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Abstract. The standard k-ε turbulence model in computational fluid dynamics software FLUENT was used, 

and the coupled flow field of multiple propeller-type current-meters was simulated numerically, properties of 

the coupled flow field under different distances between each two current-meters and different initial flow 

velocity were found out. Results show that: the interaction on flow field of the adjacent current-meters causes 

the bimodal trend of flow velocity which means flow velocity decreases rapidly after the peak; the rod 

deformed in the flow field along flow direction and make the deflection of axes of current-meters happen, 

which cause the deviation between measured velocity and actual velocity, and this deviation became larger 

with the flow velocity increases. The detailed information of flow field is obtained in this paper, which 

provides theoretical evidence to development and actual measurement of propeller-type current-meter. 
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1. Introduction 

The measurement of the velocity of water flow is very important to the study of the movement law of 

water flow and the interaction mechanism of water and sediment [1-4]. At home and abroad, the research on 

propeller-type current-meter has made some progress in theory and engineering application. Computational 

Fluid Dynamics (CFD) as an independent discipline, has become a hot research topic in fluid mechanics [5]. 

In summary, based on the gap of Study on the coupling flow field of multiple current-meters, use FLUENT 

module in CFD software ANSYS to simulate the flow field of multiple propeller-type current-meters, and 

combined with the static analysis module of ANSYS-Static Structural, the deformation of current-meters in 

the flow field is obtained. 

2. Flow Flied Modelling 

2.1. Hydrodynamic equation 

Under the condition of natural hydrology, it is believed that the flow around the current-meter is a 

viscous incompressible fluid motion. Based on the Reynolds equation theory, continuity equation and 

momentum equation of flow field are: 

𝜕𝑢𝑖

𝜕𝑥𝑖
= 0                              (1) 

𝑢𝑗
𝜕𝑢𝑖

𝜕𝑥𝑗
= −

1

𝜌

𝜕𝑝

𝜕𝑥𝑖
+ 𝑣

𝜕2𝑢𝑖

𝜕𝑥𝑗𝜕𝑥𝑗
−

𝜕𝑢𝑖
′𝑢𝑗

′

𝜕𝑥𝑗
+ 𝑓𝑖                 (2) 

where: ρ—Liquid density                             𝑢𝑗 , 𝑢𝑖—Reynolds averaged velocity 

       𝑢𝑖
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′
—Pulsation quantity                       𝑣—Kinematic viscosity coefficient 

       𝑥𝑖 , 𝑥𝑗—Coordinate variable of Descartes coordinate system 
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       𝑝—Reynolds static pressure 

       𝑓𝑖—The component of the mass flow strength on the coordinate axis 

In order to solve the flow field in rotating region, turbulence model is needed. In the engineering 

calculation of turbulent flow, the standard k- e double equation model is the most widely applied, its k 

equation and ε equation are: 
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where:  𝑘—Turbulent kinetic energy                     𝜇𝑒𝑓𝑓—Effective viscosity coefficient 

        G—Turbulent kinetic energy                     ε—dissipation rate 

The constants in the equation are: 𝜎𝑘 = 1.0, 𝜎𝜀 = 1.3, 𝐶1 = 1.44, 𝐶2 = 1.92. 

2.2. Geometry modelling and mesh partition 

Geometric model of a single propeller-type current-meter shows in Fig. 1. After pre-processing the 

model in ANSYS, import the three flow meter models in different distances. The whole flow field is meshed 

in Tetrahedrons method. In order to improve the precision of calculation, the refinement of the mesh in the 

region is necessary. Surface mesh of current meter shows in Fig. 2. 

               
Fig. 1: Geometric model of single current-meter           Fig. 2: Flow field mesh model 

2.3. Boundary conditions and parameter settings 

In this paper, the fluid medium is liquid water. Flow inlet boundary is velocity inlet, Under the same 

spacing of current-meters, the different inlet water velocity is set. The initial velocity of water flow and the 

rotational speed of rotating flow field show in Table.1; Using SIMPLE algorithm for calculating, and 

turbulent momentum equation, turbulent kinetic energy equation, turbulent dissipation rate equation are in 

second order upwind format. 

Table 1: Flow parameters setting 

Flow 

parameters 

Simulation scheme 

1 2 3 4 

Flow velocity 

(𝒎 𝒔⁄ ) 
𝟐 4 6 8 

Rotational speed 

(rpm) 
500 1000 1500 2000 

3. Calculation Results and Analysis 

3.1. Analysis of flow field of single propeller-type current-meter 

The flow field of a single flow meter is analysed, with the flow velocity of 6 m⁄s, the velocity contour of 

the flow field shows in Fig. 3. Set the reference line at the distance of 50mm, 62.5mm, 75mm, 87.5mm, 

100mm from current-meter, the flow velocity curve on the reference line show in Fig.4. 
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Fig. 3: Velocity contour of the flow field            Fig. 4: Flow velocity curve on the reference line 

 

It can be seen from Fig. 3 and Fig. 4: the velocity of the flow around the flow meter is higher than other 

area but not too much; the smaller the distance is, the stronger the flow field is affected by the current meter, 

which means that before the first peak of curve the flow velocity increase more and in the second peak of 

curve the flow velocity decreases rapidly.  

3.2. Analysis of the coupled flow field of multiple propeller-type current-meters 

When the initial flow velocity is 6 𝒎 𝒔⁄ , and the spacing of current-meters are 100mm, 125mm, 150mm, 

175mm, 200mm, velocity contour of flow field on plane of current-meters show in the Fig. 5. Through 

comprehensive analysis of this five velocity contours, we can find that the presence of multiple flow meters 

has a great influence on the flow field.  

 
Fig. 5: Velocity contour of flow field 

In order to reflect the influence of flow field more directly, a reference line is arranged at the middle 

position of the adjacent current-meter, as shown in Fig. 6, and the change trend of velocity in the straight line 

is obtained. Compared with the velocity variation of the single current-meter at the same position, we can get 

the curves of flow velocity under different distances. 

 
Fig. 6: Curves of flow velocity 

357



It can be seen from Fig. 6, under the coupling of the flow field of the adjacent current-meter, the trend of 

the velocity on the reference line has changed greatly compared with the single current-meter condition. In 

order to show the two peak’s characteristics, import a k value to express reduced rate of the flow velocity. Its 

computation formula is: 

k =
𝑉𝑚𝑎𝑥−𝑉𝑚𝑖𝑛

𝑥𝑚𝑎𝑥−𝑥𝑚𝑖𝑛
                      (5) 

where:     𝑉𝑚𝑎𝑥—peak velocity 

       𝑉𝑚𝑖𝑛—lowest velocity 

       𝑥𝑚𝑎𝑥—abscissa of peak velocity 

       𝑥𝑚𝑖𝑛—abscissa of lowest velocity 

The k value can reflect the influence of the flow field coupling on the flow velocity, the larger the k 

value is, the faster the flow velocity decreases after the peak; on the other hand, the smaller k value is, the 

slower the flow velocity decreases after the peak. The relationship between the k value and the spacing of the 

current-meter in the decline of the second peak shows in the Fig. 7; the relationship between the k value and 

the spacing of the current-meter in the decline of the first peak shows in the Fig. 8. 

 
Fig. 7: The relationship of the second peak    Fig. 8: The relationship of the first peak 

After separate analysis of Fig. 7, Fig. 8, we can get: the k value decreases with the increase of the 

spacing, and it is inversely proportional to the spacing, which means that the coupling effect between the 

flow field of the adjacent current-meter decreases with the increase of the spacing of the adjacent flow 

meters, and when the spacing is reduced to a certain value, this influence will have a leaping growth. 

3.3. Analysis of the deformation of current-meter 

When the initial velocity are 2 𝑚 𝑠⁄ , 4 𝑚 𝑠⁄ , 6 𝑚 𝑠⁄ , 8 𝑚 𝑠⁄ , the deformation of current-meter shows in 

Fig.9. The relationship between the maximum deformation of current-meter shows in Fig. 10. 

 
Fig. 9: the deformation of current-meter                        Fig. 10: the relationship 
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From Fig. 10 we can get the formula of the maximum deformation of the current meter: 

𝑋 = 𝐾 ∙ 𝑉2                        (6) 
where X—the maximum deformation, V—the initial velocity of flow field 

K is a constant value, the specific value of K depends on the shape and size of the current meter, in this 

paper K = 1.55. The deformation of rod causes the deformation of the current-meter, and the impact of water 

flow can be regarded as uniform, so the rod is simplified as the cantilever beam model with uniform pressure. 

The formula for calculating the deflection angle of current-meter is: 

𝜃 =
8

6𝐿
∙ 𝑋 =

8𝐾∙𝑉2

6𝐿
                             (7) 

where θ—deflection angle of current-meter, L—length of rod 

The current-meter axis is not parallel to the flow direction because of the deflection. Therefore, the 

actual flow velocity measured by the current meter is: 

𝑉′ = 𝑉 ∙ cos 𝜃 = 𝑉 ∙ cos
8𝐾∙𝑉2

6𝐿
                         (8) 

𝑉′ is the actual flow velocity measured by the current meter. The formula we can get: with the increase 

of the initial velocity, the difference between the measured velocity and the accurate velocity is larger, which 

means the error is larger.  

4. Conclusion 

Through the numerical simulation and analysis of the coupled flow field of multiple propeller-type 

current-meters, the detailed information of flow field is obtained, which provides theoretical evidence to 

development and actual measurement of propeller-type current-meter. Next, the experiments of actual 

behaviours of multiple propeller-type current-meters underwater are needed, in order to verify the accuracy 

of the simulation results obtained in this paper. 
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