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Introduction
Lowering hydrodynamic resistance is one of the most effective ways to reduce fuel
consumption and emissions at sea. This book presents a practical, end‑to‑end
approach to hull form optimization, integrating physics-based understanding, modern
computation, and disciplined experimentation. It is written for naval architects,
hydrodynamicists, CFD engineers, classification society specialists, and fleet managers
who need repeatable methods that convert design insight into measurable operational
savings.

Our premise is simple: shape matters, but method matters more. By combining careful
hull parameterization with reliable prediction tools and structured optimization,
designers can achieve substantial resistance reductions without compromising safety,
operability, or buildability. We emphasize methods that scale—from concept
exploration to detailed refinement—and that remain robust when exposed to the
realities of variable drafts, trims, sea states, and fouling. Throughout, we focus on
workflows that quantify uncertainty and translate technical deltas (newtons of
resistance, percent wake quality, or added resistance in waves) into business
outcomes such as fuel, emissions, and payback period.

The book balances computational fluid dynamics and model testing, treating them as
complementary rather than competing avenues. We discuss how to set up CFD studies
that are verification‑ and validation‑minded, how to design towing tank programs that
de‑risk refits, and how to reconcile differences through scaling laws and uncertainty
quantification. Special attention is given to turbulence modeling choices, mesh
strategies near the free surface, and best practices for resistance, trim, and propulsion
interaction predictions.

Beyond the bare hull, real savings are often unlocked in the details: bulbous bow
tuning for operating profiles, appendage shaping to reduce interference, and careful
management of rudder–propeller–hull interaction. We devote chapters to these topics,
including bilge keel and tunnel treatments, energy‑saving devices, and coatings
strategies to mitigate roughness and fouling. Because ships seldom operate at a single
condition, we frame optimization across envelopes of draft, speed, and sea state, and
we include added resistance in waves and weather routing in the evaluation loop.

For existing fleets, investment decisions hinge on credible forecasts. The text provides
step‑by‑step refit workflows: establishing a performance baseline, selecting candidate
modifications, building surrogate models to explore design space efficiently, and
assembling multi‑objective trade studies that weigh resistance, fuel, emissions,
CAPEX, and operational constraints. We show how to convert a CFD/model‑test delta
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into a speed–power curve update, an annual fuel model, and ultimately a
return‑on‑investment figure that supports executive decision‑making.

Finally, we situate technical choices within today’s regulatory and commercial context.
Chapters on EEDI, EEXI, and CII link hydrodynamic improvements to compliance
pathways, while discussion of sea margin, powering estimates, and uncertainty
ensures that performance claims remain defensible. Case studies demonstrate the full
journey—from an unoptimized baseline to a validated, operationally resilient
design—illustrating how disciplined hydrodynamics can deliver durable efficiency
gains and lower lifecycle emissions.

Sample from MixCache.com - The Online eBook Marketplace



SHARING STRICTLY PROHIBITED - For personal use of the licensed account only - See MixCache.com Terms of Use.

SA
MPL

E 
CO

PY

CHAPTER ONE: Fundamentals of Ship Resistance and
Propulsive Balance
The relentless march of a ship across the water might seem effortless to the casual
observer, but beneath the waterline, a constant battle rages against the invisible
forces of resistance. Every vessel, from a nimble yacht to a colossal tanker, expends
considerable energy to overcome these forces, and understanding their nature is the
bedrock of efficient hydrodynamic design. This first chapter delves into these
fundamental principles, laying the groundwork for the advanced optimization
techniques we will explore in subsequent sections.

At its core, ship resistance is simply the force exerted by the water that opposes a
vessel's forward motion. To maintain a steady speed, a ship's propulsion system must
generate an equal and opposite thrust. This might sound straightforward, but the
interaction between a hull and the fluid it displaces is a wonderfully complex dance,
dictated by a blend of physics, fluid dynamics, and a touch of hydrodynamic mystery.
For centuries, ship designers relied on empirical rules and the accumulated wisdom of
generations to shape hulls, but the advent of steam power in the mid-19th century
demanded a more scientific approach.

Imagine trying to push a large, flat plate through water versus a sleek, torpedo-shaped
object. The difference in the effort required is immediately apparent. This intuitive
understanding hints at the primary components of resistance. Historically, William
Froude, a pioneering naval architect, revolutionized our comprehension by breaking
down total resistance into two main categories: frictional resistance and residuary
resistance. This division, while a simplification, proved incredibly powerful for
analyzing and predicting ship performance, especially when using scale models.

Frictional resistance arises from the shear forces between the moving water and the
wetted surface of the hull. Think of it as the 'stickiness' of the water clinging to the
ship's skin. As the hull moves, it drags a layer of water along with it, and the internal
friction within the water (viscosity) creates a drag force. This boundary layer, as it's
known, thickens towards the stern of the ship. The extent of frictional resistance is
heavily influenced by the wetted surface area, the roughness of the hull's surface (a
perfectly smooth hull would still experience friction, but a fouled one experiences
significantly more), and the water's viscosity, which changes with temperature. For
slower vessels like bulk carriers or tankers, frictional resistance can account for a
significant portion, often 70-90%, of the total resistance. Even for faster ships, it can
still be over 40%.
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Residuary resistance, on the other hand, is a more enigmatic beast, encompassing all
other forms of resistance not covered by friction. Its primary component is wave-
making resistance, a captivating phenomenon where the ship expends energy to
create waves as it moves through the water. These waves, emanating from the bow
and stern, carry energy away from the vessel, requiring the ship's propulsion to
continuously replenish that lost energy. The characteristics of these waves are
fascinating; divergent waves spread outwards in a wake, while transverse waves
appear as crests and troughs along the ship's length and are the main contributor to
wave-making resistance. The relationship between ship speed and wave-making
resistance is far from linear; at low speeds, it's proportional to the square of the speed,
but it increases much faster at higher speeds, sometimes imposing a "speed barrier"
where additional power yields little increase in velocity. Residuary resistance typically
accounts for 10-25% of total resistance for low-speed ships and can be as high as
40-60% for high-speed vessels.

Beyond these two major players, other forms of resistance also contribute to the total
drag a ship experiences. Viscous pressure resistance, sometimes called form drag, is
related to the shape of the hull and the pressure differences that arise as water flows
around it. If the hull form isn't streamlined, especially at the stern, the flow can
separate, creating eddies and pressure losses that add to the resistance. This
phenomenon is particularly relevant when considering the impact of flow separation
around the stern, where a non-streamlined flow can lead to considerable energy loss.

Then there's air resistance, or windage, which is the force exerted by the wind on the
parts of the ship above the waterline – the superstructure, mast, and deck fittings.
While often a smaller component, typically around 2% of total resistance, it can
become significantly more pronounced, perhaps up to 10%, for loaded container ships
facing a headwind. Finally, appendage resistance comes from elements like rudders,
stabilizers, and propeller shafts, which, while essential for control and propulsion,
present additional surfaces for the water to act upon. These can contribute a smaller
but still noteworthy percentage to the overall resistance.

Understanding the individual components of resistance is only half the battle; the
other half lies in comprehending how a ship's propulsion system interacts with the hull
to generate thrust and achieve propulsive balance. The propeller, usually driven by an
engine, is the primary means of converting engine power into the propulsive force
needed to overcome resistance. This conversion, however, is not perfectly efficient.
Various losses occur along the way, and the interaction between the hull and the
propeller itself significantly influences the overall propulsive efficiency.

The concept of propulsive efficiency is crucial. It quantifies how effectively the
mechanical power input from the engine is transformed into useful thrust power that
propels the ship forward. It's inherently less than 100% because some energy is
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inevitably lost in the wake of the propeller. Optimizing this efficiency is paramount for
reducing fuel consumption. Factors like the propeller's design (fixed-pitch or
controllable-pitch), its diameter, and its speed of revolution all play a role.

The interaction between the hull and the propeller is a complex dance of fluid
dynamics. When a propeller operates behind a hull, it experiences a different flow
environment than it would in open water. This is due to phenomena like wake gain,
thrust deduction, and relative rotative efficiency. Wake gain refers to the fact that the
propeller operates within the wake of the hull, meaning the water flowing into the
propeller is already moving in the ship's direction, effectively increasing the average
flow speed through the propeller and making it work in a "faster" fluid.

However, the propeller's action also influences the hull. Thrust deduction occurs
because the propeller's suction field at the stern can increase the hull's resistance,
requiring the propeller to generate more thrust than the naked hull's towed resistance.
Think of it as the propeller subtly pulling the stern of the ship forward while
simultaneously creating a low-pressure area that can increase the resistance on the
hull itself. Finally, relative rotative efficiency compares the propeller's efficiency
behind the hull to its efficiency in open water. Surprisingly, it can sometimes be higher
behind the hull due to these complex interactions.

The overarching goal of any ship designer is to achieve a propulsive balance, where
the thrust generated by the propeller precisely matches the total resistance of the hull
at a desired speed. This balance dictates the required engine power. Understanding
that power and speed are not linearly related is a critical insight. Often, the power
required to propel a ship is roughly proportional to the cube of its speed. This means
that even a small increase in speed can demand a disproportionately large increase in
engine power, highlighting the immense value of even marginal reductions in
resistance.

The total power required for the propeller is derived from the effective towing
resistance of the hull, taking into account the various propeller and hull-dependent
efficiencies. This intricate relationship between hull form, resistance, and propulsive
efficiency underscores why a holistic approach to design is so critical. Optimizing one
aspect in isolation without considering its impact on others can lead to suboptimal
overall performance.

In essence, minimizing ship resistance is not just about making a hull slippery; it's
about understanding the symphony of forces at play, from the microscopic friction of
water molecules to the macroscopic waves generated by the ship's passage. It's about
designing a hull that works harmoniously with its propulsion system to achieve the
most efficient translation of engine power into forward motion. This chapter has
provided a foundational understanding of these forces, setting the stage for the
detailed methodologies and design considerations that will unfold in the subsequent
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chapters of this book.
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