow unit 13 is electrically connected to the
computer 14 through the signal transmission cable 15, the
present invention is not restricted to the aforementioned
arrangement, rather, the Udflow unit 13 is connected to the
computer 14 via wireless communication.

[0165] While description has been made regarding an
arrangement wherein the Udflow unit 13 includes the
reflected-wave receiver 27 and the ultrasonic transducer 20,
an arrangement may be made wherein the ultrasonic trans-
ducer 20 further has the functions serving as the reflected-
wave receiver 27. While description has been made regard-
ing an arrangement wherein the Udflow unit 13 includes the
flow-speed distribution data acquisition element 30, the
present invention is not restricted to the aforementioned
arrangement, rather, an arrangement may be made wherein
the computer 14 has the functions serving as the flow-speed
distribution data acquisition ¢lement 30 according to soft-
ware instructions.

[0166] With the doppler ultrasonic flowmeter 10 having a
configuration as shown in FIG. 1, the fluid tube 11 1s formed
with the wall thickness matching the value obtained by
multiplying the half wavelength of the ultrasonic pulses by
an integer exhibits extremely improved transmissivity with
regard to the ultrasonic waves at the interface of the fluid
tube 11 due to the resonant effects. The improved ultrasonic
transmissivity with regard to the ultrasonic waves improves
ultrasonic echo signals due to reflection from the reflectors
contained in the fluid 12 to be measured. Accordingly, with
the doppler ultrasonic flowmeter 10 according to the present
embodiment, the ultrasonic transducer 20 oscillates the
ultrasonic pulses with the optimum basic frequency f,
suitable for the wall thickness of the fluid tube 11 according
to instructions from the frequency selecting/setting member
19. this matter reduces decay of the ultrasonic pulses along
the ultrasonic path (path along the measurement line ML), as
well as improving the ultrasonic transmissivity at the inter-
face of the fluid tube 11, thereby achieving sufficient mag-
nitude of the reflected waves.

Second Embodiment

[0167] FIG. 3 is a schematic diagram which shows a
schematic configuration of a doppler ultrasonic flowmeter
50 according to a second embodiment of the present inven-
tion.
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[0168] The doppler ultrasonic flowmeter 50 has a configu-
ration for improving the signal-to-noise (which will be
abbreviated to “S/N” hereafter) ratio of the reflected waves,
but having no function for selecting and setting the optimum
frequency of the ultrasonic pulses cast into the fluid tube 11.

[0169] In order to improve the S/N ratio of the reflected
waves, an arrangement may be made wherein the wall
thickness of the fluid tube 11 is adjusted such that resonant
transmission occurs. However, such a configuration for
adjusting the wall thickness of the fluid tube 11 is far from
practical. With the present embodiment, the mounting angle
of the ultrasonic transducer 20 is adjusted, thereby achieving
the same effects as with the aforementioned configuration
for adjusting the wall thickness of the fluid tube 11.

[0170] The doppler ultrasonic flowmeter 50 has a function
for adjusting the incident angle o of the ultrasonic pulses
emitted from the ultrasonic transducer 20, according to
instructions received from an incident angle adjusting/set-
ting member 51, thereby automatically adjusting the inci-
dent angle of the ultrasonic pulses suitable for the wall
thickness of the fluid tube 11. Note that the same compo-
nents as with the doppler ultrasonic flowmeter 10 described
in the first embodiment are denoted by the same reference
numerals, and description thereof will be omitted.

[0171] The doppler ultrasonic flowmeter 50 shown in
FIG. 3 includes the incident angle adjusting/setting member
51, instead of the frequency selecting/setting member 19.

[0172] The incident angle adjusting/setting member 51
comprises the ultrasonic transducer 20 mounted on the fluid
tube 11 from the outside with an adjustable mounting angle,
an incident angle adjusting mechanism 52 for adjusting the
incident angle o of the ultrasonic pulses cast from the
ultrasonic transducer 20, an incident angle range setting
member 33 for operating the incident angle adjusting
mechanism 52 in a predetermined angular range, €.g., in a
range of an incident angle o of 5° to 45°, and a reflected-
wave magnitude extracting member 54 for extracting the
magnitude of the ultrasonic echoes from the ultrasonic
echoes reflected from the measurement region within the
aforementioned fluid tube 11, and storing the extracted
results. Note that the magnitude of the ultrasonic echoes thus
extracted and stored by the reflected-wave magnitude
extracting member 54 is input to the computer 14, and is
displayed on the display monitor 39.

[0173] The aforementioned incident angle adjusting/set-
ting member 51 has the incident angle adjusting mechanism
52 for adjusting the incident angle o of the ultrasonic pulses
in a range approximately 5° to 45°. Specifically, the incident
angle adjusting mechanism 52 outputs control signals for
automatically adjusting the mounting angle of the ultrasonic
transducer 20 to be the optimum value. More specifically,
the mounting angle of the ultrasonic transducer 20 is
adjusted by driving a mounting angle adjusting mechanism
such as a stepping motor 56 or the like, for example,
according to the control signals output from the incident
angle adjusting mechanism 52.

[0174] The incident angle o of the ultrasonic pulses cast
from the ultrasonic transducer 20 matches the angle between
the ultrasonic pulse beam and the line or the plane orthogo-
nal to the tube surface of the fluid tube 11. The incident angle
of the ultrasonic pulses cast from the ultrasonic transducer
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20 is adjusted by the incident angle adjusting/setting mem-
ber 51 such that resonant transmission occurs with regard to
the wall thickness of the fluid tube 11, i.e., the optimum
incident angle is selected.

[0175] The incident angle adjusting/setting member 51
has the functions for extracting the magnitude of the
reflected waves by actions of the reflected-wave magnitude
extracting member 54 while varying the incident angle of
the ultrasonic pulse cast from the ultrasonic transducer 20 in
an incident angular range of approximately 5° to 45° accord-
ing to the control signals output from the incident angle
adjusting mechanism 52, and storing the measurement
results. The magnitude of the reflected waves stored in the
reflected-wave magnitude extracting member 54 is input to
the incident angle adjusting/setting member 51 for repeating
extracting/selecting processing so as to automatically select-
ing the optimum incident angle of the ultrasonic pulses, as
well as being displayed on the display monitor 39.

[0176] The doppler ultrasonic flowmeter 50 according to
the present embodiment has a configuration wherein the
incident angle adjusting/setting member 51 adjusts the inci-
dent angle of the ultrasonic pulses cast from the ultrasonic
transducer 20 to be the optimum incident angle, thereby
achieving the same effects as with an arrangement wherein
the wall thickness of the fluid tube 11 is changed, and
thereby enabling high-precision measurement of the flow-
speed distribution of the fluid 12 to be measured, which
flows within the fluid tube 11, and measurement of the flow
thereof, using the ultrasonic pulses cast from the ultrasonic
transducer 20.

[0177] The distance of the propagation path within a
material, 1.e., the distance of the ultrasonic propagation path
within the fluid tube 11, is controlled by adjusting the
incident angle (emission angle) of the ultrasonic pulses cast
from the ultrasonic transducer 20. With the present embodi-
ment, the incident angle is adjusted such that the distance of
the ultrasonic propagation path matches a value obtained by
multiplying the half wavelength of the ultrasonic pulses by
an integer. This causes the resonant transmission phenom-
enon with regard to the wall thickness of the fluid tube 11,
thereby achieving the sufficient S/N ratio of the reflected
waves, and thereby achieving the sufficient magnitude of the
ultrasonic echoes due to reflection. Thus, the doppler ultra-
sonic flowmeter 50 according to the present embodiment has
the advantage of enabling measurement of the flow-speed
distribution of the fluid to be measured, which flows within
the fluid tube 11, and the measurement of the flow thereof,
with high precision in a non-contact-manner.

[0178] While description has been made regarding an
arrangement wherein the doppler ultrasonic flowmeter 50
includes the incident angle adjusting/setting member 51,
instead of the frequency selecting/setting member 19, an
arrangement may be made wherein a single doppler ultra-
sonic flowmeter includes a combination of the frequency
selecting/setting member 19 and the incident angle adjust-
ing/setting member 51. Such a configuration including a
combination of the frequency selecting/setting member 19
and the incident angle adjusting/setting member 51 allows
the doppler ultrasonic flowmeter to automatically select and
set the optimum frequency and the optimum incident angle
in a simple manner.

[0179] The doppler ultrasonic flowmeters 10 and 50
shown in FIG. 1 and FIG. 3 have a configuration for
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measuring the flow of the fluid to be measured, with the line
measurement method for the flow-speed distribution using
the doppler shift between the incident ultrasonic pulses and
the reflected ultrasonic echo. Accordingly, in order to
improve the measurement precision, there is the need to
increase the number of the measurement lines ML, i.e., the
number of the ultrasonic transducers 23.

[0180] In order to improve the measurement precision, an
arrangement may be made wherein the N ultrasonic trans-
ducers 20 are disposed on the tube 11 at a predetermined
pitch along the circumferential direction. Furthermore, each
of the ultrasonic transducers 20 are tilted at a tilt angle o
such that all the measurement lines pass through the axis of
the tube 11, for example. Such a configuration enables
real-time measurement of the flow of the fluid 12 to be
measured, thereby enabling real-time display of the flow
thereof over time. In this case, the display monitor 39
displays the flow-speed distribution of the fluid 12 to be
measured, along each measurement line ML within the fluid
tube 11, the flow-speed distribution thereof on the cross-
section of the tube, or measurement results of the flow.

Third Embodiment

[0181] FIG. 4 through FIG. 6 are a schematic diagrams
which show a schematic configuration of a doppler ultra-
sonic flowmeter 60 according to a third embodiment of the
present invention.

[0182] As shown in FIG. 4, the doppler ultrasonic flow-
meter 60 calculates the velocity component V, of the fluid
12 to be measured, which flows within the flow tube 11, in
the ultrasonic incident angle (ultrasonic emission angle)
direction, using the doppler frequency. That is to say, the
flow-speed distribution is calculated along the measurement
line ML based upon the calculated doppler frequency with
the line measurement method, thereby calculating the flow
of the fluid 12 to be measured.

[0183] That is to say, with the doppler ultrasonic flowme-
ter 60, the velocity vector V,, along the ultrasonic propaga-
tion path (measurement line ML) is calculated based upon
the doppler frequency. Then, the calculated velocity vector
V, is divided by (sin ), thereby calculating the velocity
vector V; along the axis of the flow tube 11.

[0184] The doppler ultrasonic flowmeter 60 has the dis-
advantage that in a case wherein the fluid 12 to be measured
does not flow in the direction parallel to the flow tube 11, i.e.,
in a case wherein a swirling flow or a non-parallel flow
occurs within the fluid tube 11, the flow speed cannot be
calculated with high precision. For example, let us consider
a case wherein a bubble passes through the fluid tube 11 with
the velocity vector V5 as shown in FIG. 5. In this case, the
velocity vector V, is obtained by projecting the velocity
vector V, onto the ultrasonic propagation path. However, the
vector obtained by projecting the velocity vector V, of the
fluid 12 to be measured, onto the ultrasonic propagation
path, does not match the velocity vector V,. Accordingly, the
bubble passing through at such a velocity lead to false
calculation results of the flow speed of the fluid 12 to be
measured, with positive deviation, along the axial direction
of the fluid tube 11.

[0185] In order to solve the aforementioned problem of
false calculation results of the flow speed, the doppler
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ultrasonic flowmeter 60 includes two ultrasonic transducers
20 and 20a mounted on the fluid tube 11. These two
ultrasonic transducers 20 and 20a are mounted orthogonal
one to another so as to measure the velocity vectors V, and
V,, respectively. Then, the vector sum of the velocity
vectors V, and V, is calculated, thereby obtaining the correct
flow speed of the fluid 12 to be measured or the flow speed
of the bubble.

[0186] The doppler ultrasonic flowmeter 60 has a configu-
ration wherein the position of the ultrasonic transducer 20a
can be adjusted as to the other ultrasonic transducer 20 on
the fluid tube 11 for measurement of the correct flow speed
of the fluid 12 to be measured. Accordingly, the doppler
ultrasonic flowmeter 60 includes an ultrasonic transducer
position adjusting mechanism 61, and has a signal process-
ing configuration shown in a signal processing block dia-
gram in FIG. 6.

[0187] With the doppler ultrasonic flowmeter 60 shown in
FIG. 6, the two ultrasonic transducers 20 and 20g are
disposed such that the incident direction of the ultrasonic
pulses cast from the ultrasonic transducers 20 and 20a are
orthogonal one to another within the fluid tube 11. That is to
say, the doppler ultrasonic flowmeter 60 has a configuration
wherein the ultrasonic pulse beams cast from the ultrasonic
transducers 20 and 204 are orthogonal one to another in the
measurement region within the fluid tube 11.

[0188] The aforementioned doppler ultrasonic flowmeter
60 includes: reflected-wave receivers 27 and 274 for receiv-
ing the ultrasonic echo, i.e., the reflected waves from the
measurement region within the fluid tube 11 due to the
ultrasonic pulses cast from the ultrasonic transducers 20 and
20a; velocity-vector calculating member 62 and 62a for
calculating the velocity vectors in the directions of the
ultrasonic measurement lines based upon the magnitude of
the ultrasonic echoes received by the reflected-wave receiv-
ers 27 and 27a; and a flow-velocity vector calculating
member 63 for calculating the flow-speed vector of the fluid
to be measured by making the vector sum of the velocity
vectors calculated by the velocity vector calculating member
62 and 624. Thus, the doppler ultrasonic flowmeter 60 has
a function for calculating the flow of the fluid 12 to be
measured based upon the flow-speed distribution data sets
along the measurement lines ML within the fluid tube 11
calculated by the flow-velocity vector calculating member
63.

[0189] The ultrasonic echoes, ie., the reflected waves
reflected from the measurement region within the fluid tube
11 due to the ultrasonic pulses cast from the ultrasonic
transducers 20 and 20q, are received by the reflected-wave
receivers 27 and 27a, respectively. Then, the velocity-vector
calculating member 62 and 62a convert the magnitude
signals of the ultrasonic echoes received by the reflected-
wave receivers 27 and 27a into the velocity vectors in the
directions of the measurement lines ML (directions of the
ultrasonic propagation paths). Subsequently, the flow-veloc-
ity vector calculating member 63 calculates the vector sum
of the velocity vectors in the directions of the ultrasonic
propagation paths thus obtained, thereby calculating the
correct velocity vector, 1.e., the correct flow speed of the
fluid 12 to be measured.

[0190] The aforementioned velocity vector calculating
member 62 and 624, and the flow-velocity vector calculating
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member 63, form a flow-speed distribution data acquisition
element 30A having the functions for measuring the flow-
speed distribution data sets of the fluid 12 to be measured,
which flows within the fluid tube 11, along the directions of
the ultrasonic propagation paths (measurement lines) ML,
and calculating the flow of the fluid 12 to be measured by
integrating the flow-speed distribution data sets over the
ultrasonic propagation paths.

[0191] Specifically, following calculation of the flow
speed of a certain position by the flow-velocity vector
calculating member 63 of the flow-speed distribution data
acquisition element 30A, the ultrasonic transducer 20 or 20a
is moved on the fluid tube 11 by actions of the ultrasonic
transducer position adjusting mechanism 61, thereby allow-
ing acquisition of data at the next position. That is to say, the
doppler ultrasonic flowmeter 60 has a configuration for
measuring the flow-speed distribution while moving the
ultrasonic transducers 20 or 20a by actions of the ultrasonic
transducer position adjusting mechanism 61, thereby
enabling measurement of the flow-speed distribution of the
fluid 12 to be measured over the ultrasonic propagation
paths, and thereby calculating the correct flow thereof by
calculation.

Fourth Embodiment

[0192] The present embodiment described below has gen-
erally the same configuration as that of the doppler ultra-
sonic flowmeter 10 shown in FIG. 1, wherein the computer
14 executes the functions serving as a doppler ultrasonic
flowmeter according to the flow measurement PG 41, i.c., a
software program, stored in the storage member 37, in
cooperation with the Udflow unit 13 which is a hardware
component, except for the configuration of the flow-mea-
surement PG 41, leading to difference in the processing
procedure or the functions provided for the user.

[0193] Accordingly, description will be made hereafter
with reference to configuration block diagrams alone. Fur-
thermore, description will be made in brief regarding the
configuration of the doppler ultrasonic flowmeter. Note that
with each embodiment, a different program, e.g., a flow-
measurement PG 41A, is employed, instead of the flow-
measurement PG 41 shown in FIG. 2. Accordingly, descrip-
tion will be made hereafter regarding each embodiment with
reference to FIG. 2, replacing the flow-measurement PG 41
with the flow-measurement PG 41A or the like.

[0194] FIG. 7 is a functional block diagram of a doppler
ultrasonic flowmeter 10A according to a fourth embodiment
of the present invention.

[0195] The doppler ultrasonic flowmeter 10A shown in
FIG. 7 has generally the same configuration as that of the
doppler ultrasonic flowmeter 10 shown in FIG. 1, wherein
the computer 14 executes the functions serving as a doppler
ultrasonic flowmeter according to the flow measurement PG
41A, i.c., a software program, stored in the storage member
37, in cooperation with the Udflow unit 13 which is a
hardware component.

[0196] As shown in FIG. 7, the doppler ultrasonic flow-
meter 10A includes the Udflow unit 13 serving as the
flow-speed data acquisition member 18 for calculating the
speed of the great number of reflectors 25 contained in the
fluid 12 to be measured in a reflector-group-speed calculat-
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ing step, a flow-speed distribution calculating member 67
for measuring the flow-speed distribution of the fluid 12 to
be measured by performing computation processing for the
speed data of the reflectors 25 received from the Udflow unit
13 in a flow-speed distribution measurement processing
step, and a flow calculating member 68 for measuring the
flow of the fluid 12 to be measured by further performing
computation processing for the speed distribution thereof.

[0197] With the doppler ultrasonic flowmeter 10A, the
Udflow unit 13 serving as the flow-speed data acquisition
member 18 and the flow-speed distribution calculating
member 67 form a flow-speed distribution measurement
unit. On the other hand, the flow calculating member 68
makes measurement of the flow thereof based upon the
flow-speed distribution measurement results obtained by the
flow-speed distribution measurement unit. That is to say, the
Udflow unit 13, the flow-speed distribution calculating
member 67, and the flow calculating member 68, form a
flow measurement unit. Note that the measurement results
output from at least one of the flow distribution calculating
member 67 and the flow calculating member 68 are dis-
played on display such as the display monitor 39 of the
computer 14, or the like.

[0198] The flow-speed distribution calculating member 67
of the doppler ultrasonic flowmeter 10A comprises a flow-
speed distribution calculating element 70 for performing
computation processing for the input speed data of the
reflectors 25 so as to calculate the flow-speed distribution of
the fluid 12 to be measured within the fluid tube 11, a
center-position detecting element 71 for detecting the center
of the fluid tube 11 in the radius direction, i.e., the center
position of the fluid tube 11, and an area selecting element
72 for selecting one of two arcas (each of which will be
referred to as “division area” hereatter) into which the area
of the fluid tube 11 is divided at the center position; the
flow-speed distribution being calculated using the reflectors
25 within the selected division area.

[0199] On the other hand, the flow calculating member 68
measures the flow of the fluid 12 to be measured by
performing computation processing for the input flow-speed
distribution. Specifically, the flow of the fluid 12 to be
measured 1s calculated by integrating the input flow-speed
distribution over the radius direction (r direction) of the fluid
tube 11. The calculated value of the flow thereof is output
from the flow calculating member 68, and is displayed on
display having a function for displaying the computation
results.

[0200] Now, description will be made step by step regard-
ing the ultrasonic flow measurement procedure for measure-
ment of the flow of the fluid 12 to be measured performed
by the doppler ultrasonic flowmeter 10A.

[0201] FIG. 8 is an explanatory diagram for making
description step by step regarding the ultrasonic flow mea-
surement procedure (which is denoted by “first ultrasonic
flow measurement procedure” in FIG. 8) for the ultrasonic
flow measurement method performed by the doppler ultra-
sonic flowmeter 10A.

[0202] As shown in FIG. 8, the ultrasonic flow measure-
ment method comprises: a reflector-group-speed calculating
step (Step S1) for calculating the speed of the number of
reflectors 25 contained in the fluid 12 to be measured, and
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outputting the calculated flow-speed distribution of the
reflectors 25 as the flow-speed distribution data from the
Udflow unit 13; a flow-speed distribution measurement
processing step (Step S2 to Step S5) for performing com-
putation processing for the input flow-speed distribution
data of the reflectors 25 so as to calculate the flow-speed
distribution of the fluid 12 to be measured; and a flow
measurement processing step (Step S6 to Step S7) for
further performing computation processing for the flow-
speed distribution of the fluid 12 to be measured so as to
calculate the flow thereof.

[0203] With the present ultrasonic flow measurement pro-
cedure, first, in Step S1, the Udflow unit 13 casts the
ultrasonic pulses onto the fluid 12 to be measured, and
receives the ultrasonic echoes reflected by the fluid 12 to be
measured so as to calculate the flow-speed distribution of the
reflectors 25 contained in the fluid 12 to be measured,
whereby the flow-speed distribution data of the reflectors 25
is output. Then, the flow-speed distribution calculating
member 67 receives the flow-speed distribution data of the
reflectors 25 thus output, and performs the flow-speed
distribution measurement processing step (Step S2 through
Step S5).

[0204] The flow-speed distribution measurement process-
ing step (Step S2 through Step S5) comprises: a flow-speed
distribution calculating step (Step S2) for calculating the
flow-speed distribution data of the fluid 12 to be measured,
and the center position data of the fluid tube 11, based upon
the flow-speed distribution data of the reflectors 25; a
flow-speed distribution data output step (Step S3) for out-
putting the flow-speed distribution data and the center
position data thus calculated to display for displaying such
information; and an area selecting step (Step S5) for select-
ing one of the two division areas into which the area of the
fluid tube 11 has been divided at the center position, accord-
ing to the selection of the user; the flow-speed distribution
being calculated using the reflectors 25 within the selected
area, in the event of receiving a request to make selection of
the reflectors 25 for calculating the flow-speed distribution
(i.e., in a case of “YES” in Step S4).

[0205] 1In the flow-speed distribution measurement pro-
cessing step, first, in the flow-speed distribution calculating
step, 1.e., Step S2, the flow-speed distribution and the center
position of the fluid tube 11 are calculated. Note that with the
flow-speed distribution calculating member 67 shown in
FIG. 7, a flow-speed distribution calculating element 70
calculates the flow-speed distribution, and a center position
detecting element 71 detects the center position.

[0206] The flow-speed distribution calculating element 70
calculates the speed of the reflector 25 for each position
thereof contained in the fluid 12 to be measured based upon
the position and speed of each reflector 25, whereby flow
speed is obtained for each position. On the other hand, the
center position detecting element 71 detects the positions
where multiple reflection of the ultrasonic echoes occurs,
based upon the received ulirasonic echo signals, and deter-
mines the middle point between the detected positions to be
the center position, based upon the fact that multiple reflec-
tion of the ultrasonic echoes occurs on the wall face of the
fluid tube 11. Upon completion of the calculation of the
flow-speed distribution and the center position of the fluid
tube 11 by the flow-speed distribution calculating element
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70 and the center position detecting element 71, the flow-
speed distribution calculating step, i.e., Step S2 ends.

[0207] Upon completion of the flow-speed distribution
calculating step in Step S2, the flow proceeds to Step S3, i.¢.,
the flow-speed distribution data output step, where the
flow-speed distribution calculating element 70 and the cen-
ter position detecting element 71 output the flow-speed
distribution data and the center position data, respectively.
Upon output of the flow-speed distribution data and the
center position data, the flow-speed distribution data output
step, i.e., Step S3 ends. Note that the computation processing
member 35 of the computer 14 calculates both the data sets
thus output, i.e., the flow-speed distribution and the center
position, and display the calculation results on the display
monitor 39.

[0208] Upon completion of the flow-speed distribution
data output step, i.e., completion of step S3, the user can
confirm the flow-speed distribution of the fluid 12 to be
measured, which has been measured with the doppler ultra-
sonic flowmeter 10A, by means of the display monitor 39.
In the event that the user has confirmed the flow-speed
distribution of the fluid 12 to be measured, and has deter-
mined that there is no problem such as failure in measure-
ment at any portion, or the like, (in the event of “NO” in Step
S4), the flow-speed distribution measurement processing
step ends.

[0209] On the other hand, in the event that the user has
determined that there is a problem such as a problem that the
flow speed is different between the two division areas into
which the cross-sectional area of the fluid tube is divided at
the center position, but the flow speed of each division area
is not measured, the user can make a request through the
input member 38 of the computer 14 to select the area where
the flow-speed distribution is to be calculated using the
reflectors 23 contained in the selected area.

[0210] The cross-sectional area of the fluid tube is divided
at the center position into two areas, i.€., the division area
close to the ultrasonic transducer 20 (which will be referred
to as “close-side area” hereafter) and the division area away
from the ultrasonic transducer 20, i.e., the far-side division
area (which will be referred to as “far-side area” hereafter),
for measurement of the flow speed. The user can select the
area where the flow-speed distribution is to be calculated
using the reflectors 25 contained in the selected area, from
the three areas, i.¢., the close-side area, the far-side area, and
the entire area (both the close area and the far-side area).

[0211] FIG. 9 is a schematic diagram which shows an
example of the flow-speed distribution displayed in the
display monitor 39 with a function of the division area
selection for selecting the area where the flow-speed distri-
bution is to be calculated using the reflectors 25.

[0212] As shown in FIG. 9, the user selects one of the
choices through a graphical user interface (GUI), for
example, whereby a desired division area where the flow-
speed distribution is to be calculated using the reflectors 25
is selected. In the example shown in FIG. 9, the left region
in the drawing corresponds to the close-side area, and the
right region in the drawing corresponds to the far-side area,
with a center line 73 in the drawing as the center position.

[0213] With the area selection GUI 74 displayed on the
display monitor 39 shown in FIG. 9, the user selects one of
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“close-side” corresponding to the close-side area, “far-side”
corresponding to the far-side area, and “entire” correspond-
ing to the entire area, whereby a desired division area where
the flow-speed distribution is to be calculated using the
reflectors 25 is selected. In the example shown in FIG. 9, the
entire area is sclected.

[0214] Upon the user making a request for selection of the
area through the input member 38 of the computer 14 (in the
event of “YES” in Step S4), the flow proceeds to Step S5,
i.e., the area selecting step, where the area selecting element
72 selects a division area where the flow-speed distribution
is to be calculated using the reflectors 25 according to the
request from the user. Upon completion of the area selecting
step, the flow proceeds to Step S2, following which the
processing steps following the Step S2 are repeated.

[0215] In the event that the user has made a request for
selecting the area, the flow-speed distribution is calculated
for the selected area, i.e., the close-side area or the far-side
area, in Step S2, i.e., the flow-speed distribution calculating
step. Note that the flow-speed distribution is calculated on
the assumption that the flow-speed distribution within the
fluid tube 11 is generally symmetrical with regard to the
center position (tube axis). Upon calculation of the flow-
speed distribution, the flow proceeds to Step S3, i.e., the
flow-speed distribution data output step, where the calcu-
lated flow-speed distribution is displayed on the monitor 39.

[0216] Upon completion of the flow-speed distribution
measurement processing step (Step S2 through Step S5), the
flow proceeds to Step S6, following which the flow calcu-
lating member 68 executes the flow measurement processing
step (Step S6 and Step S7). Note that the flow measurement
processing step comprises a flow calculating step (Step S6)
and a flow data output step (Step S7).

[0217] In the flow measurement processing step, first, the
flow proceeds to Step S6, i.e., the flow calculating step. In
the flow calculating step, the flow calculating member 68
receives the flow-speed distribution data calculated in the
flow-speed distribution measurement processing step, and
integrate the received flow-speed distribution data over the
radius direction (r direction) of the fluid tube 11, thereby
calculating the flow of the fluid 12 to be measured. Upon
calculation of the flow of the fluid 12 to be measured, Step
S6 ends, following which the flow proceeds to Step S7, i.e.,
the flow data output step.

[0218] In the flow data output step, the flow calculation
data calculated in the flow calculating step is output as the
flow measurement results. Upon output of the flow calcu-
lation data from the flow calculating member 68, Step S7
ends, i.e., the flow measurement processing step ends. Note
that the flow measurement results output in Step S7 are
subjected to computation processing by the computation
processing member 35 of the computer 14, and are displayed
on the display monitor 39 as shown in FIG. 9, for example.

[0219] Thus, the doppler ultrasonic flowmeter 10A
according to the present embodiment, the flow measurement
method using the doppler ultrasonic flowmeter 10A, and the
flow measurement program employed for the doppler ultra-
sonic flowmeter 10A, have a function for selecting an area
where correct measurement has been made, according to a
request from the user, and calculating the flow-speed distri-
bution for the area thus selected, thereby enabling more
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correct measurement of the flow-speed distribution regard-
less of irregularities in the measurement results of the
flow-speed distribution. Furthermore, with the present
embodiment, the flow thereof is computed based upon the
correct measurement results of the flow-speed distribution,
thereby enabling correct measurement of the flow thereof, as
well.

[0220] Note that while description has been made regard-
ing an arrangement wherein the present embodiment is
applied to the doppler ultrasonic flowmeter 10 shown in
FIG. 1, having a configuration wherein the computer 14
reads out and executes the flow measurement PG 41A stored
in the storage member 37, whereby a combination of the
Udflow unit 13, i.e., a hardware component unit, and the
flow measurement PG 41A, i.e., a software component, has
the functions serving as the doppler ultrasonic flowmeter
10A, the present embodiment may be applied to the doppler
ultrasonic flowmeter 50 or the doppler ultrasonic flowmeter
60.

[0221] On the other hand, the present invention is not
restricted to an arrangement wherein the measurement
results of the flow are displayed along with the flow-speed
distribution as shown in FIG. 9, rather the doppler ultrasonic
flowmeter 10A may has a configuration wherein the flow is
displayed separately from the flow-speed distribution.

Fifth Embodiment

[0222] FIG. 10 is a functional block diagram of a doppler
ultrasonic flowmeter 10B according to a fifth embodiment of
the present invention.

[0223] The doppler ultrasonic flowmeter 10B shown in
FIG. 10 has generally the same configuration as that of the
doppler ultrasonic flowmeter 10 shown in FIG. 1, wherein
the computer 14 reads out and executes a flow measurement
PG 41B stored in the storage member 37, whereby a
combination of the Udflow unit 13, i.e., a hardware com-
ponent unit, and a flow measurement PG 41B, ie., a
software component, has the functions serving as the dop-
pler ultrasonic flowmeter.

[0224] As shown in FIG. 10, the doppler ultrasonic flow-
meter 10B has the same configuration as that of the doppler
ultrasonic flowmeter 10A, except for a configuration includ-
ing a flow-speed distribution calculating member 67A,
instead of the flow-speed distribution calculating member
67, and accordingly, the same components are denoted by
the same reference numerals, and description thereof will be
omitted. Note that the doppler ultrasonic flowmeter 10
according to the present embodiment has the same configu-
ration wherein the Udflow unit 13 serving as the flow-speed
data acquisition-member 18 and the flow-speed distribution
calculating member 67A form the flow-speed distribution
measurement unit, and the Udflow unit 13, the flow-speed
distribution calculating member 67A, and the flow calculat-
ing member 68, form the flow measurement unit.

[0225] The flow-speed distribution calculating member
67A includes the flow-speed distribution calculating element
70 and the center position detecting element 71, and further
include an automatic area selecting element 75 for making
automatic selection of the division area where the flow-
speed distribution is to be calculated using the reflectors 25,
instead of the area selecting element 72.
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[0226] FIG. 11 is an explanatory diagram for describing
the processing procedure, i.e., the ultrasonic flow measure-
ment procedure (which will be denoted by “second ultra-
sonic flow measurement procedure” in FIG. 11), step by
step, employed for the doppler ultrasonic flowmeter 10B.

[0227] As shown in FIG. 11, the ultrasonic flow measure-
ment procedure employed for the doppler ultrasonic flow-
meter 10B has generally the same configuration as that of the
ultrasonic flow measurement procedure employed for the
doppler ultrasonic flowmeter 10A shown in FIG. 8, except
for the flow-speed distribution measurement processing
step. That is to say, the difference therebetween is that the
flow-speed distribution measurement processing step
according to the present embodiment includes an automatic
area selecting step for making automatic selection of the
division area where the flow-speed distribution is to be
calculated using the reflectors 25, between the flow-speed
distribution calculating step (Step S2) and the flow-speed
distribution data output step (Step S3).

[0228] As shown in FIG. 11, the ultrasonic flow measure-
ment procedure employed for the doppler ultrasonic flow-
meter 10B comprises a reflector-group-speed calculating
step (Step S11), a flow-speed distribution measurement
processing step (Step S12 through Step S14), and a flow
measurement processing step (Step S15). First, the flow
proceeds to the reflector-group-speed calculating step (Step
S11), the flow proceeds to the flow-speed distribution mea-
surement processing step (Step S12 through Step S14), and
the flow proceeds to the flow measurement processing step
(Step S15).

[0229] That is to say, in the ultrasonic flow measurement
procedure employed for the doppler ultrasonic flowmeter
10B, first, the flow proceeds to the reflector-group-speed
calculating step (Step S11) having the same functions as
with the reflector-group-speed calculating step (step S1)
shown in FIG. 8, following which the flow proceeds to the
flow-speed distribution measurement processing step (Step
S12 through Step S14).

[0230] Specifically, in the flow-speed distribution mea-
surement processing step (Step S12 through Step S14), the
flow proceeds to the flow-speed distribution calculating step
(Step S12) having the same functions as with the flow-speed
distribution calculating step (Step S2) shown in FIG. §,
following which the flow proceeds to Step S13, ie., the
automatic area selecting step, where the flow-speed distri-
bution calculating member 67A makes automatic selection
of the division area where the flow-speed distribution is to
be calculated using the reflectors 25.

[0231] Upon automatic selection of the division area
where the flow-speed distribution is to be calculated using
the reflectors 25 in the automatic area selecting step, i.e., in
Step S13, the flow proceeds to Step S14, i.¢., the flow-speed
distribution data output step, where the flow-speed distribu-
tion data and the center position data calculated in Step S12
and Step S13 are output for displaying the information on
the display monitor 39 or the like, whereby the flow-speed
distribution data output step, i.e., Step S14 ends.

[0232] Upon completion of the flow-speed distribution
data output step, i.e., Step S14, the flow proceeds to the flow
measurement processing step (Step S15), where the flow
calculating member 68 performs calculation processing.
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Note that the flow measurement processing step (Step S15)
shown in FIG. 11 has the same configuration as that of the
flow measurement processing step (Step S6 and Step S7)
shown in FIG. 8, and accordingly, the configuration is
shown in brief in the drawing.

[0233] Thus, the doppler ultrasonic flowmeter 10B
according to the present embodiment, the low measurement
method using the doppler ultrasonic flowmeter 10B, and the
flow measurement program employed for the doppler ultra-
sonic flowmeter 10B, have a function for making automatic
selection of an area where correct measurement has been
made, and calculating the flow-speed distribution for the
area thus selected, thereby enabling more correct measure-
ment of the flow-speed distribution regardless of irregulari-
ties of the measurement results of the flow-speed distribu-
tion. Furthermore, with the present embodiment, the flow
thereof is computed based upon the correct measurement
results of the flow-speed distribution thus obtained, thereby
enabling more correct flow measurement.

[0234] While description has been made regarding the
doppler ultrasonic flowmeter 10B having a configuration
wherein the flow-speed distribution calculating member 67A
includes the automatic area selecting element 75 instead of
the area selecting element 72, an arrangement may be made
wherein the flow-speed distribution calculating member 67A
includes both the automatic area selecting element 75 and
the area selecting element 72. The doppler ultrasonic flow-
meter having such a configuration allows the user to select
a desired selection mode from the two kinds of the selection
modes, i.e., the manual selection according to the selection
of the user, and the automatic selection. In this case, an
arrangement may be made wherein a menu is prepared for
the user, wherein in the event that the area has not been
selected according to the selection of the user, the system
makes automatic selection of the area for obtaining more
correct flow-speed distribution.

[0235] Note that while description has been made regard-
ing an arrangement wherein the present embodiment is
applied to the doppler ultrasonic flowmeter 10 shown in
FIG. 1, having a configuration wherein the computer 14
reads out and executes the flow measurement PG 41B stored
in the storage member 37, whereby a combination of the
Udflow unit 13, i.e., a hardware component unit, and the
flow measurement PG 41B, i.e., a software component, has
the functions serving as the doppler ultrasonic flowmeter
10B, the present embodiment may be applied to the doppler
ultrasonic lowmeter 50 or the doppler ultrasonic flowmeter
60.

Sixth Embodiment

[0236] FIG. 12 is a functional block diagram of a doppler
ultrasonic flowmeter 10C according to a sixth embodiment
of the present invention.

[0237] The doppler ultrasonic flowmeter 10C shown in
FIG. 12 has generally the same configuration as that of the
doppler ultrasonic flowmeter 10 shown in FIG. 1, wherein
the computer 14 reads out and executes a flow measurement
PG 41C stored in the storage member 37, whereby a
combination of the Udflow unit 13, i.c., a hardware com-
ponent unit, and a flow measurement PG 41C, ie., a
software component, has the functions serving as the dop-
pler ultrasonic flowmeter.
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[0238] As shown in FIG. 12, the doppler ultrasonic flow-
meter 10C includes the Udflow unit 13, the flow-speed
distribution calculating member 67, the flow calculating
member 68, and an optimum value calculating member 77
for making automatic calculation of the optimum value
which is used for adjustment of measurement, which
depends upon the properties of the object to be measured.
Note that the doppler ultrasonic flowmeter 10C has the same
configuration wherein the Udflow unit 13 serving as flow-
speed data acquisition member 18 and the flow-speed dis-
tribution calculating member 67 form the flow-speed distri-
bution measurement unit, and the Udflow unit 13, the
flow-speed distribution calculating member 67, and the flow
calculating member 68, form the flow measurement unit.

[0239] The optimum value calculating member 77
includes: a data input element 78 for receiving the informa-
tion regarding the inner diameter Di of the fluid tube 11, the
ultrasonic wave speed Cw in the fluid 12 to be measured, and
the incident angle a of the ultrasonic pulses; a maximum
flow-speed calculating element 79 for calculating the maxi-
mum flow speed V obtained based upon the flow-speed
distribution measured by the flow-speed distribution calcu-
lating member 67, a normalized flow-speed calculating
element 80 for calculating the normalized flow-speed V,,
which is obtained by dividing the calculated maximum
flow-speed V by the ultrasonic wave speed Cw in the fluid
12 to be measured; a normalized frequency calculating
element 81 for calculating a normalized frequency F, which
is obtained by dividing the pulse repetition frequency f,
by the emission frequency f,; and a frequency setting
element 82 for resetting the emission frequency to an
emission frequency f; which satisfies the following Expres-
sion.

Fyz4Vysin a, and fprp=Cw/2Di

[0240] The doppler ultrasonic flowmeter 10C has a con-
figuration wherein the data input element 78 of the optimum
value calculating member 77 receives the information
regarding the inner diameter Di of the fluid tube 11, the
ultrasonic wave speed Cw in the fluid 12 to be measured, and
the incident angle c of the ultrasonic pulses, each of which
are initial values, and the maximum-flow-speed calculating
element 79 calculates the maximum flow speed V based
upon the flow-speed distribution measured by the flow-
speed distribution calculating member 67.

[Expression 1]

[0241] The normalized flow-speed calculating element 80
divides the maximum flow speed V calculated by the maxi-
mum-flow-speed calculating element 79, by the ultrasonic
wave speed Cw in the fluid 12 to be measured, regarding
which the information has been received by the data input
element 78, thereby calculating the normalized flow speed
V,. On the other hand, the normalized frequency calculating
element 81 calculates the normalized frequency F, by divid-
ing the pulse repetition frequency fpgp by the emission
frequency f,.

[0242] The frequency setting element 82 resets the emis-
sion frequency to the emission frequency f; so as to satisfy
the relation represented by the following Expression 1
including the normalized speed V,, calculated by the nor-
malized speed calculating element 80 and the normalized
frequency F, calculated by the normalized frequency calcu-
lating element 81.

FyZ4Vysin a, and fppp=Cw/2Di
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[0243] Note that the Expression 1 represents a range of the
optimum values. Note that the relation represented by the
Expression 1 has been proposed based upon the experimen-
tal results obtained by the present inventor.

[0244] FIG. 13 through FIG. 15 are explanatory diagrams
which show ranges of the optimum values, which have been
proposed based upon the experimental results obtained by
the present inventor.

[0245] FIG. 13 is an explanatory diagram which shows
the region where the optimum measurement can be made,
and the region where the optimum measurement cannot be
made, wherein the horizontal axis represents the normalized
speed V*, and the vertical axis represents the normalized
frequency F*. That is to say, it has been confirmed based
upon the experimental results, that optimum measurement
can be made in the region which satisfies the relation,
F*24V sin @, i.¢., in the upperleft region in the drawing.

[0246] FIG. 14 is an explanatory diagram which shows
the region where the optimum measurement can be made,
and the region where the optimum measurement cannot be
made, wherein the horizontal axis represents the logarithm
of (Cw/Di), and the vertical axis represents the logarithm of
the pulse repetition frequency fpgg. That is to say, it has been
confirmed based upon the experimental results, that opti-
mum measurement can be made in the region which satisfies
the relation, fppp=Cw/2Dj, i.¢., in the lower-right region in
the drawing.

[0247] FIG. 15 is an explanatory diagram which shows
the region where the optimum measurement can be made,
and the region where the optimum measurement cannot be
made, with regard to typical tubes. An arrangement may be
made wherein the relation as shown in FIG. 15 is provided
for the user in the form which allows the user to obtain the
relation on the network, or in the form of a printed table. In
this case, the user can determine whether or not optimum
measurement can be made under certain conditions, based
upon the aforementioned information.

[0248] Now, description will be made step by step regard-
ing the ultrasonic flow measurement procedure, i.c., mea-
surement of the flow of the fluid 12 to be measured, which
is performed by the doppler ultrasonic flowmeter 10C.

[0249] FIG. 16 is an explanatory diagram for describing
step by step regarding the ultrasonic flow measurement
procedure (which is denoted by “third ultrasonic flow mea-
surement procedure” in FIG. 16), i.e., the ultrasonic flow
measurement method which is performed by the doppler
ultrasonic flowmeter 10C.

[0250] As shown in FIG. 16, the ultrasonic flow measure-
ment procedure comprises: a reflector-group-speed calculat-
ing step (Step S21 and Step S22); a flow-speed distribution
measurement processing step (Step S23 and Step S24); an
optimum-value setting step (Step S25) for calculating the
optimum values of the basic frequency f,, the pulse repeti-
tion frequency iy, and the incident angle a; and a flow
measurement processing step (Step S26).

[0251] Specifically, the reflector-group-speed calculating
step (Step S21 and Step S22) includes an initial-value
acquisition step (Step S21), and a reflector-group-speed
calculating step (Step S22). First, the flow proceeds to Step
S21, i.e., the initial-value acquisition step, wherein the
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system receives the initial values of the basic frequency f, at
the start time of measurement, the pulse repetition frequency
forp> and the incident angle o.. Then, the flow proceeds to
Step S22, i.e., the reflector-group-speed calculating step,
where the system casts the ultrasonic pulses onto the fluid 12
to be measured, receives the ultrasonic echoes so as to
calculate the speed of each of the number of reflectors 25
contained in the fluid 12 to be measured, and the Udflow umt
13 outputs the calculated flow-speed distribution of the
reflector-groups 25 as the flow-speed distribution data.
Then, the reflector-group-speed calculating step (Step S22)
ends.

[0252] Upon completion of the reflector-group-speed cal-
culating step, the flow proceeds to the flow-speed distribu-
tion measurement processing step (Step S23 and Step S24).
First, the flow proceeds to the flow-speed calculating dis-
tribution step (Step S23), where the flow-speed distribution
calculating member 67 calculates the flow-speed distribu-
tion of the fluid 12 to be measured, and the center position.
Subsequently, the flow proceeds to the flow-speed distribu-
tion data output step (Step S24), where the flow-speed
distribution calculating member 67 outputs the flow-speed
distribution data and the center position, thus obtained.
Upon output of the flow-speed distribution data and the
center position data from the flow-speed distribution calcu-
lating member 67, the flow-speed distribution measurement
processing step ends.

[0253] Upon completion of the flow-speed distribution
measurement processing step, the flow proceeds to the
maximum-value setting step (Step S25), where the opti-
mum-value calculating member 77 calculates the optimum
values of the basic frequency f,, the pulse repetition fre-
quency fprp, and the incident angle .

[0254] Specifically, the flow proceeds to the optimum-
value setting step, i.¢., the emission frequency reset step for
resetting the emission frequency to the emission frequency
f, which satisfies the following Expression.

Fyz4Vysin a, and fprp=Cw/2Di

[0255] Note that the optimum-value calculating member
77 resets the emission frequency f;. Upon reset of the
emission frequency fl by the optimum-value calculating
member 77, the flow proceeds to the flow-speed distribution
measurement processing step, where the system calculates
the flow-speed distribution using the updated emission fre-
quency f1. Note that the flow-speed distribution measure-
ment processing step and the emission frequency reset step
are repeated until the optimum emission frequency is
obtained for measurement. Upon the system obtaining the
optimum emission frequency f1, the optimum-value setting
step (Step S25) ends.

[0256] Upon completion of the optimum-value setting
step, the flow proceeds to Step S26, i.c., the flow measure-
ment processing step. The flow measurement processing
step, 1.e., Step S26, has the same configuration as that of the
flow measurement processing step (Step S6 and Step S7)
shown in FIG. 8.

[0257] As described above, with the doppler ultrasonic
flowmeter 10C according to the present embodiment, the
flow measurement method using the doppler ultrasonic
flowmeter 10C, and the flow measurement program
employed for the doppler ultrasonic flowmeter 10C, the
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optimum-value calculating member 77 has a function for
automatic calculation of the optimum value used for adjust-
ment of measurement, which depends upon the properties of
the object to be measured, thereby enabling measurement
without preliminary measurement for obtaining the opti-
mum value used for adjustment of measurement, which
depends upon the properties of the object to be measured,
and thereby reducing the load on the user due to the
troublesome procedure before measurement.

[0258] Note that an arrangement may be made wherein the
data input element 78 automatically receives the inner
diameter Di of the fluid tube 11, the ultrasonic wave speed
Cw in the fluid 12 to be measured, and the incident angle c
of the ultrasonic pulses, or an arrangement may be made
wherein the user manually inputs the aforementioned infor-
mation to the data input element 78.

[0259] Note that while description has been made regard-
ing an arrangement wherein the present embodiment is
applied to the doppler ultrasonic flowmeter 10 shown in
FIG. 1, having a configuration wherein the computer 14
reads out and executes the flow measurement PG 41C stored
in the storage member 37, whereby a combination of the
Udflow unit 13, i.e., a hardware component unit, and the
flow measurement PG 41C, i.e., a software component, has
the functions serving as the doppler ultrasonic flowmeter
10C, the present embodiment may be applied to the doppler
ultrasonic flowmeter 50 or the doppler ultrasonic flowmeter
60.

Seventh Embodiment

[0260] A doppler ultrasonic flowmeter S0A according to a
seventh embodiment of the present invention has generally
the same configuration as that of the doppler ultrasonic
flowmeter 50 shown in FIG. 3, wherein the computer 14
reads out and executes a flow measurement PG 41D stored
in the storage member 37, whereby a combination of the
Udflow unit 13, i.e., a hardware component unit, and a flow
measurement PG 41D, ie., a software component, has the
functions serving as the doppler ultrasonic lowmeter S0A.

[0261] FIG. 17 is a functional block diagram of the
doppler ultrasonic flowmeter 50A according to the seventh
embodiment of the present invention.

[0262] The doppler ultrasonic flowmeter 50A comprises: a
Udflow unit 13 including the incident angle adjusting/setting
member 31; the flow-speed distribution calculating member
67, the flow calculating member 68; an optimum-value
calculating member 77A for making automatic selection of
the optimum value used for adjustment of measurement,
which depends upon the properties of the object to be
measured. Note that the doppler ultrasonic flowmeter S0A
according to the present embodiment has the same configu-
ration wherein the Udfow unit 13 serving as the flow-speed
data acquisition member 18 and the flow-speed distribution
calculating member 67 form the flow-speed distribution
measurement unit, and the Udflow unit 13, the flow-speed
distribution calculating member 67, and the flow calculating
member 68, form the flow measurement unit.

[0263] The optimum-value calculating member 77 A com-
prises: the data input element 78; the maximum-flow-speed
calculating element 79; the normalized speed calculating
element 80; the normalized frequency calculating element
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81; an incident angle setting element 84 for resetting the
incident angle to a1, which satisfies the following Expres-
sion.

Fyz4Vysin 0, and fprp=Cw/2Di

[0264] With the doppler ultrasonic flowmeter 50A, the
data input element 78 of the optimum-value calculating
member 77 receives the initial values of the inner diameter
Di of the fluid tube 11, the ultrasonic wave speed Cw in the
fluid 12 to be measured, and the incident angle o of the
ultrasonic pulses. Furthermore, the maximum flow-speed
calculating element 79 thereof calculates the maximum flow
speed V based upon the flow-speed distribution measured by
the flow-speed distribution calculating member 67.

[0265] The normalized speed calculating element 80 cal-
culates the normalized flow speed V,, which is obtained by
dividing the maximum flow speed V calculated by the
maximum flow-speed calculating element 79, by the ultra-
sonic wave speed Cw in the fluid 12 to be measured; Cw
having been received by the data input element 78. On the
other hand, the normalized frequency calculating element 81
calculates the normalized frequency F, which is obtained by
dividing the pulse repetition frequency fprp by the emission
frequency £,

[0266] The incident angle setting element 84 resets the
incident angle to a1 which satisfies the relation represented
by the following Expression 1 including the normalized flow
speed V, calculated by the normalized speed calculating
element 80 and the normalized frequency F, calculated by
the normalized frequency calculating element 81.

Fy24Vysin o, and fprp=Cw/2Di

[0267] Note that the relation represented by the Expres-
sion 1 represents the range of the optimum values shown in
FIG. 13 through FIG. 15, and has been proposed based
upon the experimental results obtained by the present inven-
tor.

[0268] FIG. 18 is an explanatory diagram for making
description step by step regarding the ultrasonic flow mea-
surement procedure (which is denoted by “fourth ultrasonic
flow measurement procedure” in FIG. 18), i.., the ultra-
sonic flow measurement method employed for the doppler
ultrasonic flowmeter S0A.

[0269] As shown in FIG. 18, the ultrasonic flow measure-
ment procedure comprises: a reflector-group-speed calculat-
ing step (Step S31 and Step $32); a flow-speed distribution
measurement processing step (Step S33 and S34); an opti-
mum-value setting step for calculating the optimum values
of the basic frequency f,,, the pulse repetition frequency fpz 5,
and the incident angle o (Step S35); and a flow measurement
processing step (Step S36).

[0270] The reflector-group-speed calculating step (Step
S31 and Step S32) comprises an initial-value acquisition
step (Step S31) and the reflector-group-speed calculating
step (step $32). First, the flow proceeds to Step S31, i.e., the
initial-value acquisition step, where the system receives the
initial values of the basic frequency f, at the start time of
measurement, the pulse repetition frequency forp, and the
incident angle c.. Then, the flow proceeds to Step S32, ie.,
the reflector-group-speed calculating step, the system cal-
culates the speed of each of the number of reflectors 25
contained in the fluid 12 to be measured, and the Udflow umt
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13 outputs the calculated flow-speed distribution of the
reflectors 25 as the flow-speed distribution data.

[0271] Next, the flow proceeds to the flow-speed distri-
bution calculating step (Step S33) in the flow-speed distri-
bution measurement processing step (step S33 and Step
S34), where the flow-speed distribution calculating member
67 calculates the flow-speed distribution of the fluid 12 to be
measured and the center position. Subsequently, the flow
proceeds to the flow-speed distribution data output step
(Step S34), where the flow-speed distribution calculating
member 67 outputs the flow-speed distribution data and the
center position data thus calculated. Upon output of the
flow-speed distribution data and the center position data, the
flow-speed distribution measurement processing step ends.

[0272] Upon completion of the flow-speed distribution
measurement processing step, the flow proceeds to the
optimum-value setting step (Step S35), where the optimum-
value calculating member 77A calculates the optimum val-
ues of the basic frequency £, the pulse repetition frequency
fprp> and the incident angle a.

[0273] Specifically, in the optimum-value setting step, i.e.,
the incident-angle reset step, in this case, the system resets
the incident angle to al which satisfies the following
Expression.

FoZ4Vysin a, and forp SCw/2Di

[0274] Note that the optimum-value calculating member
77A resets the incident angle to al. Upon reset of the
incident angle to the optimum incident angle cl for mea-
surement, the optimum-value setting step (Step S35) ends.

[0275] Upon completion of the optimum-value setting
step, the flow proceeds to Step S26, i.e., the flow measure-
ment processing step. The flow measurement processing
step has the same configuration as that of the flow measure-
ment processing step (Step S6 and Step S7) shown in FIG.
8.

[0276] As described above, with the doppler ultrasonic
flowmeter SOA according to the present embodiment, the
flow measurement method using the doppler ultrasonic
flowmeter S0A, and the flow measurement program
employed for the doppler ultrasonic flowmeter 50A, the
optimum-value calculating member 77A has a function for
automatic calculation of the optimum value used for adjust-
ment of measurement, which depends upon the properties of
the object to be measured, thereby enabling measurement
without preliminary measurement for obtaining the opti-
mum value used for adjustment of measurement, which
depends upon the properties of the object to be measured,
and thereby reducing the load placed on the user by the
troublesome procedure before measurement.

[0277] Note that an arrangement may be made wherein the
data input element 78 automatically receives the inner
diameter Di of the fluid tube 11, the ultrasonic wave speed
Cw in the fluid 12 to be measured, and the incident angle o
of the ultrasonic pulses, or an arrangement may be made
wherein the user manually inputs the aforementioned infor-
mation to the data input element 78.

[0278] While description has been made regarding an
arrangement wherein the optimum-value calculating mem-
ber 77A comprises the data input element 78, the maximum
flow-speed calculating element 79, the normalized speed
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calculating element 80, the normalized frequency calculat-
ing element 81, and the incident angle setting element 84, an
arrangement may be made wherein the optimum-value cal-
culating member 77A further comprises the frequency set-
ting element 82 in the same way as with the optimum-value
calculating member 77.

[0279] Note that while description has been made regard-
ing an arrangement wherein the present embodiment is
applied to the doppler ultrasonic flowmeter 50 shown in
FIG. 3, having a configuration wherein the computer 14
reads out and executes the flow measurement PG 41D stored
in the storage member 37, whereby a combination of the
Udflow unit 13, i.e., a hardware component unit, and the
flow measurement PG 41D, i.e., a software component, has
the functions serving as the doppler ultrasonic flowmeter
50A, the present embodiment may be applied to the doppler
ultrasonic flowmeter 60.

Eight Embodiment

[0280] FIG. 19 is a functional block diagram of a doppler
ultrasonic flowmeter 10D according to an eighth embodi-
ment of the present invention.

[0281] The doppler ultrasonic flowmeter 10D shown in
FIG. 19 has generally the same configuration as that of the
doppler ultrasonic flowmeter 10 shown in FIG. 1, wherein
the computer 14 reads out and executes a flow measurement
PG 41E stored in the storage member 37, whereby a
combination of the Udflow unit 13, i.e., a hardware com-
ponent unit, and a PG 41E, i.c., a software component, has
the functions serving as the doppler ultrasonic flowmeter.

[0282] As shown in FIG. 19, the doppler ultrasonic flow-
meter 10D includes: the Udflow unit 13; the flow-speed
distribution calculating member 67; the flow calculating
member 68; a channel distance computing member 87 for
computing the minimum channel distance based upon the
frequency and the speed of the ultrasonic pulses; a measure-
ment range display member 88 for computing and display-
ing the measurement range based upon the minimum chan-
nel distance thus computed; and channel distance change/
setting member 89 which allows the user to determine
whether or not the minimum channel distance is changed to
the value obtained by multiplying the initial minimum
channel distance by an integer.

[0283] The channel distance computing member 87 com-
putes the minimum channel distance based upon the fre-
quency and the speed of the ultrasonic pulses. The measure-
ment range display member 88 computes the measurement
range based upon the minimum channel distance computed
by the channel distance computing member 87, and displays
the computation results on display. The channel distance
change/setting member 89 receives a request for change and
setting of the minimum channel distance, which allows the
user to determine whether or not the minimum channel
distance is changed to the value obtained by multiplying the
initial minimum channel distance by an integer.

[0284] Let us say that the ultrasonic pulse is cast from the
transducer onto the fluid, is reflected from the far-side tube
wall, and received by the reflected-wave receiver, just during
the pulse repetition cycle (=1/fpgg). In this case, the maxi-
mum value of the channel distance which can be set by the
channel distance change/setting member 89 matches the
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tube diameter of the fluid tube 11. Accordingly, the maxi-
mum value of the channel distance can be varied by adjust-
ing the pulse repetition frequency fpxe. Note that it can be
understood that the system can set the maximum channel
distance sufficient for measurement of the actual fluid tube
11 having the largest tube diameter, based upon the fact that
the system can set a desired pulse repetition frequency fpgpe
from the minimum in order of 1 Hz, and the ultrasonic wave
speed Cw is in order of 1000 m/s in the fluid 12 to be
measured.

[0285] FIG. 20 is an explanatory diagram for making
description step by step regarding the ultrasonic flow mea-
surement procedure (which is denoted by “fifth ultrasonic
flow measurement procedure” in FIG. 20), ie., the ultra-
sonic flow measurement method employed for the doppler
ultrasonic flowmeter 10D.

[0286] As shown in FIG. 20, the ultrasonic flow measure-
ment procedure performed by the doppler ultrasonic flow-
meter 10D comprises: a reflector-group-speed calculating
step (Step S41); a flow-speed distribution measurement
processing step (Step S42); a channel distance computing
step (step S43); a measurement range display step (Step S44
through Step S46); a channel distance changing step (Step
S47); and a flow measurement processing step (Step S48).

[0287] The reflector-group-speed calculating step (Step
S41) has the same configuration as that of the reflector-
group-speed calculating step (Step S1) shown in FIG. 8§,
wherein the Udflow unit 13 calculates the speed of each of
the number of reflectors 25 contained in the fluid 12 to be
measured, and the Udflow unit 13 outputs the calculated
flow-speed distribution of the reflectors 25 as the flow-speed
distribution data. Furthermore, the Udflow unit 13 outputs
the data of the frequency f; of the ultrasonic pulses and the
ultrasonic wave speed Cw required for computation in the
channel distance computation step (Step S43). Upon
completion of the reflector-group-speed calculating step, the
flow proceeds to the flow-speed distribution measurement
processing step (Step S42).

[0288] 1In Step S42, i.c., the flow-speed distribution mea-
surement processing step, the flow-speed distribution calcu-
lating member 67 calculates the flow-speed distribution data
of the fluid 12 to be measured and the center position data
of the fluid tube 11 based upon the flow-speed distribution
data of the reflectors 23. Upon calculation of the flow-speed
distribution data of the fluid 12 to be measured, and the
center position data of the fluid tube 11, the flow-speed
distribution measurement processing step (Step S42) ends,
following which the flow proceeds to the channel distance
computing step (Step S43).

[0289] 1In Step S43, i.c., the channel distance computing
step, the channel distance computing member 87 computes
the minimum channel distance based upon the frequency f,
of the ultrasonic pulses at the time of measurement and the
ultrasonic wave speed Cw. Upon computation of the mini-
mum channel distance, the channel distance computing step
ends, following which the flow proceeds to the measurement
range display steps (Step S44 through Step S46).

[0290] The measurement range display steps (Step S44
through Step S46) comprises: a measurement range com-
puting step (Step S44) for computing the measurement range
based upon the minimum channel distance computed by the
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channel distance computing member 87; a measurement
range display step (Step S45) for displaying the data of the
measurement range computed in the measurement range
computing step on display; and a channel distance change/
setting determination step (Step S46) which allows the user
to determine whether or not the channel distance is changed,
through the display.

[0291] In the measurement range display steps (Step S44
through Step S46), first, the flow proceeds to Step S44, i.e.,
the measurement range computing step, where the measure-
ment range display member 88 computes the measurement
range, following which the flow proceeds to Step S43, i.c.,
the measurement range display step, where the measurement
range display member 88 outputs the data of the measure-
ment range, and the computation processing member 35 of
the computer 14 displays the information regarding the
measurement range outputs from the measurement range
display member 88 on the display monitor 39.

[0292] FIG. 21 is a schematic explanatory diagram which
shows an example of a screen displayed on the display
monitor 39 as a result of the measurement range display step
(Step S45).

[0293] As shown in FIG. 21, a measurement range bar 91
is displayed on the upper portion of the flow-speed distri-
bution display portion 92, which allows the user to confirm
the measurement range.

[0294] Note that while the arrangement shown in FIG. 21
has a simple layout for convenience of description, it is
needless to say that the layout of the screen may further
include the information regarding the frequency of the
ultrasonic pulses, the ultrasonic wave speed, and so forth, as
necessary.

[0295] Furthermore, at the same time of display of the
measurement range bar 91 on the display monitor 39, the
flow proceeds to Step S46, i.c., the channel distance change/
setting determination step, where the system displays a
dialog box (which will be referred to as “channel distance
change/setting determination dialog box” hereafter) 93 on
the display monitor 39, which allows the user to determine
whether or not the channel distance is changed. Upon
display of the measurement range bar and the channel
distance change/setting determination dialog box, the mea-
surement range display steps (Step S44 through Step S46)
ends.

[0296] Inthe event that the user has determined that there
is no need to change the minimum channel distance in
particular through the minimum channel distance change/
setting determination dialog box displayed on the display
monitor 39 in Step S46, i.e., the channel distance change/
setting determination step (in a case of “NO” in Step S46),
the flow proceeds to the flow measurement processing step
(Step S48). The flow measurement processing step (Step
S48) has the same configuration as that of the flow mea-
surement processing step (Step S6 and Step S7) shown in
FIG. 8. Upon completion of the Step S48, i.e., the flow
measurement processing step, the ultrasonic flow measure-
ment procedure ends.

[0297] On the other hand, in the event that the user has
determined that there is the need to change the minimum
channel distance through the minimum channel distance
change/setting determination dialog box 93 displayed on the
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display monitor 39 in Step S46, i.c., the channel distance
change/setting determination step (in a case of “YES” in
Step S46), the flow proceeds to the channel distance chang-
ing step (Step S47).

[0298] In the channel distance changing step, the channel
distance change/setting member 89 changes the channel
distance by multiplying the minimum channel distance by an
integer corresponding to the request input by the user. In a
case of input of a request that measurement is made with the
channel distance twice the minimum distance channel, the
channel distance is set to twice the minimum channel
distance.

[0299] As shown in FIG. 21, the system provides a GUI,
e.g., a channel distance setting window 94 displayed on the
display monitor 39, which allows the user to change the
channel distance through the input member 38 of the per-
sonal computer 14. Alternatively, the user selects and oper-
ates (click operation) a vertical cursor 95 displayed on the
side of the channel distance setting window 94 through the
input member 38 of the personal computer 14 so as to adjust
the channel distance in increments of the minimum channel
distance. Note that in a case wherein the user sets the value
in the channel distance setting window 94 to 2, the channel
distance is set to twice the minimum channel distance.

[0300] Upon completion of setting processing by the chan-
nel distance change/setting member 89 wherein the channel
distance is set to the value obtained by multiplying the
minimum channel distance by an integer which has been
input in the channel distance setting window 94, the channel
distance changing step (Step S47) ends, following which the
flow proceeds to Step S42. Then, the system executes the
processing steps following Step S42.

[0301] Next, description will be made regarding the esti-
mation results of the relation between the measurement
precision of the doppler ultrasonic flowmeter 10D and the
channel distance which is obtained by multiplying the
minimum channel distance by an integer, based upon the
measurement results.

[0302] (Estimation Results of the Relation Between the
Measurement Precision and the Channel Distance)

[0303] The first measurement was made as follows. That
is to say, flow measurement was made with regard to water
flowing within the fluid tube 11 with an inner diameter of
150 mm, serving as the fluid 12 to be measured, with a
sampling frequency of 1 MHz, and with a channel distance
of twice the minimum channel distance.

[0304] 1In a case of measurement of water serving as the
fluid 12 to be measured, with an sampling frequency of 1
MHz, the minimum channel distance is approximately 0.75
mm, based upon the fact that the ultrasonic wave speed is
1480 m/s in water. On the other hand, the doppler ultrasonic
flowmeter 10D used for the present measurement includes
128 channels, and accordingly, the measurement depth (dis-
tance) becomes 128x0.75 mm=96 mm. Accordingly, it can
be understood that the channel distance needs to be set to at
least twice or more the minimum channel distance.

[0305] In the first measurement using the doppler ultra-
sonic flowmeter 10D, the flow-speed distribution was
obtained with 100 channels (=150 mm/1.5 mm) of the 128
channels included in the doppler ultrasonic flowmeter 10D.
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[0306] Next, the second measurement was made as fol-
lows. That is to say, flow measurement was made with
regard to water flowing within the fluid tube 11 with an inner
diameter of 150 mm, serving as the fluid 12 to be measured,
with a sampling frequency of 1 MHz, and with a channel
distance of three times the minimum channel distance.

[0307] With the second measurement, the channel dis-
tance becomes three times the minimum channel distance,
ie., 0.75 mmx3=2.25 mm, and accordingly, the measure-
ment depth (distance) becomes 128x2.25 mm=288 mm. On
the other hand, in the second measurement, the flow-speed
distribution was obtained with 67 channels (=150 mm/2.25
mm) of the 128 channels included in the doppler ultrasonic
flowmeter 10D.

[0308] Next, the third measurement was made with a
reduced number of the measurement channels. As a result of
the third measurement, it has been confirmed that high
measurement can be made with a sufficiently smaller error
than 1% from the true value, even if measurement is made
with approximately half the measurement channels.

[0309] As can be understood from the measurement
results described above, it has been confirmed that the
doppler ultrasonic flowmeter according to the present
embodiment exhibits high measurement performance with-
out a particular countermeasure for handling measurement
with a large-diameter fluid tube, or improving measurement
precision, such as a configuration including the 256 channels
or 512 channels; the number being greater than with the
present embodiment including the 128 channels.

[0310] Specifically, it has been confirmed that with a
doppler ultrasonic flowmeter having a configuration wherein
the flow-speed distribution is calculated based upon the
ultrasonic echoes received by the measurement channels of
which the maximum number is 128, high-precision mea-
surement can be made with a sufficiently smaller error than
1% for any tube in a large diameter range from a large inner
diameter exceeding 280 mm, to a small inner diameter less
than 100 mm (e.g., in a case of employing the channel
distance three times the minimum channel distance, mea-
surement was made with an error of 0.0056%).

[0311] As described above, with the doppler ultrasonic
flowmeter 10D according to the present embodiment, the
flow measurement method using the doppler ultrasonic
flowmeter 10D, and the flow measurement program
employed for the doppler ultrasonic flowmeter 10D, the user
can determine to change the measurement range based upon
the relation between the measurement range calculated
based upon the minimum channel distance and the tube
diameter of the fluid tube within which the fluid to be
measured flows, as necessary, and the flow-speed distribu-
tion is computed based upon the measurement results with
the changed measurement range, thereby enabling extension
of the measurement range.

[0312] Note that while description has been made regard-
ing an arrangement wherein the present embodiment is
applied to the doppler ultrasonic flowmeter 10 shown in
FIG. 1, having a configuration wherein the computer 14
reads out and executes the flow measurement PG 41E stored
in the storage member 37, whereby a combination of the
Udflow unit 13, i.e., a hardware component unit, and the PG
41E, i.e., a software component, has the functions serving as
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the doppler ultrasonic flowmeter 10D, the present embodi-
ment may be applied to the doppler ultrasonic flowmeter 50
or the doppler ultrasonic flowmeter 60.

[0313] While description has been made regarding the
doppler ultrasonic flowmeter 10D having a configuration
wherein the mechanism which allows the system 1o adjust
the measurement range by setting the channel distance to a
value obtained by multiplying the minimum channel dis-
tance by an integer is applied to a doppler ultrasonic
flowmeter including 128 measurement channels, the present
invention is not restricted to the aforementioned arrange-
ment, rather, arrangements may be made wherein the afore-
mentioned mechanism is applied to a doppler ultrasonic
flowmeter including 128 or more measurement channels.

Ninth Embodiment

[0314] FIG. 22 is a functional block diagram of a doppler
ultrasonic flowmeter 10E according to a ninth embodiment
of the present invention.

[0315] The doppler ultrasonic flowmeter 10E shown in
FIG. 22 has generally the same configuration as that of the
doppler ultrasonic flowmeter 10 shown in FIG. 1, wherein
the computer 14 reads out and executes a flow measurement
PG 41F stored in the storage member 37, whereby a com-
bination of the Udflow unit 13, i.e., a hardware component
unit, and a flow measurement PG 41F, ie., a software
component, has the functions serving as the doppler ultra-
sonic flowmeter.

[0316] As shown in FIG. 22, the doppler ultrasonic flow-
meter 10E has the same configuration as that of the doppler
ultrasonic flowmeter 10D shown in FIG. 19, except for a
configuration including a channel distance automatic
change/determination member 97, instead of the channel
distance change/setting member 89. Accordingly, the same
components are denoted by the same reference numerals,
and description thereof will be omitted. Note that the present
embodiment has the same configuration wherein the Udflow
unit 13 serving as the flow-speed data acquisition member
18 and the flow-speed distribution calculating member 67
form the flow-speed distribution measurement unit, and the
Udflow unit 13, the flow-speed distribution calculating
member 67, and the flow calculating member 68, form the
flow measurement unit.

[0317] The doppler ultrasonic flowmeter 10E includes: the
Udflow unit 13; the flow-speed distribution calculating
member 67; the flow calculating member 68; the channel
distance computing member 87; the measurement range
display member 88; and the cannel distance automatic
change/determination member 97 for automatically deter-
mining whether or not the channel distance is set to a value
obtained by multiplying the minimum channel distance by
an integer. Specifically, the channel distance automatic
change/determination member 97 automatically determines
whether or not the channel distance is set to a value obtained
by multiplying the minimum channel distance by an integer,
based upon the minimum channel distance, the tube diam-
eter of the fluid tube 11, and the maximum number of the
measurement channels.

[0318] FIG. 23 is an explanatory diagram for making
description step by step regarding the ultrasonic flow mea-
surement procedure (which is denoted by “sixth ultrasonic
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flow measurement procedure” in FIG. 23), ic., the ultra-
sonic flow measurement method employed for the doppler
ultrasonic flowmeter 10E.

[0319] As shown in FIG. 23, the ultrasonic flow measure-
ment procedure performed by the doppler ultrasonic flow-
meter 11E comprises: a reflector-group-speed calculating
step (Step S51); a flow-speed distribution measurement
processing step (Step S52); a channel distance computing
step (step S53); a measurement range display step (Step S54
and Step S55); a flow-speed distribution information display
step (Step S56); a flow measurement processing step (Step
§57); and a channel distance changing step (Step S58).

[0320] The reflector-group-speed calculating step (Step
S51) has the same configuration as that of the reflector-
group-speed calculating step (Step S41) shown in FIG. 20,
wherein the Udflow unit 13 calculates the speed of each of
the number of reflectors 25 contained in the fluid 12 to be
measured, and the Udflow unit 13 outputs the calculated
flow-speed distribution of the reflectors 25, and the data of
the frequency f; of the ultrasonic pulses and the ultrasonic
wave speed Cw. Upon completion of the reflector-group-
speed calculating step, the flow proceeds to the flow-speed
distribution measurement processing step (Step S52).

[0321] In Step S52, i.e., the flow-speed distribution mea-
surement processing step, the flow-speed distribution calcu-
lating member 67 calculates the flow-speed distribution data
of the fluid 12 to be measured and the center position data
of the fluid tube 11 based upon the flow-speed distribution
data of the reflectors 25. Upon calculation of the flow-speed
distribution data of the fluid 12 to be measured, and the
center position data of the fluid tube 11, the flow-speed
distribution measurement processing step (Step S52) ends,
following which the flow proceeds to the channel distance
computing step (Step S53).

[0322] In Step S53, i.., the channel distance computing
step, the channel distance computing member 87 computes
the minimum channel distance based upon the frequency f,
of the ultrasonic pulses at the time of measurement and the
ultrasonic wave speed Cw. Upon computation of the mini-
mum channel distance, the channel distance computing step
ends, following which the flow proceeds to the measurement
range calculating step (Step S54 and Step S55).

[0323] The measurement range calculating step (Step S54
and Step S55) comprises: a measurement range computing
step (Step S54) for computing the measurement range based
upon the minimum channel distance computed by the chan-
nel distance computing member 87; and a channel distance
change determination step (Step S55) for determining
whether or not the channel distance needs to be changed.

[0324] In the measurement range calculating step (Step
S54 and Step S55), first, the flow proceeds to Step S54, i.c.,
the measurement range computing step, where the measure-
ment range display member 88 computes the measurement
range, following which the flow proceeds to Step S53, i.e.,
the channel distance change determination step, where the
cannel distance automatic change/determination member 97
determines whether or not the channel distance needs to be
changed based upon the measurement range calculated by
the measurement range display member 88 and the tube
diameter of the fluid tube within which the fluid to be
measured flows.
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[0325] 1In the event that the channel distance automatic
change/determination member 97 has determined that the
channel distance needs not to be changed in the channel
distance change determination step (in a case of “NO” in
Step S55), the flow proceeds to the flow-speed distribution
information display step (step S56), where the system dis-
plays the information regarding the flow-speed distribution
of the fluid 12 to be measured, and the measurement range,
on the display monitor 39.

[0326] Upon display of information regarding the flow-
speed distribution of the fluid 12 to be measured, and the
measurement range, on the display monitor 39, the flow-
speed distribution information display step (step S56) ends,
following which the flow proceeds to the flow measurement
processing step (Step S57). The flow measurement process-
ing step (Step S57) has the same configuration as that of the
flow measurement processing step (Step S6 and Step S7)
shown in FIG. 8. Then, upon completion of Step S57, i.e.,
the flow measurement processing step, the ultrasonic flow
measurement procedure ends.

[0327] On the other hand, in the event that the channel
distance automatic change/determination member 97 has
determined that the channel distance needs to be changed in
the channel distance change determination step (in a case of
“YES” in Step S55), the flow proceeds to the channel
distance changing step (Step S58).

[0328] The channel distance changing step (Step S58) has
the same configuration as that of the channel distance
changing step (Step S47) shown in FIG. 20, where the
channel distance automatic change/determination member
97 sets the channel distance to a value which is obtained by
multiplying the minimum channel distance by an integer.
Upon completion of the channel distance changing step, the
flow returns to Step S52, and the system performs process-
ing steps following Step S52.

[0329] As described above, with the doppler ultrasonic
flowmeter 10E according to the present embodiment, the
flow measurement method using the doppler ultrasonic
flowmeter 10E, and the flow measurement program
employed for the doppler ultrasonic flowmeter 10E, the
channel distance automatic change/determination member
97 determines whether or not the channel distance needs to
be changed based upon the measurement range calculated
from the minimum channel distance and the tube diameter of
the fluid tube within which the fluid to be measured flows,
and automatically change the measurement range, as nec-
essary, for measurement of the flow-speed distribution.

[0330] This enables extension of the measurement range
in the same way as with the doppler ultrasonic flowmeter
10D according to the present embodiment, the flow mea-
surement method using the doppler ultrasonic flowmeter
10D, and the flow measurement program employed for the
doppler ultrasonic flowmeter 10D. Furthermore, an arrange-
ment with an extended measurement range exhibits a high-
precision measurement performance with a sufficiently
smaller error than 1%.

[0331] Note that while description has been made regard-
ing an arrangement wherein the present embodiment is
applied to the doppler ultrasonic flowmeter 10 shown in
FIG. 1, having a configuration wherein the computer 14
reads out and executes the flow measurement PG 41F stored
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in the storage member 37, whereby a combination of the
Udflow unit 13, i.e., a hardware component unit, and the
flow measurement PG 41F, i.e., a software component, has
the functions serving as the doppler ultrasonic flowmeter
10E, the present embodiment may be applied to the doppler
ultrasonic lowmeter 50 or the doppler ultrasonic flowmeter
60.

[0332] While description has been made regarding the
doppler ultrasonic flowmeter 10E including the channel
distance automatic change/determination member 97,
instead of the channel distance change/setting member 89,
the doppler ultrasonic flowmeter 10E may include both the
channel distance automatic change/determination member
97 and the channel distance change/setting member 89. The
doppler ultrasonic flowmeter having such a configuration
allows the user to sclect a desired selection mode from the
two kinds of the selection modes, i.e., the manual selection
according to the selection of the user, and the automatic
selection. In this case, an arrangement may be made wherein
amenu is prepared for the user, wherein in the event that the
channel distance has not been changed according to the
selection of the user, the system automatically changes the
channel distance to a more suitable value for measurement.

Tenth Embodiment

[0333] FIG. 24 is a functional block diagram of a doppler
ultrasonic flowmeter 10F according to a tenth embodiment
of the present invention.

[0334] The doppler ultrasonic flowmeter 10F shown in
FIG. 24 has generally the same configuration as that of the
doppler ultrasonic flowmeter 10 shown in FIG. 1, wherein
the computer 14 reads out and executes a flow measurement
PG 41G stored in the storage member 37, whereby a
combination of the Udflow unit 13, i.e., a hardware com-
ponent unit, and a flow measurement PG 41G, ie., a
software component, has the functions serving as the dop-
pler ultrasonic flowmeter.

[0335] As shown in FIG. 24, the doppler ultrasonic flow-
meter 10F includes: the Udflow unit 13; the flow-speed
distribution calculating member 67; the flow calculating
member 68; a flow-speed distribution output member 99 for
outputting the relation between the flow-speed distribution
of the fluid 12 to be measured and the distance in the
direction of the measurement line ML in the form of an
image; a flow-speed zero-point display member 100 for
displaying the zero points which represents the flow speed of
zero in the form of a continuous line; and a flow-speed
measurement range switching member 101 for switching the
measurement range (which will be referred to as “flow-
speed measurement range” hereafter) of the flow-speed
distribution measurement unit between a normal range mode
and a double-range mode where the system displays the
flow-speed distribution in a positive measurement range
alone with a flow-speed measurement range twice that of the
normal mode.

[0336] Note that the present embodiment has the same
configuration wherein the Udflow unit 13 serving as the
flow-speed data acquisition member 18 and the flow-speed
distribution calculating member 67 form the flow-speed
distribution measurement unit, and the Udflow unit 13, the
flow-speed distribution calculating member 67, and the flow
calculating member 68, form the flow measurement unit.
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[0337] The flow-speed distribution output member 99
displays the relation between the flow-speed distribution
data of the fluid 12 to be measured, which has been output
from the flow-speed distribution calculating member 67, and
the distance in the direction of the measurement line ML, on
the display monitor 39. The flow-speed zero-point display
member 100 superimposes a flow-speed zero line which
represents the flow speed of zero, on the flow-speed distri-
bution displayed on the display monitor 39.

[0338] The flow-speed measurement range switching
member 101 allows the user to switch the measurement
mode between the normal range mode and the double-range
mode where the flow-speed distribution or the flow is not
measured in the negative range, but is measured in the
positive measurement range alone. This allows the system to
make measurement without handling the information
whether the measurement results belong to the positive
measurement range or the negative range, and accordingly,
the performance which has been used for handling such
information become available, thereby increasing the per-
formance for measurement of the flow speed, and thereby
increasing the flow-speed measurement range to twice that
of the normal range mode, at the time of flow measurement
in the positive measurement range alone.

[0339] FIG. 25 shows examples of graphic images dis-
played on the display monitor 39 by the flow-speed distri-
bution output member 99 of the doppler ultrasonic flowme-
ter 10E, which show the relations between the flow-speed
distribution data of the fluid 12 to be measured, which has
been output from the flow-speed distribution calculating
member 67, and the distance in the direction of the mea-
surement line ML.

[0340] Note that FIG. 25(A) shows the state where the
flow-speed measurement range switching member 101 has
not switched the measurement mode to the double-range
mode for measuring the flow speed in the positive measure-
ment range alone, i.., the state in the normal range mode.
On the other hand, FIG. 25(B) shows the state where the
flow-speed measurement range switching member 101 has
switched the measurement mode to the double-range mode
for measuring the flow speed in the positive measurement
range alone.

[0341] InFIG.25(A), the flow-speed distribution concen-
trates on the upper portion (in the positive range of the flow
speed) as to the flow-speed zero line 103, and a part of the
points which represents the flow-speed distribution at the
corresponding position of the tube 11 exhibits greater flow
speed than the maximum flow speed which can be measured
at the normal range mode. In this case, upon the user
selecting (clicking) the a “positive” radio button of a flow-
speed range switching GUI 104 so as to switch a “normal”
radio button to the “positive” radio button, the flow-speed
measurement range switching member 101 switches the
measurement range to the double-measurement-range.

[0342] Upon switching of the flow-speed-measurement
range to the double-measurement-range, the flow-speed zero
line 103 matches the horizontal axis, and the flow-speed
distribution is not displayed in the negative range, but is
displayed in the positive range with a flow-speed measure-
ment range twice that of the normal measurement range, as
shown in FIG. 25(B). Note that FIG. 25(B) shows an
example wherein the flow-speed distribution is displayed
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over all the positions of the tube 11 as a result of switching
of the flow-speed measurement range to the double-mea-
surement-range.

[0343] FIG. 26 is an explanatory diagram for making
description step by step regarding the ultrasonic flow mea-
surement procedure (which is denoted by “seventh ultra-
sonic flow measurement procedure” in FIG. 26), i.c., the
ultrasonic flow measurement method employed for the dop-
pler ultrasonic flowmeter 10F.

[0344] As shown in FIG. 26, the ultrasonic flow measure-
ment procedure performed by the doppler ultrasonic flow-
meter 10F comprises: a reflector-group-speed calculating
step (Step S61); a flow-speed distribution measurement
processing step (Step S$62); a flow-speed distribution output
step (Step S63) for outputting the relation between the
flow-speed distribution of the fluid 12 to be measured and
the distance in the direction of the measurement line ML in
the form of an image on a screen; a flow-speed zero-line
display step (Step S64) for superimposing the flow-speed
zero line 103 on the flow-speed distribution displayed on the
screen in the flow-speed distribution output step; a flow-
speed measurement range switching determination step
(Step S65) which allows the user to determine whether or
not the flow-speed measurement range is switched; a flow
measurement processing step (Step $66); and a flow-speed
measurement range switching step (Step S67) for switching
the measurement mode between the normal range mode and
the double-range mode which allows the measurement of the
positive flow speed with a flow-speed measurement range
twice that of the normal range.

[0345] The reflector-group-speed calculating step (Step
S61) has the same configuration as that of the reflector-
group-speed calculating step (Step S1) shown in FIG. 8.
Upon completion of the reflector-group-speed calculating
step (Step S61), the flow proceeds to the flow-speed distri-
bution measurement processing step (Step S62).

[0346] In the flow-speed distribution measurement pro-
cessing step (step S62), the system performs the same
processing as in the flow-speed distribution measurement
processing step (step S2). Upon completion of the flow-
speed distribution measurement processing step (Step S62),
the flow proceeds to the flow-speed distribution output step
(Step S63), where the flow-speed distribution output mem-
ber 99 outputs the relation between the flow-speed distri-
bution of the fluid 12 to be measured and the distance in the
direction of the measurement line ML in the form of an
image on the display monitor 39 as shown in FIG. 25.

[0347] Upon completion of the flow-speed distribution
output step, the flow proceeds to the flow-speed zero-line
display step (Step S64), where the flow-speed zero-point
display member 100 superimposes the flow-speed zero line
103 on the flow-speed distribution displayed on the screen in
the flow-speed distribution output step. Upon completion of
the flow-speed zero-line display step (Step S64), the flow
proceeds to the flow-speed measurement range switching
determination step (Step S65), where the flow-speed mea-
surement range switching member 101 displays a GUI on
the display monitor 39, which allows the user to determine
whether or not the flow-speed measurement range switching
member 101 switches the flow-speed range.

[0348] The user determines whether or not the flow-speed
measurement range switching member 101 switches the
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flow-speed range, through the GUI displayed on the display
monitor 39 by operating the input member 38 of the com-
puter 14. In the event that the user has given instructions to
the flow-speed measurement range switching member 101
that the flow-speed range is not switched, through the input
member 38 (in a case of “NO” in Step S65), the flow
proceeds to the flow measurement processing step (Step
S66). The flow measurement processing step (Step S66) has
the same configuration as that of the flow measurement
processing step (Step S6 and Step S7) shown in FIG. 8.
Upon completion of Step S66, i.c., the flow measurement
processing step, the ultrasonic flow measurement procedure
ends.

[0349] On the other hand, in the event that the user has
given instructions to the flow-speed measurement range
switching member 101 that the flow-speed range is
switched, through the input member 38 (in a case of “YES”
in Step S65), the flow proceeds to the flow-speed measure-
ment range switching step (Step S67). In the flow-speed
measurement range switching step (Step S67), the flow-
speed measurement range switching member 101 switches
the flow-speed measurement range between the normal
measurement range and the double-measurement-range for
measuring the positive flow speed. Upon completion of the
flow-speed measurement range switching step, the flow
proceeds to Step S65. Then, the system performs the pro-
cessing steps following Step S65.

[0350] As described above, the doppler ultrasonic flow-
meter 10F according to the present embodiment, the flow
measurement method using the doppler ultrasonic flowmeter
10F, and the flow measurement program employed for the
doppler ultrasonic flowmeter 10F, allow the user to switch
the flow-speed measurement range between the normal
measurement range and the double-measurement-range,
thereby enabling flow measurement in an extended flow-
speed measurement range twice that of the normal measure-
ment range, as necessary.

[0351] While description has been made regarding an
arrangement wherein the doppler ultrasonic flowmeter 10F
includes the flow-speed measurement range switching mem-
ber 101 having a function for switching the flow-speed
measurement range between the normal measurement range
and the double-measurement-range, thereby enabling mea-
surement of the positive flow speed in an extended flow-
speed measurement range twice that of the normal measure-
ment range, it is needless to say that an arrangement may be
made wherein the doppler ultrasonic flowmeter 10F has a
function for switching the flow-speed measurement range
between the normal measurement range and the double-
measurement-range, thereby enabling measurement of the
negative flow speed in an extended flow-speed measurement
range twice that of the normal measurement range. In this
case, the user should select a “negative” radio button of the
flow-speed range switching GUI 104 shown in FIG. 25.

[0352] Note that while description has been made regard-
ing an arrangement wherein the present embodiment is
applied to the doppler ultrasonic flowmeter 10 shown in
FIG. 1, having a configuration wherein the computer 14
reads out and executes the flow measurement PG 41G stored
in the storage member 37, whereby a combination of the
Udflow unit 13, ie., a hardware component unit, and the
flow measurement PG 41G, i.e., a software component, has
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the functions serving as the doppler ultrasonic flowmeter
10F, the present embodiment may be applied to the doppler
ultrasonic flowmeter 50 or the doppler ultrasonic flowmeter
60.

Eleventh Embodiment

[0353] FIG. 27 is a functional block diagram of a doppler
ultrasonic flowmeter 10G according to an eleventh embodi-
ment of the present invention.

[0354] The doppler ultrasonic flowmeter 10G shown in
FIG. 27 has generally the same configuration as that of the
doppler ultrasonic flowmeter 10 shown in FIG. 1, wherein
the computer 14 reads out and executes a flow measurement
PG 41H stored in the storage member 37, whereby a
combination of the Udflow unit 13, i.e., a hardware com-
ponent unit, and a flow measurement PG 41H, ie., a
software component, has the functions serving as the dop-
pler ultrasonic flowmeter.

[0355] As shown in FIG. 27, the doppler ultrasonic flow-
meter 10G has the same configuration as that of the ultra-
sonic flowmeter 10F shown in FIG. 24, except for a con-
figuration including a positive/negative determination
member 106 for determining whether or not the calculated
flow-speed distribution of the fluid 12 to be measured
contains any negative flow speed components, and an auto-
matic flow-speed range switching member 107 for switching
the flow-speed measurement range to the double-measure-
ment-range mode which allows measurement of the positive
flow speed with a flow-speed measurement range twice that
of the normal measurement range mode in the event that
determination has been made that the calculated flow-speed
distribution contains no negative flow speed components,
instead of the flow-speed measurement range switching
member 107.

[0356] Note that the present embodiment has the same
configuration wherein the Udflow unit 13 serving as the
flow-speed data acquisition member 18 and the flow-speed
distribution calculating member 67 form the flow-speed
distribution measurement unit, and the Udflow unit 13, the
flow-speed distribution calculating member 67, and the flow
calculating member 68, form the flow measurement unit.

[0357] The positive/negative determination member 106
determines whether or not the flow-speed distribution of the
fluid 12 to be measured, which has been calculated by the
flow-speed distribution calculating member 67, contains any
negative flow speed components. The automatic flow-speed
range switching member 107 switches the flow-speed mea-
surement range to twice the measurement range of the
normal measurement range mode, for measuring the positive
flow speed in the event that the positive/negative determi-
nation member 106 has determined that the calculated
flow-speed distribution contains no negative flow speed
components, without instructions from the user whether or
not the flow-speed measurement range is switched.

[0358] FIG. 28 is an explanatory diagram for making
description step by step regarding the ultrasonic flow mea-
surement procedure (which is denoted by “cighth ultrasonic
flow measurement procedure” in FIG. 28), ic., the ultra-
sonic flow measurement method employed for the doppler
ultrasonic flowmeter 10G.

[0359] As shown in FIG. 28, the ultrasonic flow measure-
ment procedure performed by the doppler ultrasonic flow-
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meter 10G comprises: a reflector-group-speed calculating
step (Step S71); a flow-speed distribution measurement
processing step (Step S72); a flow-speed range switching
determination step (Step S73 and Step S74) for determining
whether or not the flow-speed measurement range is
switched; a flow-speed distribution output step (Step S75);
a flow-speed zero-line display step (Step S76); a flow
measurement processing step (Step S77); and a flow-speed
measurement range switching step (Step S78).

[0360] With the ultrasonic flow measurement procedure
performed by the doppler ultrasonic flowmeter 10G, first,
the flow proceeds to the reflector-group-speed calculating
step (Step S71), and the flow-speed distribution measure-
ment processing step (Step S72). Note that the reflector-
group-speed calculating step (Step S71) and the flow-speed
distribution measurement processing step (Step S72) have
the same configurations as with the reflector-group-speed
calculating step (Step S61) and the flow-speed distribution
measurement processing step (Step S62) shown in FIG. 26,
respectively.

[0361] Upon completion of the reflector-group-speed cal-
culating step (Step S71) and the flow-speed distribution
measurement processing step (Step S72), the flow proceeds
to the flow-speed range switching determination step (Step
§73), where the positive/negative determination member
106 determines whether or not the flow-speed measurement
range is switched.

[0362] In the flow-speed range switching determination
step (Step S73), the positive/negative determination member
106 determines whether or not the flow-speed distribution of
the fluid 12 to be measured, which has been calculated by the
flow-speed distribution calculating member 67, contains any
negative flow speed components. In the event that determi-
nation has been made that the flow-speed distribution con-
tains the negative flow speed components (in a case of “NO”
in Step S73), the system does not switch the flow-speed
measurement range, following which the flow proceeds to
the flow-speed distribution output step (Step S74), the
flow-speed zero-line display step (Step S75), and the flow
measurement processing step (Step 76).

[0363] Note that the flow-speed distribution output step
(Step S74), the flow-speed zero-line display step (Step S75),
and the flow measurement processing step (Step S76), have
the same configurations as with the flow-speed distribution
output step (Step S63), the flow-speed zero-line display step
(Step S64), and the flow measurement processing step (Step
S66), shown in FIG. 26, respectively. Upon completion of
the flow-speed distribution output step (Step S74), the
flow-speed zero-line display step (Step S75), and the flow
measurement processing step (Step S76), the ultrasonic flow
measurement procedure performed by the doppler ultrasonic
flowmeter 10G ends.

[0364] On the other hand, in the event that determination
has been made that the flow-speed distribution does not
contain the negative flow speed components in the flow-
speed range switching determination step (Step S73), (in a
case of “YES” in Step S73), the positive/negative determi-
nation member 106 requests the automatic flow-speed range
switching member 107 to switch the flow-speed measure-
ment range. Then, the flow proceeds to Step S77, i.e., the
flow-speed measurement range switching step.

[0365] Note that Step S77, i.c., the flow-speed measure-
ment range switching step has the same configuration as that
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of the flow-speed measurement range switching step (Step
S67) shown in FIG. 26. In Step S77, i.c., the flow-speed
measurement range switching step, the automatic flow-
speed range switching member 107 switch the flow-speed
measurement range between the normal measurement range
and the double-measurement-range which allows the mea-
surement of the positive flow speed in a flow-speed mea-
surement range twice that of the normal measurement range
mode. Upon completion of the flow-speed measurement
range switching step (Step S77), the flow proceeds to Step
S72. Then, the system performs the processing steps fol-
lowing the Step S72.

[0366] As described above, the doppler ultrasonic flow-
meter 10G according to the present embodiment, the flow
measurement method using the doppler ultrasonic flowmeter
10G, and the flow measurement program employed for the
doppler ultrasonic flowmeter 10G, allow the user to switch
the flow-speed measurement range between the normal
measurement range and the double-measurement-range,
thereby enabling flow measurement in an extended flow-
speed measurement range twice that of the normal measure-
ment range, as Necessary.

[0367] While description has been made regarding an
arrangement wherein the doppler ultrasonic flowmeter 10G
includes the automatic flow-speed range switching member
107 having a function for switching the flow-speed mea-
surement range between the normal measurement range and
the double-measurement-range, thereby enabling measure-
ment of the positive flow speed in an extended flow-speed
measurement range twice that of the normal measurement
range, it is needless to say that an arrangement may be made
wherein the doppler ultrasonic flowmeter 10G has a function
for switching the flow-speed measurement range between
the normal measurement range and the double-measure-
ment-range, thereby enabling measurement of the negative
flow speed in an extended flow-speed measurement range
twice that of the normal measurement range. In this case, an
arrangement may be made wherein in the event that the
positive/negative determination member 106 has determined
that the flow-speed distribution contains no positive flow-
speed components, the positive/negative determination
member 106 requests the automatic flow-speed range
switching member 107 to switch the flow-speed measure-
ment range to twice the flow-speed range of the normal
measurement range mode, for measuring the negative flow,
thereby enabling measurement of a backward flow in a
flow-speed measurement range twice that of the normal
measurement range mode.

[0368] Note that while description has been made regard-
ing an arrangement wherein the present embodiment is
applied to the doppler ultrasonic flowmeter 10 shown in
FIG. 1, having a configuration wherein the computer 14
reads out and executes the flow measurement PG 41H stored
in the storage member 37, whereby a combination of the
Udflow unit 13, i.e., a hardware component unit, and the
flow measurement PG 41H, i.c., a software component, has
the functions serving as the doppler ultrasonic flowmeter
10G, the present embodiment may be applied to the doppler
ultrasonic lowmeter 50 or the doppler ultrasonic flowmeter
60.

[0369] While description has been made regarding an
arrangement wherein the doppler ultrasonic flowmeter 10G
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includes the automatic flow-speed range switching member
107, instead of the flow-speed measurement range switching
member 101, an arrangement may be made wherein the
doppler ultrasonic flowmeter 10G includes both the auto-
matic flow-speed range switching member 107 and the
flow-speed measurement range switching member 101. The
doppler ultrasonic flowmeter 10G having such a configura-
tion allows the user to switch the flow-speed measurement
range through manual switching according to a request from
the user and automatic switching.

[0370] Furthermore, the doppler ultrasonic flowmeter 10G
including both the flow-speed measurement range switching
member 101 and the automatic flow-speed range switching
member 107 allows the user to manually switch the flow-
speed measurement range if the automatic flow-speed range
switching member 107 makes undesirable switching of the
flow-speed measurement range, thereby improving use of
ease as compared with the doppler ultrasonic flowmeter 10G
including the automatic flow-speed range switching member
107 alone.

[0371] Note that the doppler ultrasonic flowmeter accord-
ing to any one of the embodiments described above accord-
ing to the present invention has a configuration wherein the
flow-speed distribution of the fluid 12 to be measured is
obtained beforehand for obtaining the flow, accordingly, the
doppler ultrasonic flowmeter according to the present inven-
tion has the functions serving as a flow-speed distribution
meter as well as a flowmeter. Furthermore, with the doppler
ultrasonic flowmeter according to the present invention, an
arrangement may be made wherein the measurement results
of the flow-speed distribution and the flow are displayed on
a single screen as shown in FIG. 9, or an arrangement may
be made wherein the measurement results of the flow-speed
distribution and the flow are displayed on separate screens.

[0372] On the other hand, the flow measurement PG 41
employed for the doppler ultrasonic flowmeter 10 according
to the present invention is not restricted to a single program,
rather, an arrangement may be made wherein separate pro-
grams form the flow measurement PG 41 as long as the
computer 14 can execute all the procedures of the flow
measurement PG 41.

[0373] Furthermore, an arrangement may be made
wherein the flow measurement program 41 or the like is
stored in a recording medium for being distributed to the
users. Note that the “recording medium” used here means a
medium for storing an intangible program, and examples
thereof include: a flexible disk; a hard disk; a CD-ROM; an
MO (magnet-optical disk); a DVD-ROM; and a PD; and so
forth.

[0374] Furthermore, the program such as the flow mea-
surement PG 41 or the like stored in the storage member 37
of the computer 14 may be transmitted/received to/from
other computers electrically connected to the I/F member 40
through an electric communication line. That is to say, a
desired program can be transmitted to the other computers
from the computer 14. Conversely, a desired program can be
preinstalled or downloaded to the computer 14 from the
other computer storing the desired program.

INDUSTRIAL APPLICABILITY

[0375] The present invention provides a doppler ultrasonic
flowmeter, a flow measurement method using the doppler
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ultrasonic flowmeter, and a flow measurement program
employed for the doppler ultrasonic flowmeter, having the
advantage of enabling more correct measurement of the
flow-speed distribution and more correct measurement of
the flow even if the measured flow-speed distribution exhib-
its unignorable irregularities.

[0376] Furthermore, the present invention provides a dop-
pler ultrasonic flowmeter, a flow measurement method using
the doppler ultrasonic flowmeter, and a flow measurement
program employed for the doppler ultrasonic flowmeter,
having the advantage of automatically calculating the opti-
mum value used for adjustment of measurement, which
depends upon the properties of the object to be measured.

[0377] Furthermore, the present invention provides a dop-
pler ultrasonic flowmeter, a flow measurement method using
the doppler ultrasonic flowmeter, and a flow measurement
program employed for the doppler ultrasonic flowmeter,
having the advantage of extending the measurement range
without extending the performance of the hardware compo-
nent.

[0378] Furthermore, the present invention provides a dop-
pler ultrasonic flowmeter, a flow measurement method using
the doppler ultrasonic flowmeter, and a flow measurement
program employed for the doppler ultrasonic flowmeter,
having the advantage of extending the flow-speed measure-
ment range in the event that determination has been made
that the flow-speed distribution contains no negative flow-
speed components, as well as determining whether or not the
flow-speed distribution contains any negative flow-speed
components.

[0379] [Definition of Term]

[0380] The “flow measurement unit” used in this specifi-
cation is unit for making calculation as represented by the
following Expression.

[0381] [Expression 2]
m(t)=p v(x HdA @
[0382] wherein p represents the density of the fluid to
be measured, v(x, t) represents the velocity compo-
nent (x direction) at the point in time t, and A
represents the cross-sectional area through which the

fluid to be measured passes (cross-sectional area of
the tube).

[0383] Furthermore, the flow m(t) which flows within the
fluid tube at the point in time t is represented by the
following Expression by transforming the Expression (1)
described above.

[0384] [Expression 3]
m(t)=p/ [vx(y 6, O)r dr dO 2

[0385] wherein v(z, 0, t) represents the velocity com-
ponent at the point in time t, with a distance of r and
an angle of 6, with the center of the cross-section of
the tube as the center of the polar coordinate system.

1. A doppler ultrasonic flowmeter comprising:

an ultrasonic transmission member for casting ultrasonic
pulses with a predetermined frequency onto the fluid
within a tube, which is to be measured, along a mea-
surement line from an ultrasonic transducer;
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a flow-speed distribution measurement unit for receiving
ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution
of the fluid to be measured in the measurement region;

a flow measurement unit for measuring the flow of the
fluid to be measured in the measurement region based
upon the flow-speed distribution of the fluid to be
measured; and

a frequency selecting/setting member for automatically
selecting the optimum frequency, ie., the basic fre-
quency f, which causes the resonant transmission phe-
nomenon with regard to the tube wall of a fluid tube
within which the fluid to be measured flows,

wherein said ultrasonic transmission member has a con-
figuration for emitting ultrasonic pulses with the opti-
mum frequency selected by the frequency selecting/
setting member.

2. A doppler ultrasonic flowmeter comprising:

an ultrasonic transmission member for casting ultrasonic
pulses with a predetermined frequency onto the fluid
within a fluid tube, which is to be measured, along a
measurement line from an ultrasonic transducer;

a flow-speed distribution measurement unit for receiving
ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution
of the fluid to be measured in the measurement region;

a flow measurement unit for measuring the flow of the
fluid to be measured in the measurement region based
upon the flow-speed distribution of the fluid to be
measured; and

an incident angle adjusting/setting member for adjusting
and setting the incident angle of the ultrasonic pulses
cast from the ultrasonic transducer into the fluid to be
measured,

wherein said incident angle adjusting/setting member has
a configuration for adjusting and setting the position
and the direction of the ultrasonic transducer such that
the ultrasonic pulses are cast onto the fluid tube with an
incident angle which causes the resonant transmission
phenomenon with regard to the tube wall of the fluid
tube.

3. A doppler ultrasonic flowmeter comprising:

an ultrasonic transmission member for casting ultrasonic
pulses with a predetermined frequency onto the fluid
within a fluid tube, which is to be measured, along a
measurement line from an ultrasonic transducer;

a flow-speed distribution measurement unit for receiving
ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution
of the fluid to be measured in the measurement region;

a flow measurement unit for measuring the flow of the
fluid to be measured in the measurement region based
upon the flow-speed distribution of the fluid to be
measured; and
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a transducer position adjusting mechanism for adjusting
the relative position of a pair of ultrasonic transducers
serving as the ultrasonic transmission member, i.e., a
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region, on the assumption that the flow-speed distribu-
tion is symmetrical with regard to the center position.
6. A doppler ultrasonic flowmeter according to claim 1,

first transducer and a second transducer, which are
disposed away one from another along the axial direc-
tion of a fluid tube,

further comprising a flow-speed distribution calculating
member for calculating the flow-speed distribution of the
fluid to be measured, within the measurement region,

wherein said transducer position adjusting mechanism has
a configuration for adjusting the position of the pair of
transducers while maintaining the positional relation
thereof such that the ultrasonic pulse beam cast from
the first transducer and the ultrasonic pulse beam cast
from the second transducer are orthogonal one to
another in the measurement region within the fluid
tube.

4. A doppler ultrasonic flowmeter according to claim 3,

further comprising:

a first reflected-wave receiver and a second reflected-
wave receiver for receiving ultrasonic echoes, i.¢., the
reflected waves from the measurement region of the
fluid tube due to ultrasonic pulses cast from the first
transducer and the second transducer;

a velocity-vector calculating member for calculating the
velocity vectors in the direction of the ultrasonic mea-
surement lines of the first reflected-wave receiver and
the second reflected-wave receiver based upon the
magnitude of ultrasonic echoes received by the first
reflected-wave receiver and the second reflected-wave
receiver, respectively; and

a flow-speed vector calculating member for calculating
the flow-speed vector of the fluid to be measured, by
calculating the vector sum of the velocity vectors
calculated by the velocity vector calculating member,

wherein said flow-speed distribution measurement unit
calculates flow-speed distribution based upon the flow-
speed vectors, and

wherein said flow measurement unit computes the flow of
the fluid to be measured, based upon the flow-speed
distribution.

5. A doppler ultrasonic flowmeter according to claim 1,

further comprising a flow-speed distribution calculating

member for calculating the flow-speed distribution of the

fluid to be measured, within the measurement region,

wherein said flow-speed distribution calculating member
comprise:

a flow-speed distribution calculating element for cal-
culating the flow-speed distribution of the fluid to be
measured, within the fluid tube;

a center position detecting element for detecting the
center position of the fluid tube; and

an area selecting element for selecting an area within
the fluid tube where the flow-speed distribution is
calculated, in units of division area; the area of the
fluid tube being divided at the center position into
two division areas, and

wherein said flow-speed distribution measurement unit
computes the flow-speed distribution for one of the
division areas, which has been selected by the area
selecting element, and estimate the flow-speed distri-
bution of the fluid to be measured, in the measurement

wherein said flow-speed distribution calculating member
comprises:

a flow-speed distribution calculating element for cal-
culating the flow-speed distribution of the fluid to be
measured, within the measurement;

a center position detecting element for detecting the
center position of the fluid tube; and

an automatic area selecting element for automatically
selecting an area within the fluid tube where the
flow-speed distribution is calculated, in units of
division area; the area of the fluid tube being divided
at the center position into two division areas, and

wherein said flow-speed distribution measurement unit
computes the flow-speed distribution for one of the
division areas, which has been selected by the auto-
matic area selecting element, and estimate the flow-
speed distribution of the fluid to be measured, in the
measurement region, on the assumption that the flow-
speed distribution is symmetrical with regard to the
center position.

7. A doppler ultrasonic flowmeter according to claim 1,

further comprising:

an ultrasonic transmission member for casting ultrasonic
pulses with an emission frequency of f, from the
ultrasonic transducer into the fluid to be measured,
within the fluid tube, along the measurement line with
an incident angle a;

a flow-speed distribution measurement unit for receiving
ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured, with a pulse repetition frequency fprp, S0 as
to measure the flow-speed distribution of the fluid to be
measured within the measurement region,

a flow measurement unit for computing the flow of the
fluid to be measured, within the measurement region,
based upon the flow-speed distribution of the fluid to be
measured; and

an optimum-value calculating member for automatically
calculating the optimum value used for adjustment of
measurement, which depends upon the properties of the
object to be measured.

8. A doppler ultrasonic flowmeter according to claim 1,

further comprising:

an ultrasonic transmission member for casting ultrasonic
pulses with an emission frequency of f; from the
ultrasonic transducer into the fluid to be measured,
within the fluid tube, along the measurement line with
an incident angle a;

a flow-speed distribution measurement unit for receiving
ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured, with a pulse repetition frequency fpgr g, 50 as
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to measure the flow-speed distribution of the fluid to be
measured within the measurement region;

a flow measurement unit for computing the flow of the
fluid to be measured, within the measurement region,
based upon the flow-speed distribution of the fluid to be
measured; and

an optimum-value calculating member for automatically
calculating the optimum value used for adjustment of
measurement, which depends upon the properties of the
object to be measured,

wherein said optimum-value calculating member com-
prises:

a data input element for inputting the tube diameter Di
of the fluid tube, the ultrasonic wave speed Cw in the
fluid to be measured, and the incident angle o of the
ultrasonic pulses;

a maximum flow-speed calculating element for calcu-
lating the maximum flow speed V based upon the
flow-speed distribution calculated by the flow-speed
distribution calculating member;

a normalized-speed calculating element for calculating
the normalized speed V,, by dividing the calculated
maximum flow speed V by the ultrasonic wave speed
Cw 1n the fluid to be measured,

a normalized-frequency calculating element for calcu-
lating the normalized frequency F, by dividing the
pulse repetition frequency fpgy by the emission fre-
quency f; and

a frequency setting element for resetting the emission
frequency to an emission frequency £, so as to satisty
the following expressions: F,24Vsin o; and
fpre=Cw/2Di,

wherein said flow-speed distribution measurement unit
receives ultrasonic echoes with the updated emission
frequency f; so as to measure the flow-speed distribu-
tion.
9. A doppler ultrasonic flowmeter according to claim 2,
further comprising:

an ultrasonic transmission member for casting ultrasonic
pulses with an emission frequency of f; from the
ultrasonic transducer into the fluid to be measured,
within the fluid tube, along the measurement line with
an incident angle o,

a flow-speed distribution measurement unit for receiving
ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured, with a pulse repetition frequency fpxp, 50 as
to measure the flow-speed distribution of the fluid to be
measured within the measurement region;

a flow measurement unit for computing the flow of the
fluid to be measured, within the measurement region,
based upon the flow-speed distribution of the fluid to be
measured; and

an optimum-value calculating member for automatically
calculating the optimum value used for adjustment of
measurement, which depends upon the properties of the
object to be measured,
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wherein said optimum-value calculating member com-
prises:

a data input element for inputting the tube diameter Di
of the fluid tube, the ultrasonic wave speed Cw in the
fluid to be measured, and the incident angle o of the
ultrasonic pulses;

a maximum flow-speed calculating element for calcu-
lating the maximum flow speed V based upon the
flow-speed distribution calculated by the flow-speed
distribution calculating member;

a normalized-speed calculating element for calculating
the normalized speed V, by dividing the calculated
maximum flow speed V by the ultrasonic wave speed
Cw in the fluid to be measured,

a normalized-frequency calculating element for calcu-
lating the normalized frequency F, by dividing the
pulse repetition frequency fpry by the emission fre-
quency f,; and

an incident angle setting element for reset the incident
angle of the ultrasonic pulses to an incident angle ol
so as to satisfy the following expressions:
Fy24Vysin o, and fpxp= Cw/2Di,

wherein said flow-speed distribution measurement unit
receives ultrasonic echoes due to ultrasonic pulses cast
with the updated incident angle a1 so as to measure the
flow-speed distribution.

10. A doppler ultrasonic flowmeter according to claim 1
comprising:

an ultrasonic transmission member for casting ultrasonic
pulses with a predetermined frequency onto the fluid
within a fluid tube, which is to be measured, along a
measurement line from an ultrasonic transducer;

a flow-speed distribution measurement unit for receiving
ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution
of the fluid to be measured in the measurement region;

a flow measurement unit for measuring the flow of the
fluid to be measured in the measurement region based
upon the flow-speed distribution of the fluid to be
measured;

a channel distance computing member for computing the
minimum channel distance based upon the frequency of
the ultrasonic pulses and the speed thereof;

a measurement range display member for displaying the
measurement range calculated based upon the mini-
mum channel distance; and

a channel distance change/setting member for changing
the channel distance to a value obtained by multiplying
the minimum channel distance by an integer according
to instructions from the user,

wherein said flow-speed distribution measurement unit
makes measurement of the flow-speed distribution with
the channel distance thus determined.
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11. A doppler ultrasonic flowmeter according to claim 1
comprising:

an ultrasonic transmission member for casting ultrasonic
pulses with a predetermined frequency onto the fluid
within a fluid tube, which is to be measured, along a
measurement line from an ultrasonic transducer;

a flow-speed distribution measurement unit for receiving
ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution
of the fluid to be measured in the measurement region,

a flow measurement unit for computing the flow of the
fluid to be measured in the measurement region based
upon the flow-speed distribution of the fluid to be
measured;

a channel distance computing member for computing the
minimum channel distance based upon the frequency of
the ultrasonic pulses and the speed thereof; and

an automatic channel distance change/determination
member for determining whether or not the channel
distance is changed to a value obtained by multiplying
the minimum channel distance by an integer, according
to the required measurement range determined based
upon the input data of the inner diameter of the fluid
tube within which the fluid to be measured flows, and
so forth,

wherein said flow-speed distribution measurement unit
makes measurement of the flow-speed distribution with
the channel distance thus determined.

12. A doppler ultrasonic flowmeter according to claim 1

comprising:

an ultrasonic transmission member for casting ultrasonic
pulses with a predetermined frequency onto the fluid
within a tube, which is to be measured, along a mea-
surement line from an ultrasonic transducer;

a flow-speed distribution measurement unit for receiving
ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution
of the fluid to be measured in the measurement region;

a flow measurement unit for computing the flow of the
fluid to be measured in the measurement region based
upon the flow-speed distribution of the fluid to be
measured;

a flow-speed distribution output member for outputting
the relation between the flow-speed distribution of the
fluid to be measured in the measurement region and the
distance in the direction of the measurement line in the
form of an image on a screen;

a flow-speed zero-point display member for superimpos-
ing the zero points each of which represent the flow
speed of zero, on the flow-speed distribution output by
the flow-speed distribution output member, in the form
of a continuous line; and

a flow-speed measurement range switching member
which allows the user to switch the measurement range
between the normal measurement range and the
double-measurement-range, thereby enabling measure-
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ment of the positive flow speed in a measurement range
twice that of the normal measurement range, according
to the selection of the user,

wherein in the event that the user has requested the
flow-speed measurement range switching member to
switch the flow-speed measurement range, the flow-
speed distribution output member outputs the flow-
speed distribution in the positive range alone, as well as
measuring the flow-speed distribution with a measure-
ment range twice that of the normal measurement
mode.

13. A doppler ultrasonic flowmeter according to claim 1

comprising:

an ultrasonic transmission member for casting ultrasonic
pulses with a predetermined frequency onto the fluid
within a fluid tube, which is to be measured, along a
measurement line from an ultrasonic transducer;

a flow-speed distribution measurement unit for receiving
ultrasonic echoes reflected from the measurement
region due to ultrasonic pulses cast onto the fluid to be
measured so as to measure the flow-speed distribution
of the fluid to be measured in the measurement region;

a flow measurement unit for computing the flow of the
fluid to be measured in the measurement region based
upon the flow-speed distribution of the fluid to be
measured;

a positive/negative determination member for determin-
ing whether or not the fluid-speed distribution of the
fluid to be measured contains any negative flow-speed
components in the measurement region; and

a flow-speed measurement range switching member for
switching the measurement range of the flow-speed
distribution measurement unit to a measurement range
twice that of the normal measurement mode, for mea-
suring the positive flow speed, in the event that deter-
mination has been made that the flow-speed distribu-
tion contains no negative flow-speed components,

wherein in the event that determination has been made
that the flow-speed distribution contains no negative
flow-speed components, the flow-speed distribution
measurement unit makes measurement of the flow-
speed distribution with a measurement range twice that
of the normal measurement mode.

14. An ultrasonic flow measurement method comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,
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wherein said flow-speed distribution measurement pro-
cessing step comprises:

a flow-speed distribution calculating step for calculating
the flow-speed distribution data of the fluid to be
measured, and the center position data of the fluid tube,
by performing computation processing for the flow-
speed distribution of the reflectors;

a flow-speed distribution data output step for outputting
the flow-speed distribution data and center position
data thus obtained in the flow-speed distribution cal-
culating step so as to be displayed on display; and

an area determination step which allows the user to set a
division area where the speed of the reflector groups is
calculated in the flow-speed distribution calculating
step; the area of the fluid tube being divided at the
center position into two division areas.

15. An ultrasonic flow measurement method comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

wherein said flow-speed distribution measurement pro-
cessing step comprises:

a flow-speed distribution calculating step for calculating
the flow-speed distribution data of the fluid to be
measured, and the center position data of the fluid tube,
by performing computation processing for the flow-
speed distribution of the reflectors;

an automatic area selecting step for automatically select-
ing a division area where the flow-speed distribution is
calculated using the reflector groups; the area of the
fluid tube being divided at the center position into two
division areas; and

a flow-speed distribution data output step for outputting
the flow-speed distribution data and the center position
data obtained in the flow-speed distribution calculating
step and the automatic area selecting step, so as to be
displayed on display.

16. An ultrasonic flow measurement method comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
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data of the reflector groups obtained in the reflector-
group-speed calculating step;

an optimum-value setting step for calculating the opti-
mum values of the basic frequency f,, the pulse rep-
etition frequency fprp, and the incident angle ¢; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

wherein said reflector-group-speed calculating step com-
prises:

an initial value acquisition step for receiving the initial
values of the basic frequency f, the pulse repetition
frequency fpry, the incident angle o, at the start of
measurement; and

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto
the fluid to be measured, so as to calculate the speed
of each of the number of reflectors contained in the
fluid to be measured, and

wherein said optimum-value setting step includes an
emission frequency reset step for resetting the emission
frequency to an emission frequency f; so as to satisfy
the following expressions: F,Z4V,sin «; and
fore= Cw/2D1.

17. An ultrasonic flow measurement method comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;

an optimum-value setting step for calculating the opti-
mum values of the basic frequency f,, the pulse rep-
etition frequency fprp, and the incident angle ¢; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

wherein said reflector-group-speed calculating step com-
prises:

an initial value acquisition step for receiving the initial
values of the basic frequency f,, the pulse repetition
frequency fpry, the incident angle o, at the start of
measurement; and

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto
the fluid to be measured, so as to calculate the speed
of each of the number of reflectors contained in the
fluid to be measured,

wherein said optimum-value setting step includes an
incident angle reset step for resetting the incident angle
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to al so as to satisfy the following expressions:
Fy24Vysin o and fppp=Cw/2DI
18. An ultrasonic flow measurement method comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;

a channel distance computing step for computing the
minimum channel distance based upon the frequency of
the ultrasonic pulses and the speed thereof;

a measurement range display steps for displaying a GUI
which allows the user to determine whether or not the
channel distance is set to a value obtained by multi-
plying the minimum channel distance by an integer,
thereby allowing the user to set the measurement region
to a value obtained by multiplying the minimum mea-
surement region by an integer;

achannel distance changing step for changing the channel
distance to a value obtained by multiplying the mini-
mum channel distance by an integer, according to
instructions of the user; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured.

19. An ultrasonic flow measurement method comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;

a channel distance computing step for computing the
minimum channel distance based upon the frequency of
the ultrasonic pulses and the speed thereof;

a measurement range calculating step for calculating the
measurement range based upon the minimum channel
distance thus computed,

a channel distance changing step having a function for
determining whether or not the channel distance is to be
set to a value obtained by multiplying the minimum
channel distance by an integer, thereby allowing the
system to automatically change the channel distance;
and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured.
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20. An ultrasonic flow measurement method comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;

a flow-speed distribution output step for outputting the
relation between the flow-speed distribution of the fluid
to be measured and the distance in the direction of the
measurement line ML, in the form of an image on a
screen;

a flow-speed zero-line display step for superimposing a
fluid-speed zero line on the flow-speed distribution
output in the form of an image on a screen in the
flow-speed distribution output step,

a flow-speed measurement range switching determination
step which allows the user to determine whether or not
the flow-speed measurement range is switched;

a flow-speed measurement range switching step for
switching the flow-speed measurement range to twice
that of the normal measurement range, for measuring
the positive flow speed according to the instructions of
the user; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured.

21. An ultrasonic flow measurement method comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;

a flow-speed range switching determination step which
allows the user to determine whether or not the flow-
speed measurement range is switched,

a flow-speed distribution output step for outputting the
relation between the flow-speed distribution of the fluid
to be measured, and the distance in the direction of the
measurement line ML, in the form of an image on a
screen,

a flow-speed zero-line display step for superimposing a
flow-speed zero line on the flow-speed distribution
output in the form of an image on a screen in the
flow-speed distribution output step;

a flow-speed measurement range switching step for
switching the flow-speed measurement range to twice
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that of the normal measurement mode according to the
instructions of the user for measuring the positive flow
speed; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured.

22. A program employed for an ultrasonic flowmeter

comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

wherein said flow-speed distribution measurement pro-
cessing step comprises:

a flow-speed distribution calculating step for calculating
the flow-speed distribution data of the fluid to be
measured, and the center position data of the fluid tube,
by performing computation processing for the flow-
speed distribution of the reflectors;

a flow-speed distribution data output step for outputting
the flow-speed distribution data and center position
data thus obtained in the flow-speed distribution cal-
culating step so as to be displayed on display; and

an area determination step which allows the user to set a
division area where the speed of the reflector groups is
calculated in the flow-speed distribution calculating
step;

the area of the fluid tube being divided at the center
position into two division areas, and

said reflector-group-speed calculating step, said flow-
speed distribution measurement processing step, and
said flow measurement processing step being executed
by a computer.

23. A program employed for an ultrasonic flowmeter
comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step; and
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a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

wherein said flow-speed distribution measurement pro-
cessing step comprises:

a flow-speed distribution calculating step for calculating
the flow-speed distribution data of the fluid to be
measured, and the center position data of the fluid tube,
by performing computation processing for the flow-
speed distribution of the reflectors;

an automatic area selecting step for automatically select-
ing a division area where the flow-speed distribution is
calculated using the reflector groups; the area of the
fluid tube being divided at the center position into two
division areas; and

a flow-speed distribution data output step for outputting
the flow-speed distribution data and the center position
data obtained in the flow-speed distribution calculating
step and the automatic area selecting step, so as to be
displayed on display, and

said reflector-group-speed calculating step, said flow-
speed distribution measurement processing step, and
said flow measurement processing step being executed
by a computer.

24. A program employed for an ultrasonic flowmeter

comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;

an optimum-value setting step for calculating the opti-
mum values of the basic frequency f,,, the pulse rep-
etition frequency fpyp, and the incident angle «; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

wherein said reflector-group-speed calculating step com-
prises:

an initial value acquisition step for receiving the initial
values of the basic frequency f,, the pulse repetition
frequency forp, the incident angle a, at the start of
measurement; and

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto
the fluid to be measured, so as to calculate the speed
of each of the number of reflectors contained in the
fluid to be measured, and

wherein said optimum-value setting step includes an
emission frequency reset step for resetting the emission



US 2005/0245827 Al

frequency to an emission frequency f; so as to satisfy
the following expressions: F,24V sin o; and
frre=Cw/2D1, and

said reflector-group-speed calculating step, said flow-
speed distribution measurement processing step, said
optimum-value setting step, and said flow measurement
processing step being executed by a computer.
25. A program employed for an ultrasonic flowmeter
comprising;

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;

an optimum-value setting step for calculating the opti-
mum values of the basic frequency f,, the pulse rep-
etition frequency fprp, and the incident angle c; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

wherein said reflector-group-speed calculating step com-
prises:

an initial value acquisition step for receiving the initial
values of the basic frequency f,, the pulse repetition
frequency fprp, the incident angle a, at the start of
measurement; and

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto
the fluid to be measured, so as to calculate the speed
of each of the number of reflectors contained in the
fluid to be measured, and

wherein said optimum-value setting step includes an
incident angle reset step for resetting the incident angle
to al so as to satisfy the following expressions:
F,24Vsin a; and f,,.=Cw/2Di, and

said reflector-group-speed calculating step, said flow-
speed distribution measurement processing step, said
optimum-value setting step, and said flow measurement
processing step being executed by a computer.
26. A program employed for an ultrasonic flowmeter
comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;
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a channel distance computing step for computing the
minimum channel distance based upon the frequency of
the ultrasonic pulses and the speed thereof;

a measurement range display step for displaying a GUI
which allows the user to determine whether or not the
channel distance is set to a value obtained by multi-
plying the minimum channel distance by an integer,
thereby allowing the user to set the measurement region
to a value obtained by multiplying the minimum mea-
surement region by an integer;

a channel distance changing step for changing the channel
distance to a value obtained by multiplying the mini-
mum channel distance by an integer, according to
instructions of the user; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

said respective steps being executed by a computer.
27. A program employed for an ultrasonic flowmeter
comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;

a channel distance computing step for computing the
minimum channel distance based upon the frequency of
the ultrasonic pulses and the speed thereof;

a measurement range calculating step for calculating the
measurement range based upon the minimum channel
distance thus computed,

I

channel distance changing step having a function for
determining whether or not the channel distance is to be
set to a value obtained by multiplying the minimum
channel distance by an integer, thereby allowing the
system to automatically change the channel distance;
and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

said respective steps being executed by a computer.
28. A program employed for an ultrasonic flowmeter
comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;

a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
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data of the reflector groups obtained in the reflector-
group-speed calculating step;

a flow-speed distribution output step for outputting the
relation between the flow-speed distribution of the fluid
to be measured and the distance in the direction of the
measurement line ML, in the form of an image on a
screen,

a flow-speed zero-line display step for superimposing a
fluid-speed zero line on the flow-speed distribution
output in the form of an image on a screen in the
flow-speed distribution output step;

a flow-speed measurement range switching determination
step which allows the user to determine whether or not
the flow-speed measurement range is switched;

a flow-speed measurement range switching step for
switching the flow-speed measurement range to twice
that of the normal measurement range, for measuring
the positive flow speed according to the instructions of
the user; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

said respective steps being executed by a computer.
29. A program employed for an ultrasonic flowmeter
comprising:

a reflector-group-speed calculating step for receiving
ultrasonic echoes due to ultrasonic pulses cast onto the
fluid to be measured, so as to calculate the speed of
each of a number of reflector groups contained in the
fluid to be measured;
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a flow-speed distribution measurement processing step
for measuring the flow-speed distribution of the fluid to
be measured, based upon the flow-speed distribution
data of the reflector groups obtained in the reflector-
group-speed calculating step;

a flow-speed range switching determination step which
allows the user to determine whether or not the flow-
speed measurement range is switched;

a flow-speed distribution output step for outputting the
relation between the flow-speed distribution of the fluid
to be measured, and the distance in the direction of the
measurement line ML, in the form of an image on a
screen;

a flow-speed zero-line display step for superimposing a
flow-speed zero line on the flow-speed distribution
output in the form of an image on a screen in the
flow-speed distribution output step;

a flow-speed measurement range switching step for
switching the flow-speed measurement range to twice
that of the normal measurement mode according to the
instructions of the user for measuring the positive flow
speed; and

a flow measurement processing step for measuring the
flow by further performing computation processing for
the flow-speed distribution data of the fluid to be
measured,

said respective steps being executed by a computer.
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