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KEYWORDS ABSTRACT - Flowbow is an innovation designed by Rasmussen to increase fuel
Resistance; efficiency by reducing wave making resistance of ship. It is claimed that Flowbow can
Bulbous bow; reduce the resistance of displacement and semi-displacement hull type at Froude number
Ig é%vbow; (Fr) over 0.25 to 0.28. On a warship, resistance reduction can increase the patrolling

Somt- Disolacement endurance by reducing energy used for moving. This research compares the hull of

P DTMB 5415 model, which is already using bulbous bow and the modified DTMB 5415
hull with the addition of Flowbow using CFD which is validated by EFD. The results
show that the addition of a Flowbow reduces ship resistance at Fr greater than 0.249 and
the resistance reduction increases as the ship speed increases. At the highest tested speed
(Fr =0.352), the total resistance reduction reaches 8.57%.
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INTRODUCTION

Bow is the part of the ship that most affects the resistance it receives. The shape of the bow [1] and the angle
of attack [2] significantly influence the resistance encountered, so the bow must be designed to optimize
hydrodynamic performance. Bulbous-bow are structural additions to the bow designed to reduce wave drag by
generating waves that interfere with those that would otherwise form at the ship’s bow. Bulbous-bows can
reduce wave drag by up to 5—-15% of the ship’s total drag at specific design speeds [3].

The effectiveness of a bulbous bow is influenced by the suitability of its design to the ship’s operating
conditions, particularly the Froude number and design speed. The effectiveness of a bulbous bow is greatly
influenced by the suitability of its design to the ship’s operating conditions, particularly the Froude number and
design speed. Recent studies indicate that optimizing the bulb’s shape using CFD methods can enhance
destructive wave interference, thereby significantly reducing drag. Research [4] shows that variations in bulb
geometry can reduce drag by more than 10%, while the influence of operating conditions such as draft and trim
[5]. Additionally, RANS approach in CFD provides accurate predictions for drag analysis and bow design
optimization [6].

Parallel with these developments, various alternative bow design innovations have begun to emerge as
efforts to improve hydrodynamic performance beyond the conventional bulbous bow concept. FlowBow®
serves the same function as a bulbous bow; what sets it apart is its shape and mechanism of operation.
FlowBow® is shaped like a foil that works by directing the water flow vertically along the shape of the foil,
which reduces wave resistance. The reduction in ship resistance applies at speeds above a Froude number (Fr) of
0.25-0.28 [7]. However, there have not been many studies examining FlowBow.

On large combat vessels such as destroyers, which typically have a semi-displacement hull, reducing drag is
essential because it directly affects the vessel’s energy efficiency and range. Research shows that drag reduction
on the DTMB 5415 semi-displacement ship can be achieved by modifying the bulbous bow shape [8]. However,
there has been no research specifically comparing the performance of the bulbous bow and FlowBow® on semi-
displacement ship models such as the DTMB 5415, nor has there been a study testing the application of
FlowBow® on combat ships.

With the development of technology, Computational Fluid Dynamics (CFD) allows ship resistance analysis
to be conducted without physical testing in a towing tank. However, validation of the CFD results is still
necessary. Based on this, this study aims to analyze the effect of applying FlowBow® on the resistance of the
DTMB 5415 ship, which already has a bulbous bow, and to validate the CFD simulation results using
experimental data. The study was conducted at several speed variations, neglecting the effects of stability, trim,
and sinkage.
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METHODS

This study employs a quantitative research design based on numerical simulation using a CFD approach
conducted with Ansys Fluent. The computational approach utilizes the Reynolds-Averaged Navier—Stokes
(RANS) equations with the k- SST turbulence model. The research design is comparative, analyzing two
models: the DTMB 5415 vessel without bow modifications and the same vessel with the addition of a Flowbow.

Governing Equations

RANS is a turbulent flow model commonly used in CFD. RANS offers the advantage of lower
computational costs compared to other methods [9]. The RANS equations are shown in Equations (1) and (2).
Continuity equations

V.[pU]=0 ()
Momentum equation
a[pU] o ) !
T+V‘{pUU}=—VP+[V’[‘[1}—puu]]+ pg ©)

The turbulence model is based on k- SST (Shear-Stress Transport) due to its ability to accurately simulate
both near-wall and far-wall flow [10]. This model includes two transport equations: the turbulent kinetic energy
(k) and the turbulent frequency (w). The turbulent viscosity value is obtained using Equation (3).
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Modelling

The geometric design was based on the linesplan data for vessel DTMB 5415 that obtained from sinman
website, which is also used by BRIN for EFD test.

Table 1. Dimention of DTMB 5415

Item Symbol Model Unit
Length Between Perpendicular LPP 5,719 m
Length Waterline LWL 5,726 m
Breath Moulded B 0,768 m
Draught T 0,248 m
Displacement A 0,551 ton
Wetted Surface Area WSA 4,786 m? —

Figure 1. Lines plan of DTMB 5415

Modeling was performed using Maxsurf Modeller software. The results were then exported to a 3D CAD
program to convert the ship model into a solid model. Once converted to a solid model, it was saved in Parasolid
format (.x_t).

Figure 2. Used 3D model of DTMB 5415

The DTMB 5415 model was created based on the model used in the EFD testing by BRIN. A comparison
between the DTMB 5415 model and the EFD model can be considered valid if the difference is less than 2%

[11].
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Table 2. Dimention comparation between model of DTMB 5415 used for CFD and EFD

Model

Item EFD CFD Difference unit
LPP 5.719 5.719 0.00% m
LWL 5.726 5.726 0.00% m
B 0.768 0.768 0.00% m
T 0.248 0.248 0.00% m
A 0.551 0.552 0.10% ton
WSA 4.786 4.786 0.00% m?

The design of the DTMB 5415 with FlowBow® was achieved by modifying the bow shape and adapting it
to the FlowBow® foil profile. Based on the FlowBow® patent, the FlowBow® application consists of the
FlowBow® body and a V-wedge that connects the body to the ship’s hull. The DTMB 5415 model with
FlowBow® has the same displacement volume as the DTMB 5415 model.

Table 3. Dimension comparation between DTMB 5415 and modified DTMB 5415 model with Flowbow added

Dimension Bulbous bow  Flowbow Unit Difference
Lwl 5.719 5.727 m -0.14%
v 0.552 0.557 m’ -0.91%
A 0.552 0.557 ton -0.91%
WSA 4.786 5.022 m? -4.93%

Figure 3. Modified DTMB 5415 with Flowbow added

Simulation Set Up

The simulation was conducted using Ansys Fluent software. The simulation process involved creating the
simulation domain, meshing, configuring the setup, and running the simulation. The simulation domain was
created in accordance with the ITTC guidelines for CFD simulations [12]. The dimensions and boundary
conditions of the simulation domain are shown in Figure 4 and Table 4.
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Figure 4. Named selection of boundary condition
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Table 4. Type of boundary condition

Name Selection Boundary type
Air inlet Velocity Inlet
Water Inlet Velocity Inlet
Air outlet Pressure Outlet
Water outlet Pressure Outlet
Ship Wall
Symmetry Symmetry
Top Symmetry
Bottom Symmetry
Side Symmetry

The meshing process was conducted using local sizing on the ship’s surface and the body of influence
located 500 mm from the water surface. The mesh employs a shared topology to connect the air and water
domains. In simulations using the K- SST model, the boundary layer is required to have a Y* value below 1 or
within the range of 30-300. This simulation was conducted using a Y+ value of 95. Figure 5 shows the meshing
of DTMB 5415 model.

Figure 5. Meshing of DTMB 5415 model

The simulation setup included a pressure-based solver with steady flow and gravity aligned with the ship’s
vertical axis. The materials used in this simulation were air and freshwater (liquid H-0O). The simulation was
performed using a multiphase volume-of-fluid (VOF) simulation model and a turbulence model based on the
RANS Equations with k-o SST.

The velocity variations are based on tests conducted by BRIN on the DTMB 5415 model. The velocity
variations used are shown in Table 5:

Table 5. Model speed

Fr Speed (m/s)
0.198 1.483
0.249 1.866
0.280 2.096
0.300 2.251
0.352 2.636

RESULTS AND DISCUSSION

The CFD simulations were validated using grid independence tests (GI), grid convergence tests (GCT), and
a comparison of the results with EFD simulations. The EFD to CFD validation tests were performed on the
DTMB 5415 model. The validated results were then used to compare the simulation results of the DTMB 5415
models with added Flowbow modifications.
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Grid Independence Test

A grid independence test was conducted to determine the appropriate number of elements in the CFD
simulation to ensure the results are valid. The simulation was conducted repeatedly by increasing the number of
mesh elements for each iteration until the difference in results was insignificant [13], approximately less than
2% [14]. The results of the grid independence test for the original DTMB 5415 model are shown in Table 6 and
Figure 6.

Table 6. Grid independence test of DTMB 5415 model

Cell Resistance (N) Difference
170698 76.911
238050 78.78 -2.46%
307320 79.504 -0.89%
496358 79.665 -0.20%
619427 79.886 -0.28%
80.0
79.5 4
79.0
g 78.5
g 78.0
77.5
77.0
200‘000 300‘000 400600 500600 600‘000

Cell

Figure 6. Grid Independence Test of DTMB 5415 Model
The results of the GI test for the DTMB model using FlowBow® are shown in Table 7 and Figure 7.
Table 7. Grid independence test of modified DTMB 5415with Flowbow model

Cell Resistance (N) Difference
200655 79.48
559227 76.002 4.38%
920013 74.524 2.57%
1730066 72.834 1.65%
2941451 72.734 0.14%
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Figure 7. Grid Independence Test of Modified DTMB 5415with Flowbow Model
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Grid Convergence Test

A grid convergence test is used to determine the uncertainty of the mesh used in the simulation [15]. In this
process, three mesh variants of different quality are compared. The GCT calculations follow the method

described by Celik [16].

The results of the grid convergence test for the DTMB 5415 model and Flowbow added DTMB 5415 model

are shown in Table 8.

Table 8. Grid Convergence Test Result

Output Equation DTMB Flowbow
. . . E1=T2-Ty 0.08 -0.10
Diffi fE
ifference of Estimation =Ts-T) 0.11 12
€
Convergence Ratio Ry = Sﬁ 0.73 0.08
32
T\~ /3
Grid Refinement Factor ri = (T_S) 1.26 1.47
1
In R;
Accuration Order p= n rl 1.35 6.46
i
ry;P X T1) — T2
Tz = Zl(r > _)1) 39.53 74.16
Extrapolated Value (1'32p2>i T2) = T3
Textzz = TP = 1) 39.53 72.84
T, — T
, , ea_p, = T-T) 0.203% 1.646%
Estimated relative Ty
difference (T, — T3) 0 0
ea_g, = [~ 0.277% 0.137%
2
Text—21 — T
‘ Coxtoz1 = Text-21 = T) 0.548% 0.147%
Extrapolated relative Text—21
diff Text—32 — T
Herence ey = |Textmsz = T2) e 2) 0.750% 0.012%
ext—32
Fs-ea,;
GCL,; = ®P-D 0.685% 0.184%
Grid Convergence Index Fs - eas,
GCI32 = m 0.937% 0.015%

Comparative Validation of CFD Using EFD

The DTMB model utilized in the CFD simulation is derived from a model previously tested for resistance in

a towing tank by BRIN. The discrepancy in drag results between the experimental fluid dynamics (EFD)
measurements and the CFD simulation is deemed acceptable, with an error range of 1% to 5% [17]. A
comparative analysis of the CFD and EFD results is presented in Table 9.

Table 9. CFD Comparative Validation Using EFD

Fr EFD RT (M) CFD Difference
1.483 23.286 22.363 3.96%
1.866 34,948 35.071 -0.35%
2.096 45.63 45.74 -0.24%
2.251 55.526 54.327 2.16%
2.636 81.53 79.665 2.29%
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Simulation Result Comparation

The comparison of the total resistance coefficient (cr) between DTMB 5415 ship model with DTMB 5415
modified with FlowBow® is shown into table 10.

Table 10. Total resistance coefficient between models

SPEED Cr Diff
m/s Fr Flowbow DTMB Herence
1.483 0.198 0.0053 0.0042 31.37%
1.866 0.249 0.0042 0.0042 4.86%
2.096 0.28 0.0041 0.0044 -2.27%
2.251 0.30 0.0042 0.0045 -2.71%
2.636 0.352 0.0042 0.0048 -8.57%
—8— Flowbow

0.0052 —&— DTMB

0.0050 -

0.0048 -

&

0.0046 -

0.0044 -

0.0042 -

T T T T T T T T
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Figure 8. Total Resistance Coefficient Comparation

As shown in Figure 8, both models have the same Cr at Fr = 0.249, indicating equal overall resistance at this
speed. At higher speed, the FlowBow® configuration shows lower Cr values, indicating reduced total resistance
compared to the original DTMB 5415 hull. To evaluate the effect of FlowBow® on wave resistance, the total
resistance is decomposed into the viscous resistance coefficient (Cv) and the wave resistance coefficient (Cw).

Table 11. Pressure Resistance Coefficient and Viscous Resistance Coefficient Between Models

SPEED VISCOUS PRESSURE
(m/s) Fr FlowBow® DTMB 5415 FlowBow® DTMB 5415
1.483 0.198 0.0032 0.0031 0.0021 0.0012
1.866 0.249 0.0029 0.0030 0.0013 0.0012
2.096 0.280 0.0028 0.0029 0.0012 0.0014
2.251 0.300 0.0028 0.0029 0.0014 0.0016
2.636  0.352 0.0027 0.0028 0.0015 0.0020
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Figure 9. Pressure Resistance Coefficient Comparation
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Figure 10. Viscous Resistance Coefficient Comparation

A comparison between Figures 9 and 10 suggests that Flowbow® influences wave making resistance. It is
observed that for Fr below 0.258, Flowbow® leads to an increase in wave resistance. In contrast, beyond Fr =
0.258, higher velocities result in greater reductions in wave resistance.

Flow Analisys

To compare the flow conditions between a bulbous bow and a FlowBow®, visualizations of dynamic
pressure contours were used. The following figure shows a comparison of these dynamic pressure contours on
the highest tested speed (Fr = 0.352).

1.09e-04 546e+02 109e+03 164e+03 2.19e+03 2.73e+03 3.28e+03 383e+03 4.37e+03 492e+03 546403

Figure 11. Dynamic Pressure Contours at the Highest Tested Speed (Fr = 0.352) for the Bulbous Bow (left) and
FlowBow® (right).

As shown in Figure 11, there is a clear difference between the two configurations. On the DTMB 5415 with
a conventional bulbous bow, the high-pressure area at the bow is wider and concentrated near the front, as
shown in Figure 11 (left). This concentrated pressure indicates increased wave-making resistance, resulting in
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higher power requirements to maintain the ship’s speed. In contrast, the FlowBow® configuration shows a
narrower high-pressure region that dissipates more rapidly along the hull, as shown in Figure 11 (right). This
indicates reduced wave formation and a more efficient distribution of flow energy. This effect is further
enhanced by the formation of flow channels that accommodate the vertical displacement of water masses driven
by the FlowBow®.

Dynamic Pressura {mixture) [ Pa |
conteur-1

3.64e+06 8.68ev11 1.74e412 2.60ev12 347e412 4.34e012 5.21e412 6.07ev12 6.9dev12 TBled12 8.68ev12

Dynamic Preszure (misture) | Pa ]
comour-1

2762403 248e412 4958412 743e012 9.80e412 810 1.49e4012 173413 1.682413 2230413 2.48e412

Figure 12. Wave Contour Distributions at Two Froude Numbers for Different Bow Configurations: (a)
FlowBow® at Fr = 0.198 (Top Left), (b) DTMB 5415 Original Hull at Fr = 0.198 (Bottom Left)

Figure 12 presented the comparison of the wave patterns at the lowest tested speeds using dynamic pressure
contours. At the lower speed (Fr = 0.198), the flow directed by the FlowBow® configuration (Figure 12A)
increased pressure resistance, since a stable pressure distribution had not yet formed around the device. This
results in flow accumulation, particularly at the leading edge and near the trailing region, as indicated by
localized high-pressure concentrations. A comparable condition is observed in the original DTMB 5415 hull
(Figure 12B), although the pressure distribution remains more symmetric and less effectively redistributed.

Figure 13. Wave Contour Distributions at Two Froude Numbers for Different Bow Configurations: (a)
FlowBow® at Fr = 0.352 (top), (b) DTMB 5415 Original Hull at Fr = 0.352 (Bottom Right).
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Figure 13 presented the comparison of the wave patterns at the highest tested speeds using dynamic pressure
contours FlowBow® contribute to lateral release of pressure which contributes to a reduction in wave making
resistance. At the higher speed (Fr = 0.352), the DTMB 5415 model equipped with FlowBow® exhibits a
distinct flow region that is redirected laterally as it passes the trailing edge, as shown in Figure 13a. This
behavior contrasts with the bulbous bow configuration (Figure 13b), where, despite some lateral flow, pressure
remains concentrated around the bow region. The localized accumulation of high-pressure zones, indicated by
the red contours, suggests increased wave-making resistance [18].

CONCLUSION

The DTMB 5415 design incorporating the FlowBow® was developed in accordance with the design
specifications outlined in the FlowBow patent and ensures that the volume and submerged volume parameters
match those of the DTMB 5415 ship model. CFD testing on the DTMB 5415 ship model was validated, with the
difference in drag results compared to EFD testing remaining below 5% across all speed variations. These
results were used as the basis for analyzing the drag of the existing DTMB 5415 ship and the DTMB 5415 ship
with FlowBow®. The addition of FlowBow® to the DTMB 5415 successfully reduced the ship’s resistance at
speeds beyond a Froude number of 0.249, with the greatest reduction observed in the study occurring at the
highest test speed (Fr = 0.352), amounting to 8.57%.
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