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Abstract: In this study, the efficacy of varying spoiler design parameters on regulating dead-end con-
taminant diffusion was investigated using Particle Image Velocimetry (PIV) technology. The optimal
spoiler design parameters were identified under low Reynolds number turbulence, including variables
such as tilt angle, height, width and installation position. The findings of this study present a novel
approach for improving water quality in WDNs by installing spoilers in dead-ends and offering valuable
insights and provide guidance for the design and optimization of these spoilers.
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1. Introduction

Contaminants in dead-end branches can easily diffuse into the main pipes with the flow and exacerbate
water quality contamination in Water Distribution Networks (WDNs) through secondary pressurization,
affecting the safety of consumer water usage. Currently, methods such as pipeline cleaning are com-
monly used to reduce contaminants in dead-ends, which have low efficiency, high energy consumption,
high cost, and long water outage times [1,2]. Therefore, it is crucial to find new effective measures to
prevent contaminants entry into the main pipes. This study proposes the installation of spoilers in dead-
ends, aiming to explore the control effects of different specifications of spoilers on contaminant diffu-
sion in dead-end branches under low Reynolds number turbulence using Particle Image Velocimetry
(PIV) technology, to optimize the design parameters of the spoilers.

2. Methods

2.1 PIV Setup

The PIV setup mainly consisted of four parts: a light source system, a flow field to be measured, an
image acquisition system, and an image processing system. The light source used a continuous laser
with a wavelength of 532 nm and a rated power of 10 W. The seeding particles were opaque white
polyamide resin particles with an average diameter of 50 um, a refractive index of 1.582, and a density
of 1.03 g/cc. Image acquisition was performed using an ISP504 high-speed camera with an exposure
time of 1 microsecond and a resolution of 2320x1720 pixels, with focal lengths of 50 mm and 105 mm.

2.2 Experimental Platform

To conduct PIV observations of the spoiler's control over contaminant diffusion in dead-ends, an exper-
imental platform was constructed. The platform occupied 60 m? and was arranged as a circular water
supply loop, consisting of a water tank, pipes, a pump, a transparent flow field for seeding particles, a
variable frequency controller, valves, an electromagnetic flowmeter, a potentiometric remote transmis-
sion pressure gauge, and other main components and accessories.

2.3 Experimental Conditions

The primary function of the flow disruptors in this study was to create cavity structures in the turbulence,
causing the incoming flow shear layer to cross the cavity without directly impacting the fluid inside the
dead-end branch, thereby weakening the mixing characteristics between the dead-end branch and the
main pipe and reducing the diffusion of pollutants from the dead-end branch into the main pipe. The
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design parameters for the various spoilers used in the experiments are shown in Table 1. Figure 1 illus-
trates a schematic of the spoiler.

Table 1. Design parameters for the various spoilers used in the experiments.

No. Applicable pipe diameter Tilt angle Height (cm) Width (cm)
1 DN100 45° 2.00 8.00
2 DN100 30° 2.00 8.00
3 DN100 60° 2.00 8.00
4 DN100 30° 1.15 8.00
5 DN100 45° 2.00 4.00
6 DN100 45° 2.00 2.00
Dead-end

Contaminants

Figure 1. Schematic of the spoilers.

The incoming flow velocity in the main pipe was designed to be 1.00 m/s, with a Reynolds number of
85785, to maintain a degree of local uniform flow in the incoming main pipe. In all experiments, the
concentration of seeding particles was 1 g/m?, and the direction of the incoming flow in the main pipe
was forward.

3. Results and Discussion

3.1 Tilt angle

As shown in Figures 4(a) and (b), when the tilt angle of the spoiler was 30°, a more pronounced right-
to-left lateral flow field appeared at the bottom of the dead-end branch. The fluid entering the dead-end
branch tended to move laterally, hindering the diffusion of contaminants from the dead-end branch into
the main pipe. With an tilt angle of 60°, the fluid entering the dead-end branch tended to move longitu-
dinally, generating vortices at the bottom of the dead-end branch, which could easily carry contaminants
from the dead-end branch into the main pipe. It can be inferred that a spoiler with a tilt angle of 30° has
a better effect on controlling the diffusion of contaminants within dead-end branches.
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Figure 2. Observation of the flow field at the dead-end with different parameters of the spoiler using PIV: (a) With
spoiler No. 2; (b) With spoiler No. 3; (¢c) With spoiler No. 4; (d) With spoiler No. 5; (e) With spoiler No. 6; (f) With
spoiler No. 1 at the front edge of the main pipe; (g) With spoiler No. 1 at the entrance of the dead-end branch.

3.2 Height

As shown in Figures 4(a) and (c), with a height of 2.00 cm, the flow from the main pipe entering the
dead-end branch only formed a single clockwise vortex inside the dead-end branch. However, with a
height of 1.15 cm, the kinetic energy of the flow entering the dead-end branch was stronger due to less
obstruction by the spoiler, making it easier to form multiple vortices, increasing the mixing intensity,
and exacerbating the diffusion of contaminants within the dead-end branch. It is evident that, with other
design parameters being equal, a spoiler with a greater height has a better control effect.

3.3 Width

As shown in Figures 4(d) and (e), when spoilers of different widths were installed, the internal flow
field of the dead-end branch was similar, showing a clockwise rotational flow. Comparing the two, it
was found that with a larger width of the spoiler, the trend of the clockwise rotating vortex was more
pronounced, suggesting a better control effect on contaminants. Nevertheless, compared to length and
height, the width of the spoiler had a less significant impact on the fluid flow state within the dead-end
branch.

3.4 Installation Position

As shown in Figures 4(f) and (g), when the spoiler was installed at the front edge of the main pipe, the
flow from the main pipe moved up along the left and right walls of the dead-end branch, and only a
counterclockwise rotating vortex formed at the entrance of the branch, with the contaminants within the
branch being almost undisturbed by the flow from the main pipe. When the spoiler was installed at the
front edge of the branch, the flow from the main pipe moved up along the right wall of the dead-end
branch, and due to the obstruction of the spoiler, it reflected off the left wall, forming a counterclockwise
rotating vortex inside. The cross-sectional area of the branch was reduced, increasing the kinetic energy
of the fluid entering the branch, exacerbating the release of contaminants within the branch. Therefore,
installing the spoiler at the front edge of the main pipe had a better effect on controlling the diffusion of
contaminants within the dead-end branch.
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