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Abstract  Objective Rhombic pipe sedimentation structures have been widely used for water pollution treatment in water plants
and reservoirs. However their utilization efficiency in the in-situ treatment of urban landscape water bodies polluted with
suspended solids ( SS) remains unclear. The aim is to explore the relationship between structural parameters and efficiency when
rhombic pipe sedimentation structures are applied to water bodies with different levels of SS pollution.  Methods Two structural
parameters of the rhombic pipes—pipe diameter and pipe length—were selected and 9 geometric models of rhombic pipes were
established. Two inflow variables SS concentration and SS particle size were set to form five different wastewater scenarios.
Computational Fluid Dynamics ( CFD) software was used to conduct soliddiquid two-phase flow numerical simulations and field
tests were set up to calibrate the model-solving parameters. The rhombic pipe structural parameters were selected based on
removal efficiency. Results The result showed that under water pollution scenarios dominated by SS concentration and SS
particle size the rhombic pipe structure with a 40 mm diameter and 2 000 mm length achieved the highest removal efficiency
with average removal rates of 87.3% and 75.4% respectively. The removal efficiency increased with rising SS concentration and
particle size in the influent. Additionally removal efficiency exhibited a strong positive correlation with the uniformity of velocity
field inside the pipes and a moderate negative correlation with pipe clogging. Conclusion The result indicate that under
fluctuating influent water quality conditions the rhombic pipe structure with a 40 mm diameter and 2 000 mm length demonstrates
strong stability in SS removal efficiency validating its high potential for efficient application of rhombic pipe sedimentation
structures in in-situ treatment of urban landscape water bodies.
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Table 4 Model parameter settings
( Water) : 998.2 kg/m?
: 0.001 003 kg/(m * s)
(SS) © 0.0002 kg/(m*s)
© 0.63
. schiller-naumann
' manninen-et-al
( Velocity-nlet) 0.15 m/s. 0.11 m/s+ 0.09 m/s
( Pressure-Outlet) :
PISO
N N . Second Order Upwind
( ) 1 0.5; 0 0.4 0.6
:0.001
1240
: 120 s
© 20
0 300 mg/L
o 30mm 40 mm ~ 2000 mm
8.8 kg 9.4 kg.
o 40 mm 3
( Coefficient of Variation CV) 15 kg o 40 mm 2 000 mm
cv SS
S 87. 3%
CV =" x100% (14) ¢
v °
S= Y (Vvi-w/(r-1) (15)
S SV :
v 0 T o
SS
SS
B = Q. (16)
Q(l
B (%) Q,
; Q(L
4 9 SS
SS SS Fig. 4 SS sedimentation and average removal rates of 9 rhombic
4 30 mm pipes under concentration scenarios
~ 2000 mm SS SS
8h 2.7 kg .
( ) 57 2026 2

59



/1

~

Fig. 5 Removal efficiency of pipe length and diameter structural parameters under different concentration scenarios
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Fig. 6 Vortex distribution patterns inside pipes
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Fig. 8 Removal efficiency of pipe length and diameter structural parameters under different particle size scenarios
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Fig. 9 Distribution of CV values at each cross-section of rhombic pipes
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Fig. 10  Correlation analysis between CV values and removal efficiency
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Fig. 11 Distribution patterns of clogging rates in rhombic pipes
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Fig. 12 Correlation analysis between clogging rate and removal efficiency
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