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ABSTRACT

Particle image velocimetry (PIV) is an established standard velocimetry technique in experimental fluid mechanics

that involves determining a fluid flow velocity field from the motion of tracer particles illuminated by a laser sheet.

The necessity of laser illumination poses challenges in certain applications, and is a potential entry barrier due to its

complexity and high cost. A laser-free alternative to PIV is particle shadow velocimetry (PSV), which uses images of

the shadows cast by the particles on the camera sensor under back-illumination, instead of the Mie scattering signal

produced by laser illumination. This study aims to compare various aspects of PSV such as depth of field, seeding

density, type of illumination required, particle size, image filtering, cost effectiveness, and limitations with those of PIV.

PSV and PIV measurements are conducted in the wake of a flow past a cylinder and in a boundary layer developing

over a flat plate. It is found that PSV is capable of achieving equivalent accuracy to PIV and is a viable alternative to

PIV in certain applications where light sheet illumination creates experimental challenges.

1. Introduction

Particle image velocimetry (PIV) uses a sequence of experimental particle image data to determine
the velocity fields of fluid flows, and is a standard technique in fluid mechanics. The reader is
referred to one of several reference texts, e.g. Raffel et al. (2018), for more information. In a tradi-
tional planar (2D) PIV setup as depicted in Fig. 1, the flow is seeded with small (O(1-10 µm)) tracer
particles, and a laser sheet is used to illuminate particles within the imaging plane. The interaction
of the laser sheet with particles causes scattering of the laser emission from the particles, and the
resulting intensity signal is captured by a camera. When a pair of such images is captured within
a short enough inter-frame time, the displacements of the particles from one frame to the next can
be interpreted as the velocity field. A discussion of the algorithm for determining the inter-frame
particle displacements is outside the scope of the present work. For a detailed treatment of this
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Figure 1. A typical PIV setup.

subject the reader is referred to Raffel et al. (2018); Schmidt & Sutton (2020, 2019); Stamhuis &
Thielicke (2014); Thielicke & Sonntag (2021).

The requirement of laser illumination in PIV introduces an additional layer of complexity and
restrictions in experiments. For instance, the limited repetition rate of lasers of sufficient pulse
energy can be a limiting factor when acquiring time-resolved particle image data. Additionally, the
laser scattering off of solid surfaces poses a challenge when capturing near-wall particle motion
in PIV experiments (Paterna et al., 2013). Finally, the requirement of additional optics to direct
and shape the laser beam and the high cost of lasers act as entry barriers for performing fluid
velocimetry measurements. Therefore, a laser-free alternative to particle imaging is desirable. One
such method is particle shadow velocimetry (PSV), proposed by Estevadeordal & Goss (2005).
Due to a lack of laser scattering, PSV has been used in experiments involving flows with small
length scales such as micro-channels (Hessenkemper & Ziegenhein, 2018), referred to as µ-PSV,
and bubbly flows (Khodaparast et al., 2013, 2014), but its ability to obtain velocity measurements
of the same fidelity as PIV remains an open question.

In PSV, shadows cast on the camera sensor by the tracer particles are captured instead of record-
ing the intensity signal produced by laser-particle scattering. Collimated light from a constant or
pulsed LED light source is used to back-light the seeded flow, making the system laser-free. A
schematic of a typical PSV setup is shown in Fig. 2. The setup typically consists of a light source, a
collimating diffuser to create uniform collimated illumination, and a camera to capture the particle
images. The in-line configuration of the light source, sampling region, and camera has advantages
compared to PIV, where the light sheet must propagate through the test section orthogonally to
the viewing perspective, requiring optical access at 90◦ intervals.

A major experimental challenge in near-wall and multi-phase flow particle imaging is unwanted
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Figure 2. A typical PSV setup.

laser scattering and reflections at surfaces (Paterna et al., 2013). As explored by Goss et al. (2007),
the illumination strategy of PSV therefore provides a potential advantage for applications in these
flows. Figure 3 shows an aluminum wall in a flow imaged using (a) PIV and (b) PSV, and air
bubbles in water imaged using (c) PIV and (d) PSV.
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Figure 3. Aluminum wall in a flow imaged using (a) PIV and (b) PSV, and air bubbles in water imaged using (c) PIV
and (d) PSV.
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