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Abstract

Computational Fluid Dynamics has been carried out for water flowmeter on this study. Two
water flowmeters with different geometry have been modeled through the reverse engineering
technique. Flow characteristics and rotation per minute of the blade have been calculated using
body interaction function between internal passage of the flowmeter and the blade. As results
of flow analysis, the flow momentum of FM1 is more evenly applied compared with that of FM2,
which means that the blade of FM1 rotates more uniformly than that of FM2. The flow pattern
of FM1 is well distributed from the bottom and middle to top, but that of FM2 shows lack of
uniformity. It is believed that the uniformity of rotation is disrupted due to the ununiform
momentum delivered on the blade wing. If we assume that the rotational speed is linearly
proportional to the inlet flowrate, FM1 has 5.9% and FM2 has 16.8% error. FM1 is superior
to FM2 in linearity. These results could be utilized as basic data to design inner structure of
the flowmeter and to develop performance.
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1. Introduction

Flow meters are used in a variety of applications in the general industry, petroleum, chemical,
shipbuilding, medicine, food, steel, and semiconductors [1]. In particular, various types of
flowmeters have been used for the purpose of flow control and commerce in natural gas or
water supply pipelines. There are over 100 types of flowmeters in use today. The flowmeter
market in Korea is estimated at 120 billion won per year, including domestic water meters and
gas meters, and industrial process flowmeters. For reference, the global market for flowmeters
is 3.5 trillion won [1][2].

Among the types of flowmeters, there are turbine meters, water meters, or PD meters, such
as misaligned gear meters, which measure a rotational speed proportional to the flow rate by
inserting a rotor such as an impeller into a flow field [3][4]. All these meters cause pressure
losses and increase the uncertainty by reacting sensitively to changes in the flow rate of the
fluid entering the meter. Mechanical structures and rotating bodies installed in the fluid flow
field may wear or damage over time, changing the flowmeter characteristics, requiring periodic
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calibration by a flow measurement standard system [3]. [Figure 1] shows an example of a
general water meter model used in Korea.

Figure 1. Flowmeter

2. Main subject

2.1. Analysis method

In this study, the flow analysis of the water meter was conducted using commercial software
STAR-CCM +. The models used in the flow analysis were designed using the commercial
software CATIA V5. The model in [Figure 2] is named FM1 and the model in [Figure 3] is
named FM2 [5].

Figure 2. Actual model and 3d modeling of FM1
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Figure 3. Actual model and 3d modeling of FM2

The flow analysis of the water meter assumes unsteady turbulent flow, and the turbulence
model for the flow analysis uses the standard K-Epsilon Turbulence model. The fluid used in
the flow analysis was water. In order to simulate the blade rotational movement of the water
meter according to the flow of the fluid, the analysis was conducted using the DFBI (Dynamic
Fluid Body Interaction) method. The DFBI method can simulate the motion of an object at six
degrees of freedom, and the movement of a rigid body against pressure, shear, and other forces
exerted by the fluid [6]. This function was used to calculate the rotational speed of the blades,
and to calculate the flow trends at each flow rate and the flow velocity distribution around the
blades. The computational grid was created using the mesher function in STAR-CCM +, a
commercial software. The number of calculation grids was about 2 million FM1 and about 1.67
million FM2. [Figure 4] and [Figure 5] show the flow direction of the FM1 and FM2 and the
resulting grid. In the case of FM1, the pressure loss is large when the flow rate entering the
inlet flows out to the outlet compared to FM2. FM2 is designed to produce minimal pressure
loss on the same shaft as the inlet and outlet, but it cannot guarantee the durability of the product
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Figure 4. Flow direction and computational grid of FM1
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Figure 5. Flow direction and computational grid of FM2

2.2. Analysis result

[Figure 6] is the result of the flow analysis inside the flowmeter casing and around the blade
when the inlet flow rate is 10lpm. In [Figure 6], FM1 was formed in the upper and lower blades
and the corners of the stagnant section during the flow from the inlet to the bottom, resulting in
flow resistance. The structure of FM2 is simpler than FM1, but a few side blades receive most
of the flow momentum, and the remaining blades act as flow resistance. On the other hand, the
blades of the FM1 receive the flow momentum evenly [8].
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Figure 6. Streamline and velocity @ inlet flow = 20lpm
[Figure 7] is the flow analysis result when the inlet flow rate is 20 Ipm. As shown in [Figure

7], there is a clear difference in the flow rates between the models, and the flow of the FM1 is
evenly generated on the blade surface compared to the FM2. The flow momentum of FM1
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causes the rotation of the blade well. The FM2 is supplied with momentum of flow only to
some of the blades, with the inlet and outlet inclined about 15 “to the tangential surface. In the
case of this flow, dead volume is generated in the conduit portion of the blade inlet and outlet.
This phenomenon is expected to increase as the flow velocity increases, which may act as an
obstacle to precise flow rate measurement at high flow rates.
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Figure 7. Streamline and velocity @ inlet flow = 20lpm
3. Conclusion

In this study, the flow characteristics, blade rotation speed, and pressure drop for water
meters with different structures were calculated through the flow analysis, and the following
conclusions were drawn.

1. Two flowmeter models with different shape structures were modeled using reverse
engineering, and the flow characteristics and blade rotation speed were calculated by applying
the DFBI function to the inside of the flowmeter and the blades.

2. As a result of considering the internal flow characteristics, the flow rate of FM1 was
evenly applied to the blade surface compared to FM2, and the flow momentum of FM1
generated the blade rotation well. In the FM2, the momentum of the flow is supplied only to a
part of the blade, and the inlet and the outlet are inclined about 15 “to the tangential surface,
and dead volume is generated in the pipeline part of the blade inlet and the outlet. The dead
volume is expected to act as a factor that inhibits precise flow measurement at high flow rate.

Copyright © 2020 Global Vision Press (GV Press) 21



Study on Internal Flow Characteristics of Water Flowmeter using Unsteady Computational Fluid Analysis

Through this study, the flow characteristics of the two models with different shape structures
were identified and the rotational speeds were calculated. The results of this study could be
supplemented through future experimental study and could be used as basic technical data for
improving the accuracy of the flowmeter.
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