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Abstract

:

To investigate the flow mechanism of feather-like rough airfoils based on swift wings, computational simulations were employed to explore their overall aerodynamic characteristics in comparison to equivalent smooth airfoils. The study focused on angles of attack ranging from 0° to 20° at low Reynolds numbers. The results reveal that the rough airfoil exhibits higher lift and lower drag compared to the smooth airfoil at moderate angles of attack ranging from 6° to 10°, resulting in significantly improved aerodynamic efficiency. Notably, at an angle of attack of 8°, the aerodynamic efficiency is increased by 19%. However, at angles of attack smaller than 6°, the increase in drag outweighs the increase in lift, leading to lower aerodynamic efficiency for the rough airfoil. Conversely, when the angle of attack exceeds 16°, both airfoils experience separated flow-dominated flow fields, resulting in comparable effective aerodynamic shapes and similar aerodynamic efficiencies. Furthermore, the study found that increasing the Reynolds number results in greater pressure differences in the flow field, leading to higher aerodynamic efficiency. These preliminary conclusions are valuable for elucidating the flight mechanisms of bird-feather-like wings and can inform the design or morphing design of bio-inspired micro aerial vehicles in the near future.
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1. Introduction


In the vast realm of flight, nature showcases remarkable diversity, with nearly a million species of flying insects and over 13,000 warm-blooded vertebrates, including mammals, birds, and bats, that take to the skies. These creatures, through their exceptional ability to navigate through space, embody nature’s extraordinary experiments in locomotion. Human fascination with the flight of birds, bats, and insects has persisted throughout history. Even with the rapid advancements in aeronautical technology since the Wright brothers’ pioneering flight in 1903, the aerial prowess of nature’s aviators, honed over 150 million years of evolution, continues to captivate our imagination. As McMasters and Henderson eloquently state, while humans fly for commercial or recreational purposes, animals fly professionally [1,2,3,4,5,6].



While man-made flying vehicles have made remarkable advancements, surpassing natural flyers in terms of effective payload, flight speed, and distance covered, the exceptional maneuverability, controllability, and stability demonstrated by natural flyers remain elusive for current human-engineered vehicles [6,7,8,9,10,11,12]. For instance, consider the supersonic aircraft SR-71 “Blackbird,” capable of traveling near 3 Mach (~900 m/s) and covering approximately 32 body lengths per second. In contrast, the common pigeon (Columba livia) frequently achieves speeds of 22.4 m/s, translating to an astonishing 75 body lengths per second. The European Starling (Sturnus vulgaris) can reach speeds of 120 body lengths per second, while certain swift species surpass even that, flying over 140 body lengths per second [1]. Most general aviation aircraft permit a maximum positive G-force of 4–5 G, with select military aircraft enduring 8–10 G. However, many bird species routinely experience positive G-forces exceeding 10 G and, in some cases, up to 14 G [1].



Particularly in the realm of low-Reynolds-number flow observed in biological flight, man-made micro aerial vehicles (MAVs) suffer from limited range, flight time, maneuverability, and stability when compared to birds. These constraints hinder the further development and application of MAVs [13,14,15]. The exceptional maneuvering and flight characteristics exhibited by birds are primarily attributed to their wing structures, which continue to hold numerous captivating mysteries despite millions of years of evolution. Therefore, delving deeper into the understanding and exploration of the low-Reynolds-number aerodynamic mechanisms governing bird wings offers a practical path to surmount the current technical bottlenecks faced by MAVs [1,2,6,7,8,9,10,11,12].



The swift, renowned as the champion of fast-flying birds, boasts the highest flight speed, remarkable maneuverability, and an extensive flight time compared to other land birds [16,17,18,19,20,21,22,23,24,25,26,27,28]. Noteworthy flight characteristics unique to swifts include (1) their wings comprise smaller inner arm surfaces and larger outer hand surfaces, enabling some adjustments to the wingtip bones’ angle during flight, thereby altering the shape and area of the wings [21,22,23,24]; (2) swifts exhibit minimal wing flapping during flight, relying predominantly on modulating the geometric shape of their wings to sustain efficient gliding over long distances [25,26,27,28]; and (3) unlike other birds, swifts rarely land throughout their lifetime, capable of sleeping while in flight, enabling uninterrupted flight for up to 10 consecutive months [21,22,23,24]. The wing structure, encompassing the skeleton and feathers, plays a crucial role in facilitating the swift’s efficient flight, especially during the transitional phases between different flight modes, as depicted in Figure 1. Unlike conventional aircraft with smooth wing profiles, swifts possess an unsmooth structure formed by overlapping feathers, resulting in a relative thickness of approximately 2% [28,29,30,31,32,33,34]. Preliminary findings indicate that this feather-overlapping rough wing exhibits improved structural stiffness compared to a smooth wing type [31]. However, the aerodynamic effects of the rough airfoil remain a topic of ongoing research, with varying viewpoints. Some studies propose that the rough airfoil can reduce drag at Re = 15,000 [29,30], while others suggest that although it may mitigate flow separation at high angles of attack, it does not significantly alter the overall aerodynamic characteristics [31].



The wing structure of birds plays a pivotal role in maintaining efficient flight in the air. However, previous studies have devoted limited attention to investigating the aerodynamic effects of feathered rough airfoils, and quantitative conclusions that can guide engineering practice remain elusive due to variations in flight conditions and the objects of study. To shed light on the aerodynamic effects of rough airfoils and their corresponding geometrically equivalent smooth counterparts under low-Reynolds-number flow conditions, this paper focuses on the feathered profile structure of a swift wing as the subject of study. Utilizing numerical simulation methods, the vortex evolution of the rough airfoil and its overall aerodynamic performance are examined, with particular emphasis on understanding the rough effect and Reynolds number influences exhibited by such non-smooth surfaces under low-Reynolds-number flow conditions. In the current era marked by the robust development of micro air vehicles, this exploratory research aims to provide a theoretical foundation and technical support for the design and fabrication of future micro bio-inspired airfoils.



This research not only provides valuable insights into the aerodynamic effects of rough airfoils but also holds promise for the application of morphing design principles. By exploring the rough effect and Reynolds number influences on non-smooth surfaces, this study contributes to the development of morphing airfoil designs. The ability to dynamically adjust the shape and surface characteristics of an airfoil during flight presents significant potential for enhancing maneuverability, stability, and overall aerodynamic performance. The findings of this research serve as a theoretical foundation and technical support for future advancements in morphing airfoil design, offering innovative solutions for the design and manufacture of micro bio-inspired airfoils. As the field of micro air vehicles continues to advance rapidly, this exploratory research contributes to the ongoing development of micro air vehicles by providing valuable insights for their design and fabrication.




2. Geometry Description, Computational Methods, and Validation Case


The complex structure and arrangement of feathers pose challenges in building fully equivalent geometric models for dynamic simulations and analysis [35,36]. Consequently, it becomes necessary to simplify the feathered wing model. Previous research has focused on accurately determining the wing contours by employing high-precision scanning techniques [37,38,39]. However, these studies often overlook the slender structure and anisotropic properties of feathers, instead emphasizing the flow variations caused by the valleys and ridges of overlapping primary feathers with thick protruding rachides.



Due to the variations in research objects and Reynolds numbers in previous studies, inconsistent conclusions have been drawn. To address this and elucidate the aerodynamic effects of rough airfoils in low-Reynolds-number flight, this paper builds upon the research conducted at the School of Mechanical Engineering at Stanford University [28,29,30,31,32,33,34]. The investigation specifically examines the vortex structure and aerodynamics of a swift rough model and an equivalent smooth airfoil under low-Reynolds-number flow conditions (Re = 1.5 × 104, 2.0 × 104, 3.0 × 104) during gliding flight. Numerical simulations are employed to explore the aerodynamic characteristics of the feathered rough airfoil. It is important to note that, for consistency, the Reynolds numbers selected in this study are based on the reference [31].



Figure 2 illustrates the swift rough and smooth swift wing shapes examined in this study, derived from the scanning results of the hand wing segment of the swift (refer to Figure 1c in the literature [31] for more detailed information). Both wings feature overlapping lower and upper surfaces, with the key distinction lying in the first half of the upper surface of the rough wing type. This region exhibits a non-smooth profile, characterized by four distinct valleys and ridges. In contrast, the equivalent smooth wing neglects these non-smooth geometric features. The chord lengths of both airfoils are maintained at C = 0.15 m. The reference areas for lift and drag coefficients are standardized to 0.15 m2. The Reynolds numbers (Re) considered in this investigation, based on the chord length C, encompass three values: 1.5 × 10⁴, 2.0 × 10⁴, and 3.0 × 10⁴, respectively. The free stream pressure (P∞) is set to 101,325 Pa, and the range of the angle of attack (α) spans from 0° to 20°, with increments of 2°.



The primary objective of the numerical simulation in this paper is to validate the computational method for aerodynamic calculations in low-Reynolds-number flows and assess its capability to capture the intricate structure of separated flows. To ensure a robust computational approach, the commercial software ANSYS Fluent 19.5 was employed as the simulation tool. All simulations were conducted on the Gekko cluster at the High-Performance Computing Centre of Nanyang Technological University, Singapore. The computational grid utilized in this study is a hybrid grid, comprising quadrilateral cells in the vicinity of the airfoil surface and triangular cells in other fluidic regions. The grid distribution across different regions is illustrated in detail in Figure 3. Figure 3a demonstrates the far-field boundary, represented as a square with a length of 40C (where C is the chord length). In Figure 3b, the upper two figures depict the boundary layer distribution for the smooth airfoil, while the lower two figures show the boundary layer distribution for the rough airfoil. The number of points evenly distributed around the airfoil surface is 1690 for the smooth airfoil and 1706 for the rough airfoil. Both airfoils have a boundary layer of 30 points off the wall, with an increasing ratio of 1.2. The total number of elements is 96,102 for the smooth airfoil and 96,938 for the rough airfoil.



For the boundary conditions, the left boundary of the rectangular far-field is set as a velocity inlet, the right boundary is a pressure outlet, and the lower side boundary is also a velocity inlet. The boundary condition for the upper side depends on the flow direction at different angles of attack. Specifically, when the angle of attack is 0°, the upper side boundary condition is set as a velocity inlet. However, for positive angles of attack, the fluid exits the domain, and thus the upper side boundary condition is set as a pressure outlet [16,37].



To ensure the accuracy and reliability of the numerical tool employed in this study, a comparison was conducted between ANSYS Fluent 19.5 and the new method of intermittency function suitable for low-Reynolds-number transitional flow described in Ref [40] for the surface pressure distribution of the SD7003 airfoil at an angle of attack of 4° and Reynolds number of 6 × 104. The detailed comparison of lift and drag, using different turbulence models, is presented in Table 1. It reveals that the last two methods exhibit better performance in terms of relative error for lift, while the third method demonstrates superior results considering the relative error for drag. Considering both the relative force error and computational efficiency, the Spalart–Allmaras (SA) one-equation turbulence model is adopted for the computational calculations in this paper to simulate the flow field in low-Reynolds-number conditions. It is important to note that for low-Reynolds-number flows at 104, the computational results tend to exhibit greater scattering and are challenging to converge as effectively as high-Reynolds-number flows at 106.



Figure 4 illustrates the comparison of airfoil surface pressure using different boundary layer scales and turbulence models. In Figure 4a, the results demonstrate consistency across the first layer heights of the appendage layer (y+ = 1.0, 0.10, and 0.01), indicating that the grid has minimal impact on improving computational accuracy. Consequently, a first layer height of y+ = 1.0 is adopted for the boundary layer grid in all subsequent models presented in this paper because y+ = 1.0 is dense enough to capture the flow characteristics of the flow around rough surface. In [37,38], the S-A and SST turbulence models were utilized to calculate the wing flow fields of pigeons and golden eagles. The comparison results in Figure 4b also confirm that the results obtained using the two turbulence models, S-A and SST, are essentially similar. Considering the slightly lower computational cost of the one-equation S-A model, it was chosen for the subsequent calculations in this study. Furthermore, it is important to note that the flow field remains steady for angle-of-attack values less than 8° and becomes unsteady for angles of attack greater than 8°. In the case of unsteady flow, time-averaged physical parameters are extracted by averaging over a cycle after obtaining converged sinusoidal results. As the reference time scale τ = C/V∞ = 0.1027 s, the unsteady time step is two orders of magnitude smaller, set at 0.001 s. The number of internal iterations is set to 20, and the total simulation time consists of 10,000 steps.




3. Results and Discussion


The valleys and ridges of overlapping primary feathers with thick protruding rachides are neglected on the surface of the smooth wing model, while these corrugated structures are retained in the front part of the upper surface of the bio-inspired rough wing model. In this section, the aerodynamic effects of the rough and equivalent smooth wings of the swift at low-Reynolds-number flow (Re = 1.5 × 104) are quantitatively investigated. The focus is on analyzing the overall aerodynamic coefficients as well as examining the vortex evolution structure to gain insights into these properties.



3.1. Comparisons of Overall Aerodynamic Characteristics


Figure 5 provides a comparison of the time-averaged lift coefficient CL, drag coefficient CD, and lift/drag ratio K for the two models at different angles of attack. Table 2 compares the change rate of the aerodynamic efficiency of the rough airfoil compared to the smooth airfoil. Figure 6 compares the differential pressure drag coefficient and friction drag coefficient. It is important to note that in all figures, the term “Rough” refers to the rough airfoil, while “Smooth” represents the equivalent smooth airfoil. The results indicate that, at angles of attack below 16°, the lift generated by the rough wing is greater than that of the smooth wing. Specifically, at angles of attack of 8° and 10°, the rough airfoil experiences lift increases of 2.3% and 3.4%, respectively, compared to the smooth airfoil. However, as the angle of attack exceeds 16°, the lift of both airfoils becomes nearly identical. Regarding drag, when the angle of attack is less than 6°, the rough airfoil exhibits higher drag compared to the smooth airfoil. At angles of attack of 0° and 4°, the drag of the rough airfoil increases by 6.8% and 9.0%, respectively. Conversely, as the angle of attack surpasses 6°, the rough airfoil demonstrates lower drag than the smooth airfoil. Notably, at angles of attack of 8°, 10°, and 20°, the rough airfoil experiences drag reductions of 14.0%, 8.4%, and 0.7%, respectively, compared to the smooth airfoil. It is worth mentioning that although the frictional drag of the rough airfoil at small angles of attack is significantly smaller than the pressure drag, the total drag aligns with the magnitude of the pressure drag due to its order-of-magnitude-larger value.



In general, when the angle of attack is below 6°, the rough airfoil exhibits lower aerodynamic efficiency compared to the smooth airfoil. This is mainly due to a more pronounced increase in drag than in lift. However, in the angle of attack range of 6°–16°, the rough airfoil demonstrates better aerodynamic efficiency than the smooth airfoil, as displayed in Table 2. This improvement can be attributed to the combined effects of increased lift and reduced drag in the rough airfoil. Once the angle of attack exceeds 16°, the flow field is characterized by separated flow, and the lift of both airfoil types becomes nearly identical. Although the drag of the rough airfoil is slightly smaller in this regime, the overall aerodynamic efficiency of the two airfoil types is almost equal.




3.2. Comparisons of Vortex Development and Evolution


This section focuses on investigating the evolution characteristics of the flow field and the variations in the pressure and friction coefficients of the airfoil under different conditions. These aspects are crucial in understanding the overall aerodynamic characteristics, particularly the development and evolution of vortices on the upper surface of the airfoil. By analyzing the numerical simulation results, we aim to gain insights into these flow-field dynamics and the corresponding changes in the pressure and friction coefficients.



Figure 7 illustrates the comparison of the airfoil surface pressure coefficient CP for four selected angles of attack (0°, 4°, 10°, and 20°). Additionally, Figure 8 presents the distribution of the corresponding friction coefficient Cf on the airfoil surface, while Figure 9 displays the pressure contour and streamlines. The pressure coefficient, Cp, is defined as Cp = (P − P∞)/(0.5ρV∞2), where P represents the local static pressure, and the friction coefficient, Cf, is defined as Cf = τω/(0.5ρV∞2), with τω representing the wall shear stress. Analyzing Figure 7, it becomes evident that the pressure distributions on the lower surface and the second half of the upper surface of both airfoils closely overlap. However, the rough airfoil exhibits noticeable suction peaks at protruding positions, resulting in lower pressure compared to the corresponding positions on the smooth airfoil. Figure 8 reveals that the friction coefficients at these corrugated positions of the rough airfoil are significantly higher due to the irregularities, contrasting with the corresponding positions on the smooth airfoil. When examining the flow field in Figure 9, we observe that the four valleys resemble “stagnant zones” in the flow at 4° and 10°, leading to the formation of standing vortices. Conversely, the flow is accelerated before the four ridges, resulting in reduced pressure. Since lift is generated by the pressure difference between the upper and lower surfaces, the rough airfoil exhibits higher lift compared to the smooth airfoil. At an angle of attack of 20°, the flow field is predominantly characterized by a wide range of separated vortices, minimizing the effect of standing vortices in the valleys and resulting in similar lift for both airfoil types.



In Figure 9, significant extreme values of the friction coefficient can be observed at the ridges, while negative friction occurs at the valleys due to recirculating flows where the flow reverses direction. The frictional drag coefficients of the two airfoil types largely overlap at other locations. Since the drag force is a combination of the pressure and friction acting on the airfoil surface, the overall trend of the total drag force is primarily determined by changes in the pressure coefficient. This is mainly due to the relatively small area of the corrugated region and the fact that the friction coefficient is an order of magnitude smaller than the pressure coefficient. These observations align with the findings presented in Figure 5 and Figure 6.




3.3. Comparisons of Reynolds Number Effect


In the previous section, we examined the aerodynamic effects of the rough and equivalent smooth airfoils based on the swift wing at Re = 1.5 × 104. In this section, we extend our investigation to explore the aerodynamic characteristics of these two airfoils at Re = 2.0 × 104 and Re = 3.0 × 104. Figure 10 presents a comparison of the time-averaged lift coefficient CL, drag coefficient CD, and lift-to-drag ratio K for the two models at various angles of attack. Additionally, Figure 11 and Figure 12 showcase the pressure contours and streamlines at selected angles of attack (4°, 10°, and 20°). These visualizations offer valuable insights into the aerodynamic behaviors of the airfoils under different flow conditions.



From Figure 10, we observe that the lift curves exhibit a consistent trend across different Reynolds numbers, with the maximum lift occurring around the 10° angle of attack. Beyond 16°, the lift of both airfoils becomes nearly identical. Generally, higher Reynolds numbers correspond to larger lift coefficients. At the 10° angle of attack, the lift coefficient of the rough airfoil increases by 77% and 298% for Re = 2.0 × 104 and Re = 3.0 × 104, respectively, compared to Re = 1.5 × 104. The drag coefficient also experiences a significant increase with increasing Reynolds numbers. Specifically, at the 10° angle of attack, the drag coefficient of the rough airfoil increases by 74% and 282% for Re = 2.0 × 104 and Re = 3.0 × 104, respectively, compared to Re = 1.5 × 104. The trend of the lift-to-drag ratio remains consistent across the three Reynolds number cases, demonstrating that the rough airfoil exhibits superior aerodynamic efficiency to the smooth airfoil in the medium angle range of 8°–16°. When examining the streamlines and pressure distribution in Figure 11 and Figure 12, we observe that the flow field structure remains largely similar across different Reynolds numbers. However, as the Reynolds number increases, resulting in higher freestream velocities, we observe larger maximum pressure and smaller minimum pressure in the flow field. Consequently, the pressure difference and corresponding lift and drag forces also increase.





4. Concluding Remarks


In this study, a comprehensive investigation into the aerodynamic characteristics of the feather-overlapping rough airfoil under low-Reynolds-number flow conditions (Re = 1.5 × 104, 2.0 × 104, and 3.0 × 104) was conducted using numerical simulations. Our aim was to quantitatively analyze the impact of the rough airfoil’s geometric features on vortex structure and overall aerodynamic performance. The findings highlight the significant influence of valleys and ridges on the rough airfoil’s upper surface on flow patterns and aerodynamic behaviors. The conclusions drawn from our analysis at different angles of attack are as follows:




	(1)

	
The presence of valleys in the rough structure leads to the formation of standing vortices, while the flow is accelerated at the ridges, resulting in suction peaks. Consequently, at small angles of attack, the rough airfoil exhibits higher lift compared to the smooth airfoil, primarily due to the presence of these four protruding suction peaks. However, as the angle of attack reaches 18°, the flow field becomes dominated by separated flow, and the lift becomes similar for both airfoils.




	(2)

	
Frictional drag, being an order of magnitude smaller than pressure drag, has a minor impact on the total drag. The primary determinant of total drag is the pressure difference between the upper and lower surfaces. When the angle of attack is less than 6°, the rough airfoil experiences higher drag compared to the smooth airfoil. However, as the angle of attack surpasses 6°, the rough airfoil exhibits lower drag than the smooth airfoil




	(3)

	
The aerodynamic efficiency of the rough airfoil is lower than that of the smooth airfoil at angles of attack below 6°, primarily due to the more pronounced increase in drag compared to lift. In the medium angle range of 8°–16°, the rough airfoil demonstrates higher aerodynamic efficiency. However, after 16°, when the flow field is dominated by separated flow, the lift remains almost constant, the drag experiences a slight reduction, and the aerodynamic efficiency does not exhibit significant improvement (less than 1%).




	(4)

	
The aerodynamic effects of both airfoils exhibit similar trends within the range of Reynolds numbers studied. However, higher Reynolds numbers result in greater pressure differences in the flow field, leading to higher aerodynamic efficiency.









This study sheds light on the aerodynamic effects of non-smooth structures on the airfoil surface of the swift wing, providing insights into flow field evolution and aerodynamic changes. Further research is warranted to explore lift enhancement, drag reduction, and control mechanisms of compliant overlapping-feather structures during flight. These investigations will serve as a theoretical foundation and technical support for the future development of miniature feather-like bird-flying vehicles and morphing designs.
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Figure 1. Swift wing with an amplified stethoscope [30]: (A) Similarly to other birds, swift hand wings are built up by overlapping primary feathers that make the upper surface corrugated. (B) When broad-spectrum turbulent noise was detected with the stethoscope, a photo of the transition location (grey arrow) was made. 
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Figure 2. Rough and smooth airfoils based on the swift wing. 
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Figure 3. Computational grid distribution at different positions. (a) Computational domain, (b) Detailed view of grid distribution near the two airfoils. 
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Figure 4. Comparison of pressure coefficients by different computational methods. (a) y+ = 10.0, 1.0, 0.1, 0.01 (α = 4.5°), (b) α = 4.5°. 
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Figure 5. Comparison of lift coefficient CL, drag coefficient CD, and lift-to-drag ratio K. (a) CL&CD, (b) K. 
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Figure 6. Comparison of pressure drag coefficient CDP and skin drag coefficient CDf. 
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Figure 7. Comparison of wall pressure coefficient at different angles of attack. 
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Figure 8. Comparison of wall skin friction coefficient at different angles of attack. (a) Rough airfoil, (b) Smooth airfoil. 






Figure 8. Comparison of wall skin friction coefficient at different angles of attack. (a) Rough airfoil, (b) Smooth airfoil.



[image: Aerospace 10 00660 g008]







[image: Aerospace 10 00660 g009 550] 





Figure 9. Comparison of vortical structures at different angles of attack. (a) α = 4°, (b) α = 10°, (c) α = 20°. 
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Figure 10. Comparison of lift coefficient CL, drag coefficient CD, and lift-to-drag ratio K at different Reynolds numbers. (a) CL, (b) CD, (c) K. 
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Figure 11. Comparison of vortical structures at different angles of attack (Re = 20,000). (a) α = 4°, (b) α = 10°, (c) α = 20°. 
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Figure 12. Comparison of vortical structures at different angles of attack (Re = 30,000). (a) α = 4°, (b) α = 10°, (c) α = 20°. 
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Table 1. Comparison of lift and drag coefficients by different computational methods.
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	Method
	CL (Relative Error)
	CD (Relative Error)





	Ref [40]
	0.561
	0.021



	Inviscid
	0.6541 (16.60%)
	0.0025 (−88.10%)



	S-A
	0.5561 (−0.87%)
	0.0219 (4.29%)



	SST
	0.5654 (0.78%)
	0.0223 (6.19%)
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Table 2. Comparison of change rate of aerodynamic efficiency of the rough airfoil compared to the smooth airfoil.
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	    α /  °       
	K (Smooth)
	K (Rough)
	%





	0
	10.8745
	10.7124
	−1.49%



	2
	16.2739
	15.5969
	−4.16%



	4
	19.4783
	18.3618
	−5.73%



	4.5
	19.7688
	18.6565
	−5.63%



	6
	17.8323
	18.4004
	3.19%



	8
	12.2775
	14.6062
	18.97%



	10
	7.2949
	8.2341
	12.88%



	12
	5.2495
	5.4760
	4.31%



	14
	4.2617
	4.3568
	2.23%



	16
	3.6302
	3.6799
	1.37%



	18
	3.1737
	3.2018
	0.88%



	20
	2.8205
	2.8369
	0.58%
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