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Optimized design of dead-end spoilers using particle image velocimetry technology
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Abstract; In response to the widespread issue of pollution in dead-end pipes within urban water supply networks,
an innovative solution involving the installation of spoilers was proposed. This study systematically investigated the
impact of spoilers on the dispersion of pollutants within dead-end pipes under low Reynolds number turbulent flow
conditions and evaluates their control effectiveness using particle image velocimetry technology. Additionally, the
design parameters of the spoilers were optimized. The experimental results indicated that spoilers can create a cavity
structure at the junction between the dead-end pipe and the main pipe, significantly altering the flow path and
pattern of the incoming flow, reducing the rotational intensity within dead-ends, and weakening the mixing effect.
The design parameters of spoilers, including tilt angle, height, and width, as well as their installation position,
have a significant impact on the control effectiveness. Specifically, spoilers with a tilt angle of 30°, larger height
and width, and installed at the leading edge of the main pipe are more effective in suppressing the spread of
pollutants into the main pipe. This study provides new ideas and methods for water quality assurance and
operational management of water supply networks, which is of great significance for ensuring the safety of residential
water usage.
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Tab.1 Information on the components of the experimental platform
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Fig.1 Measured flow field with dispersed tracer particles
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Tab.2 Design parameters for each spoiler size

a5 EHER BRMAEZe/(°) BEH/om i B/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
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Fig.3  Average flow velocity in the measured flow field
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Fig.4 Comparison of vorticity in measured flow field under different working conditions



%6 1

R, AR BT RSN B A B L A -39 -

3 R EBR A

XL S R S 1 PR AR S5 A ke
WY (B 5) KB, A B PRl an i, 48 e B

P /(mm-s™)
172 280
150 252
128 | 224
196
g 106 — 168
S 84 o e = (fao
: o b 112
62 84
40 56
gl 28
218 251 284 318 351 384 417 451
x/mm
(a) LI AR

W 20 W R T 2 0 O YR, VA 3 S = G AN K
W, ARYETAR IS, T A A A S R AR R
AN W U, B R R
R A R4 A A A R

JEJE/(mm-s™)
268
|313
230 282
192 250
i 219
g 153 188
s 115 157
125
76 | : g ”
38 === = 63
4 BRI b= 31
33 91 149 207 265 323 381 439
x/mm
(b) At

B5 RESKRLZERS 1 MR[IRAEBRERIZEXLL

Fig.5 Comparison of transient flow field diagrams obtained from experiments with and without No. 1 spoiler installed
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Fig.7 Comparison of vortex cloud maps obtained from experiments with and without No. spoiler installed
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Fig.8 Comparison of vortex cloud maps obtained from the experiment with No. 2 and 3 spoiler installed

WwWE/(kg-m2-sT)

302 12.2

257 9.7

213 72

4.7

£ 169 22
g

=125 -0.2

2.8

80 53

36 7.8

3 e TTS : , : : -10.3

2 68 135 202 269 335 402 469
x/mm
(b) 4 S 52

B9 RERHS2MIARB[LVAGEREZENLL

Fig.9 Comparison of vortex cloud maps obtained from experiments with No.2 or 4 spoiler installed
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