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Fig. 1. Main parts of drop vortex, 1:20 model
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Fig. 2. Plan, front view and up view of drop vortex 1:20 model, all dimensions are in centimeter. Components: 1)Inlet
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Source of variation Degrees of Freedom  Sum of Squares Mean Square  F Ratio P-Value
Model 13 0.0533 0.0041 6.9989 <0.0001*
Error 40 0.0234 0.0006

C. Total 53 0.0767

* Meaningful at 1% Significant level

Table 2. Results analvsis of variance
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S (CXFT) 555 sae L ke sae 28,0l (DXC)

@t};}yﬁ)g}gp&.‘"d,}k

gg:;ct?o(;f DoF™ SS(;l;:roefs F Ratio | P-Value
D 2 0.0009 0.7309 0.4878

C 1 0.0180 | 30.7479 | <0.0001*

Fr 1 0.0158 | 26.9038 | <0.0001*
DxC 2 0.0069 5.9063 0.0057*
DxFr 2 0.0028 2.3705 0.1064
CxFr 1 <0.0001 0.0018 0.9666
CxC 1 0.0008 1.4330 0.2383
FrxFr 1 <0.0001 0.0027 0.9590
DxCxFr 2 0.0081 6.9405 0.0026*

* Meaningful at 1% Significant level
** Degrees of Freedom
Table 3. Regression analysis of the results
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Factor Levels

Factor

-1 0 1
D Rika Peril Active
C 0.7x107 1.3x1073 1.9x1073
Fr 0.023 0.046 0.069

Table 1. design factors levels
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Abstract

Drop vortex is utilized to convey sewage across elevation change in steep catchments. This structure is
generally used when the elevation difference is more than 5 m. Drop vortex is composed of three main parts,
namely inlet structure, dropshaft, and energy dissipation structure. Water flow is prepared for circulating in
dropshaft by inlet structure. In this part, a hydraulic jump might take place. Flow velocity in dropshaft rapidly
increases and adjacent air enters the water flow. At the energy dissipation structure entranced air to the water
flow is evacuated and the flow’s excessive energy is dissipated. Since the air and water flow are extensively
combined in drop vortex and the sewage flow might contain detergent and foam producing materials, foam
could produce in some parts of the drop vortex. This phenomenon could affect vortex airflow and reduce drop
vortex hydraulic performance since the foam could blockage the air outflow path. Additionally, the produced
foam might rich to the ground surface and cause sanitary issues. In this investigation, the effects of Foam
Producing Flow (FPF) on vortex air discharge were studied by a scaled model and statistical Design of
Experiment (DoE) methodology. Effects of Concentration Number (the ratio of detergent mass in the unit
volume of water to water specific weight), detergent type, and Froude Number on the dependent variable, air
discharge to water discharge ratio, were studied by 3° full-factorial design and 63 runs. In this regard, a 1:20
scaled model of Tehran eastern sewer drop vortex was built at the Hydraulic Structures Laboratory of Shahid
Bahonar University of Kerman, Kerman, Iran; and three Concentration Numbers as 0.7x107°, 1.3x10”, and
1.9x107, three detergent brands, namely Rika, Peril, and Active, and three Froude Numbers as 0.023, 0.046,
and 0.069 were tested. Analysis of the results revealed that design factors had meaningful effects on vortex air
discharge and it decreases by the increase of Concentration and Froude Numbers. Analysis of variance
(ANOVA) shown that the main effects of Concentration Number and Froude Numbers, as well as the
interaction effects of Concentration Number with detergent type and all three factors, were statistically
meaningful at 1% significant level. It was noticed that the effect of detergent type on the result was
considerably low. Also, a dimensionless numerical model that represents 65% of the variability in the result
was presented, which could be utilized to predict drop vortex airflow in a similar drop vortex with FPF. This
model includes three equations which each one is for one detergent type. Moreover, three experiments under
former Froude Numbers in three iterations with clean water were performed as reference experiments.
According to them, a dimensionless linear numerical model was presented. This relationship could be applied
to predict air discharge in a similar drop vortex without foam producing flow. Furthermore, by drowning an
analogy between the results of FPF and clean water experiments it was illuminated that foam formation could
boost air discharge by 82% and in some conditions could reduce it more than 64%. The result showed that
FPF always resulted in airflow discharge increases for all studied detergent types if Concentration Number
was lower that 1.1x10” and Froude Number was greater than 0.047.

Keywords: foam producing flow (FPF), air discharge, drop vortex, design of experiments (DoE), experimental
model.
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