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ABSTRACT: The potential of using sails and Computational Fluid Dy namics (CFD) to improve the sustainability of traditional 

fishing boats in the Maluku region. This study highlights the importance of cost-effectiveness and environmental sustainability in 

the fishing industry. This study shows that Computational Fluid Dynamics (CFD) is effective in simulating the thrust force generated 

by sails. Sails were used to generate thrust forces on conventional fishing vessels by implementing CFD methodology with three 

different models. Various sail shapes were incorporated into the modelling process to assess their impact on the thrust force. 

Subsequently, a comprehensive analysis was conducted to evaluate the sail thrust force under typical operating conditions, focusing 

specifically on the average speed of the vessel at 15 knots in the waters surrounding the Maluku Islands. The results reveal that sail 

model 1 has the highest thrust force, amounting to 240.2 N. Sail models 3 and 2 generate thrust forces of 238.9 N and 227.9 N, 

respectively. The fluid flow conditions around sail model 1 and screen model 2 provide valuable insights into how the sail interacts 

with the fluid environment to produce thrust. By understanding and optimizing these fluid dynamics, designers and engineers can 

enhance the performance of sail models and improve their efficiency in harnessing wind power for propulsion. This study highlights 

the importance of ship science and technology in the design of appropriate propulsion systems for traditional fishing vessels. 
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I. INTRODUCTION 

The fishing profession is indeed a significant livelihood for 

many residents in the Maluku region, as evidenced by the 

socioeconomic life of the fishermen community on Maitara 

Island, where fishing is the primary occupation [1]. However, 

it is important to note that there are other livelihood strategies 

in place, such as agricultural work and involvement in 

plantations and pearl enterprises, as seen in the case of 

women on Seram Island [2]. Although fishing is a mainstay 

for many people, it is not their only livelihood option.  

The livelihoods of fishermen are closely tied to the 

effectiveness and cost efficiency of their fishing boats. 

Traditional boats, which are often central to their operations, 

must balance their initial investment and operational costs 

with income generation to ensure economic viability [3]. 

Although these studies do not directly address the use of sails 

as a cost-effective solution, they offer insights into various 

aspects of fishing boat economics and the potential for 

alternative energy sources. The adoption of biodiesel as an 

alternative energy source for fishing boats has been explored, 

which suggests the willingness of the fishing community to 

consider changes that could enhance cost-effectiveness and 

environmental sustainability [4]. However, this does not 

directly correlate with the use of sails, but indicates a broader 

context of energy considerations within the fishing industry. 

 

 
Figure 1. Traditional fishing boat with tarpaulin sail [5] 

 

The successful rescue of a fishing boat stranded in the 

Natuna Sea for 12 days highlights the importance of 

resourcefulness and quick thinking in emergency situations. 

The utilization of tarpaulin sails in this instance potentially 

played a crucial role in enabling the vessel to navigate or send 

distress signals, although the specific circumstances leading 

to the boat's predicament remain unclear. It is evident that 

fishing boats in the area are well prepared for such 

emergencies, underscoring the significance of being equipped 

for rescue operations at all times. 

The decision to resort to tarpaulin sails as a temporary 

measure could have been prompted by a breakdown in 

equipment or the exhaustion of fuel supplies, both of which 

are common challenges faced by Indonesian fishermen [6], 

[7]. Given the heavy reliance on fossil fuels in the fishing 
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industry, it is common for vessels to encounter issues related 

to fuel shortages or mechanical failures. In such cases, 

improvisation is essential to ensure the safety and survival of 

those on board, as demonstrated by the rescued fishing boat 

crew.. 

The incident serves as a reminder of the risks and 

uncertainties that fishermen face while at sea, as well as the 

importance of having contingency plans in place for 

unforeseen emergencies [8], [9]. The swift determination of 

the boat's location is critical for facilitating a prompt response 

and successful rescue operation. Moving forward, it is 

imperative for fishermen to be adequately prepared and 

equipped to handle emergencies effectively, whether through 

the use of alternative sailing methods or other innovative 

solutions that can help ensure their safety and well-being 

while navigating unpredictable waters [10]. 

 

The utilization of sails on fishing boats is rooted in 

traditional knowledge, which often reflects a deep 

understanding of local environmental conditions and 

maritime practices. However, the effectiveness and efficiency 

of sail shapes have not been thoroughly investigated using 

modern scientific methods. These studies suggest that there is 

potential to improve fuel efficiency and reduce emissions by 

optimizing sail placement and design [11]. However, the 

practical application of sail technology is highly dependent 

on local wind conditions and cannot fully replace diesel 

engines [6]. Moreover, archaeological evidence from the 

Viking Ship indicates that historical sail proportions are not 

fully understood and that reconstructions rely on a 

combination of archaeological, iconographic, and 

ethnographic sources [12]. Although traditional knowledge is 

invaluable for resource management and cultural 

appreciation [13], it does not always translate into safety or 

efficiency in modern contexts, as in the case of traditional 

fishing vessel decorations that do not aid radar detection [14]. 

The integration of traditional sailing methods with renewable 

energy technologies such as hydro generators [15] and hybrid 

systems that combine sails, diesel engines, and solar panels 

[16] represents a promising avenue for enhancing the 

sustainability of fishing vessels. 

The application of Computational Fluid Dynamics 

(CFD) to analyze sail thrust forces on traditional fishing boats 

is an emerging area of research that combines fluid mechanics 

with numerical analysis to predict the aerodynamic 

performance of sails. CFD allows the simulation of airflow 

around sail structures to determine the forces generated, 

which is crucial for optimizing sail design and improving 

propulsion efficiency [17]. Although CFD has been 

extensively used for modern yacht and ship designs, its 

application to traditional fishing boats is less common. 

Traditional fishing boats often rely on empirical knowledge 

and inherited design practices, which may not always 

consider the hydrodynamic interactions between the hull, sail, 

and surrounding fluids [18]. Moreover, the integration of sails 

as a hybrid propulsion system with fishing boat engines to 

enhance fuel efficiency and reduce emissions is a relatively 

novel concept that has not been widely studied [11]. 

However, the literature does not directly address the 

specific impact of sail-shaped variations on the thrust force of 

traditional boats. However, several studies have provided 

insights into the related aspects of the performance and 

characteristics of traditional fishing vessels. Ridwan 

[19]discussed the importance of applying ship science and 

technology to traditional fishing vessels, including the design 

of appropriate propulsion systems that could influence the 

thrust force [19]. These approaches may affect the thrust 

force; however, the specific role of the sail shape has not been 

examined.  

The primary objective of this study is to examine the 

effectiveness of using sails to generate thrust forces on 

conventional fishing vessels by implementing a CFD 

methodology with three different models. Various sail shapes 

were incorporated into the modelling process to assess their 

impact on the thrust force. Subsequently, a comprehensive 

analysis was conducted to evaluate the sail thrust force under 

typical operating conditions, focusing specifically on the 

average speed of the vessel at 15 knots in the waters 

surrounding the Maluku Islands. This geographical area 

served as the testing ground for the sail performance 

assessment. The research findings revealed that the optimal 

sail configuration was determined based on the sail shape that 

produced the highest thrust force. By identifying the most 

efficient sail design, this study provides valuable insights into 

enhancing the performance of traditional fishing boats 

through the utilization of sails. 

 

II. METHOD 

2.1 Sail Modelling 

Three distinct sail shapes are employed in the modelling 

process: model 1, which features a triangular shape; model 2, 

which has a trapezoidal shape; and model 3, which has a 

rectangular shape. It is worth noting that all sail variations had 

an identical surface area of 11 m2. For a visual representation 

of the sail shapes, please refer to Figure 1. 
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(a) Model 1 

 

 
(b) Model 2 

 

 
(c) Model 3 

Figure 2. Sail Shapes 

 

2.2 Governing Equation 

Choosing an appropriate turbulence model is paramount 

when conducting wake-field modelling. In this study, the 

Shear Stress Transport (SST) turbulence model developed by 

Menter [20], [21] was considered. Numerous researchers 

have utilized and validated the SST model and concluded that 

it yields satisfactory results [22][23]. The RANS solver, 

which is a component of ANSYS CFX, was employed to 

solve the fluid flow field. Equations (1), (2), and (3) describe 

the continuity, RANS, and SST turbulence equations, 

respectively. 

 

Continuity equation: 

 

𝜕𝜌

𝜕𝑡
+

𝜕

𝜕𝑥𝑗

(𝜌𝑈𝑗) = 0 
(1) 

In the continuity equation, ρ is the fluid density, t is the time, 

and Uj is the flow velocity vector field. 

RANS equation: 

𝜌𝑓𝑖̅ +
𝜕

𝜕𝑥𝑗

[−𝑝̅𝛿𝑖𝑗 + 𝜇 (
𝜕𝑢̅𝑖

𝜕𝑥𝑗

+
𝜕𝑢̅𝑗

𝜕𝑥𝑖

) − 𝜌𝑢𝑖
′𝑢𝑗

′̅̅ ̅̅ ̅̅ ̅] 

− 𝜌𝑢̅𝑗

𝜕𝑢̅𝑖

𝜕𝑥𝑗

 = 0 

 

(2) 

The left side of the RANS equation (2) represents the change 

in the mean momentum of the fluid element with unsteadiness 

in mean flow. This change is balanced by the mean body force 

(𝑓)̅, the mean pressure field (𝑝̅), the viscous stress, 𝜇 (
𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
), and apparent stress (𝜌𝑢𝑖

′𝑢𝑗
′) to the fluctuating velocity 

field. 

Menter’s SST equation 

𝛾

𝑣𝑡

𝑃 − 𝛽𝜌𝜔2 +
𝜕

𝜕𝑥𝑗

[(𝜇 + 𝜎𝜔𝜇𝑡)
𝜕𝜔

𝜕𝑥𝑗

] + 

2(1 − 𝐹1)2𝜌𝜔2

1

𝜔

𝜕𝑘

𝜕𝑥𝑗

𝜕𝜔

𝜕𝑥𝑗

− (
𝜕(𝜌𝜔)

𝜕𝑡
+

𝜕(𝜌𝑢𝑗𝜔)

𝜕𝑥𝑗

) = 0 

(3) 

 

The SST model developed by Menter combines the 

advantages of the k–ω model to offer an improved 

formulation suitable for various applications. To achieve this 

objective, a blending function F1 is established, which has a 

value of one in the area closest to the solid surface and a value 

of zero in the flow domain farther away from the wall. By 

activating the k–ω surface area of the walls and the k–ε model 

for residual flow, this technique enables the use of the 

appealing near-wall performance of the k–ω model to 

determine the sensitivity of a free stream. 
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Figure 3. Sail Shapes 

 

2.2 Numerical Domain 

The preferred computational domain for simulating the intake 

velocity is typically positioned 2L ahead in a direction 

perpendicular to the front, with a pressure outlet of 5L 

directed towards the back and positioned perpendicularly. 

The transverse and vertical directions were set to counteract 

the effects of the transverse pressure. To prevent backflow, 

Ford and Winroth [24] implemented a pressure exit outflow 

for the downstream boundary condition, as shown in Figure 

2. 

2.3 Grid Independence 

However, it is probable that a fine mesh will consistently 

yield dependable outcomes in ANSYS CFX. Nevertheless, 

the large number of components contained within it also 

results in an increase in the amount of time and resources 

required for computation. During the computational process, 

it is crucial to consider the mesh size. Mesh convergence was 

assessed for both subsurface models, as shown in Figure 3. 

For the sails, an overall mesh count of approximately 1.72 

million was achieved, indicating that optimal mesh 

convergence was achieved. The findings of Anderson [25] 

support this impression, as they show that there is a difference 

of less than 2% in the total drag coefficient. 

 

III. RESULT AND DISCUSSION 

The impressive results obtained by simulating the thrust 

force on sails using Computational Fluid Dynamics (CFD) 

are shown in Figure 4. It is observed that sail model 1 exhibits 

the highest thrust force, measuring 240.2 N. Following 

closely, models 3 and 2 generated thrust forces of 238.9 N and 

227.9 N, respectively. These findings demonstrate the 

effectiveness of CFD in analyzing and understanding the 

performance of different sail models in terms of their thrust 

forces. 

 
Figure 4. Trust CFD simulation of sails 
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Figure 5 visually represents the fluid flow conditions around 

sail model 1, highlighting the unidirectional nature of the flow 

and the lack of a discernible reverse flow. This visualization 

provides valuable insights into how the sail interacts with the 

fluid environment to generate thrust. By understanding and 

optimizing these fluid dynamics, designers and engineers can 

further enhance the performance of sail models and improve 

their efficiency and overall effectiveness in harnessing wind 

power for propulsion. 

 

 
Figure 5. Fluid flow around sail model 1 

 

The illustration presented in Figure 6 shows the fluid 

flow characteristics around screen model 2, highlighting the 

unidirectional flow pattern and notable occurrence of reverse 

flow. This reverse flow has a substantial impact on the thrust 

force, resulting in a decrease in its value. This visual 

representation provides vital information on how the sail 

interacts with a fluid medium to generate thrust. 

 
Figure 6. Fluid flow around sail model 2 

 

Analyzing and optimizing fluid dynamics presents 

designers and engineers with the opportunity to improve sail 

models, resulting in increased effectiveness in harnessing 

wind power for propulsion. Enhanced efficiency can be 

achieved through the insights gained from Figure 7, which 

highlights areas in which improvements can be made. By 

optimizing these dynamics, sail models can be optimized, 

enabling increased overall efficiency and effectiveness in 

utilizing wind power for propulsion. 

 

 
Figure 7. Fluid flow around sail model 3 

 

In terms of the same sail area, sail model 1 had a fairly 

large pressure area generated by the wind and almost the same 

pressure area as model 3. This large pressure area produces a 

high thrust force on the sail. Furthermore, model 2 has a 

relatively smaller pressure area when compared to the other 

models, as seen in figure 8. This shows that even though the 

screen area is the same, the pressure distribution in model 2 

is more focused and efficient than in the other models. 

 

 
(a) Model 1 

 
(b) Model 2 
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(c) Model 3 

Figure 8. Pressure distribution of sails surface 

 

Thus, differences in the distribution of the pressure 

areas in each sail model can affect the sail's performance in 

responding to the wind and producing the required thrust. 

Therefore, selecting the correct sail model is very important 

to ensure optimal sailing efficiency and performance. 

 

IV. CONCLUSION 

This study demonstrates the effectiveness of 

Computational Fluid Dynamics (CFD) in simulating the 

thrust force on sails. The results show that sail model 1 has 

the highest thrust force, measuring 240.2 N. Models 3 and 2 

generate thrust forces of 238.9 N and 227.9 N, respectively. 

The fluid flow conditions around sail model 1 and screen 

model 2 provide valuable insights into how the sail interacts 

with the fluid environment to generate thrust. By 

understanding and optimizing these fluid dynamics, designers 

and engineers can enhance the performance of sail models 

and improve their efficiency in harnessing wind power for 

propulsion. 

The pressure areas generated by the wind in sail models 

1 and 3 were similar, producing a high thrust force. However, 

model 2 has a smaller pressure area, indicating that the 

pressure distribution in model 2 is more focused and efficient 

than that in the other models. This indicates that differences 

in the pressure areas in each sail model can affect the sail's 

performance in responding to the wind and producing the 

required thrust. Therefore, selecting the correct sail model is 

crucial for ensuring optimal sailing efficiency and 

performance. 
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