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(57) Abstract: The present invention relates to the gas flow conditioner in the flow bend (1), in particular in the ultrasonic flow meter
where at least one longitudinal dividing plate (2) is provided in the inner space (5) of the flow bend. The flow bend (1) is preferably
provided with the inlet curved section (6), the middle straight section (7) and the outlet curved section (8), wherein the axes of the inlet
curved section (6) and the outlet curved section (8) are in a parallel direction and connected to the pipe opening of size DN.

[Continued on next page]
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Title of Invention : Gas flow conditioner in the flow bend,
especially for ultrasonic gas meter

Technical Field

[0001] The technical solution refers to a gas flow conditioner in a flow bend, i.e. a segment, arc or
elbow, etc., where the direction of gas flow bends, upstream or downstream of a measuring part.
This solution is used for gas measurement with ultrasonic gas meters, especially in natural gas
distribution.

Background Art

[0002] All gas flow conditioners are currently being placed in a straight pipe upstream
of the ultrasonic gas meter. Measurement with ultrasonic sensors is carried out at
some distance from this conditioner after the flow has stabilised. Any bending will
cause flow disturbances that negatively affect the measurement accuracy of the

ultrasonic gas meters.

[0003] There is no conditioner for the ultrasonic gas meter that could be placed in the
bend of the gas flow.

[0004] The main disadvantages of the existing conditioners for ultrasonic gas meters
include the fact that they can only be used in straight pipelines, and the
measuring section with ultrasonic sensors must be located at some distance
downstream of the conditioner. The existing conditioners cause a significant
pressure loss and become clogged with various particles of dirt, especially in
small openings thereof. For the existing conditioners, production thereof is
expensive and usually one-off. The existing conditioners are usually not being
placed directly in the meter body but at a certain distance upstream of the meter,
up to 10 DN. Any bend between the flow conditioner and the measuring section
will cause large flow disturbances, i.e. the formation of swirls, which have a

negative impact on the accuracy and range of measurement.

[0005] There are several flow conditioner designs for ultrasonic gas meters, the most
common of which is a perforated-plate conditioner placed at some distance

upstream of the ultrasonic sensor measuring section. This conditioner develops a
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so-called "laminar velocity profile". This laminar velocity profile is suitable for
measurements on large pipe dimensions, at high pressure and flow rates. An
ultrasonic gas meter designed to measure on the laminar profile must have a
large number of ultrasonic sensors. Such an ultrasonic gas meter design is

expensive and only suitable for large pipe diameters.

[0006] Various other types of flow conditioners are known from technical practice. In
particular, these include the Zanker's flow conditioner, Zanker's plate flow
conditioner, Sprekle's flow conditioner, Gallagher's flow conditioner, K-Lab NOVA
flow conditioner, NEL (Spearman’'s) flow conditioner, etc. The above flow
conditioners have a significant pressure loss, must be placed in a straight pipe
upstream of the ultrasonic gas meter and are complex and expensive to

manufacture.

[0007] The principle of the ultrasonic gas meter is based on measuring the velocity of
ultrasonic waves, i.e. signals, in the direction and the opposite direction of the
gas flow. The ultrasonic sensors are located obliquely to the pipe axis, and the
flow time between the transmitter and the receiver of the signal is measured. The
ultrasonic signals are accelerated or decelerated by the flowing gas. From the
different times, the mean gas flow velocity or flow rate or flow quantity is
determined.

Summary of Invention

[0008] The above deficiencies are eliminated mainly by a gas flow conditioner in a
flow bend, such as a segment, arc, or elbow, particularly in an ultrasonic flow
meter, according to the present invention. The summary thereof is that at least
one longitudinal dividing plate is provided in the inner space of the flow bend.

[0009] The flow bend is preferably provided with an inlet curved section, a middle
straight section and an outlet curved section, wherein the axes of the inlet curved
section and the outlet curved section are in a parallel direction and connected to
the pipe opening of nominal diameter DN.

[0010] At least one longitudinal plate is placed in the flow bend symmetrically with
respect to the flow bend axis or asymmetrically with respect to the flow bend axis.
The axis of the middle straight section may be positioned in the horizontal
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direction or the vertical direction. The Reynolds number for DN-sized piping is
higher than 2,320.

[0011] The summary of the invention is to propose a new solution for a flow
conditioner, which consists of curved plates in the number of 1 to n pieces, which
creates a turbulent flow, eliminating flow disturbances, such as swirls, and

reducing pressure loss.

[0012] In turbulent flow, the velocity profile is very flat and the gas flows at almost the
same velocity over most of the flow cross-section. The kind of flow produced is
determined by the so-called Reynolds number Re. This is a dimensionless
number, and the theoretical limit is set by the value 2,320. Below this value, we
speak of laminar flow, and above this value, we speak of turbulent flow. The
invention solution aims for the value of ReD, i.e. the Reynolds number for the

DN-sized pipe, to be significantly higher than the theoretical limit.

[0013] The plates' number, shape, and positioning are carried out based on
measurement by numerical simulation method and Particle Image Velocimetry —
PIV. This method will illustrate where the plates are appropriate to be placed and
what the ideal thickness of the plates is. The number of plates can be varied
depending on the operating conditions and customer specifications.

[0014] The advantages of the solution, according to the invention, consist primarily in
that it eliminates the effect of small and large disturbances arising in the pipeline
upstream of the gas meter. The solution is suitable to be used in a section of the
pipeline where the direction of gas flow changes. The measuring section with
ultrasonic sensors may be placed almost just behind this conditioner. The
designed conditioner reduces the pressure loss. A significant advantage is that
the conditioner is not clogged with various impurities because the openings used
are sufficiently large.

[0015] The conditioner can be easily and inexpensively manufactured, even in large-
scale production. The conditioner is suitable to be placed inside a compact
ultrasonic gas meter, and, thus, the required construction length, i.e. the
dimension between the flanges, can be achieved. The solution eliminates the

flow disturbances arising in the bend, thus ensuring high accuracy and a large
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measuring range with ultrasonic sensors. The conditioner needs no maintenance
as it is designed in materials such as aluminium or plastic, which are not subject
to wear and tear and corrosion. The shape of the conditioner does not allow dirt
to accumulate. The lifetime of the conditioner is the same as that of the ultrasonic
gas meter; therefore, there is no increase in the cost of ownership of the meter.
The conditioner can be made of a single material and can be removed from the
gas meter, which considerably simplifies separation and subsequent recycling at
the end of the service life thereof.

Brief Description of Drawings

[0016] The flow conditioner, according to the present invention, is described in more
detail in a particular example embodiment referring to the accompanying
drawings, wherein Fig. 1 shows an exemplary flow conditioner, in particular for
natural gas, in axonometric view. Fig. 2 shows a segment with the conditioner in
cross-section and plan view. Fig. 3 shows a longer embodiment of the flow
conditioner, particularly for natural gas, in axonometric view. Specific use of
conditioners with curved plates is shown in Fig. 4, depicting longitudinal sections

of ultrasonic gas meters.
Examples of the Invention Embodiments

[0017] The exemplary flow conditioner in the bend segment, shown in Figures 1 and
2, comprises bend segment 1 with three longitudinal plates 2, 3 and 4. The
segment is shaped to allow a change in the flow direction of up to 180°, i.e. the
flow direction upstream of the segment is opposite to the flow direction
downstream of the segment. The segment is fitted onto two parallel pipes, i.e.
two parallel circular openings. The distance between the pipes can be chosen
arbitrarily; the distance between the pipes does not affect the function of the flow
conditioner — Fig. 3.

[0018] The plates 2, 3, 4 are shaped according to the shape of bend 1 of the
segment and consist of three sections — the inlet curved section 6, the middle
straight section 7, and the outlet curved section 8. The radius of curvature is
chosen to create the desired velocity profile.
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[0019] The position of plates 2, 3, 4 can be proportional, or the plates 2, 3, 4 are
placed more densely to one side to achieve the optimum velocity profile. The
conditioner can be placed in both horizontal and vertical directions. The
conditioner can be used for different DN sizes of the pipe. The number of plates 2,
3, 4 will depend on the DN size. For the smallest size, there will be 1 or 2 plates;

with a larger size, the number of plates will increase, e.g. 3 to n.

[0020] The conditioner can be made of various materials, e.g. plastic, metal, etc.
Possible manufacturing technologies include 3D printing of plastics and metals,
metal welding, plastic injection moulding, etc. The material and technology used
will always depend on the requirements of the specific market. The position of the

plates is determined by the required measuring range of the gas meter.

[0021] This flow conditioner will be placed in the compact ultrasonic gas meter, see
application CZ PV 2019 — 161.

Industrial Applicability

[0022] The flow conditioner, according to the present invention, will find the
application thereof primarily in gas measurement, in ultrasonic flow meters, in
particular in natural gas distribution in households, municipal and industrial

buildings and the like.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

Claims

A gas flow conditioner in a flow bend (1), in particular in the ultrasonic flow
meter, characterised in that at least one longitudinal dividing plate (2) is
provided in an inner space (5) of the flow bend.

The gas flow conditioner according to claim 1, characterised in that the
flow bend (1) is provided with an inlet curved section (6), a middle straight
section (7) and an outlet curved section (8), wherein the axes of the inlet
curved section (6) and the outlet curved section (8) are in a parallel
direction and connected to the pipe opening of size DN.

The gas flow conditioner according to claim 1 or 2, characterised in that
at least one longitudinal plate (2) is symmetrically positioned in the flow
bend (1) with respect to the axis of the flow bend (1).

The gas flow conditioner according to claim 1 or 2, characterised in that
at least one longitudinal plate (2) is asymmetrically positioned in the flow
bend (1) with respect to the axis of the flow bend (1).

The gas flow conditioner according to any one of claims 2 to 4,
characterised in that the axis of the middle straight section (7) is in the
horizontal direction.

The gas flow conditioner according to any one of claims 2 to 4,
characterised in that the axis of the middle straight section (7) is in the
vertical direction.

The gas flow conditioner according to any one of claims 1 to 6,
characterised in that the Reynolds number for DN-sized pipe is higher
than 2,320. |
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[Fig. 3]

[Fig. 4]
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