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Abstract

The purpose of this study is to evaluate the High Rate Spiral Clarifier(HRSC) availability for the improvement of polluted
retention pond water quality. A lab scale and a pilot scale test was performed for this. The fluid flow patterns in a HRSC
were studied using Fluent which is one of the computational fluid dynamic(CFD) programs, with inlet velocity and inlet
diameter, length of body(Lg) and length of lower cone(Lc), angle and gap between the inverted sloping cone, the lower exit
hole installed or not installed. A pilot scale experimental apparatus was made on the basis of the results from the fluid
flow analysis and lab scale test, then a field test was executed for the retention pond. In the study of inside fluid flow for
the experimental apparatus, we found out that the inlet velocity had a greater effect on forming spiral flow than inlet flow
rate and inlet diameter. There was no observable effect on forming spiral flow Lp in the range of 1.2 to 1.6Dg(body
diameter) and Lc in the range of 0.35 to 0.5Lp, but decreased the spiral flow with a high ratio of Lg/Dg 2.0, Lc/Lg 0.75.
As increased the angle of the inverted sloping cone, velocity gradually dropped and evenly distributed in the inverted
sloping cone. The better condition was a 10cm distance of the inverted sloping cone compared to 20cm to prevent turbulent
flow. The condition that excludes the lower exit hole was better to prevent channeling and to distribute effluent flow rate
evenly. From the pilot scale field test it was confirmed that particulate matters were effectively removed, therefore, this
apparatus could be used for one of the plans to improve water quality for a large water body such as retention ponds.
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Fig. 1 The procedure of analysis for fluid flow.
(a) Geometry, (b) Mesh, (c) Post

Fig. 2 The name of high rate spiral
clarifier parts.
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Fig. 3 Size distribution of yellow loess used ¥

in this study.
Fig. 4 Abbreviation of parts for
a high rate spiral clarifier.
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Optimization of design parameters

@ Inlet velocity(Viy)

@ Inlet diameter(J;,)

@ Body length(Lg)

@ Lower cone length(Lc)

@ Inverted sloping cone angle(Zc)

@ Inverted sloping cone distance(Dc)

@ Lower exit hole(Hy) installation —> Lab. test —> Pilot test

Selection of coagulation conditions ‘ ‘

@ Chemicals Making Making

Al(SOs)>18H,O, PAC, PAS, PASS Lab. scale pilot scale
PACS, PACC apparatus apparatus
@ Reacition conditions
Coagulant dosage : 50 ~ 250 mg/L
Rapid mixing time : 25~ 450 sec.
Velocity gradient : 5,000 ~ 90,000sec.”
Settling time : 5~ 60 min.

Fig. 5 Flow diagram for this study.
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Fig. 6 The procedure for making pilot scale experimental apparatus.

44 Journal of Wetlands Research, Vol. 16, No. 1, pp. 41-50 (2014)



Jin Han Kim - Se Jin Jun

(@

()

Photo 1 Photo of experimental apparatus for lab. and pilot scale.
(a) lab. scale, (b) pilot scale
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Fig. 7 Effect of inlet velocity(Vi,) on fluid flow.
(@) Vi= 0.5 m/s, (b) Vi= 1.0 m/s,
(¢) Vi= 2.0 m/s, (d) Vie= 4.0 m/s

Fig. 8 Effect of inlet diameter(Ji,) on fluid flow.
(a) Fu= 60 mm, Vi= 2.0 m/s, flow rate= Q
(b) =40 mm, Vi= 9.0 nv/s, flow rate= 2Q
(¢) Din= 60 mm, Vi,= 4.0 m/s, flow rate= 2Q
(d) D= 80 mm, Vi= 1.8 mvs, flow rate= 2Q
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Fig. 9 Effect of body length(Lg) on fluid flow.
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Fig. 10 Effect of lower cone length(Lc) on
fluid flow. (a) Lc=0.35 Lg, (b) Lc=0.5 Lg,
(¢) Le=0.75 Lg
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Fig. 11 Effect of inverted sloping cone angle(Zc) on

Fig. 12 Effect of inverted sloping cone
fluid flow. (a) Dc=45°, (b) Dc=60°, (c) Dc=75°

angle(Jc) on velocity distribution.
(a) Dc=45°, (b) Dc=60°, (c) Dc=75°

Fig. 14 Effect of inverted sloping
cone distance(Dc) on velocity
distribution.

(a) Dc=10 cm, (b) Dc=20 cm (a) De=10 cm, (b) Dc=20 cm

Fig. 13 Effect of inverted sloping cone
distance(Dc) on fluid flow.
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Fig. 15 Effect of lower exit hole(H;) installation on

Table 1 Selection of design conditions

velocity distribution.
(a) Hy installed (b) Hyp not installed

Design parameters

Selection of design conditions

@ Inlet velocity(Viy)

@ Body length(Lg)

@ Lower cone length(Lc)

@ Inverted sloping cone angle(< c)
@ Inverted sloping cone distance(Dc)

@ Lower exit hole(Hy) installation

4 m/s

1.6 Dg"

0.5 Lp

75°

10 cm

Not installed

) Diameter of body
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HAL AdE EgE AFs gdgl gxe] d% COD, SS 5ol =/ #A=3lon 53] SS7F H& A
AAE Al s AAslth A FaA9] Al F 69 7% CODw9t SCODw,E HlaLsfE® COD2
= AFH A& Fig 160, 4 4 A3HE Table 2 F 80%7F FREAel 7191 AYS & = Ark w
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WAS S A Q1 AAtY AFNAE BAoR  GEAY §44 f9Ate] Bad How Wl
ANl AAEo] 9lom A¢geFS oF Huint & 4t =3
N —> - Inflow of pollutant Table 2 Water quality of retention pond
"I‘ W<—I—. E Sampling points
& ®~®
‘ ® Sampling points
Publicl d Itema)
o | Copern 1 2 3 4 5 6
treatment facility
BODs 7 8 9 7 9 15
CODy, | 21 28 30 21 23 48"
SS 11.0 | 41.0 | 39.0 10.0 9.0 124.0
T-N 16.8 | 1497 | 1552 | 16.0 | 16.85 20.2
T-P 1.67 | 2.56 | 2.50 1.47 1.52 3.74
» Unit : mg/L
Fig. 16 Sampling points in retention pond. SCODy, : 10 mg/L
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Fig. 17 Results of pilot scale test.
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