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Abstract

:

The harnessing and utilization of tidal current energy have emerged as prominent topics in scientific inquiry, due to their vast untapped resource potential, leading to numerous investigations into the efficacy of hydrokinetic turbines under various operational conditions. This paper delineates the wake field characteristics and performance of horizontal axis tidal stream turbines under the influence of support structures, using a comprehensively blade-resolved computational fluid dynamics (CFDs) model that employs Reynolds-averaged Navier–Stokes (RANS) equations in combination with the RNG k-ε turbulence model. To achieve this, the study utilized experimental tank tests and numerical simulations to investigate the distribution characteristics and recuperative principles of the turbine’s wake field. The velocity distribution and energy augmentation coefficient of the wake field showed strong agreement with the experimental results. To further assess the effect of support structures on the flow field downstream of the unit and its performance, the hydrodynamic attributes of the turbine wake field were analyzed with and without support structures. The interference elicited by the support structure modified the velocity distribution of the near-wake flow field, resulting in a 4.41% decrease in the turbine’s power coefficient (Cp), significantly impacting the turbine’s instantaneous performance.
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1. Introduction


In recent times, the development and implementation of tidal current energy have emerged as critical components of energy strategy, significantly contributing to sustainable economic and social development; alleviating energy scarcity in coastal regions, especially on islands; and safeguarding the ecological environment [1]. The horizontal axis tidal stream turbine represents the most prevalent form of tidal energy conversion devices, with the hydrodynamic properties and flow characteristics of the trailing wake field attracting considerable academic interest in recent years [2,3,4,5,6]. To optimize the harnessing of oceanic energy, an array of turbines must be deployed; however, numerous uncertainties remain. For instance, the hydrodynamic attributes of the trailing wake field and flow characteristics exert considerable impact on the fatigue load of downstream turbines, as well as the spacing configurations and efficiency of tidal energy turbine arrays.



Contemporary tidal current trends [7] have stimulated a surge in theoretical, numerical [8], and experimental investigations [9,10,11] into hydrodynamic energy devices. Nevertheless, the majority of extant research on three-dimensional numerical simulations concentrates on steady-state calculations, resulting in a relatively sparse body of literature addressing the transient effects of support interference. The axial force, peak static pressure, torque, and power of turbine blades increase with rising flow velocity [12], exhibiting a robust correlation between torque coefficient fluctuations and vortex generation in the blades [13,14]. Optimal energy utilization is attained within arrays exhibiting both lateral and longitudinal spacing in the proximal wake region, while downstream distances produce disordered wake trajectories, diminishing energy utilization by subsequent turbines [15]. The degree of inter-turbine interference and blockage effects critically impacts turbine performance [16]. Consequently, a turbine’s power and thrust output may decline when positioned in the wake of an upstream turbine (at a distance less than the centerline diameter) [17].



Moreover, the support structure significantly affects the overall resistance within the channel, consequently diminishing the total fluid flow through the turbine and reducing power generation by up to 40% [18]. Evidence indicates that flow recovery in the wake of the support structure accelerates in the presence of waves [19]. Subhash Muchala’s study utilizes a blade-resolved CFD model to investigate tidal turbine performance with cylindrical and elliptical support structures, finding that the cylindrical support results in higher integrated rotor force coefficients and a greater impact on the wake velocity compared to the elliptical support [20]. The research of A. Mason-Jones examines the interaction between a turbine and various stanchion geometries, revealing that hydrofoil and elliptical cross sections produce the least downstream disturbance, while square and diamond cross sections result in significant power reduction due to hydrodynamic interactions [21]. Zia Ur Rehman’s study investigates the impact of varying tower diameters on the performance and wake of Tidal Current Turbines using Computational Fluid Dynamics simulations, revealing an optimal tower diameter for maximizing the coefficients of both performance and thrust [22].



Consequently, the manuscript also explores the influence of the support structure on wake field distribution, hydrodynamic properties, and transient performance. The remainder of the paper is structured as follows: Section 2 describes the experimental setup and measurements; Section 3 introduces the numerical model; Section 4 presents the in situ assessment results of the employed anti-fouling coatings; Section 4 encompasses the analysis and discourse of numerical and experimental findings; and Section 5 summarizes the conclusions.




2. Experimental Setup and Measurement


The experiment took place in a large wave flume located in the Harbor and Navigation Hydrodynamics Laboratory of Shandong Jiaotong University. The laboratory’s wave flume measures 1.2 m in width, 50 m in length, and 1.4 m in height. The turbine has a diameter (D) of 0.3 m and a turbulence intensity of 0.07. Flow measurements were acquired both upstream and downstream of the turbine (in the X direction) across 17 Y–Z sections (ranging from 1.5 to 18 D), covering −1.2 to 1.2 D along the Z-axis and 0.8 to −1 D along the Y-axis, with an interval of 0.1 D between measurements, as illustrated in Figure 1.



The model turbine’s blades are predicated on a three-blade design developed by Hohai University, employing the NREL-S822 [5,23] airfoil and constructed from a 6061 aluminum alloy. The runner’s diameter is D = 300 mm, the support structure’s diameter is Dh = 36 mm, the hub’s diameter is Dhub = 50 mm, and the hub’s length is Lhub = 100 mm. The distance between the support structure and the runner’s center is L1 = 60 mm. With a tip speed ratio of 3.9 and a designed flow velocity of 0.4 m/s, the experimental water depth measures 0.6 m, and the runner’s center is situated 0.3 m above the tank’s floor. The hydraulic turbine experimental model’s structural components are depicted in Figure 2.



Sink velocity was determined using a miniature Nortek Acoustic Doppler Velocimeter (ADV), boasting a measurement accuracy of mm/s + 1 (+0.5%). To guarantee data reliability, the ADV’s experimental sampling frequency was set at 200 Hz, with a sampling duration of 180 s. Maintaining a signal-to-noise ratio exceeding 16 dB and a correlation above 80% facilitated the capture of transient velocity characteristics. The ADV, affixed to a sliding track above the flume, could traverse the flume’s width and depth, measuring flow velocities at various positions. The installation schematic is presented in Figure 3.




3. Numerical Model


The fundamental equations of the computational fluid dynamics (CFDs) theory encompass the conservation equations for mass, momentum, and energy. In the experimental setting, both the temperature of the tidal stream and the water turbine display negligible short-term variations, leading to the assumption of no heat transfer between the water turbine and seawater. Due to the primarily turbulent nature of the water flow within the turbine, the turbulence equations must also be considered. Consequently, the governing equations for analyzing the wake field of tidal stream turbines are as follows:



Continuity equation:


    ∂ ρ   ∂ t   + div ( ρ  u →  ) = 0  



(1)







Momentum equation:


    ∂ ( ρ u )   ∂ t   + div ( ρ u  u →  ) = div ( μ ⋅ grad ( u ) ) −   ∂ ρ   ∂ x   +  S u   



(2)






        ∂ ( ρ v )   ∂ t   + div ( ρ v  u →  ) = div ( μ ⋅ grad ( v ) ) −   ∂ ρ   ∂ y   +  S v       



(3)






    ∂ ( ρ w )   ∂ t   + div ( ρ w  u →  ) = div ( μ ⋅ grad ( w ) ) −   ∂ ρ   ∂ z   +  S w   



(4)






  grad ( * ) =   ∂ ( * )   ∂ x   +   ∂ ( * )   ∂ y   +   ∂ ( * )   ∂ z    



(5)







In this context, Su, Sv, and Sw denote the generalized source terms of the momentum conservation equations.



Cp represents the power coefficient derived from ocean currents by the turbine, serving as a crucial parameter for turbine performance. Ct is the thrust coefficient corresponding to the load along the impeller’s rotational axis, while the tip speed ratio (TSR) denotes the ratio of the blade tip’s rotational speed to the inlet fluid velocity. UDef signifies the velocity deficit. The respective equations are as follows:


   C p  = P / ( 1 / 2 ρ  U 0    3  π  R 2  )  



(6)






   C t  =  F X  / ( 1 / 2 ρ S  U 0    2  )  



(7)






  T S R = ω R /  U 0   



(8)






     U  D e f   = 1 − U /  U 0   



(9)




where P is the turbine power, ρ is the fluid density, R is the radius of turbine inlet surface, U is the velocity component of streamwise (axial velocity), and U0 is the velocity of the fluid.



The RNG k-ε model, proposed by Yakhot and Orszag (1986), is based on the renormalization group method. Similar in form to the standard k-ε, this theory yields an effective viscosity derived from the analysis, accounting for the influence of low Reynolds numbers and the appropriate treatment of the near-wall region by utilizing the Gaussian statistical method under equilibrium conditions [24]. After performing a series of operations to eliminate small-scale components and rescale the residual portion, the equation governing large-scale motion is obtained, enabling better management of flows with elevated strain rates and streamline curvature, thereby enhancing computational accuracy [25]. Turbulence, as a complex fluid motion, exerts a significant impact on the turbine and its wake. The CFD simulation model used in this study was the RNG k-ε model, which was chosen based on a thorough consideration of the water flow environment and the characteristics of the water turbine. The expressions are as follows:


    ∂ ( ρ k )   ∂ t   +   ∂ ( ρ k  u i  )   ∂  x i    =  ∂  ∂  x i        μ +    μ t     σ k        ∂ k   ∂  x i      +  G k  − ρ ε  



(10)






    ∂ ( ρ ε )   ∂ t   +   ∂ ( ρ ε  u i  )   ∂  x i    =  ∂  ∂  x i        μ +    μ t     σ ε        ∂ ε   ∂  x i      +  C  ε 1    ε k   G k  −  C  ε 2  *  ρ    ε 2   k   



(11)






   C  ε 2  *  =  C  ε 2   +    C μ   η 3  ( 1 − η /  η 0  )   1 + β  η 3     



(12)




where μt denotes the turbulent viscosity coefficient, while Gk signifies the term responsible for generating turbulence kinetic energy (k) due to the average velocity gradient. The constants Cμ, Cε1, Cε2, σk, and σε constitute empirical values, with respective magnitudes of 0.0845, 1.42, 1.68, 0.7194, and 0.7194.



Figure 4 depicts the computational domain, which is a rectangular region with a width of 4 D (1.2 m), a length of 30 D (9 m), and a height of 0.6 m. A cylindrical region with a diameter of 1.1 D and a thickness of 0.3 D was designated as the rotating zone surrounding the rotor, with the remaining area defined as the stationary domain. In the steady-state configuration, a frozen rotor interface is employed for the rotor, while a transient rotor interface is utilized in unsteady calculations [26]. The steady-state numerical simulation adopts a rotating coordinate reference system within the rotating region, and a static coordinate system in other flow areas. In contrast, the unsteady numerical simulation incorporates sliding grid technology. The inlet flow is assigned a velocity boundary condition of 0.4 m/s of magnitude, and the outlet is configured as a pressure outlet, with the flow proceeding from left to right. The top boundary surface is assigned symmetry, while the other walls are designated as wall boundaries. Given that the turbine constitutes a rotary machine, both steady-state and unsteady-state calculation methods are employed. The unsteady calculation’s time step is set at 0.005 s, corresponding to a 3° blade rotation duration, with 20 iterations per time step.



The accuracy of numerical calculations related to the turbine is significantly influenced by the quality and quantity of the computational grid. Employing a sparse grid may result in substantial discretization errors, compromising the accuracy of the computed outcome. Conversely, utilizing an excessively dense grid could lead to the inefficient use of computational resources. Therefore, it is essential to validate the grid-independent turbine to ensure a balance between accuracy and computational efficiency. As depicted in Table 1, a mesh count exceeding approximately 3.3 million is ascertained, wherein the relative difference of the power coefficient (Cp) falls within 1%. As evident in the runner domain mesh map (Figure 5), the flow surrounding the rotor blades is intricate. As a result, to capture the complex flow field in detail, partial refinement is executed within the rotating regions. A balance between computational cost and accuracy yields 1.87 million cells in the water body and 1.45 million cells external to the wheel.




4. Results and Discussion


4.1. Hydrodynamic Analysis


Figure 6 and Figure 7 present the dimensionless distribution curves of the axial component of time-averaged velocity along the XY and XZ sections, respectively. The detailed data are in Tables S1 and S2 of the Supplementary Materials. As depicted in Figure 6, flow velocity exhibits symmetric distribution around the runner’s center, with the lowest velocities occurring at the extremities of the swept area for 1.5 D and subsequently behind the hub. Flow continuity causes the velocities on either side to exceed the inlet flow velocity, aligning with Chen et al.’s research findings [27]. Downstream of the turbine, the flow velocity distribution exhibits considerable variation within the 1.5–5 D range, with U/U0 exceeding 0.5. In the 6–12 D region, flow velocity recovers to a certain extent and gradually equals the velocities on both sides, due to the momentum and energy exchange resulting from the wake flow’s expansion and continuous inflow.



As observed in Figure 7, two valleys appear downstream of the turbine at 1.5 D, signifying that the turbine’s rotational effect significantly impacts the flow field. At 5 D, the valley value recovers to approximately 70% of the inlet velocity. Between 3 D and 6 D behind the turbine, the maximum velocity loss occurs between the upper blade tip and the hub due to the blade’s rotation blocking effect. As the wake flow develops, this blocking effect weakens, and the wake flow gradually recovers.



As illustrated in Figure 6 and Figure 7, there are some discrepancies between the simulation results presented in this study and the experimentally measured data. However, previous research [5,14] has repeatedly pointed out that the turbulence structure of the wake field in experiments exhibits unstable anisotropic characteristics. Consequently, the complex features near the wake, which are critical parameters for nearby turbines, may not be accurately captured by conventional RANS-implemented isotropic turbulence models. Such deviations have also been observed in studies [28,29]. In the numerical calculations of the discretized models used in this work, some actual conditions have been idealized, resulting in a certain degree of deviation between the computational points and the characteristic curves. Nonetheless, the agreement is within the acceptable margin of error, indicating that the numerical results are sufficiently reliable. Furthermore, several studies have employed the same turbulence models [20,21,22] and boundary condition settings [30] for simulating the performance and wake of tidal stream turbines. Thus, the accuracy of the numerical simulation methods and results in this study is deemed appropriate.



In the experiment, the discrepancies between the measuring device’s error and the numerical simulation’s accuracy fall within the acceptable range. Overall, the results from the three-dimensional, full-scale numerical simulation method exhibit strong agreement with the experimental findings, validating the feasibility and accuracy of the employed simulation approach for investigating horizontal axis turbines.



Figure 8 illustrates the cloud diagram of axial velocity U changes within the wake field. It is evident that as water flows towards the turbine, axial velocity U decreases due to the turbine blade’s rotation and its inherent obstruction. After water passes through the turbine, the axial velocity U within the wake experiences a sharp reduction compared to the external axial velocity. The turbine’s rotational effect amplifies the velocity at the blade tip. Owing to the obstructive impact of the hub and the column, the flow field’s velocity directly behind the hub significantly attenuates, influencing the velocity distribution in the near-wake region. The water that has traversed the turbine continuously diffuses laterally and surpasses the turbine’s diameter, which is congruent with the conclusions drawn by Hou et al. [31].



Figure 9 presents a streamline diagram of the turbine wake flow field, where the streamlines depict the motion of each fluid particle within the flow field. The diagram clearly demonstrates the generation of a vortex around the hub due to the turbine’s rotation, with velocities (after the rotor) reaching up to 1.8 m/s. As a result, a portion of the water flows through the hub, and under the influence of rotation, a spiral streamline forms behind the hub. This dark-colored streamline exhibits a significant velocity loss. Hub vortices are produced and evolve uniformly in the far wake area. The support structure displays the minimum velocity near its rear, and cylindrical flow occurs around it. In summary, blades, hubs, and support structures each possess distinct characteristics that influence the wake field of a turbine.




4.2. Analysis of the Influence of Support Structure on Turbine Performance


To further analyze the influence of the support column structure on the flow field and turbine performance, the hydrodynamic characteristics of the turbine wake field with and without the support column structure were studied using a turbine impeller. The incoming flow direction (with a mean velocity of 0.4 m/s) was aligned with the support structure. Figure 10 displays the variation curve of the turbine’s Cp with the tip speed ratio. As shown in Figure 10, the simulated results agree well with the experimental values, only the simulated Cp is larger than the test in the high-speed ratio condition. However, the results are all within the experimentally measured power coefficient data’s standard deviation.



Figure 11 illustrates the average axial load coefficient for the water turbine impeller under the two types of structures, along with the change in tip speed ratio (TSR). The support column reduces the turbine’s Cp to some extent, by 4.41%, which in turn diminishes the turbine’s performance. In the low-speed ratio condition, when the tip speed ratio (TSR) is 2, the Cp of the turbine without the column structure is higher than that with the column structure. In the high-speed ratio condition, the Cp of the turbine without the column structure is higher than that with the column structure. The Cp showed an increasing and then decreasing trend, while the force coefficient increases with the tip speed ratio, although a small drop is observed at a tip speed ratio of 4.5. Overall, the force coefficient, in line with the power coefficient curve, tends to be lower with the support column than without it at high tip speed ratios. This can be partly explained by the more significant impact of turbine rotation at high tip speed ratios and the increased water blockage with the pillar compared to without the support column.



Figure 12 displays the distribution curves of the turbine wake at different downstream positions (0, 0.2, 0.4, 0.6, and 0.8 D) from the rotation centerline of the turbine, while the velocity distribution curve is shown in Figure 13. It can be observed from the velocity loss curves UDef at different positions behind the turbine that the speed recovery of the turbine wake is different depending on the distance from the centerline. The downstream speed losses tend to increase with closeness to the hub center, resulting in the smallest loss at 0.8 D. In this regard, the maximum attenuation of all curves occurred at the centerline 0 D curve, and the overall velocity loss was the most severe. The maximum velocity loss (1.5 D) at 0.2 D with and without the column was 48.88% and 45.27%, respectively, compared with 28.82% and 25.06% at 0.4 D, 14.14% and 4.02% at 0.6 D, and 13.15% and 3.68% at 0.8 D. Meanwhile, the recovered velocity at 18 D with and without the column was −2.45% and 2.87%, respectively, compared with −2.09% and 2.03% at 0.4 D, −2.22% and −1.89% at 0.6 D, and −2.32% and 3.68% at 0.8 D.



Based on the above analysis, the presence of the turbine in the flow field leads to an increased influence range of the wake field compared to the turbine’s diameter. The support column of the turbine has a blocking effect on the wake field near the turbine, resulting in increased velocity loss. This effect is most pronounced along the centerline, where the column obstructs the flow. As the downstream distance increases, the fluid velocity around the far wake slightly rises under the guidance of the support column and free liquid level. It becomes evident that the support column at the rear of the turbine has a significant impact on the flow velocity in the flow field. Therefore, it is crucial to study the effects of the support column and the distribution characteristics of the wake field to optimize the development and utilization of the power in the flow. By understanding these dynamics, engineers and researchers can make informed decisions when designing and deploying horizontal axis turbines for extracting energy from water currents.



Figure 14 presents the cross-sectional velocity cloud diagram of the runner under different structural conditions. Due to the runner’s rotation direction, the blade’s leading edge speed is the highest, and its slope is the steepest. Low velocity is observed behind the blade, which can cause flow separation on the blade surface, in agreement with the findings of J.N. et al. [32]. Comparing the velocity cloud maps of the lower sections of the two structures, it is evident that the flow field velocity U above the blade and the area near the blade’s trailing edge decrease to some extent under the influence of the rear struts. Figure 15 displays the velocity cloud map of the blade tip at the XZ section of the runner under different structures. The blocking action of the column reduces the range of the high-velocity zone outside the blade tip. To better understand these effects, Figure 16 presents a snapshot of the velocity cloud map distributed at the tip section. The velocity difference between the leading and trailing edges of the blade is mostly concentrated at 2/3 of the blade length. Figure 17 illustrates the static pressure distribution cloud map of the blade section, with differences arising from the variations In the flow velocity U of the fluid under the two support conditions. In general, the lower the flow velocity U on the blade’s upstream surface, the higher the pressure; conversely, the lower the velocity U on the back surface, the lower the pressure. This leads to the generation of lift and drag forces on the blade. The static pressure distribution pattern of the two structures is roughly the same. Under the influence of the column, the pressure on the backside of the blade rises more quickly along the Y direction, and the flow field range of 75 to 190 Pa towards the water surface of the blade is slightly reduced. This difference contributes to the discrepancy between the power coefficient and the thrust coefficient under the two structures.



Figure 18 displays the vorticity cloud map of the YZ section, with Figure 18 representing the X = 0 D, 0.67 D, and 4 D positions, respectively. These positions correspond to the blade length, proximity to the column, and distance from the column. It is evident that the vorticity magnitude and distribution pattern change as a function of the downstream distance from the turbine. At X = 0 D, the vorticity amplitude is large and concentrated near the blade surface, primarily due to the influence of the turbine’s rotational effect. As the wake flow expands and diffuses, the amplitude of the vorticity in the far wake field decreases. At X = 0.67 D, the vorticity amplitude is significantly reduced. A Karman vortex is present behind the column due to the flow around the cylinder, which affects the vorticity distribution near the wake area. At X = 4 D, the vorticity amplitude is minimal, primarily affected by the hub obstruction, while the effects of the column are minimal.



Figure 19 presents a comparison of the instantaneous power coefficient (Cp) with respect to the blade position. When compared to the turbine-alone configuration, the interaction between the three blades and the support column causes fluctuations in the Cp, resulting in a 4% reduction in the maximum power coefficient. Furthermore, the minimum instantaneous value of the impeller’s energy acquisition coefficient appears at small angles, suggesting that the interference from the support column significantly affects turbine performance.





5. Conclusions


In this study, both experimental and CFD-based methods were employed to investigate the wake field characteristics of a horizontal tidal axis stream turbine, focusing on the effects of the support column on the wake field distribution and turbine performance. The main conclusions are as follows.




	(1)

	
In the transverse flow field, the most significant speed loss occurs at the centerline (the rotational axis of the blades), where the support structure obstructs the flow.




	(2)

	
Close to the optimal tip speed ratio for maximum energy conversion, the support column decreases the turbine’s Cp by 4.41%. The support column’s effect on the turbine impeller’s average axial load coefficient is similar, with the support column structure causing a noticeable blockage in the flow at the optimal tip speed ratio, resulting in a slight decrease in the axial load coefficient.




	(3)

	
With the presence of the column structure, the maximum velocity attenuation of the wake field is increased by 3.96%, which occurs at 1.67 D behind the turbine’s centerline. The column reduces both the rate and range of velocity attenuation in the high-velocity zone outside the blade tip, significantly impacting the vorticity in the near wake field.




	(4)

	
The power coefficient, Cp, exhibits periodicity due to the interaction between the blade and the support column, leading to a reduction in the turbine’s average performance.









This study enhances the comprehension of the flow field dynamics in tidal flow turbines, specifically the effects of the support column on turbine performance and wake field distribution. The comparison and analysis of simulation and experimental data demonstrate the usefulness of CFD methods in providing valuable insights for fluid machinery engineering applications. Future research will concentrate on investigating the impact of the column’s shape and its location concerning the upstream and downstream wake field.
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Figure 1. Schematic diagram of YZ plane measuring points. 






Figure 1. Schematic diagram of YZ plane measuring points.
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Figure 2. Dimensional drawing of component structure. 
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Figure 3. Installation equipment diagram. 






Figure 3. Installation equipment diagram.
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Figure 4. CFD calculation model. 






Figure 4. CFD calculation model.
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Figure 5. Schematic diagram of the runner mesh domain. 
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Figure 6. 1 D lateral wake field distribution diagram at installation elevation. 
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Figure 7. 1 D longitudinal wake field distribution diagram at installation elevation. 
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Figure 8. Contours of velocity change. (a) In lateral flow field; (b) In longitudinal flow field. 
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Figure 9. Streamline distribution diagram of the horizontal axis tidal stream turbine. 
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Figure 10. The curve of power coefficient (Cp) with tip speed ratio (TSR). 
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Figure 11. The curve of power coefficient (Cp) and thrust coefficient (Ct) with tip speed ratio (TSR). 
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Figure 12. Schematic diagram of velocity curve interception. (a) With support structure; (b) No support structure. 
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Figure 13. Velocity attenuation curves at different positions in the wake field. 
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Figure 14. Velocity cloud diagram of runner YZ section. (a) With support structure; (b) No support structure. 
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Figure 15. XZ section velocity cloud diagram of blade tip. (a) With support structure; (b) No support structure. 
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Figure 16. Blade section velocity cloud diagram. (a) With support structure; (b) No support structure. 
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Figure 17. Blade section pressure cloud diagram. (a) With support structure; (b) No support structure. 
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Figure 18. Vortex cloud diagram X of YZ section of turbine. 
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Figure 19. Comparison chart of instantaneous value Cp. 
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Table 1. Mesh independence verification of computational domain.
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	Case
	No. of Cells
	Mean Power Coefficient Cp
	Relative Error (%)





	Coarsest
	2,000,000 (2.0 M)
	0.2854
	16.1



	Coarse
	2,700,000 (2.7 M)
	0.3062
	9.99



	Medium
	3,000,000 (3.0 M)
	0.3217
	5.44



	Fine
	3,300,000 (3.3 M)
	0.3402
	-



	Finest
	4,200,000 (4.2 M)
	0.3403
	0.03
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