
Beyond Hydrodynamics: Why Physics-Only Models Fail in 

Real-World Silent Corridors 
 

BLUF:  Computational Fluid Dynamics (CFD) and hydroacoustic modeling provide 

precise physical baselines but fail to predict commercial viability.  True compliance 

operates within a complex socio-technical feedback loop where hydrodynamic quietening 

collides with speed-reduction penalties, carbon intensity mandates (CII/EEXI), and charter 

party economics. 

 

The Limits of Computational Fluid Dynamics 

 

Naval architecture and marine engineering have made rapid strides in predicting 

Underwater Radiated Noise (URN) (IOS, 2016; Carlton, 2018).  Advanced CFD simulations, 

hull wake-field optimization, and boundary-element acoustic modeling can estimate a hull's 

acoustic signature under ideal sea-trial conditions (IOS, 2016). 

 

However, a vessel does not operate in a vacuum. A hydrodynamically "quiet" propeller 

design optimized for a single design speed (15 knots) can exhibit severe tip-vortex cavitation and 

broadband low-frequency noise when forced to operate off-design (10 knots) due to port 

congestion or speed-reduction zones (Bosschers, 2018; Carlton, 2018). 

 

The Operational Paradox: CII Optimizations vs. Acoustic Cavitation 

 

The maritime industry faces an unaddressed engineering paradox at the intersection of 

decarbonization and acoustics (IMO, 2021; Bosschers, 2018; Carlton, 2018): 

 

 

 

 

 

 

 

 

 

 

 



Engineering 

Intervention 

Decarbonization Effect 

(CII / EEXI) 

Acoustic Effect (URN) 

Engine Power 

Limitation (EPL) 

Reduces fuel consumption and 

carbon emissions 

Shifts engine operating profile; may excite 

structure-borne low-frequency resonances  

Energy-Saving 

Devices (ESDs) 

Improves propulsive efficiency 

by 3%–8% 

Alters inflow wake-field; risks inducing 

localized propeller tip cavitation  

Vessel Speed 

Reduction (VSR) 

Reduces fuel burn non-linearly 

(𝑃 ∝  𝑉3)  

Suppresses cavitation noise but increases 

total transit time and operational schedule 

risk  

Optimizing exclusively for carbon intensity without evaluating subsea acoustic feedback 

loops risks installing energy-saving hardware that satisfies carbon metrics while violating 

regional quiet-vessel corridors (IMO, 2021; Bosschers, 2018). 

 

Why Human-in-the-Loop Simulation is Mandatory 

 

Acoustic compliance is not a static calculation governed solely by ISO 17208 array 

measurement standards (IOS, 2016).  It is a dynamic human system governed by competing 

incentives: 

 

 



To accurately evaluate technical options, engineers and operators must deploy human-in-

the-loop socio-technical wargaming. This approach forces technical experts, operational 

directors, and policy leads to negotiate trade-offs in real time when unexpected legislative shocks 

occur. 

 

Technical Imperative 

 

Computational hydroacoustics must be integrated with operational, contractual, and policy 

parameters to build resilient commercial roadmaps. 

 

OCEANS 2026 Simulation Alignment: The Socio-Technical Simulation Workshop at 

OCEANS 2026 brings together naval architects, acoustic physicists, and fleet executives to 

stress-test physical quietening trade-offs against real-world port tariffs and commercial 

schedule constraints. 
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