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Abstract 

Objective: This study aims to analyze the hydrodynamic resistance characteristics of 

submarine hull designs suitable for Indonesia’s complex maritime environment, which 

includes shallow waters, strong currents, and deep-sea conditions. Minimizing resistance is 

essential to enhance operational efficiency, energy consumption, and maneuverability of 

submarines operating in such diverse waters. Theoretical framework: The theoretical 

framework of this research is grounded in naval hydrodynamics and resistance theory, 

particularly focusing on viscous and pressure resistance components acting on submerged 

bodies. The study also adopts the Theory of Change approach in naval design, emphasizing 

that optimized hull geometry leads to improved performance and operational effectiveness. 

Literature review: The literature review indicates that previous studies on submarine 

resistance have primarily focused on standard hull forms under idealized conditions, with 

limited attention to region-specific operational environments such as Indonesian waters. 

Comparative analyses of hull types such as teardrop, Joubert BB2, and ALFA class have 

been conducted, but systematic numerical evaluations under consistent submerged conditions 

remain limited. Methods: This research employs a quantitative numerical approach using 

Computational Fluid Dynamics (CFD). Simulations were conducted on three submarine hull 

types: teardrop hull, Joubert BB2, and ALFA class under submerged operating conditions at 

a constant speed of 10 knots. The CFD model analyzes total hydrodynamic resistance by 

resolving fluid flow behavior around each hull geometry, allowing for a detailed comparison 

of resistance performance. Results: The results reveal that the teardrop hull exhibits the 

lowest total resistance compared to the Joubert BB2 and ALFA class designs at the specified 

operational speed and submerged condition. This finding indicates superior hydrodynamic 

efficiency, reduced energy consumption, and enhanced maneuverability, making the teardrop 

hull particularly suitable for submarine operations in Indonesian waters. Implications: The 

implications of this study are both practical and strategic. Practically, the findings guide the 

selection of submarine hull designs that optimize operational efficiency and stability. 

Strategically, the results support future submarine development tailored to Indonesia’s 

maritime characteristics. Novelty: The novelty of this research lies in its comparative 

numerical analysis of multiple submarine hull types under a uniform submerged condition, 

specifically contextualized to Indonesian waters, offering design insights that bridge 

numerical simulation and operational needs. Future studies are recommended to validate 

these findings through experimental towing tank tests. 
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INTRODUCTION 

Unitary State of the Republic of Indonesia. In addition to being called an agrarian country, 

it is also referred to as a maritime country because Indonesia is the largest archipelagic 

country in the world. Submarines also have a very important strategic role. Indonesia has 

more than 17,000 islands and a very large sea area, so the need for reliable marine 

technology is very high. In addition, the potential of Indonesia's marine wealth is also huge, 

ranging from fish resources to seabed mines, all of which require good supervision and 

protection. In the maritime world, submarines are one of the technological innovations that 

have a very strategic and multifunctional role. Unlike most ships that can only operate at sea 

level, submarines are designed to be able to dive to a certain depth and operate for long 

periods of time without having to come to the surface [1]. 

This research discusses the resistance of the hull model of the Joubert BB2 type submarine 

for Indonesian waters by using a model geometry that has (λ) Scale Factor 18.348 which will 

be carried out Testing the Joubert BB2 submarine model, At depth variation, the depth 

variable is used Submaege below the surface of the water and uses the submarine speed 

variable 10 Knot in diving conditions [1]. 

Joubert BB2 type submarine, is one of the submarine models developed by Joubert which 

has two types of geometry, namely BB1 and BB2, According to Dogrul this Joubert type 

submarine is designed for diesel electric attack submarines (SSK) in the BB1 geometry 

variant, In the BB1 geometry variant it is not accessible for numerical study and research,  

With that, a Joubert BB2 geometry type submarine was chosen for the model medium in this 

study, where this type of geometry is open and can be used in numerical studies and research. 

In this research, the BB2 submarine model was used, using the model scale, and the model's 

suitability was validated by comparing it with one of the test results from the previous 

research [2]. 

With the presence of a large influence on submarine resistance caused by the 

hydrodynamic pressure of a certain service speed, according to Dogrul, each increase in 

submarine service speed has an influence on the submarine's resistance. This makes it 

something that needs to be seriously considered, considering that the condition of the waters 

in Indonesia certainly affects submarines. Based on previous research by Wibowo H 

Nugroho and Ahmad S. Mujahid, the analysis of Hydrodynamic pressure on the Joubert BB2 

type submarine is very necessary, and comprehensive research is carried out to be able to 

ensure the feasibility of the submarine model [3]. 

Novelty and Research Implications. Based on this background description, this research 

has a significant element of novelty in the study of submarine hydrodynamics, especially in 

the context of Indonesian waters. The main novelty of this study lies in the analysis of the 

resistance of the Joubert BB2 type submarine, which is specifically adjusted to the 

characteristics of Indonesian waters, both in terms of depth of operation and hydrodynamic 

conditions. In contrast to previous studies that generally focused on deep-sea waters 

assuming ideal and homogeneous conditions, this research places submarines in a more 

realistic operational scenario, in accordance with the relatively shallow, dynamic, and 

complex conditions of Indonesian waters [4]. 

In addition, this study offers methodological novelty through the use of the Joubert BB2 

submarine geometry model with a scale factor (λ) of 18,348, which is validated 

comparatively with the results of previous research. This approach not only ensures the 

reliability of the models used but also strengthens the accuracy of hydrodynamic obstacle 

analysis under diving conditions. The determination of a fixed operating speed of 10 knots at 

the submerge depth variation provides a new perspective on the effect of hydrodynamic 

pressure on the total resistance of the submarine, which has not been explored specifically for 

Indonesian waters [5]. 
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Another novelty lies in the research's focus on the relationship between variations in 

diving depth and changes in submarine obstacle characteristics. This approach allows for a 

more comprehensive understanding of the hydrodynamic behavior of submarines' hulls when 

operating below sea level, particularly under varying water pressure conditions. Thus, this 

research not only contributes to the theoretical aspect but also provides relevant technical 

data for the development of future submarine designs [6]. 

In terms of implications, the results of this study have a wide impact both academically 

and practically. Academically, this research enriches the treasure of submarine 

hydrodynamics by presenting contextual data and analysis on the conditions of Indonesian 

waters. The findings of this study can be a reference for further research in the field of hull 

design and optimization of submarines, especially those operating in archipelago waters. 

Practically, the implications of this research are very relevant for the national defense and 

maritime industries. Information about the characteristics of submarine resistance at various 

diving depths can be used in the design process, selection of operating configurations, and 

improvement of submarine energy efficiency. In addition, the results of this research can also 

support strategic decision-making related to the operation of submarines in Indonesian 

waters, so as to be able to increase the effectiveness, safety, and durability of the national 

maritime defense system [7]. 

 

LITERATURE REVIEW 

The study of submarine resistance is one of the important topics in the field of marine 

engineering and hydrodynamics, considering that resistance has a direct effect on energy 

efficiency, operational performance, and maneuverability of submarines. Submarine drag is 

fundamentally different from surface ships because submarines operate below sea level and 

are affected by hydrostatic pressure, dynamic pressure distribution, and three-dimensional 

fluid flow interactions around the hull. Therefore, the design of the hull shape of a submarine 

is a crucial factor in determining the characteristics of total resistance [8]. 

Previous studies have shown that the streamlined hull shape, such as the teardrop hull, has 

lower resistance characteristics than conventional hulls. This is due to the ability of the 

streamlined shape to minimize flow separation and reduce negative pressure at the stern. In 

the context of modern submarines, hull design development continues to be geared towards 

shape optimization to achieve a balance between speed, stability, and energy efficiency. In 

addition to the main hull shape, external components such as sails and hydrofoils also 

contribute significantly to increased drag, so they need to be comprehensively analyzed [9]. 

As computing technology develops, numerical simulation methods based on 

Computational Fluid Dynamics (CFD) are increasingly used in the analysis of submarine 

obstacles. This method allows for detailed visualization of flow patterns, pressure 

distribution, and velocity vectors without always having to perform expensive and time-

consuming experimental testing. CFDs also provide flexibility in evaluating various 

geometric configurations and operating conditions, such as variations in speed, depth of 

diving, and configuration of additional components [10]. 

The literature related to CFDs on submarines emphasizes the importance of geometry 

modeling accuracy and mesh quality in producing reliable simulation results. Geometric 

inaccuracies or poor mesh discrimination can lead to significant numerical errors, especially 

in drag analysis. Therefore, the use of three-dimensional modeling software with precise 

surface modeling capabilities is the main need in submarine hydrodynamics research. In 

addition, the process of validating numerical models on reference data is a stage that cannot 

be ignored to ensure the compatibility between the simulation results and the actual physical 

phenomena [11]. 

Previous studies have also emphasized the importance of Grid Independence Studies 

(GIS) in CFD simulations. GIS is used to ensure that the calculation results are no longer 

affected by the size of the mesh, so that numerical solutions can be considered convergent 
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and stable. This approach became standard in numerical hydrodynamic analysis, particularly 

for submarine applications that had complex geometries and high-pressure gradients around 

the hull [12]. 

In the context of Indonesian waters, the study of submarine resistance has increasing 

relevance. The characteristics of Indonesian waters, dominated by archipelagos, shallow 

waters, and complex current dynamics, demand the design of submarines that are able to 

operate efficiently in various conditions. However, most studies of submarine hydrodynamics 

still focus on deep-sea water scenarios and ideal conditions, so they do not fully represent 

operational conditions in Indonesian waters [13]. 

Some cutting-edge research is beginning to turn attention to the analysis of submarine 

resistance by taking into account variations in diving depth and different hull configurations. 

This approach opens up opportunities to understand the influence of hydrodynamic pressure 

on submarine performance more realistically. In addition, comparative analysis between 

several hull types, such as the teardrop hull, Joubert BB2, and ALFA class, is important to 

determine the design that best suits operational needs. Overall, the literature review shows 

that a combination of precise geometry modelling, validated CFD simulations, and grid 

independence analysis is an effective approach in the study of submarine resistance. 

However, there is still a need for research that specifically links the results of numerical 

analysis to the characteristics of Indonesian waters. This gap is the basis for this research to 

make a scientific and practical contribution to the development of submarine designs that are 

more efficient and adaptive to national maritime conditions [14]. 

 

METHODOLOGY 

The method used is a literature study by collecting references from journals, theses, books, 

and electronic sources relevant to the topic of submarine resistance. The research object was 

determined in the form of a model of the hull of the BB2 type Joubert, with a focus on 

obstacle analysis using a numerical simulation approach. The research process begins with 

the determination of research specifications, including objects, variables, analysis methods, 

and research limitations, which are compiled based on literature review and research 

objectives. Modeling of the submarine's geometry was carried out using Rhinoceros (Rhino) 

software to produce a precise three-dimensional hull model according to the main size of 

Joubert BB2 based on the Dogrul reference [15]. 

The next stage is numerical model validation to ensure the compatibility of the simulation 

results with the reference data. Validation is carried out through resistance analysis using 

Ansys Fluent with a grid independence approach to obtain optimal meshing size. The 

validation results showed that the model resistance value at a speed of 10 knots was close to 

the journal data with a correction rate that was still within the tolerance limit, so the model 

was declared feasible for further analysis. Once the model is validated, resistance analysis is 

performed on various variations of submarine speeds. From the CFD simulation, 

hydrodynamic characteristics in the form of flow patterns, velocity vectors, streamlines, and 

dynamic pressure distribution were obtained, which became the basis for the evaluation of 

the hydrodynamic performance of the Joubert BB2 submarine [16]. 

 

RESULTS AND DISCUSSION 

The modeling of the Joubert BB2 submarine in this study is a fundamental stage that 

determines the overall accuracy of numerical obstacle analysis. The modeling process is 

carried out as a first step to obtain a geometric representation that is close to the original 

shape of the submarine before proceeding to the Computational Fluid Dynamics (CFD) 

simulation stage. The submarine geometry is built on the main size of the Joubert BB2 that 

has been available in the open literature, so that the resulting model is able to realistically 

represent the hydrodynamic characteristics of the submarine. The use of open-source 

geometric data allows the validation process to be carried out transparently and minimizes 
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bias due to limited design data. The modeling was carried out using the Rhinoceros (Rhino) 

software, which was chosen for its advantages in producing smooth and precise surface 

modeling, especially in the hull geometry of submarines, which have streamlined characters 

and complex curvatures. Smooth hull surfaces are a crucial factor in CFD analysis because 

geometric irregularities can cause mesh distortion, trigger flow instability, and increase 

numerical errors in drag calculations [17]. 

The resulting geometric model is then adjusted to the scale parameters of the research 

model so that numerical simulations can be carried out efficiently without eliminating the 

equivalence of fluid flow phenomena with full-scale submarines. After the basic hull 

modeling stage is completed, this study develops several variations of model configurations, 

namely hull models only, hulls with the addition of sails, hull + sail + hydrofoil 1, hull + sail 

+ hydrofoil 2, and a complete submarine model that combines all components. This 

configuration variation is designed to evaluate the effect of the addition of external 

components on changes in the hydrodynamic resistance of the submarine. With this 

approach, the research not only focuses on the total resistance value, but is also able to 

identify the contribution of each component to the increase or decrease in resistance [18]. 

After the geometry modeling is completed, the next stage is the validation of the model 

through a comparison of the barrier value with the results of previous research. The reference 

resistance value of 21 N at a speed of 10 knots is used as the basis for evaluating the 

suitability of the model. The simulation results showed that the model resistance value was 

within the correction tolerance range of less than 2% against the reference data, indicating 

that the hull shape and modeled geometry configuration had accurately represented the 

original characteristics of the Joubert BB2 submarine. The success of this validation stage 

provides a strong scientific basis for continuing research to the advanced numerical analysis 

stage, including grid generation and grid independence study [19]. 

The grid generation stage is carried out using ANSYS Meshing to build fluid domain 

differentiation around the submarine model. A grid or mesh is a collection of elements that 

divide the computing domain into small parts, so that the fluid flow equation can be solved 

numerically. In this study, the meshing process was carried out while maintaining the 

original geometric shape without distortion, with a minimum curvature size of 1 mm so that 

the mesh is able to follow the contours of the hull optimally. The size and number of the 

mesh are important parameters because they directly affect the level of accuracy, the 

accuracy of the simulation results, and the computational needs. Meshes that are too rough 

have the potential to produce less accurate results, while meshes that are too smooth will 

significantly increase computation time and file size. Therefore, the selection of mesh sizes is 

carried out systematically to achieve a balance between accuracy and computational 

efficiency [20]. 

For each model configuration, ranging from hull, hull + sail, hull + sail + hydrofoil 1, hull 

+ sail + hydrofoil 2, to submarine, complete three variations of the same mesh size were 

used, namely 0.01234 m, 0.00822 m, and 0.00493 m. This approach aims to maintain 

analysis consistency and allow for direct comparisons between configurations. With the 

increase in size of the mesh, the number of cells increases significantly, which indicates an 

increase in the resolution of the discretization around the surface of the stomach and 

additional components [21]. 

Verification of grid independence is performed to ensure that the simulation results are no 

longer affected by changes in the size of the mesh. The Grid Independence Study (GIS) is an 

important stage in CFD modeling to assess the sensitivity of results to grid discretization and 

estimate numerical uncertainty. In this study, GIS was carried out by evaluating the change in 

the total resistance value (RT) at each level of mesh fineness. The results show that an 

increase in the number of meshes results in a smaller change in the barrier value, with the 

difference being below the 2% threshold as recommended in various CFD literature and 
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ITTC guidelines. This indicates that the numerical solution has reached a convergent and 

stable state [22]. 

In the hull model, the best grid independence value is obtained on the smoothest mesh 

with an RT value of 15.87 and a difference of about 1%. A similar pattern was also found in 

the configuration of hull + sail, hull + sail + hydrofoil 1, hull + sail + hydrofoil 2, and 

submarine complete, where all configurations showed smaller differences in results as the 

number of mesh increased. Thus, a mesh with a size of 0.00493 m was chosen as the 

optimum mesh because it provides the most stable results with a minimum error rate. This 

mesh selection ensures that the numerical barrier analysis performed at a later stage truly 

reflects the physical phenomenon of fluid flow, not an artifact of numerical dissection [23], 

[24]. 

Based on the calculation of the resistance that has been simulated in the CFD-CFX method 

using Ansys Software, the value of the ship resistance has been obtained. 

Table 1. Barriers 

Barriers 

(N) 

Speed 

(m/s)  

Model variations/Component Additions 

Hull Hull+ 

Sail 

Hull+ 

Sail+ 

Hydrofoil 1 

Hull+ 

Sail+ 

Hydrofoil 2 

Hull Complete 

1,4351 15,65 14,54 15,38 16,46 20,53 

Table 2. Barrier Difference 

Differences Hull+M 1 -Hull Hull+M 2-Hull Hull+M 3-Hull Hull+M 4-Hull 

Speed N   % N % N % N % 

1,4351 -0,27 -2% 0,27 2% -0,81 -5% -4,88 -31% 

Average -0,27 -2% 0,27 2% -0,81 -5% -4,88 -31% 

 

Figure 1. Obstacle Difference Diagram 

The analysis of the resistance of the Joubert BB2 submarine using the Computational 

Fluid Dynamics (CFD) method was carried out to determine the effect of the addition of 

external components on the total resistance value of the submarine when moving at a depth 

of 300 meters. The simulation was carried out on five variations of the ship's configuration, 

namely Hull, Hull + Sail, Hull + Sail + Hydrofoil 1, Hull + Sail + Hydrofoil 2, and Hull 

Complete, which represents the stages of the submarine's geometric construction from basic 

shape to full operational configuration [25], [26]. 

The simulation results showed that the resistance value (RT) increased along with the 

addition of external components to the hull. The pure hull model produces the lowest 

resistance of 15.65 N, which corresponds to the characteristics of a streamlined hull without 

fluid flow interruptions. In this condition, the flow of fluid surrounds the hull more regularly 
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so that the shear stress and stern pressure are at a minimum. The base model (hull only) 

produces the lowest drag compared to other configurations. This is due to the shape of the 

Joubert BB2 hull, which has a streamlined contour with a smooth and elongated cross-

section, so that the fluid flow can follow the surface of the body stably without causing 

significant flow separation [27]. 

In the absence of additional components, Skin Friction Drag and form drag are at the 

minimum level. This value is the main reference for assessing the change in resistance due to 

the addition of external components. When the sail was added, the drag decreased to 14.54 

N. This phenomenon appears non-linear compared to the base model, but hydrodynamically 

can be explained as a result of changes in flow patterns around the hull that cause pressure 

redistribution. The contour of the sail can smooth the flow separation so that it delays the 

flow separation point, which has an impact on reducing the drag force under certain 

conditions [28]–[30].  

The simulation results show that this configuration produces lower drag than pure hull 

models. This phenomenon can be explained hydrodynamically: 

1. The addition of sails modifies the flow pattern in the center of the ship. 

2. Sails can direct flow (flow reattachment), thereby reducing flow separation in certain 

areas. 

3. The contour of the sail causes a change in pressure that delays the occurrence of wake on 

the stern side. 

As a result, the form drag decreases slightly so that the total drag becomes smaller. This is 

in line with several studies of submarine hydrodynamics, which show that sails in certain 

proportions can act as a flow stabilizer at low to medium speeds. 

It is different when Hydrofoil 1 and Hydrofoil 2 are added. The resistance increases to 

15.38N and 16.46 N. The addition of a hydrofoil changes the distribution of hydrodynamic 

forces at the stern, increases the wetted surface area, and creates local turbulence, resulting in 

additional resistance. Nonetheless, the presence of hydrofoils plays an important role in the 

stability of submarine motion, so the increase in drag that occurs is a form of design 

compromise between hydrodynamic control and drag efficiency. The addition of hydrofoil 1 

caused the resistance to rise back to 15.38 N. This increase occurred due to: 

1. Hydrofoil adds wetted surface area, so skin friction drag increases. 

2. Hydrofoil creates local disturbances in fluid flow that cause increased turbulence around 

the structure. 

3. There is an increase in stern pressure at the stern due to the interaction of the flow with 

the hydrofoil [31]–[33]. 

A hydrofoil has the function of controlling the direction and vertical stability of the 

submarine, so the increase in resistance is a consequence of that function. The final 

configuration, the Hull Complete, produced the highest drag of 20.2 N. This value increased 

by about 27% over the base model, indicating that the complexity of the external structure 

contributed significantly to the increase in form drag. Components such as sails, hydrofoils, 

as well as additional contours on the hull increase the fluid-structure interaction, which 

directly impacts the total resistance value Overall, the trend of increasing resistance in each 

configuration proves that the addition of external components of the submarine not only 

affects maneuver performance and stability, but also on the hydrodynamic efficiency of the 

ship [34], [35].  

Therefore, the final design of the submarine must consider the balance between 

minimizing drag and the operational needs of the submarine, particularly when sailing at 

significant depths. The drag limit increases drastically to 20.20 N, or about 27% larger than 

the pure hull model. This huge increase is influenced by: 
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1. Increase in the total wet surface of all components. 

2. Increasingly complex fluid flow interactions around sails, front hydrofoil, aft hydrofoil, 

and other detailed contours. 

3. Increased backpressure that enlarges the drag form. 

4. The wake flow pattern becomes more turbulent and unstable. 

The highest resistance value on the complete model indicates that each external 

component contributes to the increase in total resistance, even though they are necessary for 

the stability and maneuver control of the submarine. 

Table 3. Comparative Hydrodynamic Resistance Characteristics of Hull Configurations 
under Progressive Sail and Hydrofoil Integration in Operational Flow Conditions 

Hull 15,65 Minimum resistance, stable flow 

Hull+Sail 14,54 Pressure distribution changes, drag decreases 

Hull+Sail+Hydrofoil 1 15,38 Resistance to climb due to increased wet surfaces 

Hull+Sail+Hydrofoil 2 16,46  Increased flow turbulence 

Hull Complete 20,53 Maximum resistance, full operational configuration 

 

Results Analysis 

Based on the results of numerical simulations using the Computational Fluid Dynamics 

(CFD) method, it can be analyzed that the hydrodynamic resistance of the Joubert BB2 type 

submarine is greatly influenced by the configuration of the hull geometry and the addition of 

external components. The analysis was carried out on diving conditions with an operating 

speed of 10 knots and a depth of 300 meters, which represents the operational conditions of 

submarines in Indonesian waters. The pure hull configuration shows a resistance value of 

15.65 N and is the configuration with the most geometrically efficient hydrodynamic 

performance. This indicates that the basic shape of the Joubert BB2 hull has good 

streamlining characteristics, so that the fluid flow can follow the contours of the hull stably 

without producing significant flow separation. In this condition, skin friction drag and form 

drag are at a minimum level because the wet surface area is relatively small and there is no 

flow disturbance from additional components [36], [37]. 

Interestingly, the addition of sails actually resulted in a reduction in drag to 14.54 N or 

about 2% lower than a pure hull. This phenomenon suggests that sails do not necessarily 

increase resistance but can rather serve as a flow controller under certain conditions. 

Hydrodynamically, sails can modify the pressure distribution along the hull, delay the flow 

separation point, and reduce the wake at the stern. This causes a decrease in form drag even 

though the wet surface area increases. These findings suggest that a proportionate sail design 

can provide hydrodynamic advantages at medium operating speeds [38]. 

In contrast, the addition of hydrofoil 1 and hydrofoil 2 caused an increase in resistance to 

15.38 N and 16.46 N, respectively. The interaction between the main flow and the hydrofoil 

structure increases the shear stress and return pressure in the stern area, resulting in 

additional resistance. Nonetheless, this increased drag is an acceptable design consequence as 

hydrofoils play an important role in the vertical stability and maneuver control of submarines 

[39], [40]. 

The complete submarine configuration resulted in the highest drag of 20.53 N, an increase 

of about 27–31% compared to the pure hull model. This value reflects the complexity of the 

fluid's interaction with all the external components of the submarine. An increase in the total 

wet surface, increased return pressure, and a more turbulent wake pattern are the main factors 

in increasing resistance. These findings confirm that each external component carries a 
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significant resistance contribution, even though they are essential for the operational 

functioning of submarines. Overall, this analysis suggests that the design of the Joubert BB2 

submarine must consider the balance between hydrodynamic efficiency and stability and 

control needs. The results of the study prove that the optimization of geometric 

configurations, especially sail and hydrofoil designs, has a crucial role in minimizing 

obstacles without sacrificing operational performance, especially for complex and diverse 

Indonesian water conditions [41], [42]. 

 

CONCLUSION 

Based on the results of the numerical analysis that has been carried out, it can be 

concluded that the hydrodynamic resistance of the Joubert BB2 submarine is greatly 

influenced by the geometric configuration and the addition of external components to 

the hull. CFD modeling and simulations that have been validated through the 

independence grid study show that the pure hull model produces the lowest drag 

values, reflecting the effectiveness of the Joubert BB2 hull streamlined shape in 

minimizing drag under diving conditions. The validation process showed that the 

simulation results had a good degree of conformity to the reference data, with a 

difference of less than 2%, so that the numerical model used could be declared reliable 

and accurate. The addition of sails to the hull of the submarine actually results in a 

decrease in drag compared to the pure hull model, which is caused by changes in the 

flow distribution and pressure around the hull, so that it is able to delay the flow 

separation. In contrast, the addition of hydrofoil 1 and hydrofoil 2 led to increased drag 

due to increased wet surface area and increased flow turbulence, although these 

components play an important role in the stability and control of submarine motion. 

The complete submarine configuration results in the highest resistance as a 

consequence of the complexity of fluid flow interaction with all external components. 

Overall, this study confirms that submarine design must consider the balance between 

hydrodynamic resistance efficiency and operational needs, particularly to support 

submarine performance in diverse and challenging Indonesian water conditions. 
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