¢/ Desalination and Water Treatment
www.deswater.com

1944-3994/1944-3986 © 2012 Desalination Publications. All rights reserved

0 doi: 10/5004/dwt.2012.3589

38 (2012) 349-353
January

Taylor & Francis
Taylor &Francis Group

Particle removal properties of stormwater runoff with a lab-scale vortex

separator

Koo-Ho Kwon?, Si-Won Kim?, Lee-Hyung Kim®, Joon Ha Kim¢, Seungyoon Lee,

Kyung-Sok Min**

"Department of Environmental Engineering, Kyungpook National University, Daegu, 702-701, Korea

Tel. +82 53 950 6581; Fax: +82 53 959 7734; email: ksmin@knu.ac.kr

"Department of Civil and Environmental Engineering, Kongju National University, Cheonan, 330-717, Korea
‘Department of Environmental Science and Engineering, Gwangju Institute of Science and Technology (GIST),

Gwangju, 500-712, Korea

1K-water Institute, Korea Water Resources Corporation, Daejeon, 305-730, Korea

Received 14 October 2011; Accepted 24 December 2011

ABSTRACT

A lab-scale vortex separator, based on a swirling motion to remove settleable particles, was
used to remove suspended solids in urban stormwater runoff. However, the treatment is lim-
ited to the removal of large settleable particles. The synthesized stormwater runoff was made
with tap water and the addition of road sediment. The vortex separator has internal compo-
nents designed to enhance vortex separation by minimizing the turbulence, increasing the
efficiency, and preventing captured pollutants from washout. As the flow continues to spiral
down around the inlet baffle, a low energy vortex motion directs settleable particles into the
protected sediment storage zone. Advanced vortex separation provided an extendable and sta-
bilized flow path while protecting the captured pollutants for a wide range of flow rates. The
range of the inflow rate was 30-115 I/m, and the size of the influent particles varied from 75 to
200 um. Overall removal efficiencies of 51.8% for SS, 26.6% for COD, 70.5% for TP, and 35.6% for
TN were achieved. The efficiency of particle removal for a high inflow rate was better than for
a low inflow rate under the same condition of influent particles. The particle removal efficiency

of the inlet baffle improved by about 5-10% compared to without an inlet baffle.
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1. Introduction

Stormwater runoff from paved areas such as high-
ways, roads, parking lots and bridges has been identi-
fied as a critical non-point source pollution to receiving
waters. The typical pollutant constituents of primary
concern include: TSS, nutrients, heavy metals, PAHs,
oil, and grease [1-3]. The concentration and load of such
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pollutants are closely related to the land use and rainfall
conditions. In order to reduce the impact of stormwater
runoff on receiving waters, engineers and managers use
best management practices (BMPs): catch basins, sedi-
mentation ponds, swales, filtration systems, and vortex
separators [2].

A vortex separator is also known as a dynamic sepa-
rator, a swirl concentrator, or a hydrocyclone. In Europe
and the United states, this technology is used to treat and
control urban pollution and combined sewer overflows,
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and it protects the receiving waters from polluted sew-
age overflow [4]. Recently, the vortex separator has been
used in the treatment of stormwater runoff. The vortex
separator is a simple device, which causes the centrifugal
separation of particles in a fluid stream. Unlike the slow
settling within a settling tank, the vortex separator sys-
tem yields fast separation and utilizes less space. A vor-
tex separator consists of a vertical cylinder, a tangential
inlet, and two outlets: one for the concentrated solids and
one for the effluent. A vortex separator has no moving
parts, and the influent tangentially comes into the sepa-
rator producing the essential swirling motion. The sepa-
ration action of a vortex separator treating particles is the
consequence of the swirling flow that produces centrifu-
gal force on the fluid and the suspended particles [4,5].

A variety of vortex separators have been developed
to treat urban stormwater runoff. The majority of storm-
water runoff treatment is trapping particles smaller than
100 um in diameter. Particles below 100 um in diameter
are not easily separated by conventional types of vortex
separators [6,7]. SS removal is limited to the large size of
settleable particles.

We developed a lab-scale vortex separator equipped
with an inlet baffle to improve the SS removal efficiency.
The vortex separator has internal components designed
to enhance vortex separation by minimizing turbulence,
increasing efficiency, and preventing captured pollutants
from washing out. To determine the efficiency of vari-
ous operation conditions, a series of experiments were
performed with different particle sizes and inflow rates.

2. Materials and methods
2.1. Experimental set up

A vortex separator was used as the physical process
to separate the particles from stormwater runoff. The vor-
tex separator used in the experiment is shown schemati-
cally in Fig. 1. It mainly consisted of four different parts,

Influent I

“I;

Fig. 1. Schematic diagram of the vortex separator.

Effluent

which were a vortex separator, 0.4 m® inflow storage tank,
mixing pump, and flow equalization tank. The Inflow to
separate the sediment was pumped from the storage tank
to the flow equalization tank and injected into the vortex
separator. The inflow rate to the separator was adjusted
by using a valve located on inlet pipe. The total height
of the separator was 480 mm. The diameter of the out-
side cylinder was 300 mm. The detailed dimensions of
the vortex separator are presented in Table 1. The flow
entering tangentially into the separator induced swirling
motion, which generated the apparent centrifugal force
on the fluid and particles. However, the particles received
larger force than the fluid due to the density and bumped
into the outside cylinder wall. Once at the exterior cyl-
inder wall, the particles settled by gravity. The inlet part
of the separator was designed using a spiral waterway
called the “inlet baffle”. It formed a high vortex velocity,
which helped improve the efficiency of particle removal.

2.2. Experimental methodology

In an ordinary way, the stormwater runoff was
made with tap water and the addition of road sediment.
The vortex separator operated at a base flow rate of
65 1/m. During the series of experiments, the flow rate

Table 1
Dimensions of the vortex separator

Component of separator Measurements (mm)

Height of the separator 480
Diameter of the outside cylinder 300
Diameter of the inside cylinder 210
Diameter of the inlet pipe 50
Height of the inlet 400
Height of the inlet 400
Height of the outlet 300
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was varied from the base condition to study the respec-
tive influence on the separation performance. Influent
particle sizes were varied from 75 to 200 um. The size
distribution of the particles in road sediment was clas-
sified by 75, 90, 150 and 200 um mesh sieves. The par-
ticles retained in each sieve were collected, dried and
weighted. The experiment was repeated two or three
times for each condition to minimize experimental
errors, and the mean values were taken as the result.

3. Results and discussions
3.1. Effect of the inlet baffle

An experiment was performed to investigate the
effect of the inlet baffle on the removal of pollutants. A
summary of the mean concentration for SS, COD, TN,
and TP from each separator are presented in Table 2. The
average influent concentrations were 380 mg/1 for SS,
7.9 mg/1 for COD, 5.8 mg/1 for TN, and 2.8 mg/1 for TP,
respectively. The effluent concentration of SS in the sep-
arator with the inlet baffle ranged from 96 to 322 mg/1
and the mean value was 183 mg/1, and the overall mean
value of SS removal was 51.8%. The effluent concentra-
tion of SS in the separator without the inlet baffle varied
from 190 to 220 mg/1 and the mean value was 207 mg/1,
and the overall mean value of SS removal was 45.5%.
SS removal efficiency with the inlet baffle improved by
about 5-10% compared to the separator without the inlet
baffle. Similar results were found in the other pollutant
parameters. This might be caused by the enhanced vor-
tex velocity from the inlet baffle. SS removal efficiency
increased as the centrifugal force on the fluid and the
particles increased (Fig. 2).

To understand the factors affecting the removal of
particles in the separator, the size distribution of the
particles in the effluent was measured [8]. Fig. 3 shows
the results for the influent and effluent at each separator.
Most particles in the influent were in the size range
of 100-1000 pm. The distribution of the particles in
the influent was compared with the effluent, which is
passed through each separator. The vortex separator
with the inlet baffle completely trapped particles larger

Table 2
Effect of the inlet baffle on the pollutant removal efficiency
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Fig. 2. Comparison of the mean removal efficiency.

than 150 um. Moreover, most of the particles were in
the size range of 1-100 pm. Without the inlet baffle, it
effectively trapped particles larger than 270 pm. Parti-
cles below 100 pm in diameter are hardly separated by
conventional types of vortex separators, and remained
in the suspension of the effluent [6,8]. The vortex sepa-
rator with inlet baffle was more effective in the removal
of fine particles.

3.2. Removal of SS classified by particle diameter

To evaluate the performance of the vortex separa-
tor mainly based on SS removal, it was necessary to
reproduce the ranges of the particle size using road
sediment. The particle size ranges were d <75 um, 90

< dp < 150 pum, 150 < dn < 200 um and dp > 200 um. The

influent was simulated SS concentration by mixing with
tap water to represent rainfall runoff as much as pos-
sible. The operational results of the vortex separator in
the range of 30-115 1/m in regard to the inflow rate are
presented in Table 3. As a result of the experiment, the
efficiency of SS removal was 26.7-34.5%, 66.0-70.6%,
93.3-96.5% and 96.8-98.3% for particle size ranges of
dp < 75 um, 90 < dp < 150 um, 150 < dp < 200 um and
d > 200 pum, respectively. When the larger particles
(dp > 150 um) were observed, the efficiency of SS removal
was high compared to the fine particles (dp < 150 pm).

Item Inflow (mg/l) Separator with inlet baffle Separator without inlet baffle
Range (mg/1) Mean (mg/1) Removal (%) Range (mg/l)  Mean (mg/l) Removal (%)
SS 380 96-322 183 51.8 190-220 207 455
Ccob 79 5.0-6.4 5.8 26.6 6.1-6.8 6.3 19.2
TN 5.82 3.60-4.02 3.75 35.6 3.26—4.48 3.80 347
TP 2.81 0.61-1.02 0.83 70.5 1.12-1.52 1.27 54.8
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Fig. 3. Comparison of the size distribution of the particles in the influent and effluent which were treated (a) by a separator
with an inlet baffle; (b) by a separator without an inlet baffle. (#) influent; (M) effluent.

Table 3

Removal efficiency for different ranges of particle sizes and inflow rates

Items Particle size

dp< 75 mm 90<d, <150 mm 150 < dn <200 mm dn> 200 mm
Inflow 30 65 115 30 65 115 30 65 115 30 65 115
rate (I/m)
Min 206 229 293 582 592 671 948 898 923 964 955 967
Max 404 370 387 780 719 730 992 979 944 994 992 992
Mean 26.7 283 345 66.0 670 70.6 96.5 942 933 98.3 96.8 981
For the fine particle (d < 75 um) separation test, the 2 & 5 o
efficiency of SS removal increased at the higher inflow 7 »| - 3
rate. But this was not observed in the larger particles 3 .. T [ =
(dp > 150 um). There are two main forces that remove E,- ] 3 ol LI m
particles from the water: the centrifugal force was ¢ | || = £ o
induced by the swirling motion, which forces the par- 2 ;. = 7
ticles to move to the outside of the separator wall, and o 5 pa o 73 . pa oy
the gravitational force made the particles pulls down. Flowrate (Lim) Flowrate{Lim)
The movement of the particles to the sidewall depends (@) dy<75 m () 200,159 o
on both the flow rate and the particle size [7]. Increasing - 100 5 10
the inflow rate implies increasing the centrifugal force. 3 12 7 H —
The improvement in the efficiency of SS removal when é 9- — é 0
the inflow rate increased from 30 to 115 1/m in the fine % = 5 s
particle (d, < 75 um) separation test can be explained g W E
by the higher centrifugal force. Meanwhile, the effi- E §
ciency of SS removal for larger particles (4, > 150 pm) * =
increased at a lower inflow rate. Decreasing the inflow P rowsatm) ? rowat)
rate implies reducing the centrifugal force. Therefore, (€) 150<d5<200 /m (d) d5>200 im

the results indicate that the centrifugal force was not
the major force in the separation of the larger particles
(dp > 150 pm). Therefore, the separation mechanism was
mainly driven by gravity [4]. The box plot results of the
SS removal are shown in Fig. 4. The effect of the hydrau-
lic retention time on the SS removal is shown in Fig. 5.
The results showed that the SS removal efficiencies
for particle sizes below 150 um decreased according

Fig. 4. Box plots of SS removal efficiency.

to the increase in the hydraulic retention time. The SS
removal efficiencies for particle sizes over 150 pm were
more than 90% for all inflow rates. It was assessed that
both particle size and its specific gravity mainly affected
the separation of the particles (dp > 150 um).
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Fig. 5. The relationship between the retention time and SS
removal efficiency.

4. Conclusions

A novel structure for the inflow inlet was equipped
with a vortex separator. Such an inlet called the inlet
baffle was found to the increase the removal of fine par-
ticle (dp < 75 um) by enhanced centrifugal force. The SS
removal efficiency increased nearly 10% due to the inlet
baffle, compared to a conventional vortex separator. The
vortex separator with the inlet baffle trapped particles
larger than 150 um completely, and fine particle were
effectively removed by a higher inflow rate. However,
this was not observed for larger particles (4, > 150 um).
The removal of fine particles was mainly controlled
by centrifugal force. Otherwise, the removal of larger
particles was controlled by the particle size and gravity.

To improve overall suspended solid removal, the vortex
separator needed to have an ample hydraulic retention
time and high inlet velocity.
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