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Abstract 

The aerodynamic performance of river ships, particularly cargo river ships operating in inland 
waterways, plays a crucial role in determining their efficiency, safety, and economic viability. While 
traditional ship design has primarily focused on optimizing hull forms to minimize resistance acting 
on the ship, recent research highlights the growing importance of aerodynamic considerations, 
especially for ships with large accommodation above the water surface. This study synthesizes recent 
investigations on aerodynamic improvements achieved through the optimization of hull and 
accommodation for ships using Computational Fluid Dynamics (CFD). Pressure distribution 
analyses reveal that high-pressure zones around the hull significantly contribute to wind drag. 
Advanced CFD simulations, employing Reynolds-Averaged Navier–Stokes (RANS) methods, 
demonstrate notable reductions in wind drag through targeted modifications of ship 
accommodation. The results confirm that such design improvements of river ship accommodation 
can reduce wind drag acting on the ship, leading to lower fuel consumption, improved stability, and 
enhanced operational safety. 

Keywords: river ship; hydrodynamic resistance; aerodynamic; CFD; hull; wind drag.  
 

1. Introduction 

Improving the energy efficiency of cargo ships has become a central objective in modern marine 
transportation, with the reduced resistance acting on the ship representing a key component of this 
effort [1–5]. While wind drag is typically the dominant factor in a ship’s total resistance, ships with 
large projected area above the waterline may experience significant wind drag, which in some cases 
constitutes a considerable proportion of the total resistance. For instance, a fully loaded container 
ship encountering headwinds can have wind drag accounting for nearly 10% of its total resistance. 
Inland waterway cargo ships, which are widely operated in Vietnam, often feature pronounced 
accommodation and wide, flat decks, resulting in a high windage area. Consequently, wind drag 
becomes especially critical for river ships, directly influencing fuel consumption, maneuverability, 
and operational safety under strong wind conditions. 

Traditionally, standard ship design methodologies have primarily focused on refining hull 
shapes to minimize wind drag, often neglecting aerodynamic influences. The above-water hull, such 
as deckhouses, accommodation are generally engineered for functional and stability criteria, with 
minimal aerodynamic optimization. In numerous instances, the wind load was regarded as a minor 
consideration, constituting merely a few percent of the total resistance under mild conditions. 
Nonetheless, as the demand for enhanced fuel efficiency and reduced emissions increases, there is a 
growing acknowledgment that wind drag acting on the accommodation must not be overlooked for 
high-windage ships. Blunt-fronted structures and protruding cargo, such as container stacks, can 
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function as sails in the wind, generating considerable drag that increases fuel consumption and 
adversely affects handling in crosswinds. 

In recent years, various studies have examined methods to mitigate wind drag acting on ships' 
hulls and accommodation. Wind tunnel experiments and Computational Fluid Dynamics (CFD) 
models have been extensively utilized to examine ship aerodynamics. CFD, in particular, has proven 
to be a reliable tool for evaluating aerodynamic performance with good agreement with experimental 
results [1–4,6,7]. A focus of many studies has been on large ocean ships like container ships, which 
have extensive above-water hulls. Researchers have found that smoothing or streamlining the 
external shape of these ships can yield substantial wind drag reductions. Andersen et al. showed that 
an optimized container stacking configuration by presenting a smoother face to the wind significantly 
lowers wind forces on a 900 TEU container ship [1]. Kim et al. likewise tested various add-on devices 
on a container ship’s accommodation, such as gap protectors between container stacks and bow 
visors, and reported wind drag reductions up to 56% in certain headwind conditions [8]. Other 
modifications, including fitting side covers along the deck edges or adding a dome-shaped fairing at 
the bow, have been shown to cut the wind drag by roughly 30–40% [2,8]. These findings underscore 
that relatively simple design changes to the above-water hull can markedly improve a ship’s 
aerodynamic performance.  

Beyond container carriers, studies have extended to ships with large accommodations, such as 
passenger vessels and specialty ships. Wind drag acting on high-profile passenger ships such as ro-
ro ferries or cruise liners is a critical concern, and recent CFD analyses and wind tunnel tests confirm 
that aerodynamic performance optimizations can yield significant. Research by Ngo et al. examined 
a passenger ship with a tall frontal accommodation and proposed redesigned bow shapes that 
substantially reduced wind drag [3]. In other research, Ngo et al. have conducted a series of studies 
on hull accommodation interaction effects [4,9]. Their work on a wood-chip carrier demonstrated that 
reshaping the accommodation block and adding features like side guards can lessen the adverse 
interaction and lower the overall wind resistance acting on the ship. Related investigations by other 
authors have similarly confirmed that modifying the geometry of the accommodation or adding 
appendages can lead to appreciable reductions in wind forces on the hull [9,10]. Collectively, these 
works highlight that both the shape of a ship’s exposed profile and its heading relative to the 
oncoming wind are critical factors governing wind drag.   

Despite the growing body of research on ship aerodynamics, relatively little attention has been 
given to inland waterway cargo ships. River ships often operate at lower speeds and in confined 
channels, yet they frequently encounter strong crosswinds over open stretches, making them 
susceptible to wind drag and lateral drift. In this study, we address this gap by evaluating the 
aerodynamic performance of a typical Vietnamese river cargo ship and analyzing how various 
orientations affect the pressure distribution around the ship. We employ CFD simulations using 
ANSYS Fluent version 19.2 with a RANS k–ε turbulence viscous model to compute the wind drag 
and pressure distribution acting on the hull and accommodation of the ship. By examining various 
wind angles and conditions, we identify the areas of high pressure and flow separation around the 
accommodation that contribute most to wind drag. The overall objective is to quantify the potential 
drag reduction from these design modifications and thereby demonstrate how aerodynamic 
refinement of the superstructure can improve the energy efficiency of river ships. This research 
contributes new knowledge on aerodynamic optimization for inland vessels, a topic that has seen 
limited study, and the findings can inform future ship design standards and retrofitting strategies for 
better performance in Vietnam’s inland waterway fleet. 
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Figure 1. River cargo ship operated on the inland waterway of northern Vietnam 

2. Methodology 

2.1. River Ship Model 

In this study, a representative river cargo ship, commonly operated on the waterways of 
northern Vietnam, is selected as the reference model. Figure 2 illustrates the body plan of the ship 
and accommodation. The principal particulars of the ship are summarized in Table 1. 

 
Figure 2. Body plan of the traditional river cargo ship in Vietnam 
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Figure 3. Accommodation of the original river cargo ship 

Table 1. Principal dimensions of the ship 

Parameters Value Unit 
Length, L 43.25 m 
Breadth, B 5.70 m 
Depth, H 2.25 m 
Draft, d 1.90 m 

Frontal projected area, Sx 21.64 m2 
Lateral projected area, Sy 110.79 m2 

Displacement, D 436.27 ton 
Block coefficient, Cb 0.9162 - 

Waterline coefficient, CW 0.8621 - 
Midship coefficient, CM 0.9683 - 

2.2. Numerical Setup 

In CFD simulations, the Reynolds-Averaged Navier–Stokes (RANS) equations are among the 
most widely applied approaches. The detailed methodologies and governing equations for numerical 
modeling have been extensively described in previous studies [1,3,6,7,11,12]. In this research, the 
aerodynamic performances of the ship are analyzed using the commercial CFD package ANSYS 
Fluent v.19.2, employing the k–ε turbulence viscous model [13–15]. The computational domain was 
defined with dimensions of 6.5L in length, L in width, and L in height, where L denotes the ship 
length. For this research, with an actual ship length of 43.25 m, the domain dimensions were 
determined as 200 m in length, 40 m in width, and 40 m in height. The domain was discretized using 
an unstructured mesh consisting of approximately 2.683 million cells. 

Boundary conditions were imposed corresponding to wind velocities ranging from Beaufort 
level 1 to level 5, which represent Reynolds numbers between 6 × 10⁶ and 2.2 × 10⁷. The detailed input 
parameters are summarized in Table 2, and Figure 4 illustrates the computational domain and the 
mesh configuration. 
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Figure 4. Computational domain and mesh 

Table 2. Computational conditions 

Conditions Parameters Unit 
Velocity inlet, V 2.57 – 9.26 m/s 

Pressure outlet, p 1.025 at 
Reynold, Rn 6 × 106 - 2.2 × 107 - 

Air density, ρ 1.225 kg/m3 
Air kinematic viscosity, ν 1.7894 × 10-5 kg/m∙s 

 
In CFD simulations, each step of the modeling process can significantly influence the results. To 

obtain reliable results, all stages of the computation must strictly follow validated guidelines and best 
practices documented in authoritative references [2,5,7,9,16–19]. Moreover, the accuracy of numerical 
predictions can be verified by comparing the simulation results with experimental model tests or 
benchmark data from recognized studies. Grid convergence assessment, together with prior 
experience in applying CFD to similar problems, also serves as an important approach to evaluate 
the reliability of the simulation results [2–4,9,20,21]. 

In this study, a mesh convergence analysis was conducted using seven different mesh numbers, 
with corresponding y⁺ values ranging from 4.786 to 128.262. The simulations were carried out under 
identical boundary conditions, with a flow velocity corresponding to a Reynolds number of Rn = 6.26 
× 106. Table 3 and Figure 5 present the comparison of wind drag acting on the ship for the different 
mesh configurations. The results confirm that the selected mesh provides sufficient numerical 
accuracy and stability for the CFD simulations. 

 
 

Table 3. Wind drag acting on the ship in different mesh numbers, at Rn=6.26 × 106. 

Mesh Number y+ Cd ΔCd, % 
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(×106) 
1.1535 128.262 0.9891 2.6319 
1.6246 81.235 0.9675 0.4599 
2.2356 43.768 0.9645 0.1461 
3.1655 30.756 0.9637 0.0669 
3.8633 17.658 0.9635 0.0466 
5.7366 9.835 0.9632 0.0160 
7.6826 4.786 0.9631 0.0000 

 

 

Figure 5. Effect of mesh number on wind drag acting on the ship in head wind, at Rn=6.26 × 106 

The comparison of wind drag coefficients acting on the ship, as illustrated in Figure 5, indicates 
that the deviation resulting from varying the mesh density in the investigated region remains below 
2.63%. As the y+ value decreases, the deviation is significantly reduced, reaching below 0.5%. These 
results confirm the mesh convergence and provide a reliable basis for the subsequent numerical 
simulations conducted in this study.  

2.3. Results of Aerodynamic Performance Acting on the Original River Cargo Ship 

Based on the calculation of the aerodynamic performances of the original model, Figure 6 shows 
the results of the pressure distribution around the hull and wind drag acting on the ship in the 
different Reynolds numbers. The pressure distribution around and over the hull surface of the ships 
shows that the bow shape and the accommodation have higher-pressure areas than other areas. Thus, 
the concentration of pressure areas occurs in areas with large and sharply changing wind surfaces on 
the hull. These are the areas that may need to be improved in design to reduce the area of this high-
pressure area. The pressure exerted on the hull causes wind drag, so it is essential to reduce the areas 
of high pressure during the ship's design process. In addition, it is possible to change the ship's 
operating posture or adjust the wind direction acting on the ship to control and change the areas of 
high pressure acting on the ship, helping to reduce the wind drag acting on the ship. 
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a) Rn = 6.20 × 106 

 

b) Rn = 8.67 × 106 
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c) Rn = 11.20 × 106 

 

d) Rn = 13.60 × 106 
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e) Rn = 18.60 × 106 

 

f) Rn = 22.30 × 106 

Figure 6. Pressure distribution around the hull and over the hull surface of the ship 
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Figure 7. Wind drag coefficient acting on the ship 

Figure 7 shows that as the speed increases, the wind drag coefficient acting on the ship tends to 
decrease. In the speed range corresponding to Reynolds numbers below 18.6 x 106, the wind drag 
coefficient acting on the hull tends to stabilize and change less than when the speed increases beyond 
the Reynolds limit of 18.6 × 106. The results of wind drag acting on the ship surveyed above are 
consistent with the CFD calculation results obtained on the pressure distribution and flow around 
the ship, as shown. Table 4 shows the detailed wind drag acting on the ship. 

Table 4. Wind drag acting on the ship corresponds to the Reynolds number. 

Rn × 106 Rd(p), N Rd(f), N Rd, N Cd(p) Cd(f) Cd 
6.20 79.1056 5.3631 84.4686 0.9018 0.0611 0.9632 
8.67 152.0577 9.6966 161.7544 0.8844 0.0564 0.9411 
11.20 249.2042 14.6588 263.8630 0.8769 0.0516 0.9287 
13.60 374.7486 20.2532 395.0018 0.8827 0.0477 0.9306 
18.60 612.9621 33.3372 646.2994 0.7764 0.0422 0.8189 
22.30 807.5041 45.7045 853.2086 0.7103 0.0402 0.7507 

 
In the calculation, the wind drag coefficient is defined as: 𝐶ௗ ൌ 𝑅ௗ0.5𝜌𝑉ଶ𝑆௫                           ሺ1ሻ 
Cd = Cd(f) + Cd(p)    (2) 
Where:  Cd is the total wind drag coefficient 
   Cd(f) is the component of the frictional viscous wind drag 
   Cd(p) is the component of the pressure viscous wind drag 
   Rd is the total wind drag acting on the ship, N 
   V is the velocity of the ship, m/s 

3. Effect of Ship Operating Attitude on Aerodynamic Performances 
In this section, the effect of the ship’s operating attitude on its aerodynamic performance and 

the wind drag acting on the vessel is comparatively analyzed. The objective is to clarify how 
operating attitude influences wind drag and to assess the potential for reducing wind drag through 
attitude adjustment. Two scenarios are considered: the ship operating in a balanced condition with a 
0° bow angle, and the ship operating with a 3° bow angle. Aerodynamic performance is evaluated 
for both cases across the ship’s operating speed range, corresponding to wind levels from 1 to 5. 
Figure 8 shows a model of the ship in computation.  
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Figure 8. Ship model used in the study of the influence of ship attitude with bow pitch angles of 0 and 3 degrees 

Figure 9 presents the simulation results of the pressure distribution around the hull when the 
ship operates with a 3° bow angle. Compared to the balanced position (0° bow angle), the high-
pressure region on the bow surface increases, while part of the high-pressure area on the 
accommodation decreases due to the effect of the bow angle. These changes in pressure distribution 
directly influence the wind drag acting on the hull. 

 

a) Rn = 6.20 × 106 
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b) Rn = 8.67 × 106 

 

c) Rn = 11.20 × 106 
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d) Rn = 13.60 × 106 

 

e) Rn = 18.60 × 106 
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f) Rn = 22.30 × 106 

Figure 9. Pressure distribution around the hull and over the hull surface of the ship with a 3-degree bow angle 
operating condition. 

Figure 10 compares the wind drag between the balanced position and the 3° bow angle cases. At 
low speeds (Rn < 8.67 × 10⁶), the wind drag components are nearly identical in both cases. As the speed 
increases, differences become more noticeable, with a maximum of up to 10%. In the intermediate 
range (Rn = 11.2 × 10⁶ to 22.30 × 10⁶), the 3° bow angle reduces the total wind drag acting on the ship 
by roughly 10% compared to the balanced position. 

 

Figure 10. Wind drag acting on the hull in the balanced condition and the 3-degree bow angle condition 

In practice, research on ship design indicates that the vessel’s operating posture has a significant influence 
on its stability and balance. Therefore, to ensure safety, the ship must not only be operated in a posture that 
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minimizes wind drag acting on the hull but also in one that maintains sufficient stability and balance, thereby 
safeguarding both crew and cargo. The results show that to reduce the wind drag acting on the ship, we can 
develop a new accommodation for the ship to minimize the effect on its aerodynamic performance during 
transportation. Tables 5 and 6 show the detailed wind drag acting on the ship in the 3-degree bow angle 
condition, and compare with those of the balanced condition. 

Table 5. Wind drag acting on the ship in the 3-degree bow angle condition. 

Rn × 106 Rd(p), N Rd(f), N Rd, N Cd(p) Cd(f) Cd 
6.20 79.7980 5.3979 85.1959 0.9099 0.0616 0.9715 
8.67 151.6999 9.7662 161.4661 0.8826 0.0568 0.9394 
11.20 239.5849 14.8093 254.3942 0.8432 0.0521 0.8953 
13.60 338.3394 20.6182 358.9576 0.7971 0.0486 0.8457 
18.60 544.7182 34.6321 579.3502 0.6902 0.0439 0.7340 
22.30 729.9862 46.4016 776.3879 0.6423 0.0408 0.6831 

Table 6. Comparison of wind drag acting on the ship in the different operating conditions. 

Rn × 106 Wind drag, % Wind drag coefficient, % 
Rd(p) Rd(f) Rd Cd(p) Cd(f) Cd 

6.20 0.88 0.65 0.86 0.88 0.65 0.86 
8.67 -0.24 0.72 -0.18 -0.24 0.72 -0.18 
11.20 -3.86 1.03 -3.59 -3.86 1.03 -3.59 
13.60 -9.72 1.80 -9.13 -9.72 1.80 -9.13 
18.60 -11.13 3.88 -10.36 -11.13 3.88 -10.36 
22.30 -9.60 1.53 -9.00 -9.60 1.53 -9.00 

The results indicate that the frictional viscous wind drag component acting on the ship remains nearly 
identical under both operating conditions, with a difference of less than 3.88%. In contrast, the pressure-induced 
wind drag component shows a clear variation, as presented in Table 6. This discrepancy is likely attributable to 
differences in the pressure and velocity distributions around the ship under the two operating conditions. 

4. Conclusions 
This study investigated the influence of ship operational orientation on the aerodynamic 

performances and wind drag exerted on a typical Vietnamese river cargo ship. Using CFD 
simulations based on the RANS 𝑘-𝜀 turbulence model, we evaluated pressure distributions and wind 
drag acting on the ship under different operating attitudes, particularly comparing a balanced 
position (0° bow pitch) with a slightly pitched position (3° bow angle). 

The results show that high-pressure zones are concentrated around the bow and the front face 
of the accommodation, acting as primary contributors to overall wind drag. When the ship operates 
with a 3-degree bow angle orientation, the high-pressure region around the accommodation was 
reduced, although pressure near the bow increased. Across the surveyed Reynolds number range 
(6.2 × 10⁶ to 22.3 × 10⁶), wind drag decreased by up to 10% in the 3-degree pitched configuration 
compared to the balanced position, particularly in the mid-to-high speed range (Rn > 11.2 × 10⁶). 
These findings confirm that small changes in operational orientation can positively affect 
aerodynamic performance. 

Although the wind drag reduction was modest, it is practically significant given the simplicity 
and feasibility of implementing such changes without requiring structural modifications. However, 
these adjustments must be evaluated alongside ship stability and safety constraints. Future research 
should explore a broader range of operational configurations and combine aerodynamic analysis 
with dynamic stability assessments to optimize both resistance reduction and safe maneuverability 
in riverine environments.  
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