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Research Question: How can an autonomous underwater vehicle structure be optimized to maintain a constant internal flow velocity of 0.5 m/s through a 15° inclined baleen filtration array while minimizing hydrodynamic drag?

Design Goal: To engineer a low drag hull geometry with integrated inlet/outlet channels that facilitate passive water filtration, effectively balancing structural integrity with fluid dynamics. osE
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Key Finding: CFD simulations confirmed that the proposed hull geometry achieved the target internal flow rate at 0.5 m/s, successfully optimizing the trade-off between filtration throughput and parasitic drag.

Abstract

Microplastic pollution requires efficient, autonomous recovery solutions. This study investigates the design and optimization of an autonomous underwater vehicle structure capable of maintaining a target
internal flow velocity of 0.5 m/s, the optimal threshold for baleen-inspired microplastic filtration. Using Onshape, a hull geometry was developed featuring a 15° inclined filtration array. Computational
Fluid Dynamics was performed to characterize the system's hydrodynamic performance, specifically analyzing the relationship between UAV forward velocity, internal flow throughput, and parasitic drag.
Results demonstrate that the optimized hull geometry effectively sustains target filtration parameters, providing a scalable model for low-drag, high-efficiency autonomous environmental remediation.
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Baleen-Inspired Filtration System
* Biomimetic of the feeding mechanism of Baleen
whales utilizes a high surface area to trap prey.
* 2mm mesh is oriented to capture microplastics
while minimizing hydrodynamic backpressure.
* Leveraging UAV’S forward velocity, filter
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* Implementing computer vision-based
. debris quantification to monitor filter
capacity in real-time, enabling fully
autonomous mission termination and
return-to-home sequencing once
maximum storage volume 1s reached.

Pressure Distribution

* Pressure contours show a physically consistent distribution

functions as a passive collector, eliminating the ‘ across the control volume in water.

need for pumps and extending the mission : 1 : * High-pressure regions appear at the front and inlet-facing

lifespan. velocity () surfaces due to flow stagnation.

* Low-pressure regions develop along the sides and
downstream as the flow accelerates and separates

* Pressure gradient 1s consistent with expected hydrodynamic
behavior and contributes to the overall drag characteristics
of the drone.

* Simulation did not fully converge to a steady-state solution,
resulting 1n minor irregularities in the contours
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Minimum and Maximum Pressure (Pa)
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Hydrodynamic Profile Performance at 0.5 m/s
T

Hydrodynamic Body Optimization
* Analysis of three airfoil profiles for optimal
geometry required to minimize energy
consumption during the mission.
* Selection of the B-29 Root profile.
* B-29 Root design achieved the highest Lift- to-
drag ratio, extending range, and improving
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