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EDIMORIAL

Many an MoU have been inked and more

plans have been pledged towards the
Vikshit Bharat we are working upon. There will
be more on this, | hope.

The India Maritime Week just passed by.

| take this space for another development
... the change of guard at MER. It has been a
long innings (>5.5. years) in this MER Engine
Control Room since February 2020. Let us look
back a bit.

| had envisaged MER to transform from a
‘Trade Magazine’ to a Professional Journal.
The spectrum was to be widened. The Review
of the Marine Engineers has to be not only on
core marine engineering domain but also on
allied areas... ocean studies, naval architecture,
maritime law and arbitration, maritime heritage
and so on. And we aimed to bring up the
quality by accommodating knowledge based
articles and research studies.

A conscious effort was to migrate to a web
based platform with on-line submissions, peer
reviewed acceptances of articles, flipbook
formats etc. We did host these for a while
and on these Research Journal patterns, we
had even applied for listing under UGC CARE
(University Grants Commission-Consortium for
Academic and Research Ethics). [IMU’s support
for this application needs a mention here]. For
want of better strength in article-management,
peer review processes etc., we could not make
the cut. Also, UGC was moving away from this
model and the timing was not favourable.

Another significant move was to start a
newsletter, shift the stock of ‘events and
photos’ and the like. Undeniably, this brought
in a sobriety to the format. We also brought
in new verticals and columns to support
contributions:

Technical Notes: This was for all the light
and medium level discussions on any maritime
areas.

Bol Bada Saab Bol: This knowledge-box
format was for the Competency Exam cohorts.

Go back and get it. - Sankofa (African)

[In sense: Draw from the past and inform the future]
Surprisingly, we had the least
contributions under this.

Spanner in the Works: This

.

brought in many shipboard
problems and was well received also but again
suffered a bit from lack of readership and reflection.

Indicator Cards: This was created for feedbacks.
Ironically, much of the feedbacks we received
repeatedly (we seek feedbacks every month) said
that there is no column for feedback!

(Maybe that was a feedback just for the halibut).

Heritage Hourglass: This was a refreshing column
which had quite a bit of contributions and still has
scope.

Going Astern into MER Archives: We believed
(still do) that this column would bring the much
needed attention of the veteran marine engineers
into the discourses drawing them away from the
much trodden digital/social media platforms. We
still run the Students’ Section to feature somewhat
serious efforts, sensible studies, patent works and
idea-checks through projects etc., coming in from
interested students.

With all humility, | must say there has been
moderate successes in the metamorphosis. Looking
at this past, We wish to bring the future into focus.
Along with my Editorial Team, | place my thanks to
all the IMEI teams for their support and all those
who appreciated, criticised and contributed.

My appeal to all the readers as always: Read,
Reflect and Revert. | sign off with how | started:

Let noble thoughts come to us from every side
(Rig Veda).

—

In this issue

This insightful article by Prabu Duplex explores
the predictive power of computational fluid
dynamics in estimating ship resistance,
specifically through the REVA potential flow
solver. Traditionally, towing tanks have
dominated hull resistance assessments—
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but today, with advanced computing, numerical
models like REVA provide faster, cost-effective
alternatives. The study focuses on calculating
forward resistance for a Series 60 hull using
Rankine source panel methods under different
Froude numbers.

The author meticulously details the grid
convergence process, validating mesh sensitivity
and highlighting how computational accuracy can
be optimized without excessive resource use. A
critical comparison between Dawson and Neumann-
Kelvin free-surface linearization models offers
practical insight into their performance, especially
for fuller versus slender hull forms.

What sets this article apart is its balance of
technical depth and applied relevance. It makes
a strong case for integrating CFD at early design
stages, showing how theoretical simulations
now rival traditional experimental methods in
accuracy. As hull form optimization becomes
increasingly digital, this work reinforces CFD’s
essential role in shaping the next generation of
maritime engineering. Whether you're a researcher
or a practicing naval architect, this article offers
a robust look into the evolving landscape of
resistance prediction—rooted in physics, powered
by computation.

—_— X\ —

In a maritime world increasingly driven by
autonomy and offshore renewable energy, this
paper cuts to the core of an urgent issue—
cybersecurity in converging technologies. Kimberly
Tam and co-authors spotlight the vulnerabilities that
arise when autonomous vessels and offshore wind
farms operate in digitally entangled environments.
Through a realistic, multi-layered threat scenario,
they reveal how a breach in one system can ripple
through others, threatening physical safety and
operational control. The article balances technical
insight with actionable mitigation strategies—
technical, policy, and human-cantered. A timely
read for engineers, operators, and policymakers
shaping the future of maritime resilience.

—_— N\

In this sharp and timely article, Ulhas S. Kalghatgi
unpacks the vital—but often misunderstood—role
of classification societies in global maritime
governance. With over 90% of the world’s
cargo-carrying tonnage under their purview,
IACS members are not just technical
enforcers—they’re enablers of policy.

Are they silent influencers shaping IMO
decisions, or loyal allies translating

- Y

intent into action? Through
clear analysis and real-world

insights, this piece navigates

the nuanced balance between
engineering authority and political
neutrality. A must-read for anyone
curious about who truly holds the
tools—and trust—behind the rules of the sea.

P, \ | \P—

Under Technical Notes, Capt. Gajanan
Karanjikar explores the underappreciated
menace of metallic corrosion in the maritime
world. Rust isn’t just surface damage—it’s
a slow, silent saboteur costing the global
economy trillions. In this gripping technical
essay, from microbiologically influenced
corrosion lurking in ballast tanks to the hidden
cost of degraded infrastructure, he reveals how
nature quietly reclaims our engineered efforts.
Backed by real investigations and global data,
this piece is both a wake-up call and a roadmap.
If you're in shipping, offshore, or policy—read
this and rethink corrosion not as decay, but as a
preventable economic crisis with global stakes.

— N —

Dr. Shantanu Paul’s article on shipowner
liabilities (October 2025 issue) received strong
praise from senior DGS examiners for its clarity,
relevance, and educational value. Articles
such the above are an excellent resource,
effectively bridging theory and practice with
legal precision and practical insight. This sets
a benchmark for exam-focused maritime
scholarship in MER (I). The editorial team
intends to continue publishing more industry-
relevant articles to support students preparing
for various competency examinations.

The MER Archives from November 1985 has
an article on Variable flow Marine-hydraulic
power system which is ever relevant to all
engineers onboard followed another very
relevant article on Propeller Performance and
Machinery Applications in WindAssisted Ships.
| consider these are easy reading materials. As
the saying goes: “you need to have one eye on
windshield and another on the rear-view mirror
while driving a vehicle.

Here is the November 2025 issue for your
reading pleasure and intellectual rumination

Mani Ganapathi Ramachandran
Honorary Editor
editormer@imare.in
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Ship Resistance Computations Under
Potential Flow Theory

Prabu Duplex

V' |

1. Introduction

Numerical results of ship’s forward resistance are
presented in this work. The three-dimensional code REVA
using Rankine source method is utilised. The numerical
results are then compared to the experimental results.

2. Prediction of Inviscid Flow with Free Surface

The basic panel methods may be a useful approximation
for surface ships in case the wave making
is limited. The perturbation caused by a
surface wave decay with depth under the
water surface, and that the short waves
occurring at low Froude numbers are
confined to a region close to the surface.
Below that region, the velocity field is
essentially equal to that without waves.
Therefore, in the limit for low Froude
numbers the flow field with waves can
be supposed to approach that with a
flat-water surface, except in few regions
along that surface. Therefore, knowledge
of the potential flow around the hull under
a flat, undisturbed water surface is often
practically useful.

The potential flow around the ship
hull with a flat-water surface could be
computed using an additional panel
distribution on the water surface and
imposing the boundary conditions there.

https://imare.in/

The potential
flow around the
ship hull with a

flat-water surface
could be computed
using an

additional panel
distribution on

the water surface
and imposing
the boundary

conditions there

However, it is more accurate and efficient to represent the
water surface by a symmetry plane in the calculation. As
Figure. 1. illustrates, the flow field of interest is identical
to the lower half of the flow around a double model of
the underwater body, symmetrical with respect to the
undisturbed waterplane. The double body is again a
closed body in an infinite fluid, and the double-body flow
can thus be computed using any of the Boundary Integral
Methods.

i P

Figure 1: Double-body flow, representing the
flow with a flat-water surface

Results of such a double-body potential
flow computation can be useful in
assessing properties of slender hull forms.
Specifically, the magnitude of streamline
curvature along the hull, flow directions,
and pressure maxima and minima can
be observed. On the other hand, in the
vicinity of the water surface the accuracy
will be limited because of the neglect of
the wave pattern. Moreover, mirroring of
the underwater part of the hull introduces
a sharp knuckle at the waterline for flared
sections, or a narrow area between a
bulbous bow and its mirror image, which
locally further invalidate the double-body
flow. To compute the wave resistance,
wave pattern, and the flow around the hull
including the wave-making effect, further
steps are needed.

To compute the flow with wave
making data the following assumptions
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are made: the flow and wave pattern are steady in the
coordinate system fixed to the hull; viscous effects
be disregarded and a potential flow model used; and
that wave breaking and spray will not be modelled. In
addition, surface tension is not modelled, being of little
importance for the larger-scale flow behaviour.

The problem again is described by the Laplace equation
for the velocity potential, with the following boundary
conditions: Body Boundary Condition, Dynamic Free-
Surface Condition, Kinematic Free-Surface Condition,
Bottom Boundary Condition and Radiation Condition.
Now one needs to solve a “nonlinear free-surface
problem,” where the nonlinearity comes from the
boundary conditions. The next steps differ depending on
the type of linearization used and few options are:

Linearization Relative to a Uniform Flow giving rise
to the Kelvin free-surface boundary conditions, methods
based on the use of Kelvin or Havelock sources, Neumann-
Kelvin theory, and the further simplifications to thin ship,
flat ship, and slender-body theories.

Linearization Relative to Double-Body Flow, leading to
slow-ship linearized methods, among which is Dawson’s
method.

3. About the software REVA

The REVA code is a potential flow program with linear
free surface condition, developed at the Hydrodynamic
Naval Laboratory (LHN) of Ecole Centrale de Nantes
(ECN). Based on Rankine singularities, code REVA
solves potential flow with free surface around hull with
appendages. The REVA code solves the three-dimensional
problem of wave resistance of a ship moving at uniform
speed on a free surface at rest upstream. The fluid is
assumed to be perfect and incompressible. The free
surface condition is the linearized by Neumann-Kelvin or
Dawson model. The numerical solution is obtained using
the singularity method with Rankine sources distributed
over the hull and free surface, which are meshed. The
forces are obtained by integrating the pressures. The
hydrostatic coefficients are linearized. REVA computes
ship drag considering free surface deformation (wave
resistance) and induced drag from appendages. Typical
wave profile due to the ship motion is shown in the
Figure. 2. Meshes are surfacic (Figure. 2), this allows

z 2
(]
The REVA code solves the three-
dimensional problem of wave
resistance of a ship moving at
uniform speed on a free surface
at rest upstream

L)
77

reduced meshing time and reduced computation time.
REVA is effective for problems such as efficiency of lifting
foil and dynamic trim and sinkage from dynamic pressure
field. This code was applied successively to the various
hull models.

gy

Figure 2: Meshing of immersed hull part and
free surface at rest (L), Wave field around hull (R)

REVA’s main limitations are no viscous effect modelling
(no viscous drag), linear free surface model and wave
effects on overhangs cannot be completely considered.
Therefore, the following effects cannot be considered:
Flow separation and vortex in viscous wake, appendages
viscous drag and hull-appendage interaction drag,
added resistance in waves. Linearity of the free surface
condition prevents accurate study of overhangs. The main
limitations of REVA are inherent to the linearity of the free
surface condition and to the non-viscous potential flow
assumption. The non-viscous potential flow assumption
can lead to great inaccuracy for the drag generated at the
stern of the boat by, for example, immersed transom or
asymmetric water line when heeled.

4. Forward speed resistance

The forward speed resistance is classically expressed
as a drag coefficient (and broken down into a wave-
making part (and a friction part () as shown in the
equations 1and 2. The wave-making part scales with the
Froude number (Fr), while the friction part scales with
the Reynolds number (Re). The wave-making part can
be computed using a potential-flow 3D Rankine panel
method such as REVA. The friction part can be estimated
using the ITTC-1957 formula and a suitable form factor k
as per ITTC recommendations. Figure. 3. elaborates the
calculations with different notations.

Cr = Cy(Fr) + (1 + k)Cr(Re) M

https://imare.in/
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Cs(Re) = 0.075 o))
I = (logro (Re) — 2)7

Figure 3: Total ship resistance estimation in
potential flow solver

5. Computations

A fixed series 60 hull at model scale (L=3.048) is
tested with two speeds (Fn=0.1and Fn=0.3) with various
mesh sizes for the grid convergence in order to find

The fuller the hull
form and the lower
the Froude number,

the more the predicted
wave resistance is

the suitable density of mesh necessary to have results
(almost, quite) nondependent from grid. Variations of
wave coefficient (Cw) for different grids of the hull and
for the adapted grid density for grids, variations of Cw
for different mesh of the free surface are tested. When
the density converged (very less difference between
successive mesh sizes) one can choose that point as the
size of mesh to be used and can reduce the computing
time. This is the first important criteria to be done in
the CFD software prior any calculations. As shown in
Figure. 4. the Cw values converged well for the two
forward speeds under consideration. The mesh grid
density is chosen for the converged case and used for
calculations hence forth. Aspect ratio of 2:1is set for the
mesh, and the maximum grid density refinement one
can reach is also identified.

Cw Fn=0.1
1.50E-02
1.00E-02
5.00E-03
0.00E+00
0 2 4 6 8 10
Number of Mesh

1.50E-02

1.00E-02

5.00E-03

0.00E+00

0 5 10
Number of Mesh

Figure 4: Mesh convergence analysis

After mesh convergence the next step is to test the
free surface linearization methods available in Reva.
For speeds of Froude number between 0.1 - 0.3 a fixed
model with the converged mesh is tested to study the
influence of the free surface linearization (Dawson
vs Newman-Kelvin) and the results are shown in the
Figures. 5 and 6. The series 60 hull has a large beam to
length ratio than Wigley hull. Thus, in the Figure. 5, one
can see can see the discrepancy at a wide range of the
graph. Difference between wave resistances found using
the Kelvin condition or Dawson’s condition are negligible
for slender vessels like Wigley hull. This is obvious from
the Figure. 6. Neuman Kelvin and Dawson method show
reasonable agreements at a low Froude number.

Next, the Series 60 vessel numerical results are
compared with the experimental data and the results
are shown in the Figure. 7. For the range of Froude
numbers between 0.1 and 0.35, non-dimensional load
coefficients Ct (total), CfO (skin friction coefficient) and
Cr (residual coefficient) are compared with experimental
data. The results show deviation to a maximum of 7%
and is considered significant (acceptable) in engineering
analysis.

Series 60 hull (Cw)
2.50E+00
2.00E+00
1.50E+00
[v]
1.00E+00 @ Dawson
5.00E-01 Neuman-Kelvin

0.00E+00
0 1 2 3 4

Velocity(m/sec)

Figure 5: Dawson vs Neuman-Kelvin analysis

https://imare.in/
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Wigley hull (Cw)

1.60E+00

1.40E+00

1.20E+00

1.00E+00

3 800E-01

6.00E-01 Dawson

4.00E-01 Neuman-Kelvin

2.00E-01

0.00E+00

0 1 2 3 4

Velocity(m/sec)

Figure 6: Dawson vs Neuman-Kelvin analysis

e— Cf

----- Cf (exp)
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Figure 7: Series 60 hull EFD vs CFD analysis

6. Discussion

Neuman-Kelvin linearization works well for slender
hulls such as Wigley hull [4]. The “slow-ship” methods
are found also to work well for faster, more slender
ships: for increasing slenderness of the hull, the free-
surface condition reduces to the normal Kelvin condition,
which is not limited to low Froude numbers. So, they
are mainly used for optimising the forebody. Wave
resistance predictions from Dawson’s method are usually
fairly good for slender ships at relatively high Froude
numbers, such as frigates and sailing yachts, but not
for most merchant vessels. The fuller the hull form and
the lower the Froude number, the more the predicted
wave resistance is underestimated. On the other hand,
differences in wave pattern between hull form variations
are usually qualitatively well predicted, making the
method practically useful for design. Dawson’s method
and its developments were used intensively in ship hull
form design in the period until 1995 approximately; after
which they were quickly replaced by nonlinear methods.
With their shortcomings, they have proven to be most
useful tools for ship design, provided the predictions were
considered with care.

7. Conclusion

The principal technigue
used to predict resistance ll
by purely theoretical means

is discussed in this work.
Theoretical predictions of
resistance and flow play an
important role in ship design
today. Since about 1980, a
revolutionary growth of the
possibilities for theoretical

The fuller the hull form

and the lower the Froude number,
the more the predicted wave
resistance is underestimated

prediction and optimisation of ship performance has
taken place. Major contributing factors to this have been
the availability of fast computers, the development of
improved numerical techniques, growing insight in an
adequate modelling of the principal phenomena, and the
development of specialised computation methods for ship
hydrodynamic problems.

Today computations of wave pattern and wave
resistance are routinely used in ship hull form design,
not only by specialised ship hydrodynamic institutes but
also by many shipyards. Such computations have given
increased insight in favourable hull form characteristics
and have reduced the need for extensive model testing
because much of the hull form refinement is done in
a computational preoptimisation. Also, viscous flow
computations play an increasing role in practical ship
design, and a more routine use is developing. In principle,
these techniques can bring a level of completeness of
the analysis and refinement of the hull form design that
in several respects is higher than what a towing tank can
offer; on the other hand, ship performance predictions
based on CFD gradually reaches the same level of
accuracy as model tests.

Alternatively, let us not forget the forward speed
resistance estimated using semi-empirical models. Such
models are established using regression over a limited
set of hull shapes and are
suitable for hull shapes close
enough to the regression
set. The most used model
of this type is the Holtrop &
Mennen model.

Potential flow with linear
free surface method remains

a useful, easy to use, tool to
study main hull parameters
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