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Using CFD (Computational Fluid Dynamics) upfront
to design better flowmeters
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Cradle CFD OVAL Corporation is a flowmeter manufacturer,
Case study interview who has cultivated their own advanced technology

to develop a diverse range of products. They have
started using SC/Tetra to improve product accuracy
and quality. In this article, OVAL Corporation explains
how they benefit from using CFD and also discusses
challenges they experienced when introducing the tool.
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OVAL Corporation is a fluid equipment manufacturer
that produces many different kinds of fluid flowmeters.
The company was founded in 1949 with the mission

to manufacture an oval-shaped gear meter, which was first
developed by the president of Nissan Motor Company.
Since that time, in addition to their three most popular
products, oval, Coriolis, and vortex flowmeters, the OVAL
Corporation has developed a diverse range of products
(Picture 1). As the largest pure-play manufacturer of

fluid equipment, they apply highly advanced technology
to the design of their products. This enables them

to provide optimal flowmeters that satisfy client

needs, even those with unique specifications, such as
the government.
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Businesses Manufacturing and sales of flowmeters,
associated electronic instruments,
flow measurement systems,
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Capital 2.2 billion JPY (issued stock: 26.18 million)

Head office Shinjuku-ku, Tokyo, Japan

(details are as of May 12, 2015)

Picture 1: Flowmeter - ultrasonic flowmeter on left,
vortex flowmeter on right

Flowmeters are used to measure the amount of fluid
that passes through a pipe per unit time. They can be
found in many aspects of our daily lives. They are used

to measure fuel flows at gas stations, residential water
flows, process flows at chemical and food plants, waste
water flows from a factory, exhaust gas flows, and many
others. Flowmeters can be generally categorized as
either volume flowmeters or mass flowmeters. A volume
flowmeter measures the fluid volume that passes through
an area per unit time. A mass flowmeter measures

the fluid mass that passes through the area per unit
time. Volume flowmeters can be further categorized

as actual measurement typed and inferential typed.
OVAL Corporation’s oval gear flowmeters are actual
measurement typed volume flowmeters. A fixed volume
of fluid is transferred by each rotation through two sets of
oval gears inside the flowmeter. This enables measuring
the total flow rate by monitoring the number of rotations.
In contrast, OVAL Corporation’s ultrasonic and vortex
flowmeters, as shown in Picture 1, are inferential typed
flowmeters.

CFD application
as a more practical approach

OVAL Corporation started thinking about SC/Tetra back
in fall 2013. They were not satisfied with the accuracy and
processing speed of the fluid analysis software they had
been using, although this was the only software they had
used since starting their analysis efforts.

Thinking back to just before officially introducing SC/Tetra,
Mr. Motomiya (Picture 2) says: “It was good that we could
use the trial version for free during the first two months.”
With thorough technical support provided by the Software
Cradle staff, OVAL Corporation was able to perform
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Picture 2:

Mr. Takeshi Motomiya,
Assistant Manager, R&D Group 1,
R&D Division, OVAL Corporation

thorough evaluations during the trial period. From this
impression, Mr. Motomiya was convinced of the software’s
feasibility. “We felt that we could use the tool without
problems,” says Mr. Motomiya.

Positive comparison between
measurement and analysis values

After officially introducing SC/Tetra, OVAL Corporation
first compared analysis and measurement results for
estimation-based flowmeters, which are often used

in plants. The measurement accuracy of these flowmeters
will be affected by the velocity distribution inside the pipe.
In many cases, where components, such as elbows,
joints, and valves are located upstream of the flowmeter,
swirling flow and drift current can occur, undermining

the flowmeter’s capability. ISO (International Organization
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Figure 1: Comparison between velocity distribution near flow inlet and
outlet (experiment conditions tested by Hilgenstock et al.?)

Picture 3: Mr. Toshihide Fujikawa (D.Eng), Assistant Manager,
R&D Group 1, R&D Division, OVAL Corporation

for Standardization)® regulations specify that sufficient
pipe length must be maintained between the flow
components and the flowmeters. In reality, retaining
sufficient pipe length is difficult to achieve because of
limitations imposed by available space. As a solution, a
flow conditioner to help straighten the flow are sometimes
used to achieve an ideal velocity distribution using short
pipe lengths.

Figure 1shows an experiment using double bend pipes.
The model was used for PTB (the Physikalisch-Technische
Bundesanstalt, Germany’s national metrology institute)
standards verification. The experimental results

show the velocity distribution for a complex piping
configuration®. As shown in Figure 1, the fluid inlet is
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Figure 2: Comparison between analysis and experiment values
undertaken by Hilgenstock et al.?

Results using SST k-w model were in closest agreement with
experiment values.
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) q/Howdirection

Figure 3: Comparison between velocity distribution between perforated
plate and the point where 1.5 times far from pipe radius in downstream
(experiment conditions tested by Xiong et al.®).

Fluid flows from rear part towards front.

located at the lower front and the outlet is located at
the upper left. A Laser Doppler flowmeter was used

to measure the velocity distribution inside the pipe near
the outlet.

The comparison in Figure 2 shows the turbulence

model that produced the closest agreement between

the calculated and measured values. According to this
analysis, the SST K-w model produced the best agreement
with the test results. The horizontal axis on the graph
shows the distance from the center of the pipe cross
section, and the vertical axis shows the velocity
distribution on the cross section. Both axes are
dimensionless values, which are divided by either the pipe
radius or the average velocity at the cross section.

For the next step, OVAL Corporation verified the case
where a perforated plate was located downstream of

the pipe bend. The geometry isillustrated in Figure 3,
where the flow conditioner is called an AKASHI plate®.
Fluid enters through the inlet. In this analysis, the SST

K-w model was used, based on previous analysis results
which demonstrated high accuracy using this turbulence
model. Figure 4 shows streamlines for the analysis results.
Swirling flow occurs when no perforated plate is used.
The left diagram in Figure 5 shows the velocity distribution
1.5 pipe radii® downstream. The vertical axis shows

the distance from the center of the pipe cross section,
and the horizontal axis shows the velocity distribution.
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Figure 4: Streamlines shown in the analysis results calculated using SST k-w model.

Swirling flow occurs without perforated plate.

Without perforated plate

Flow direction

The difference between the analysis and test results

near the wall is likely caused by the influence of the wall
on the measurement results. Regardless of which analysis
toolis used, the calculated values for the velocity near
the wall will be greater than the actual values when

the SST k-w model is used. With all things considered,

Dr. Fujikawa (Picture 3) says that the analysis values “are
in good agreement with the experiment values, except for
the results near the wall.”

Aiming to front load the design process
with computational analysis

“Our final goal is to achieve front loading. To do so, the first
thing we need to do is to accumulate technical know-how,”
says Dr. Fujikawa. OVAL Corporation is planning to use
SC/Tetra during the pre-production design phase. This

will reduce prototyping and experiments, which will
ultimately minimize cost and reduce development time.

He explains: “To keep the development cost low, we have
to reduce the number of trial-and-error evaluations during
prototyping and experiments that involve making and
testing actual equipment. This cannot be done without
CFD predictions.” Another reason CFD is so important at
the OVAL Corporation is that their flowmeter product mix
calls for wide varieties but small quantities. Flowmeters
must be designed differently to comply with different
specifications, including calibers, pressure, temperature,
and viscosity. SC/Tetra is a useful tool for narrowing down
the many design decisions to identify the best values

to meet specific customer requirements. Using CFD will
speed up development. Dr. Fujikawa hopes to achieve front
loading and improve product accuracy and quality.

OVAL Corporation is currently performing steady-state
analyses for about 30 different design studies using
models that contain ten to twenty million mesh elements.
It takes one to two weeks to calculate a solution in four
parallel processes. “There are some things that can only
be clarified by performing transient analyses. Although
calculation time is a problem that still needs to be
resolved, we are considering taking up this challenge,”
says Mr. Motomiya. He further explains: “That will mean
increasing the degree of parallelism.
It would be better if we can run
multiple jobs using just one license.”
Cloud services, which have become
more common in recent years, can
be the solution. Using cloud services,
several hundred parallel calculations
can be processed. Cloud services
provide significant benefits for a user
who does not regularly process large
scale calculations. Mr. Motomiya
also recognizes the possibilities and
advantages that could come from
using cloud services. He will try using
these services if the benefits exceed
the costs.
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SC/Tetra’s fast mesh generation function
is a great advantage

Regarding the support provided by Software Cradle,

Dr. Fujikawa says: “Their engineers are not only quick but
extremely helpful. They are our reliable partners.” As a
Japanese firm, Software Cradle provides manuals and
related documentation in Japanese as well as English. This
helped OVAL Corporation engineers who are not familiar
with English.

While using SC/Tetra, what struck Dr. Fujikawa

the most was the integral capabilities of the SC/Tetra
Postprocessor. For example, the data needed to produce
the graph shown in Figure 2 was obtained from

the analysis results. When an analyst wants to generate
the velocity distribution of an arbitrary cross section
according to the existing experiment data, the analyst
can simply select the spot on the window without having
to input coordinates.

OVAL Corporation also finds mesh generation easy
using SC/Tetra. The CFD software they used previously
did not have the automatic mesh generation function.
This forced them to use a step-by-step procedure just
to generate meshes. They ended up using another CAE
(Computer Aided Engineering) tool, which was compatible
with the CFD software, to generate mesh elements.
They had to use a multi-step process to change the file
extension, export the data, and finally import the data
into the CFD software. “SC/Tetra is very easy to use.

It generates the mesh automatically. We can adjust
settings separately to generate mesh elements even
around walls too,” says Dr. Fujikawa. The improved
capabilities reduce processing speed and provide a
substantial advantage to OVAL Corporation.

No one-click answer is possible

To truly improve the flowmeter design/development
processes, CFD must be used effectively. To do so,

Dr. Fujikawa explains that they first determine the required
performance and then consider possible design options.
Unrealistic options are deleted by theoretical calculations.
The remaining options are evaluated using CFD to identify
the best options. Dr. Fujikawa explains that this will
ultimately reduce the number of experiments.

OVAL Corporation is intent on using CFD to help achieve
their design objectives; however, they also know they
must use the most feasible approach. Their approach is
based on recognizing that “CFD is not a magic tool.” It does
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Figure 5: Velocity distribution
Analysis results were in close agreement with experiment when
SST k-w model was used.

not produce results with just one click of a button. “Itis
crucial that engineers are sufficiently trained when using
the tool,” says Dr. Fujikawa. Engineers can decide whether
or not the calculated results are correct when they have
substantial knowledge not only in the operation of the CFD
tool, but also in academics, such as fluid engineering

and CFD analysis. “Even if engineers are well-trained,
once they stop using the software regularly, there is little
hope for attaining optimal results. It won’t change even

if the software has amazing capabilities. We engineers
need to be aware of this at all times” says Dr. Fujikawa. If
engineers are satisfied with having installed the software,
and believe that the right solutions will somehow appear,
the true potential of the software capability will not

be realized. Or worse, the software may end up being
unused. “CFD is not a magic tool” is a key idea for OVAL
Corporation, whose intention is to encourage engineers
to fully use the software.

Currently, Dr. Fujikawa is collaborating with Professor
Tetsuya Kodama from Tohoku University (Biomedical
Engineering for Cancer, Biomedical Engineering for
Diagnosis and Treatment, Graduate School of Biomedical
Engineering), to undertake simulations for micro flows
at extremely low Reynolds numbers in living bodies.

As Professor Kodama and Dr. Fujikawa were both
conducting similar research in fluid engineering, they
decided to perform their research using SC/Tetra. This
project is expected to contribute to overall research at
the OVAL Corporation.

As a future prospect, OVAL Corporation plans to increase
the number of SC/Tetra users in their design division.

This will be followed by extending CFD usage further into
the design process which will ultimately help them achieve
front loading. SC/Tetra will continue to act as a powerful
tool to help accomplish their goal.
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Hexagon is a global leader in sensor, software and autonomous solutions.
We are putting data to work to boost efficiency, productivity,

and quality across industrial, manufacturing, infrastructure, safety,

and mobility applications.

Our technologies are shaping urban and production ecosystems
to become increasingly connected and autonomous - ensuring a scalable,
sustainable future.

Software Cradle, part of Hexagon’s Manufacturing Intelligence division,
provides highly reliable, multiphysics-focused computational fluid
dynamics (CFD), thermal dynamics software and integrated simulation tools
that enhance customers’ product quality and creativity. Learn more at
cradle-cfd.com. Hexagon’s Manufacturing Intelligence division provides
solutions that utilise data from design and engineering, production and
metrology to make manufacturing smarter.

Learn more about Hexagon (Nasdag Stockholm: HEXA B) at hexagon.com
and follow us @HexagonAB.
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