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Flat hull ships is appraised for its superiority due to the manufacturing simplicity and 
lower investment costs, yet the ship has its own weakness for it requires a greater 
resistance. As a matter of fact, a significant reduction on the resistance can be done 
with foil installation but it is necessary to study the optimal position of the foil 
installation. This study is aimed at revealing the effectiveness of the Hull Vane and 
Stern Foil installation in reducing the resistance experienced by the flat hull ship of the 
semi-trimaran model. The research was conducted by comparing the resistance 
experienced by the flat hull ship of the semi-trimaran model without foil, Hull vane and 
Stern foil installations. In addition, the disclosure of resistance experienced by each 
ship model was carried out by using CFD simulation. The simulation results revealed 
that the installation of the Hull vane and Stern foil was able to reduce the resistance 
experienced by the flat hull ship of the semi-trimaran model. The largest reduction 
occurred in Froude number 1.1, where the Hull vane installation was able to reduce 
resistance by 12.44% and on the ship model with Stern foil installation the resistance 
reduction was 5.25%. Based on the results of this CFD simulation, it can be concluded 
that the Hull Vane installation is more optimal in reducing resistance on the flat hull 
ship of the semi-trimaran model. 
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1. Introduction 
  

Flat hull ship is a type of ship with low manufacturing costs which does not require high-tech 
equipment for the production process, the raw materials are easy to obtain and the production 
process is fast [1-3]. In addition, flat hull ships made of steel have a longer endurance than wooden 
ships and it is easier to maintain [4]. The flat hull ship has been manufactured with hull forms 
consisting of flat plates in straight line frames [5, 6], in which the whole plates for the hull are 
manufactured without undergoing the bending and the rollers process [7]. The analysis results of 
investment feasibility on the placement of flat hull ships as public shipping fleets, a net per cent value 
is obtained as > 0, which means that this type of ship investment is in the feasible category [8]. 
Furthermore, the ships made of aluminium consume high-cost, the ships made of wood and 
composites are not environmentally friendly. The ships have short durability and high maintenance 
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costs [9]. Because of its simplicity, speed of production, and low cost of production, flat hull ships are 
very suitable for Indonesian citizens’ shipping fleets of ships for emergency needs. 

The flat hull ship of the semi-trimaran model has good stability and it is identified to be safe for 
sailing because it meets the IACS standards [10]. However, this flat hull ship of the semi-trimaran 
model has a greater resistance than the streamlined hull ships [11]. In ship design, resistance is a 
significant factor because it affects speed and fuel consumption [12, 13].  Additionally, the high 
consumption of fuel will increase gas emissions which have an impact on global warming [14]. 
Reducing fuel consumption to reduce gas emissions is very important in ship design [15]. Recently, 
many research are being conducted about ships with the topic of how to reduce resistance [16-18].  

In general, the reduction of resistance can be done by optimizing the shape of the hull [19-21]. In 
addition, to reduce the resistance experienced by the ship significantly, it can be carried out by 
installing hydrofoil [21], and by using stern flaps [22]. The hydrofoil is an instrument designed to 
produce the lift force so that the fluid force on the hull is small [23].  In 1992, Peter Van Oossanen 
invented a hydrofoil mounted behind the transom and proved to be able to reduce ship resistance, 
this hydrofoil was named Hull vane [24]. At the bottom of the transom area, there are interceptors 
that can cause air vortices to generate the lift force [25]. The installation of Hull vane on cruise ships 
with a “U” hull type using a NACA 4012 foil profile with an angle of attack of 0 degrees can limit the 
resistance at 22.9% [26]. In addition, the Naca 4012 foil with an angle of attack of 0 degrees mounted 
under the transom named Stern foil was able to reduce the resistance on the Mark VI patrol boat by 
26.7% [27-29].  

According to the literature study, research on resistance in flat hull ships was recently published 
on the study of hull forms [30] and bow [1]. However, the research about the attempts to reduce 
resistance undergone by flat hull ships has not been conducted yet although the ship has been widely 
operated and it is potential to be developed due to its manufacturing simplicity and feasibility for 
investment. Likewise, there is no research being carried out about the installation of Hull vane and 
Stern foil for the flat hull ship of the semi-trimaran model. The application of hull vanes is also on 
ships with streamlined hull shapes, such as the TT-shaped, U-Shaped, and X-shaped [31]. Therefore, 
this research is intriguing to be conducted because there is still a gap to be researched. This study 
aims to reveal the impact of the installation of Hull vane and Stern foil in reducing the resistance of 
the flat hull ship of the semi-trimaran model and determining the most optimal foil between these 
two foils. The finding of this research will be very useful to be contributed for the development of 
science in the field of ship hydrodynamics, especially for the attempts to reduce resistance on flat 
hull ships and increase the number of literatures on the impact of Hull vane and Stern foil installations 
on resistance reduction. CFD simulations are carried out on Froude numbers 0.4 to 1.1. The Froude 
number values above 0.4 to 1.1 are for high-speed vessels [32], and there is only a little research have 
been conducted about the effect of Hull vane and Stern foil installations at these high speeds [27]. In 
addition to energy efficiency, the speed of the ship is also being pondered currently. Not only for 
military purposes but high-speed vessels are also required for public transportation because most 
passengers are more likely to choose a fast mode of transportation to reach their destination. 
 
2. Methodology  
2.1 The Flat Hull Ship of Semi-trimaran 
 

The flat hull ship of semi-trimaran was the model for this research (Shown in Figure 1). This type 
of ship has been widely operated as a passenger ship, fishing boat and tourist ship in Indonesia. The 
main dimensions of this ship are provided in table 1. The parameter ratios of the ship model: L/B = 
3.75, B/T = 3.29, and Cb = 0.49.  
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Table 1 
Ship dimensions 
Item Ship Model  Unit  

LoA  12 0.9 m 
B  3 0.225 m 
H 2.1 0.157 m 
T  0.97 0.072 m 
Displacement  17609 7.3 kg 

 

 
Fig. 1. Line plan of the flat hull ship of semi-trimaran model 

 
2.2 Research Procedure  
 

This research was conducted by method the computer fluid dynamics (CFD) using the Solidworks 
2021-2022 Research License. The foil profile used the NACA 4012 type with an angle of attack of 0 
degrees and the dimensions of the foil stretch were made the same length as the width of the ship. 
Furthermore, the research variables were the flat hull ship of the semi-trimaran model without foil 
(Figure. 2.a), Hull vane installation (Figure. 2.b) and Stern foil installation (Figure. 2.c).  
 

 
(a)                                                                   (b)                                                           (c) 

Fig. 2. The Flat hull ship Semi-Trimaran model (a) without foil (b) Hull vane installation (c) Stern foil 
installation 

 
The position and dimensions of the foil for the ship model with the Hull vane installation referred 

to the study [26], as displayed in Figure 3.b Cord dimensions for Hull vane LWL/50 = 18 mm. Further, 
the position and dimensions of the foil for the ship model with the Stren Foil installation referred to 
the research [28], in which the cord dimensions in this research were designed with a trial-and-error 
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process. Viewed from the comparison of LWL with the ship model using a ratio LWL/25. In this study, 
the ship model with Stern foil installation used a 36 mm cord dimension (Figure 3. b). 
  

 
(a)                                                                     (b) 

Fig. 3. (a) Hull vane® configuration [26] (b) Stern foil configuration [28] 

 
The effectiveness of the Hull vane is inseparable from the shape of the lower hull in the transom 

area, where the stern area must be shallower than the mid hull. In addition, this configuration causes 
the flow under the hull to incline upwards instead of being horizontal  (Figure 4) [31]. In this case, the 
flow will trigger two sorts of forces on the foil, these are a lift force that lifts the stern of the ship 
(reduced running trim) and a drag force (much smaller). These two forces simultaneously form a 
resultant force that pushes the ship forward (forward force) [33]. The Hull vane dampens vessel 
motions such as pitching and yawing while sailing in waves and therefore reduces the additional 
resistance caused by these motions [34]. 
 

 
Fig. 4. Working principles of Hull vane and configuration of stern area 

 
2.3 CFD Simulation  
 

CFD is a simulation method for visualizing, predicting and evaluating fluid flow in various 
engineering applications. Due to the advances in computational technology, the ship resistance can 
be calculated more accurately using the CFD method [35-37]. Furthermore, accurate calculation of 
ship resistance is an important factor for designing ship propulsion systems [13]. When the ship was 
moving, a contact with two types of fluids occurred in the submerged hull with water and in the 
upper hull with air. Additionally, these two fluids did not mix, therefore the CFD analysis needed to 
be modelled using the Volume of Fluid (VOF) technique which was able solve a set of momentum 
equations and track the volume fraction in each fluid throughout the domain. The VOF is generally 
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used on free surfaces with two types of fluids and boundary conditions are used to simulate flow 
near the model to calculate resistance [16]. The volume fraction in both fluids was added together 
by using Eq.  (1). 
 

∑ 𝛼𝑞

𝑁𝑞−1

𝑞=0

= 1                                                                                                                                                        (1) 

 
The basic concept of the VOF method was the fluid volume fraction q (q = 0.. Nq-1) in which the 

value must be between 0 and 1. In these two fluid concepts, mesh cells in the water 0 = 0 and 1 = 1, 
while mesh cells in the air 0 = 1 and 1 = 0. Nq was the amount of mixed fluid. The volume fraction 
used Eq. (2). 
 
𝜕𝛼𝑞

𝜕𝑡
+

𝛼𝑞

𝜌𝑞

𝜕𝜌𝑞

𝜕𝑡
+ ∑

𝜕𝛼𝑞𝑢𝑖

𝜕𝑥𝑖
𝑖

= 0,                                                                                                                       (2) 

 
As a result of the volume fraction equation, the law of conservation of mass had Eq. (3). 

 

∑ (
𝛼𝑞

𝜌𝑞

𝜕𝜌𝑞

𝜕𝑡
) + ∑

𝜕𝑢𝑖

𝜕𝑥𝑖
𝑖

𝑁𝑞−1

𝑞=0

= 0                                                                                                                            (3) 

 
Furthermore, momentum, density, diffusion, convention surface and mass force used Eq. (4) and 

the energy equation can be was written as follows, Eq. (5). 
 

𝜕𝑢𝑖
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Two immiscible fluids (water and air) which turned into one substance applied the form of Eq. 

(6). 
 

ℎ = ∑
ℎ𝑞𝛼𝑞𝜌𝑞

𝜌
                                                                                                                                                  (6)

𝑁𝑞−1

𝑞=0

 

 
In addition, other fluid properties such as heat conductivity (Eq. 7), viscosity (Eq. 8) and heat 

capacity (Eq. 9) were defined in the same way. 
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𝜆 = ∑ 𝛼𝑞𝜆𝑞                                                                                                                                                       (7)

𝑁𝑞−1

𝑞=0

 

 

𝜇 = ∑ 𝛼𝑞𝜇𝑞                                                                                                                                                      (8)

𝑁𝑞−1

𝑞=0

 

 

𝐶𝑝 ∑
𝛼𝑞𝜌𝑞

𝜌

𝑁𝑞−1

𝑞=0

𝐶𝑝,𝑞                                                                                                                                                  (9) 

 
The total resistance (RT) consisted of two components called the frictional resistance (RF) and 

residual resistance (RR), Eq. (10). 
 
𝑅𝑇 =  𝑅𝐹 + 𝑅𝑅                                                                                                                                                   (10) 
 

The residual (RR) was the sum of the viscous pressure resistance (RVP) and the wave-making 
resistance (Rw), Eq. (11). 
 
𝑅𝑅 =  𝑅𝑉𝑃 + 𝑅𝑊                                                                                                                                               (11) 
 

Velocity parameters in CFD computations were similar to physical experiments using Froude 
numbers, Eq. (12): 
 

𝐹𝑟 =
𝑉

√𝑔 𝐿𝑝𝑝
                                                                                                                                                     (12) 

 
Parameters of the condition of simulation using the free surface are shown in table 2. 

 
Table 2 
Parameter condition of simulation 
Analysis type  External  

Consider closed cavities - Exclude cavities without flow conditions  
- Exclude internal space  

Time-dependent  - Total analysis time: 60 sec.  
- output time step: 1 sec.  

Gravity  Y component: -9.81 m/s2 

Flow analysis type  Free surface  
Two immiscible fluids  - Air 

- Water 
Velocity parameters  Velocity in X direction 
Boundary Condition  - Inlet: Velocity with define Froude Number  

- Outlet: Constant 
- Wall: No-slip condition  
- Hull and Hull Vane: No-slip condition    

 
The computational domain was organized according to the International Towing Tank Conference 

(ITTC) for CFD [38], as shown in figure 5. Ship models, foil and wall were defined as the no-slip 
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condition. The inlet boundary was defined as the fluid inlet and the fluid flow velocity was equivalent 
to the ship speed. Moreover, the inlet boundary was located upstream at a distance of 1-L from the 
bow of the ship (L was the length of the waterline). The outlet boundary was located downstream at 
a distance of 2-L from the transom. The outlet was an open boundary so the pressure was not 
compressed and the pressure was constant. Furthermore, the lower wall was located 1-L from the 
keel and the upper wall was 0.25-L from the deck. The sidewall was located 1-L from the longitudinal 
axis.  
 

 
Fig. 5. Computational Domain 

 
3. Results  
3.1 Validation and Verification of CFD Simulation 
 

Data validation of CFD simulation results was carried out by comparing it with the experimental 
test results. Based on the study, the results of the CFD simulation that are compatible with the results 
of towing tank experiments are miniscule mesh sizes with a total cell of the fine is 2.5 M [26]. 
Moreover, the mesh number is ± 350,000 with a computing time of 24 to 25 hours which is 
categorized as the best quality and close to the experimental results [29]. In this study, the total cells 
were 3.4 M while in the Foil area, the mesh used was further refined to capture the flow more 
accurately (Figure 6). Hence, the large grid space was used near the boundaries to prevent the wave 
reflection from occurring  [38]. 
 

 
Fig. 6. Detail of CFD mesh employed in this study 

 
The verification of the data from the CFD analysis was conducted by checking the convergence. 

In CFD analysis, there was a term called iteration which meant as a process of repeated calculations 
to achieve convergence so the results of the analysis was categorized to be accurate and valid. 
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Additionally, accurate results were indicated by the residual or the difference in the calculation 
results between the first and subsequent iterations had to be as small as possible to approach zero 

(normalized scale 0  1). Moreover, the accuracy and optimality of the simulation results in this study 
were shown in each set goal marked with "Achieved (IT=...)", and these results were obtained at the 
completion of each CFD simulation in each ship model (Figure 7). 
 

 
Fig. 7. Iteration monitoring windows 

 
3.2 Comparison of Resistance of Each Ship Model 
 

Figure 8 displays a comparison chart of the resistance experienced by each ship model with 
variations in the Froude number. Based on the results of the CFD simulation, it can be concluded that 
the installation of the Hull vane and Stern foil was able to reduce the resistance undergone by the 
semi-trimaran flat hull ship model. Further, the CFD simulation results revealed that the greater the 
Froude number or the faster the ship's speed, the greater the reduction in resistance due to the 
installation of the Hull vane and stern foil. At each Froude number (0.4 to 1.1), the resistance 
undergone by ships using hull vanes was found smaller than the ships using stern foil. A significant 
reduction in resistance occurred in Froude number 1.1, where the Hull vane installation was able to 
reduce resistance by 12.44%, while the ship model with Stern foil installation reduced resistance by 
5.25%. Judging from the effectiveness of reducing resistance, Hull vane installation was appraised to 
be superior compared to Stern Foil. Thus, the findings of this research are consistent with other 
studies where the installation of Hull vane or the position of the foil after transom produce excellent 
quality in reducing resistance than Stern foil whose foil position is under the transom [29].  
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Fig. 8.  The resistance  comparison of each ship model 

 
3.3 Flow Velocity after Transom on Each Ship Model   
 

As a matter of fact, the CFD simulation did not only produce the resistance data experienced by 
the ship, but it also observed the velocity and turbulence of the flow that occured. Figure 9 displays 
the flow velocity comparison after transom in Froude number 1.1. Hence, there were differences 
found in flow velocity after transom from each ship model. In addition, the ship model with Hull vane 
installation was also observed and it showed the less low flow velocity after transom than the ship 
without foil and Stern foil installation (low flow velocity was marked in blue, light blue and green). 
The low flow velocity after transom on ships without a Hull vane was caused by the most of the 'dead 
water' being dragged away by the ship, as the depth of the transom increased [39]. On ships with a 
Hull vane application, the flow behind the stern is seen to be faster. This indicates that there is a 
reduction in the stern wave generated by the ship. 
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(c) 

Fig. 9. The Comparison of flow rates after transom at Froude number 1.1 (a) Hull vane Vs 
Without foil (b) Hull vane Vs Stern foil and (c) Without foil VS Stern foil 

 
3.4 Turbulence Intensity of Flow after Transom on Each Ship Model 
 

In addition, the low flow behind the transom on the flat hull ship of semi-trimaran model without 
foil indicated the occurrence of flow disturbance or turbulence which meant that the wave-making 
resistance occured. The same issue also happened to the ship model with Stern foil installation in 
which that turbulence was still occurring which indicated that the wave-making resistance was still 
large. In addition, the ship model with Hull vane installation showed the occurrence of fast flow after 
the transom which minimalised the heavy turbulence. The results of this simulation are in line with 
research on the application of Hull vane to Holland Claas OPVs, where on the ship model without Hull 
vane installation, flow turbulence called backflow towards the transom occurs and the Hull vane 
installation causes the length of the turbulence zone behind the transom decreases [39]. In 
experimental research, visual data was also obtained from the waves occurring after the transom in 
which the waves were smoother on the ships with Hull vane installation, while ships without Hull 
vane showed severe turbulent waves [40]. Furthermore, Hull vane transmitted the fluid flow so there 
was no backflow to the transom. Hull vane installation reduced wave-making resistance, which was 
the largest percentage in total resistance reduction [26]. Captured the turbulence intensity after 
transom of each ship model shown in Figure 10. 
 

 
(a) 

 

 
(b) 
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(c) 

Fig. 10. The Comparison of turbulance intensity after transom at Froude number 1.1 (a) Without 
foil Vs Hull vane (b) Without foil Vs Stern foil and (c) Stern foil Vs Hull vane  

 
4. Conclusions 
 

The research about reducing resistance the flat hull ship of the semi-trimaran model is important 
to be conducted since this type of ship is suitable for public shipping fleets and emergency ships. The 
amount of resistance will affect the engine used and the amount of fuel consumption. According to 
the results of the CFD simulation that has been carried out, it can be concluded that the installation 
of Hull vane and Stern foil can reduce the resistance experienced by the flat hull ship of the semi-
trimaran model. In sum, the biggest reduction occurred in Froude number 1.1. The simulation results 
reveal that the ship model using Stern Foil installation still experiences heavy turbulence near the 
transom which indicates that the ship's wave-making resistance is still huge. While the ship model 
with Hull vane installation shows the occurrence of fast flow behind the transom. Hull vane transmits 
the fluid flow so the reduction of backflow to the transom causes turbulence. The fast flow behind 
the ship with the application of a Hull vane indicates the low waves generated by the ship.  Based on 
the effectiveness in reducing resistance, the Hull vane installation is more optimal than the Stern foil 
installation. 
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