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Abstract
In this paper, we used computational fluid dynamics simulation (ANSYS CFX) to compare the performance of surfboard fins 
with grooves (and a bumpy-leading edge) to conventional surfboard fins. The simulations predicted the performance of each 
type of fins in terms of hydrodynamic forces and their behavior for angles of attack up to 45 degrees. Our results indicated 
that the pressure contours around fins with grooves (and bumpy-leading edge) were lower compared to pressure contours 
around conventional fins. The grooved fins exhibited a 13 ± 1% reduction in drag (coupled with a much smaller reduction in 
lift) at the stall angle, contributing to an overall 11 ± 1% improvement in the lift-to-drag ratio compared to conventional fins.

Introduction

The sport of surfing is rapidly growing in number of partici-
pants and was introduced as an Olympic sport at the Tokyo 
Olympics [1, 2]. Surfboards are fitted with fins to give the 
surfer control and manoeuvrability while riding waves. It 
is well known that experienced surfers change their fins 
depending on the wave conditions to enhance their surfing 
performance. During surfing manoeuvres, fins will experi-
ence a lift and drag forces that act perpendicularly and paral-
lel, respectively, to the flow of water around their fins. The 
magnitude of these lift and drag forces depends on the shape 
of the fins and the angle of attack (between fin and flow of 
water). The manoeuvrability and, in turn performance, of 
the surfers are influenced by the magnitude and ratio of the 

lift and drag forces generated on surfboard fin [3]. Develop-
ing fins which can optimise surfing performance, therefore, 
requires cooperation between surfers, fin manufacturers, and 
surfboard manufacturers [4].

It is well known from aerodynamic studies on airplane 
wings that performance can be enhanced by increasing lift 
and/or decreasing drag, resulting in an increased lift-to-drag 
ratio. The same principle can be applied to the lift and drag 
experienced by fins in surfboards. Several researchers have 
studied the hydrodynamic performance of three- and four-fin 
configurations using computational fluid dynamics (CFD) 
[3, 5–10]. It has been shown that the maximum lift for three-
fin configurations occurred at smaller angle of attached com-
pared to four-fin configurations [6].

Recently, a CFD study has evaluated the performance of 
a variety of conventional fin designs and used the results to 
design a fin for a specific ocean wave (WinkiPop in Aus-
tralia) [10]. The research team demonstrated that variations 
in rake showed the biggest impact on the turbulence intensity 
at angles of attack larger than 20 degrees. It was shown that 
variations in base length resulted in greater lift at small angle 
of attack values, but significant lift losses at high angles of 
attack [10].

Investigation of the hydrodynamic performances of whale 
flippers has demonstrated that modifying the leading-edge 
shape could enhance performance and manoeuvrability [11]. 
These studies showed that introducing tubercles to the lead-
ing edge significantly improved in the drag (reduction of 
11%) and lift-to-drag ratio (increase of 18%) at an angle of 
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attack of 10 degrees compared to a section with no tubercles 
[11].

Herein, we describe a CFD performance analysis of con-
ventional surfing fins and fins with a modified leading-edge 
shape (so-called grooved fins) to determine whether the 
grooved edge improved the lift-to-drag ratio.

Materials and methods

Fin design

A conventional surfing fin was designed based on the 
National Advisory Committee for Aeronautics (NACA) air-
foils, with fin dimensions similar to those of medium-sized 
commercial fins (Fig. 1A and B). The main fin dimensions of 
the conventional fin were rake (29 degrees), base (111 mm), 
and depth (115 mm). A second fin was designed with a mod-
ified leading edge and grooves, hereafter referred to as a 
“grooved fin” (Fig. 1C and D). The main dimensions of the 
grooved fin were similar to the conventional fin (Fig. 1A and 
B) but included 6 grooves that were 60 mm in length with a 
separation of 6 mm between each grooves (Fig. 1C and D). 
All fins were designed using computer-aided design (CAD, 
Solidworks, see Fig. 1).

Computational domain

The flow domain resembled the shape of a cube, with 
side of 700 cm and a height of 350 cm (Fig. 2A). The fins 
were attached to an idealised surfboard of 6 feet (186 cm) 
in length and 20 inches (50 cm) in width in a twin-fin 
configuration.

Two inlet boundary conditions (front and left-hand side) 
were used to define the angle of attack from the bounda-
ries. Two outlet boundary conditions were used as shown in 
Fig. 1A. The underside of the surfboard and the fins bounda-
ries were set as walls with free slip conditions to eliminate 
the influence of turbulence on the flow around the fins). The 
inlet velocity at the boundary was introduced as a function 
of the angle of attack which is the amount of rotation around 
the vertical axis (and is commonly known as yaw).

Mesh generation

The mesh was generated using ANSYS Workbench mesh-
ing software. The domain was sliced into several blocks to 
ease the process of grid generation and to control the ele-
ment size. Both structured and unstructured meshes were 
used. The element size range used for the CFD simulations 

Fig. 1  Fin designs. A Dimensions of conventional fin. B Leading edge of conventional fin. C Dimensions of grooved fin, arrows indicate posi-
tion of grooves with length 60 mm and separation of 6 mm. D Leading edge of grooved fin. All fins are shown with FCS2 bases
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of both fins was 1–5 mm, whereas the element size for the 
fins and surfboard was kept below 1 mm. An inflation layer 
was applied around the fin regions in order to capture the 
boundary layer effects. The details of meshing for the whole 
domain, at the surfboard and on the fins are shown in Fig. 1B 
to D. The simulation consisted of 5,833,940 elements.

Model setup

All simulations used water as the working fluid with a 3D 
CFX solver employed to solve the incompressible Reynolds-
averaged Navier–Stokes (RANS) equations. To account for 
the effect of turbulent flow, the shear stress transport SST 
k-ω turbulence model was used in this simulation because 
this approach is suitable for both internal and external flow 
regimes and is suitable for separating flows and adverse 
pressure gradients [12]. The convergence criteria were set 
to be  10–6 for all cases. The inlet flow velocity used in the 
simulation was set at a surfing relevant value of 5.6 m/s 
(20 km/h) and was informed by experimental data of surf-
ers on waves [13].

Results and discussion

CFD simulations are beneficial to understanding the fluid 
mechanics and modifying complex geometries. In this study, 
we considered the effect of turbulent flow conditions around 
both conventional and grooved fins, and analysed the result-
ing hydrodynamic forces (lift and drag). The first step was to 
establish the CFD model and perform CFD simulations for 
the conventional fins under angles of attack up to 45°. In the 
second step, the grooved fins were analysed under the same 
model conditions and angles of attack.

A mesh independence study was conducted using three 
meshes with an element size range of 1–3 mm (very fine), 
1–5 mm (fine), and 3–10 mm (coarse). The resulting num-
ber of elements for these three meshes was 6,900,000, 
5,834,000, and 1,900,000, respectively. Convergence was 
attained in the first 100 iterations for all three meshes. The 
results (data not shown) indicate that a mesh element size 
range 3–10 mm resulted in drag force values that were simi-
lar to those found for the finer mesh ranges. However, the 
values for the lift force for the coarse mesh showed a larger 
variation compared to the corresponding values for the fine 

Fig. 2  Validation of CFD model. A Flow domain and boundary conditions. B Section of mesh of the surfboard with base of the fins. C Mesh of 
conventional fin. D Mesh of the surfboard with fins
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and very fine meshes. As a result, the fine mesh setting was 
used in all cases because it was considered accurate enough 
to obtain valid lift and drag values.

Pressure contours around fins for both the conventional 
and grooved fin cases, which are located close to the fin 
base, are shown in Fig. 3A and B, respectively. The highest 

pressure is observed for the leading edge and outside sur-
face of the right fin and the inside surface of the left fin (see 
Fig. 1D for labelling of fins). Note that in our simulation, 
the inlet boundary conditions were imposed on the front and 
the right-hand side of the idealised surfboard, the flow of the 
water was directed at the outside surface of the right fin (and 

Fig. 3  Pressure contours, lift, and drag. A Pressure contours around 
conventional fins at 0 mm below the base in water flow of 20 km/h 
under angle of attack of 20 degrees. B Pressure contours around 
grooved fins at 0 mm below the base in water flow of 20 km/h under 
angle of attack of 20 degrees. C Pressure contours around conven-
tional fins at 85 mm below the base in water flow of 20 km/h under 

angle of attack of 20 degrees. D Pressure contours around grooved 
fins at 85 mm below the base in water flow of 20 km/h under angle of 
attack of 20 degrees. Arrows in (A–D) show direction of water flow. 
E and F Drag and Lift forces as a function of angle of attack for con-
ventional (spheres) and grooved (squares) fins, respectively
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inside of the left fin) as the angle of attack was increased. 
Therefore, lift was mainly generated by the right fin follow-
ing the well-known air foil theory in generating lift. The 
pressure contours would be reversed if the flow of water was 
directed at the outside surface of the left fin.

The results show that higher pressures contours were 
observed around the conventional fins compared to the 
grooved fins. Figure 3C and D shows that incorporating of a 
bumpy-leading edge (and grooves) resulted in a clear reduc-
tion in the pressure distribution. This result suggests that the 
grooved fins will experience lower drag forces compared to 
the conventional fins under the same flow conditions.

A comparison of the lift and drag forces generated for 
the conventional fins compared to the grooved fins is shown 
in Fig. 3E and F, and Table 1. For angles of attack below 
15 degrees, there are minor differences in the lift and drag 
forces experienced by the two fin types. At all these angles of 
attack, however, the lift and drag forces were always smaller 
for the grooved fins compared to the conventional fins. At 
the stall angle (30 degrees), the drag forces on the grooved 
fins were reduced by 13 ± 1% compared to the conventional 
fins, although this was coupled with a small reduction in 
lift (3.8 ± 0.5%). This larger reduction in drag indicates that 
the grooves are beneficial and likely improve surfing perfor-
mance (e.g. speed and manoeuvrability) of the fins.

The coefficients of drag (CD) and lift (CL) can be calcu-
lated using information about the fluid density, fluid veloc-
ity relative to the fin, and a fin reference area. Assuming 
that the reference areas of the conventional and grooved 
fins are similar, the lift-to-drag ratio can be obtained 
from the ratio of the drag and lift forces. For all angles of 
attack, the lift-to-drag ratio of the grooved fins is always 

outperformed the ratio observed for the conventional fins. 
At the stall angle (30 degrees) where the fins exhibit the 
largest amount of lift force, the lift-to-drag ratio of the 
grooved fins shows an improvement in performance of 
11 ± 1% compared to the conventional fins (see Table 1).

Conclusions

A conventional surfboard fin and a surfboard fin with a 
bumpy-leading edge and grooves were designed using 
CAD. CFD simulation (ANSYS CFX) was used to com-
pare the performance of the grooved fin (with a bumpy-
leading edge) to conventional surfboard fins at a surf-
ing relevant fluid velocity and angles of attack up to 45 
degrees.

Introducing grooves and bumpy-leading edge to the 
fin design resulted in a relatively large reduction in drag 
forces with only a small decrease in lift and, in turn, an 
increased lift-to-drag ratio, indicating improved fin perfor-
mance for surfing applications.

This paper contributes to the use of CFD simulation as 
a tool for evaluating and validating performance improving 
changes to the designs of surfboard fins before field testing 
fins in a surfing environment.
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Table 1  Summary of lift force 
(Lift), drag force (Drag), and 
Lift-to-Drag (L-to-D) ratio 
values for conventional (C-Fin) 
and grooved (G-Fin) fins

Angle of 
attack

C-Fin Lift (N) C-Fin Drag (N) C-Fin 
L-to-D 
ratio

G-Fin Lift (N) G-Fin Drag (N) G-Fin 
L-to-D 
ratio

0 − 4 − 5 0.8 − 3 − 7 0.4
2 − 19 − 4 4.8 − 18 − 5 3.6
4 − 34 − 2 17.0 − 33 − 3 11.0
8 − 63 2 31.5 − 64 3 21.3
10 − 77 4 19.3 − 78 5 15.6
12 − 91 7 13.0 − 92 8 11.5
14 − 103 9 11.4 − 105 11 9.5
16 − 116 12 9.7 − 118 14 8.4
18 − 127 15 8.5 − 130 17 7.6
20 − 138 18 7.7 − 142 20 7.1
25 − 159 24 6.6 − 165 27 6.1
30 − 173 26 6.7 − 180 30 6.0
35 − 142 14 10.1 − 146 16 9.1
40 − 130 11 11.8 − 137 12 11.4
45 − 125 9 13.9 − 130 11 11.8



700 A. Elshahomi et al.

1 3

Data availability On behalf of all authors, the corresponding author 
states that data will be made available upon request.

Declarations 

Conflict of interest On behalf of all authors, the corresponding author 
states that there is no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. R. Buckley, J. Sustain. Tour. 10, 405 (2002). https:// doi. org/ 10. 
1080/ 09669 58020 86671 76

 2. S. McCagh, The Surfboard Book: How Design Drives Perfor-
mance (McCagh O’Neill Pty Ltd., Hawthorne, 2013), pp. 34–50

 3. K. Sakellariou, Z.A. Rana, K.W. Jenkins, Proc. Inst. Mech. Eng. P. 
J. Sport. Eng. Technol. 231, 344 (2017). https:// doi. org/ 10. 1177/ 
17543 37117 704538

 4. T. Dalton, M. in het Panhuis, Developing R&D tools for the surf-
ing industry (LinkedIn, 2020), https:// www. linke din. com/ pulse/ 
devel oping- rd- tools- surfi ng- indus try- marc- in- het- panhu is/. 
Accessed 23 Apr 2022

 5. D. Carswell, N. Lavery, S. Brown, Computational modelling of 
surfboard fins for enhanced performance, in The Engineering of 
Sport 6. ed. by E.F. Moritz, S. Haake (Springer, New York, 2006). 
https:// doi. org/ 10. 1007/ 978-0- 387- 46050-5_ 75

 6. P. Gudimetla, N. Kelson, B. El-Atm, Aust. J. Mech. Eng. 7, 61 
(2009). https:// doi. org/ 10. 1080/ 14484 846. 2009. 11464 579

 7. S. Falk, S. Kniesburges, R. Janka, R. Grosso, S. Becker, M. 
Semmler, M. Döllinger, J. Fluids Structs 90, 297 (2019). https:// 
doi. org/ 10. 1016/j. jflui dstru cts. 2019. 07. 006

 8. D. Shormann, M. in het Panhuis, L. Oggiano, Proceedings 49, 158 
(2020). https:// doi. org/ 10. 3390/ proce eding s2020 049158

 9. D. Shormann, L. Oggiano, M. in het Panhuis, Proceedings 49, 132 
(2020). https:// doi. org/ 10. 3390/ proce eding s2020 049132

 10. S. Crameri, P.K. Collins, S. Gharaie, Appl. Sci. 12, 3297 (2022). 
https:// doi. org/ 10. 3390/ app12 073297

 11. F.E. Fish, P.W. Weber, M.M. Murray, L.E. Howle, Integr. Comp. 
Biol. 51, 203 (2011). https:// doi. org/ 10. 1093/ icb/ icr016

 12. F.R. Menter, AIAA J. 32, 1598 (1994). https:// doi. org/ 10. 2514/3. 
12149

 13. R.D. Gately, S. Beirne, G. Latimer, M. Shirlaw, B. Kosasih, A. 
Warren, J.R. Steele, M. in het Panhuis, MRS Adv. 2, 913 (2017). 
https:// doi. org/ 10. 1557/ adv. 2017. 107

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/09669580208667176
https://doi.org/10.1080/09669580208667176
https://doi.org/10.1177/1754337117704538
https://doi.org/10.1177/1754337117704538
https://www.linkedin.com/pulse/developing-rd-tools-surfing-industry-marc-in-het-panhuis/
https://www.linkedin.com/pulse/developing-rd-tools-surfing-industry-marc-in-het-panhuis/
https://doi.org/10.1007/978-0-387-46050-5_75
https://doi.org/10.1080/14484846.2009.11464579
https://doi.org/10.1016/j.jfluidstructs.2019.07.006
https://doi.org/10.1016/j.jfluidstructs.2019.07.006
https://doi.org/10.3390/proceedings2020049158
https://doi.org/10.3390/proceedings2020049132
https://doi.org/10.3390/app12073297
https://doi.org/10.1093/icb/icr016
https://doi.org/10.2514/3.12149
https://doi.org/10.2514/3.12149
https://doi.org/10.1557/adv.2017.107

	Computational fluid dynamics performance evaluation of grooved fins for surfboards
	Abstract
	Introduction
	Materials and methods
	Fin design
	Computational domain
	Mesh generation
	Model setup

	Results and discussion
	Conclusions
	Acknowledgments 
	References




