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Abstract 
 
This study conducted an analysis of the computational fluid dynamics of 

water meters. Flow meters are used in a variety of applications in various 

fields. Flowmeters include turbine meters, water meters, or PD meters, such 

as oval gear meters, which measure the speed of rotation through a rotating 

body such as an impeller. All of these flowmeters cause pressure loss and 

sensitively react to changes in the flow rate distribution of the fluid flowing 

into the flowmeter, thereby increasing uncertainty. Mechanical structures or 

rotating bodies installed in the fluid flow field wear or become damaged over 

time, so the flowmeter characteristics change, so periodic calibration by the 

flow measurement standard system is necessary. Therefore, in this study, 

fluid analysis of the flowmeter was performed to analyze the flow velocity 

distribution and flow characteristics. Two flow meter models having 

different structures were modeled using reverse engineering. The difference 

between each model is that the flow from the inlet to the outlet is different, 

FM1 flows in a streamlined fashion, and FM2 represents a straight flow. 

Flow characteristics and number of rotations were calculated by applying the 

body interaction function to the internal flow and blades of flow meters. 

Through this, the error was calculated by the linearity equation through the 

velocity value for each flowmeter. The results of flow analysis showed that 

the flow momentum acting on blade surfaces was more uniform for FM1 
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than FM2, and that the flow momentum of FM1 produced uniform blade 

rotation. The flow field of FM1 was uniformly distributed across the top, 

middle, and bottom, whereas that of FM2 was non-uniform for all three 

sections. This delivery of non-uniform momentum to the blade wings was 

presumed to interfere with the uniformity of number of blade rotations. 

Assuming that the number of rotations is linear to inlet flow, FM1 and FM2 

had average errors of 5.9% and 16.8%. That is, FM1 was superior to FM2 in 

terms of linearity. This is the result that the FM1 model is judged to be more 

advantageous in shape and structure than the FM2 model. These results may 

serve as basic reference for research on internal structure design and 

performance of water meters. 

 

Key words:  Computational Fluid Dynamics, Blade, Momentum, Flow 

Characteristics, Water Meter. 

 

1    Introduction 
 

Flow meters are used for various purposes in general industries and other 

fields such as oil, chemical, shipbuilding, medicine, food, steel, and 

semiconductors.[1] In particularly, they are used for flow control and fluid 

transactions in natural gas or water supply pipelines. There are more than 100 

types of flow meters at present, and their ranges of measurement vary greatly 

from ㎕ to tens of ㎥ per second. Korea’s flow meter market, which includes 

water meters and gas meters for households, is estimated to have an annual 

worth of 120 billion won. Flow meters for industrial processes account for 

70%, and are largely dependent on imports. Meanwhile, the global flow 

meter market is worth 3.5 trillion won. The various types of flow meters 

include turbine meters, which measure rotation velocity in proportion to flow 

rate by introducing a rotor to the flow field, water meters, and PD meters of 

the oval gear type. These flow meters cause a drop in pressure, and are 

sensitive to changes in flow velocity distribution of fluids, thus contributing 

to uncertainty. Since mechanical structures and rotors installed in flow fields 

can become worn or damaged over time, the system should be periodically 

corrected to meet flow rate measurement standards.[2] However, studies on 

comparing the internal flow characteristics according to the flow velocity are 

insufficient. Therefore, this study analyzed the flow characteristics of two 

models with different shape structures. 

 

2 Main Subject 
 

2.1 Method of Analysis 
 

This study used the commercial software STAR-CCM+12.04 to conduct 

flow analysis of a water meter. Unsteady, turbulent flow was assumed for the  



                                                                                                                  
 

 

 

 

 
Study on Internal Flow Characteristics of Water Flow Meter using Unsteady 

Computational Fluid Dynamics 4145 

 

analysis, and the K-Epsilon Turbulence model was adopted. Viscosity and 

turbulent flow fields are assumed to analyze the internal flow rate and blade 

rotational speed. The momentum equations governing the turbulent flow are 

expressed as Cartesian coordinates as follows.[3] 

                       (1) 

The water meter model used in analysis is shown in Fig. 1. The fluid was 

water. To simulate the rotation of blades of the water meter according to 

flow, Dynamic Fluid Body Interaction (DFBI) was employed. When subject 

to fluid momentum, the DFBI method can express motion in 6 DOF, and 

simulates the motion of a rigid body in response to fluidic pressure, shearing 

force, and other forces.[4] This feature was used to calculate the number of 

blade rotations, flow trends at each velocity, and flow distribution around 

blades.[5] The calculation lattice was produced using the polyhedral mesher 

feature of the commercial software STAR-CCM+12.04.[6] The number of 

lattices produced was approximately 2 million for FM1, and 1.67 million for 

FM2. Fig. 2 shows the flow directions and calculation lattices of FM1 and 

FM2.[10] 

     
Fig. 1: Actual model and 3D Modeling (a) FM1 (b) FM2 



                                                                                                                  
 

 

 

 

 

 

4146 Woobin Sim et.al 

 

 

 
(a) 

 

 
(b) 

Fig. 2: Flow direction and calculation lattices (a) FM1 (b) FM2 

 

2.2 Results of Analysis 
 

Fig. 3 and Fig. 4 show the insides of flow meter casings and flow 

analysis near the blades with an inlet flow of 10lpm. In Fig. 3, flow 

resistance of FM1 was caused by congestion occurring mostly in the upper 

blades and edges while flowing from the inlet to the ground. FM2 had a 

simpler structure than FM1, but most of the side areas of blades were subject 

to flow momentum, and the rest of the blades were acting as flow resistance. 

On the other hand, the blades of FM1 were subject to momentum of a more 

uniform flow. Fig. 4 shows the cross-sectional flow velocity distribution by 

blade position. FM1 had a more uniform, constant flow compared to FM2. 

The flow of FM2 was concentrated on a few blades, and the internal velocity 

distribution was less uniform. This can be attributed to its inlet/outlet 

structure.[7, 10] 
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Fig. 3: Streamline and velocity @ inlet flow = 10lpm (a) FM1 (b) FM2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Flow velocity distribution of blades @ inlet flow = 10lpm (a) FM1 (b) FM2 
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Fig. 5 and Fig. 6 show the results of flow analysis with an inlet flow of 

20lpm. As can be seen in Fig. 5, the models have distinct differences in flow 

velocity, and FM1 has more uniform flow on blade surfaces than FM2. This 

implies that the flow momentum of FM1 contributes to smooth rotation of 

the blades. For FM2, momentum is supplied to only some of the blade edges, 

and the inlet and outlet form an angle of about 15° to the tangential section, 

resulting in dead volume in the pipes at the inlet and outlet. This is expected 

to worsen at higher velocities, and may lead to less precise flow rate 

measurements at high flow. Fig. 6 shows the cross-sectional flow velocity 

distribution of each blade at 20lpm. For the middle portion of FM1, flow 

velocity was the fastest at the ends of blade wings. The bottom portion of 

FM2 had non-uniform flow, but showed the fastest flow velocities due to the 

inlet and outlet leaning toward the bottom. 

 

 
Fig. 5: Streamline and velocity @ inlet flow = 20lpm 
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Fig. 6: Flow velocity distribution of blades @ inlet flow = 20lpm 

 

Fig. 7 is a graph of the number of rotations for each blade. The number 

of rotations for FM1 was 299rpm at 10lpm, and 550rpm at 20lpm. For FM2, 

this was 243rpm at 10lpm, and 357rpm at 20lpm. With reference to the 

straight line passing the origin, FM1 and FM2 had an average error of 5.9% 

and 16.8%, respectively. FM1 is thus expected to be more advantageous than 

FM2 in terms of linearity.[8, 9] Through this, the error was calculated by the 

linearity equation through the velocity value for each flow meter. 
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Fig. 7: Number of rotations of blades 

Fig. 8 shows the static pressure distribution by model and flow. FM1 has 

uniform pressure distribution from the inlet to outlet, but FM2 saw a rapid 

decrease in pressure from the inlet.  

 
Fig. 8: Static pressure distribution by model and flow (a) FM1 (b) FM2 
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Fig. 9 shows the pressure drop by blade and inlet flow. The amount of 

pressure drop was similar regardless of inlet flow. The two models had a 

similar number of rotations, but their structural differences led to a 

significant difference in pressure drop. 

 
Fig. 9: Pressure drop 

 

3 Conclusion 
 

This study conducted flow analysis to examine flow characteristics, 

blade rotation velocity, and pressure drop of two water meters having 

different structures. The following conclusions were derived.  

1. Two flow meter models having different structures were modeled 

using reverse engineering, and DBFI was applied to the inside areas and 

blades to determine flow characteristics and the number of rotations of 

blades. 

2. From examining internal flow characteristics, the flow of FM1 was 

found to act more uniformly on blade surfaces than that of FM2, and the flow 

momentum of FM1 contributed to smooth blade rotations. This is expected to 

worsen at higher velocities, and may lead to less precise flow rate 

measurements at high flow.  

3. From analyzing the flow characteristics of blades, FM1 was found to 

have uniform flow distribution from the bottom to middle and the top, while 

FM2 had non-uniform distribution across the three sections. This delivers 

non-uniform momentum to the blade wings, and interferes with the 

uniformity of the number of rotations. Assuming that the number of rotations 

is linear to inlet flow, FM1 and FM2 had an error of 5.9% and 16.8%, 

respectively. As such, FM1 was superior to FM2 in terms of linearity. This 

study examined the flow characteristics of two flow meter models having 

different structures, and calculated rotation velocities. The analysis results 

will be further supported through experiments, and they are expected to serve 

as basic technical reference in enhancing the precision of flow meters. 
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