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After a brief introduction to the core parts of vortex coagulation technology, like the characteristics of vortex
reactor, and its working mechanism with contact-flocculation and vortex coagulation, this paper emphasizes
that the critical point of the vortex clarification technology is the micro vortex coagulation. Also it tells us the
application of clarification tank in wastewater reuse plant. After alteration of the standard clarification tank in

Key Words: which the micro vortex reactor has been put into the first and second flocculation areas and the inclined
Micro vortex reactor pipes into the sedimentation area, the treatment scale of the vortex clarification tank is increased, and the
Coagulation effluent turbidity of the tank is lower than 3 NTU, the effluent turbidity of finished water is lower than 1 NTU
Flocculation and the investment of per ton micro-vortex water is lower than 50 Yuan RMB. The paper argues that in
Clarification comparison to other coagulation reactors, micro vortex reactor deserves wide application for its various

advantages, such as its higher coagulation efficiency, shorter reactivity time, better quality of finished water,

stronger adaptive capability, and more conveniences in construction and the like.

INTRODUCTION

In the processes of water treatment, the coagulation-
flocculation, which includestwo stages, i.e. coagul ation and
flocculation, isone of themost important and difficult parts
to handle (Zhou 2011). Thetheoretical analysisand alarge
number of engineering practices show that in the aspect of
coagulation process the use of patented product design of
East China Jiaotong University-vortex reactor (Patent
Number: CN00249081 and ZL.200920141662.5), can
greatly improve the efficiency of the coagulation tank to
improve water quality. The purpose isto conserve energy
and reducing operating costs. | have presided over and par-
ticipated in a number of projects, to transform the reaction
zone of the clarifier into a pool of micro-eddy current re-
sponse, adding inclined-tube to precipitation zone. After
technical renovation, the capacity of water trestment hasbeen
doubled, and the turbidity of the effluent has been lower and
Seadier.

MICRO VORTEX REACTOR

Thecharacteristicsof vortex reactor: The core of micro-
eddy current coagul ation isvortex reactor, whichisthe po-
rous hollow sphere made up of ABS plastic-based material.
Inside and outside of the sphere surface is made of rough
surface having small holes and aperture, and the opening
rate isin accordance with the determination of water treat-
ment. Fig. 1 isthe vortex reactor coagul ation schematic dia-
gram. It has the following characteristics (Tong 2004): (1)
the flow velocity and orientation changes in through-hole

water flow and in addition, the friction of both inside and
outsdethewall resstance, and hasamicro-flow vortex flow;
(2) Easy construction, without the installation of fixed, no
direction required, and it can be put into the pool directly;
(3) Materials have good strength, non toxic, corrosion-re-
sistant, anti-aging, servicelife of several decades; (4) Sim-
ple structure, management convenience, easy operation and
maintenance, up to the water in the stream will float and
rotate, and can not easily be blocked.

Principleof eddy current reactor: Attaining the better co-
agulation-floccul ation effect, the micro-vortex reactor can
create a better hydraulic condition which respond to each
kind of intrinsic hydraulic factors. Its floccul ation mecha-
nism mainly includesthe micro-vortex coagulation and the
three-dimensional contact flocculation.

Micro-eddy current cohesion: Whenwater flowsthrough a
large number of holes of the vortex reactor’ swall, it forms
many small vortices at the same time. According to
Kolmogoroff’ stheory of local isotropic turbulence, we can
seethat turbulence existsin avariety of vortex that has dif-
ferent scales. Large vortex deliversenergy to the small vor-
tex, and energy will be transmitted to the smaller vortex.
Largevortex often tendsto have particlesmoving asawhole
without colliding with each other. Too small-scalevortex is
often not enough stronger to tend the particles colliding with
each other. Only vortex’ scale and particle sizebe smilar to
those vortex will be caused by collisions between particles.
Comparedtothetraditional grid process, vortex reactorsare
formedintogrid at the ball surface, which have multi-direc-
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tional, multi-angle characteristics, and unit volume much
bigger than the traditional net grid technology. They cause
greater velocity between the flow layers because of vortex,
and layer flow caused by the rel ative movement of the bring
particles. They cause the centrifugal force by rotating, which
causethe particlesto move along the vortex radial, have no
stable colloidal particlesin the water, have more collision
opportunity by the role of micro-eddy current, and have
higher cohesion efficiency (Y an 1999).

In sum, therearetwo reasonsfor thediffusion and colli-

sion of particlesin eddies. First, the velocity differencesin
different flow layers of the eddiesresult in the relative mo-
tion of particlesamong these flow layers, which thus adds
probability of particlesto collide. Second, the centrifu-
gal inertiaforce driven by the revolving function of the
turbulent flow leads particles to move along the whirl-
pool radial, which also increasesthe particle collision fre-
guency. Therefore, the coagul ation efficiency isvery high
since more chance of collision isavailable for the colloids
ineddies.
Three-dimensional contact flocculation: Because of micro-
eddy current, reactor isthe hollow shell, when the water flow
through the vortex reactor, the external flow velocity is
greater than theinternal, thiswill enable the internal accu-
mulation of substantial flower-fan floccus body, form the
mud layer residue that can cause the role of adsorption and
flocculation to the non-stable colloids in the water flow.
Vortex clarifiers have ahigher floccul ation effect compared
totraditional contact flocculation clarifiers. First, only one
layer suspended flocsinthetraditional clarifiers, but all vor-
tex reactors have suspended flocs in the reaction zone of
vortex clarifiers, which causesthetotal size big and thefor-
mation of three-dimensional contact flocculation. Second,
thereishigher-quality growth of flocsin vortex reactor; ex-
cessive growth of theflocswill bebrokeninto smaller flocs
maintaining floccul ation ability under therol e of micro-eddy
current. Lower density flocs will be broken down and re-
flocculation will occur into a higher density floc under the
role of micro-eddy current, in favour of precipitation.

THE VORTEX CLARIFICATION

Thevortex clarification processis proposed on the basi s of
micro-vortex coagulation and Hazen theory which mainly
involves technol ogiesincluding micro-vortex coagul ation,
inclined plate/tube sedimentation, separation and sludge
thickening, with an overall consideration of structura styles,
constructing conditions and operation management condi-
tions (Tong 2008).

The structure of clarification tank isshown in Fig. 2. It
includesthree units.

Tong Zhengong

Fig.1: The vortex reactor coagulation schematic diagram.

1. Vortex-grid flocculation reactors, which are devel oped
from the integrated application of vortex theory and the
small grid flocculation technology, are installed in the
flocculation unitsreferring to theinside room of thefirst
and the second vortex reaction chambers.

2. Inclined-tube settlersareingtalled in clarification cham-
bers, which have strengthened sedimentation of small
particles, ensured precipitation effect and perfected clari-
fication efficiency of the clarification tank, with high sur-
face hydraulic load.

3. Sludge thickening units are added, which can complete
sludge thickening effectively, and the density of dis-
charge dudgeishigh. It can also decrease the pressure of
sludge treatment facilities, and reduce sludge disposal
costs.

Theraw water with coagul ant entersvortex clarifier from
inflow pipe. Thenit goesinto thefirst reaction zone through
nozzle and venturi. After that, it flows down into the second
reaction zone through transition area. And then it flows out
from the bottom of the second reaction zone. Theflocswith
good settling ability will be deposited into sludge concen-
tration area through solid-liquid separation by inclined tube.
The clear water collected by the annular sink through V-
weir, then flow out of the vortex clarifier. The concentrated
sludge can be withdrawn by the sludge pipe.

ENGINEERING APPLICATION

Engineering background: After the treatment of sewage
by chemical or biological methodsinaworkshop of Baosteel,
first class pollutants have reached the discharge standard.
Tosavewater, the company hastaken adecisonto carry out
the production and reuse of sewage. Influent water quality
and water quality requirementsareasgivenin Table 1.

Treatment process: The company guidelines to the
wastewater reuse system engineering include to select
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Fig. 2: The schematic diagram of the vortex clarification.
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Fig. 3: Wastewater treatment process flow diagram.

reasonabl e technology with minimal capital investment, to
createthe greatest benefits, requiring the shortest period, the
smallest areaand thewater turbidity beforefilter stability at
the 3NTU all theyear round.

We can see from Table 1 that the sewage of this treat-
ment plant after treatment by chemical and biological means,
has only suspended solids (SS) larger than the water quality
reguirements, so the main issue of the treatment processis
considered theremoval of turbidity. The company after the
repeated demonstration and compari son, eventual ly decided
to adopt the vortex clarifiers that use micro-eddy current
coagulation made by East China Jiaotong University. The
company thought of making full use of eddy current reactor
to enhance the effect of coagulation and precipitation and
use of theinclined tube, so asto achieve the purpose of en-
hanced clarifiers scapacity of water andimprovewater qual-
ity. Themain flow processisshowninFig. 3.

Vortex clarifiers; Water treatment volumeis 14000m?d, the
core of the entire treatment processisvortex clarifiers. We
designed two parallel vortex clarifiers. Each clarifier' s di-
ameter is 12.0m, the total depth is 7.5m, volume is about
550 m3 when maximum flow is420 m%h (when a pool main-
tenance, another pool should have 70% of the total treat-
ment capacity, so each pool according to the largest flow of
420m?3/h has been designed) and residencetime of about 1.31
hours.

Vortex clarifier (Fig. 4), set in amixed unit, has coagu-
lation, flocculation, liquid/solid separation, automatic dudge
removal and dudge recycling and other functions. Theproject
used for eddy current clarifiersis upflow solid contact and
separation of cell cycle. Major componentsfor the two reac-
tion chambers are: For first current flocculation reaction
chamber, the region around 2.4 meter in diameter; and for
the second vortex flocculation chamber, outer ring of the
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Table 1: The characteristics of influent and outflow of water.
Number Pollutants Influent quality Outflow quality
(mglL) (mglL)
1 pH 6-9 6-9
2 Suspended solids (SS) 200 10
3 Biochemical Oxygen Demand (BOD,) 30 20
4 Chemical Oxygen Demand (COD_,) 120 80
5 Total Hardness (CaCO,) 400 350

Table 2: The main design parameters for vortex clarification.

first reaction chamber, the region is about 3.6 metersin di-
ameter. In area of external reaction zone of the precipitation,
there are inclined tubesto enhance control of Sludge reten-
tion time and to increase the dudge concentration. At the
bottom of reactor there are regions of dudge storage and
concentration. Storage of precipitated sudge is temporary
in the region with a certain degree of enrichment. Thereis
continuous operation of the rake to scrap the mud mixed
dudgetofacilitate itsremoval by the sludge pump.

Outflow-water from biological and chemical treatment
entersinto the vortex clarifier’ slower part of thefirst reac-
tion chamber by DN350 water pipe, and outflows by the
lower part of the second reaction chamber into the precipita-
tion zone. The completion of coagulation and flocculation
process takes about el ght minutes effective time.

Water entersinto inclined tubein sedimentation areafor
water separation after full coagulation and floccul ation. The
process of separation isfinished in theinclined pipe, and the

Number Design parameters Design parameter Maintenance of single-cell parameter
1 Water treatment quantity 300 m¥h 420 m¥h
2 Inlet pipe diameter DN350
3 Inlet pipe velocity 0.87 m/s 121 m/s
4 Outlet pipe diameter DN400
5 Outlet velocity 0.66 m/s 0.93m/s
6 Micro-vortex reaction time 7.4min 5.3min
7 Micro-vortex reaction velocity 37~96 m/h 52~134 m/h
8 Inclined tube aperture j 80
9 Sediment surface area 95.7 m?
10 Surface load 3.13m¥m?h 4.39 m¥m?hr
11 Reservetime 1.83h 131h
12 Triangular weir length 38.64m
13 Load on the triangular weir 230 m¥m-d 281 m¥/m-d
14 Triangular weir high 6.cm
15 Triangular weir head 24cm 2.8cm
Table 3: The dosage of coagulant. isolated sludge slide down to the bottom pool aong the in-
Cosglanttype  PAC Quicklime PAM dry clined vyall, into the sludge concentration zone. The mud
powder scraper is set up at the bottom of the pool with a protection
device with torque. Sludge is transported to the centre of
Dosage 12576 L/d 1000 kg/d 25kg/d bottom pool by the sludge scraper. Sludge pump work ac-

cording to information collected from the dudge interface
devicesand torque switch on mud scraper regularly to emit
themud. Mud scraper isregulated by the gear installed above
thewater surface abovejoined by acasing-pipe. It will alarm
when mud scraper torgque exceeds the set torque to remind
theemergency dudge. Thewater isol ated from the water tank
inflowsinto the V-filter by the outlet pipe. In order to pre-
vent deposition of dudgein reaction zone, a DN 200 manual
sludge hoist isset up at the bottom of thefirst reaction zone.
Sludge is periodically discharged by the operator (Zhang
2006). The main design parameters of the vortex clarifier
aregivenin Table 2.

Dosing and discharge system: Coagulant (PAC) and the
stone mortar are added to water before the regul ation of pool
pump, and pool is adjusted in order to complete the mixing
reaction. In order toimprovefloccul ation, static mixer isused
for mixing. Stone mortar and coagulant are added mainly in
order to remove the hardness and suspended solids
(Tzoupanos2010). Polymer flocculants can help in efficient
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Fig. 4: The vortex clarification tank process flow diagram.

removal of the suspended solidsfrom wastewater by coagu-
lation and floccul ation reacti ons. In the process of wastewater
upward flow, downward precipitation of solidsform alayer
of dudge, which plays the role of afilter bed for smaller
particles. It further promote the precipitation of solidsto carry
out the reaction completely. Dosage of stone mortar and co-
agulant were controlled on the basis of pH of water before
the micro-eddy flocculation reactor and the outlet pipe. When
the water pH rose to 10, Ca?* with stone mortar complete
response to generate CaCO, sludge. Flocculant dosage ac-
cording to the influent flow amount are controlled by the
main control room in order to ensure the efficient removal
of suspended particles (Wang 2012). When quantity of in-
fluent is 14000m?®/d, various dosage used are as given in
Table3.

Ensuring dischargein time, isthe key of stable operation
of theprocess. Therational control discharge cycle can play
theroleof savingsin self-consumption of water by dual-use
of one backup equipment, which can be manual on/off in
thefield or inthe main control room, and automatic control
through interface instrument of the sludge in the vortex
clarify pool to control the sudge pump opening, and the
implementation of the automatic switching between pumps
into the dudge storagetank and then proceed to dehydration.

The mud coming out from vortex-clarifier with relatively a
high rate of solids about 3% is easy to dehydrate. Sludge
scraper inthe vortex-clarifier tank can be manually switched
on/off in the field or through the main control panel.
Discharge tube connected to the pressure water pipesoutside
thepooal, if necessary, can beused in order to wash dudge at
the bottom.

DEBUGGING RUN SITUATION

After more than a year of running, the pool water quality
after clarifying is given in Table 4. It can be seen that the
vortex clarifying process reached the Company’ s outl et wa-
ter quality requirements. Asthe running influent water SS
in most casesareat about 500 mg/L, they cause more depo-
sition in thefirst reaction room, and it will affect the outlet
water quality if discharged delayed. The whole process of
water clarification is easy with convenient and shorter con-
struction period. After morethan ayear of satisfactorily run-
ning the plant with water quantity at the time of 420m%h
with reasonabl e control and discharge of sludge timely, the
pool water turbidity wasstabilized to maintain below 3NTU
which after filter by the V-filter further reduced to INTU.
Because of the outlet water in the clarify pool has low tur-
bidity, the consumption of theanti-filter water chemicalsis
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Table 4: Effluent water quality after vortex clarification.
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Serial Pollutants Clarifier's outlet water Filter outlet water
Number quality (mg/L) quality (mg/L)
1 pH 75 75

2 Suspended solids 8 1

3 Biochemical Oxygen Demand (BOD,) 20 18

4 Chemical Oxygen Demand (COD_,) 80 76

5 Total hardness (CaCO,) 350 350

also significantly reduced with extension of thework cycle.
CONCLUSIONS

Thekey technical factorsfor the application of vortex reac-
tor areto achieve good coagul ation-floccul ation efficiency
by selecting opening diameters on different surfaces, con-
trolling the opening rate of vortex reactor, selecting differ-
ent kinds of the vortex reactors and integrating opening di-
ameters. At present, vortex clarifiershave been in operation
for nearly three years in sewage water treatment works at
Baosteel where the pool water turbidity has been stable at
below 3NTU, and after filtration the water turbidity isless
than INTU. Vortex investment per ton of water isbelow 50
Y uanto achieve the desired obj ectives of water quality. Prac-
tice shows that vortex reactor with high coagulation effi-
ciency shorten the reaction time with excellent outlet water
quality, ability to adapt to change, construction convenience,
easy maintenance and management, and with acertain pro-
motion value.

ACKNOWLEDGEMENTS
Thiswork was supported by the National Natural Sciences

Foundation of China (No. 51268012) and the Natural Sci-
ences Foundation of Jiangxi Province (20122BAB206002).
The author wishesto thank I nternational Science Editing for
their expert help in editing the manuscript.

REFERENCES

Tong, Z. G. and Fang Yong Zhong 2004. Application of micro-whirling
coagulationin Xigiao Waterworks. Water & Wastewater Engineering,
30(6): 19-21.

Tong, Z.G., Fang Yong Zhong and Hu Feng Ping 2008. Application of
micro-whirling coagulation in Shiyan Waterworks. China Water &
Wastewater, 24(4): 21-24.

Tzoupanos, N.D. and Zouboulis, A. I. 2010. Novel inorganic-organic com-
posite coagulants based on aluminium. Desal. Wat. Treat., 13: 340-
347.

Wang, M. M., Gao Baoyu, Cao Baichuan and Wang Dong 2012. Compari-
son of two inorganic-organic composite coagulants in treating reser-
voir raw water from the Y ellow River. China Environmental Science,
32(2): 242~248.

Yan, X.S. 1999. Water Supply Engineering (4th version), China Architec-
ture Industry Press, Beijing.

Zhang, P.T., Hu FengPing and Zhang Qi 2006. Micro-whirling reactor and
itsapplicationsin South City water supply plant of Jimo Water Supply
Company. Journal of East China Jiaotong University, 23(5): 9-11.

Zhou, J. H., Hui Ma and Zhen Gao 2011. Groundwater quality analysis
based on the comprehensive evaluation. IDCTA, 5(12): 411-417.

Vol. 12, No. 3, 2013 - Nature Environment and Pollution Technology



