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(57) Abréegée/Abstract:

The present invention relates to a measurement apparatus, comprising a measurement tube (12; 112, 122) and a thermal sensor
(20; 120) for measuring the throughflow of a fluid flowing through the measurement tube (12; 112), wherein the measurement tube
(12; 112, 122) has an inlet (14; 114, 124) and an outlet (16; 116; 126), and also a measurement section (18; 118, 128), in which
the sensor (20; 120) is arranged, wherein the inlet (14; 114, 124) has an Iinlet internal diameter and the measurement section (18;
118, 128) has a measurement section internal diameter and wherein the measurement section internal diameter is greater than the
Inlet internal diameter.
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Abstract:

The present invention relates to a measurement apparatus, comprising a measurement
tube (12; 112, 122) and a thermal sensor (20; 120) for measuring the flow rate of a fluid
flowing through the measurement tube (12; 112), wherein the measurement tube (12;
112, 122) has an inlet (14; 114, 124) and an outlet (16; 116; 126), and also a
measurement section (18; 118, 128), in which the sensor (20; 120) 1s arranged, wherein
the inlet (14; 114, 124) has an inlet internal diameter and the measurement section (18;
118, 128) has a measurement section internal diameter and wherein the measurement
section internal diameter 1s greater than the inlet internal diameter.
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Description:

“Measurement Apparatus for Measuring the Flow Rate of a Fluid”

Technical field:

The present invention concerns a measurement apparatus according to the preamble of

claim 1.

Prior art:

Anemometers are used by preference to measure flow velocities or flow rates of a fluid
flowing through a measuring tube. For low flow velocities at the measuring point,
anemometers such as thermal anemometers or hot wire anemometers have a large,
which is to say good, measurement resolution, and thus high measurement precision.

However, the measurement resolution, and hence the measurement precision, of this

thermal anemometer becomes worse with increasing flow velocity.

Thermal anemometers are used in water meters, for example. However, it IS necessary
to expect wide flow ranges in water meters, which is to say large flow velocity ranges,

with the result that the measurement precision of the anemometer decreases as the

flow range or flow velocity range increases.

Particularly for use in water meters, therefore, it is desirable for a sensor such as an

anemometer to provide a measured value having high precision over a wide flow

velocity range, in particular at high flow velocities, of a fiuid.

Since the installation length in a given system in which the measurement apparatus is to

be installed, such as perhaps a fresh water feed to a residential complex, frequently is
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predefined, the measurement apparatus should not exceed the predefined installation

dimensions.
Description of the invention:

It is thus the object of the present invention to provide a measurement apparatus,
comprising a measuring tube and a thermal sensor for measuring the flow rate of a fluid
flowing through the measuring tube, that precisely determines the flow velocity of a fluid
flowing through the measuring tube over a wide flow velocity range, even at high flow
velocities in particular. In addition, it is a'further object of the present invention to

provide a measurement apparatus of this nature that does not exceed a given

installation length.

According to the invention this object is attained by the means that, in a measurement
apparatus comprising a measuring tube and a thermal sensor for measuring the flow
rate of a fluid flowing through the measuring tube, wherein the measuring tube has an
inlet and an outlet, and also has a measurement section in which the sensor is located,
wherein the inlet has an inlet inside diameter and the measurement section has a
measurement section inside diameter, and the measurement section inside diameter is
greater than the inlet inside diameter, wherein the inside diameter of the measuring tube
increases steadily from the inlet to the measurement section and tapers steadily from
the measurement section to the outlet, and wherein the sensor is located in the region

of the measurement section at the inside wall of the measuring tube.

Within the scope of the present invention, diameter is understood to mean both the

diameter of a round tube as well as the hydraulic diameter of a tube that is not round.

The invention is based on the fact that the flow velocity in a section of a tube can be

reduced by enlarging the cross-sectional area of the tube section.
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Since the sensor is located in the region of the measurement section and the
measurement section has a greater diameter than the inlet of the measuring tube, the
flow velocity of a fluid flowing through the measurement apparatus Is reduced in the
region of the measurement section so that the flow velocity of the fluid can be sensed
with a higher precision in the region of the measurement section than at the inlet of the
measuring tube, because the diameter is smaller there. The value of the fluid's flow
velocity sensed by the sensor can be converted such that the flow rate in the measuring
tube can be stated with high precision. A structurally required installation length for a

measurement apparatus is adhered to by the measurement apparatus according to the

invention.

In order to avoid undesirable eddies and backflows in the fluid, which could interfere
with the measurement result, it is advantageous for the inside diameter of the

measuring tube to increase steadily from the inlet to the measurement section, and to

taper steadily from the measurement section to the outlet.

A further improvement with regard to avoiding eddies and backflows in the fluid Is

achieved by the means that preferably the angle o relative to the axis of the measuring
tube, at which the measuring tube increases steadily from the inlet to the measurement

section and tapers steadily from the measurement section to the outlet, is as small as

possible, preferably less than 45°. Ideally, the angle o is less than 30°.

In order to obtain good measurement resolution over a large measurement range, it is

advantageous for the ratio of measurement section inside diameter to inlet inside

diameter to be in a range from about 1.5 to 6.

A further improvement in measurement precision for a relatively large flow rate range at
a given installation length can be achieved with the measurement apparatus according

to claim 4, in which an inner tube is arranged in a measuring tube.
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This embodiment has the advantage that, for a given installation length of a
measurement apparatus and a given diameter ratio of the inner tube measurement
section to the inner tube inlet, the increase in the cross-section takes place at a smaller
angle than if the measuring tube were to be increased by this cross-sectional ratio in the
region of the measurement section. The smaller angle has the result that fewer

backflows that could distort the measurement result form in the flow profile, and thus the

flow velocity of the fluid can be measured exactly even for relatively high flow velocities

of the fluid.

To avoid backflows and eddying, it is advantageous for the inside diameter of the inner
tube to increase steadily from the inner tube inlet to the inner tube measurement section

and to taper steadily from the inner tube measurement section to the inner tube outlet.

An additional improvement with respect to avoiding backflows and eddies can be
achieved in a preferred embodiment by the means that the angle B, relative to the axis

of the inner measuring tube, at which the inner tube increases steadily from the inner
tube inlet to the inner tube measurement section and tapers steadily from the inner tube

measurement section to the inner tube outlet, is as small as possible, preferably less

than 30°.

In order to cover as large a measurement range as possible, it is advantageous for the

inside diameter ratio of the inner tube measurement section to the inner tube inlet to be

In a range from about 1.5 to 6.

For use of the measurement apparatus as a water meter, it is advantageous for an

adjusting device to be provided.

For measurement technology reasons, it is advantageous for the measuring tube and/or

the inner tube to have a rectangular or elliptical cross-section.
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Brief description of the drawings:

Preferred embodiments of the invention are described in detall with reference to the

attached drawings, in which the following are shown:

Fig. 1 a measurement apparatus according to a first embodiment, and

Fig. 2 a measurement apparatus according to a second embodiment.

Ways to implement the invention and commercial utility:

Fig. 1 shows a measurement apparatus 10, comprising a measuring tube 12 for
measuring the flow velocity of a fluid, such as water, flowing through the measuring tube
12. The measuring tube 12 comprises an inlet 14, an outlet 16, and a measurement
section 18. A sensor 20 is located at the inner wall of the measuring tube 12 In the
region of the measurement section 18. The sensor 20 is a thermal sensor, such as is

used in a thermal anemometer, for example.

The inside diameter of the inlet 14 and of the outlet 16 is smalier than the inside

diameter of the measurement section 18. The inside diameter of the measuring tube
increases steadily from the inlet 14 to the measurement section 18, and then tapers
steadily again from the measurement section 18 to the outlet 16. The ratio of the inside

diameters of the measurement section to the inlet is approximately 1.5 to 6.

A fluid with a given flow velocity flows through the inlet 14. Because of the expanded
inside diameter of the measuring tube 12 in the region of the measurement section 18,
the flow velocity at the measuring point where the sensor 20 Is located is reduced by the
square of the diameter ratio between measurement section 18 and inlet 14.
Consequently, the sensor 20 detects a lower flow velocity than the velocity that is

present at the inlet 14 of the measuring tube 12.
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Since a thermal anemometer can measure low speed fluid flows with higher precision
than it can fluid flows with a high speed, the sensor senses the flow velocity of the fluid
in the measurement section with a higher precision than it would if it were measuring

the flow velocity of the fluid at the inlet 14.

By means of the known inside diameter ratio between the measurement section 18 and
inlet 14, the value of the flow rate of the fluid present at the inlet 14 can be stated

exactly based on the flow velocity determined by the sensor 20.

Fig. 2 shows a measurement apparatus 110 according to another embodiment. The
measurement apparatus 110 comprises a measuring tube 112, a sensor 120, such as is
used in a thermal anemometer, for measuring the flow velocity of the fluid flowing
through the measuring tube 112, such as water, for instance. The measuring tube 112
has an inlet 114, an outlet 116, and a measurement section 118, wherein the inside
diameter of the measurement section 118 is greater than the inside diameter of the inlet
114. The inside diameter of the measuring tube 112 increases steadily from the inlet
114 to the measurement section 118, and tapers steadily from the measurement section
118 to the outlet 116. Arranged inside the measuring tube 112 is an inner tube 122,
which has an inner tube inlet 124, and inner tube outlet 126, and an inner tube
measurement section 128. The inner tube measurement section 128 has a larger inside
diameter than the inner tube inlet 124. Figure 2 shows the inner tube 122 arranged

essentially centered in the measuring tube 112. However, positions that are not

centered are also possible.

The inside diameter of the inner tube increases steadily from the inner tube inlet 124 to
the inner tube measurement section 128, and tapers steadily from the inner tube
measurement section 128 to the inner tube outlet 126. The diameter ratio of the inner
tube measurement section 128 to the inner tube inlet 124 is in a range from about 1.5 to

6. The sensor 120 is located in the region of the measurement section 118 at the inside
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wall of the inner tube 122. In order to protect from fluid flowing along the outside wall of

the inner tube 122, the sensor 120 is located in a thermowell 130.

In addition, an adjusting device 132 is provided for calibrating the measurement

apparatus in order to be able to indicate the flow rate using the sensed flow velocity.

Shown in a similar manner as in connection with Fig. 1, a fluid flows through the inner
tube inlet 124 at a given flow velocity. Because of the increase in the inside diameter of
the inner tube 122 in the region of the inner tube measurement section 128, the flow
velocity of the fluid in the region of the inner tube measurement section 128 Is reduced
in comparison to the inner tube inlet 124 so that the sensor 120 in the inner tube
measurement section 128 senses a lower flow velocity of the fluid than is present at the
inner tube inlet 124. Since the sensor 120 can sense this lower flow velocity with higher
precision, the flow velocity of the fluid is sensed with higher precision. The value of the
flow velocity of the fluid sensed by the sensor can be converted in such a manner that

the flow rate in the measuring tube can be indicated with high precision.

The embodiment shown in Figure 2, in which the measurement of the flow velocity is
accomplished using a partial flow measurement, has the advantage as compared to the
embodiment shown in Figure 1 that the angle of inclination 3 between inner tube Inlet
124 and inner tube measurement section 128 is smaller, for the same installation length
of the embodiments, than the angle of inclination a between inlet 14 and measurement

section 18, with the result that fewer backflows or eddies form in the inner tube
measurement section 128 than in the measurement section 18. The measurement
precision of the embodiment shown in Figure 2 is further improved for high flow

velocities of a fluid as compared to the embodiment shown in Figure 1.



CA 02837374 2013-11-26

WO 2012/163500 | PCT/EP2012/002220
8

Claims:

1. Measurement apparatus comprising a measuring tube (12; 112, 122) and a

thermal sensor (20; 120) for measuring the flow rate of a fluid flowing through the
measuring tube (12; 112), wherein the measuring tube (12; 112, 122) has an inlet
(14; 114, 124) and an outlet (16; 116, 126), and also has a measurement section
(18; 118, 128) in which the sensor (20; 120) is locatedq, wherein the inlet (14; 114,
124) has an inlet inside diameter and the measurement section (18; 118, 128)
has a measurement section inside diameter, and the measurement section inside
diameter is greater than the inlet inside diameter, and wherein the inside
diameter of the measuring tube (12; 112) increases steadily from the inlet (14,
114) to the measurement section (18; 118) and tapers steadily from the
measurement section (18; 118) to the outlet (16; 116), characterized in that the

sensor (12; 120) is located in the region of the measurement section at the inside

wall of the measuring tube (12; 112).

2. Measurement apparatus according to claim 1, characterized in that the angle «
relative to the axis of the measuring tube, at which the measuring tube (12; 112)
increases steadily from the inlet (14; 114) to the measurement section (18; 1138)

and tapers steadily from the measurement section (18; 118) to the outlet (16;

116), is as small as possible, preferably less than 45°, in particular less than 30°.

3. Measurement apparatus according to one of the preceding claims, characterized

in that the ratio of measurement section inside diameter to inlet inside diameter is

in a range from about 1.5 to 6.

4. Measurement apparatus comprising a measuring tube (12; 112, 122) and a
thermal sensor (20; 120) for measuring the flow rate of a fluid flowing through the
measuring tube (12; 112), wherein the measuring tube (12; 112, 122) has an inlet

(14; 114, 124) and an outlet (16; 116, 126), and also has a measurement section
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(18; 118, 128) in which the sensor (20; 120) is located, wherein the inlet (14; 114,
124) has an inlet inside diameter and the measurement section (18; 118, 128)
has a measurement section inside diameter, and the measurement section inside
diameter is greater than the inlet inside diameter, characterized in that an inner
tube (122) that has an inner tube inlet (124), an inner tube outlet (126), and an

inner tube measurement section (128) is arranged in the measuring tube (112),
wherein the inner tube measurement section (128) has an inside diameter that Is
greater than the inside diameter of the inner tube inlet (124), and the sensor
(120) is located at the inner tube (122), and in that the inside diameter of the
inner tube (122) increases steadily from the inner tube inlet (124) to the inner
tube measurement section (128) and tapers steadily from the inner tube
measurement section (128) to the inner tube outlet (126), and in that the sensor

(120) is located at the inside wall of the inner tube (122) in the region of the

measurement section (118).

5. Measurement apparatus according to claim 4, characterized in that the inner tube

(122) is arranged essentially centered in the measuring tube (112).

6. Measurement apparatus according to one of claims 4 or 5, characterized In that
the angle B, relative to the axis of the inner measuring tube, at which the inner
tube (122) increases steadily from the inner tube inlet (124) to the inner tube
measurement section (128) and tapers steadily from the inner tube measurement
section (128) to the inner tube outlet (126), is as small as possible, preferably

less than 30°.

/. Measurement apparatus according to one of claims 4 through 6, characterized In

that the inside diameter ratio of the inner tube measurement section (128) to the

inner tube inlet (124) is in a range from about 1.5 to 6.
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8. Measurement apparatus according to one of claims 4 through 7, characterized in
that the inside diameter ratio of measuring tube inlet (114) to inner tube Inlet

(124) is in a range from about 2 to 5.

9. Measurement apparatus according to one of the preceding claims, characterized
in that the sensor (12; 120) for measuring the flow velocity is a sensor for a

thermal anemometer.

10. Measurement apparatus according to one of the preceding claims, characterized

in that an adjusting device (132) is provided.

11. Measurement apparatus according to one of the preceding claims, characterized

in that the measuring tube (12; 112) and/or the inner tube (12) has / have a

rectangular or elliptical cross-section.
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