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Abstract

Rotating 3D velocimetry (R3DV) is a single-camera PIV technique designed to track the evolution of flow
over a rotor in the rotating reference frame. A high-speed (stationary) plenoptic camera capable of 3D
imaging captures the motion of particles within the volume of interest through a revolving mirror from the
central hub of a hydrodynamic rotor facility, a by-product being an undesired image rotation. R3DV employs
a calibration method adapted for rotation such that during MART reconstruction, voxels are mapped to pixel
coordinates based on the mirror’s instantaneous azimuthal position. Interpolation of calibration polynomial
coefficients using a fitted Fourier series is performed to bypass the need to physically calibrate volumes
corresponding to each fine azimuth angle. Reprojection error associated with calibration is calculated on
average to be less than 0.6 of a pixel. Experimental uncertainty of cross-correlated 3D/3C vector fields is
quantified by comparing vectors obtained from imaging quiescent flow via a rotating mirror to an idealized
model based purely on rotational kinematics. The uncertainty shows no dependency on azimuth angle while
amounting to approximately less than 0.21 voxels per timestep in the in-plane directions and correspondingly
1.7 voxels in the radial direction, both comparable to previously established uncertainty estimations for
single-camera plenoptic PIV.

1 Motivation

There exist countless unsteady fluid dynamics problems involving rotation - an action tending to give rise
to highly 3D flow features; however, diagnostics of such flows have traditionally been constrained to phase-
averaged PIV and time-resolved experiments within a stationary frame of reference (Mulleners et al.[(2012);
Percin and Oudheusden| (2015))). Recording the three-dimensional evolution of rotating flows through time
1s paramount to the success of aerodynamicists in understanding and predicting flows such as that around a
helicopter rotor.

Rotating 3D velocimetry (R3DV) is a technique capable of continuously tracking and reconstructing
time-resolved 3D flow over a rotor within the rotating frame of reference. Images are captured via a 45°
inclined mirror that is rotating in conjunction with the wing, thereby transporting the rotating field of view
containing the flow as it evolves above the wing through a 90° turn and towards a stationary camera (see
Fig. [T). Herein lies the cornerstone of R3DV - a high-speed plenoptic camera capable of 3D imaging. The
feature that sets a plenoptic camera apart from a conventional camera is an array of microlenses placed
between the camera sensor and main lens. This simple modification enables incoming light rays to be
encoded based on their angle of incidence with the main lens. As a result, plenoptic images can be decoded
to resolve volumetric information (Fahringer et al.| (2015)) and whilst 3D flow-field measurements have
traditionally relied on multi-camera configurations, the plenoptic camera can be the sole imaging device
in a 3D-PIV experiment. This provides a crucial advantage in an optically restricted environment such as
that of the current R3DV implementation. For a more comprehensive discussion of the R3DV technique
as well as details of the experimental configuration, the authors would like to point the reader to “Rotating
three-dimensional velocimetry” by |Gururaj et al.|(2021).
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