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THE EFFICIENCY WATER CLARIFICATION
IN MODELS OF VERTICAL TANK

The purpose of this article is to analyze theoretical and experimental data on the
structures and analyze the performance of type clarifier, as well as to highlight the
shortcomings of the proposed designs. It was found that for the experiments it is necessary to
create a physical model of the vertical sediment tank in the laboratory using the following
factors: material costs, technological parameters, design parameters. The purpose of this
article is to show the effect of the velocity of upward flow of water inside the vertical settler on
the efficiency of its lighting on the physical model of the vertical sediment tank. There are
mathematical dependences of turbidity of clarified water as well as the efficiency of water
clarification from the turbidity of the incoming water for different speed values in the lighting
area of the vertical sediment tank. It was established the use of the calculations required area
lighting area, vertical settling tanks, water speed, cleansing of water without efficiency loss,
which leads to significant savings in capital investments.
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EOEKTUBHICTb OCBITJIEHHA BOH
Y MOJEJII BEPTUKAJIBHOI'O BIICTIMHUKA

Y cmammi npoarnanizosano meopemuuni ma ekCnepumMeHmanbHi 0ami w000 KOHCMpPYKYiil
ma auanizy pooomu 8i0CMIiUHUKIE Yb0O20 MUNY, A MAKOMC GUOLIEHI HeOONIKU 3aNnpPONOHOBAHUX
KOHCmMpYKYilu. Bcmawnosneno, wo O0na npogedeHHsi eKChnepumeHmie HeoOXIOHO Cmeopumu
@izuuny Mooenb 8epmMuUKAIbHO2O BGIOCMINHUKA 6 1aO0pamopii 8UKOPUCMOBYIOUU HACHYNHI
Gaxmopu: mamepianvhi 3ampamu, MeXHOLOSIYHI napamempu, KOHCMPYKMUSHI napamempu.
Poszenanymo  enaue weuokocmi  8UCXIOHO20 NOMOKY 600U 6CEPEOUHI  BEPMUKATLHOSO
glOCmiliHuKa Ha egekmuHicmeb il 0ceimieHHs Ha Qi3uyHill MoOeni BepMUKATILHO2O
giocmitinuka. Ompumani MamemMamuyHi 3a1eHCHOCMI KAlaMymHOCMI 0C8imaeHoi 600U, a
MAaKoHc eqheKmuBHOCMI 0C8IMIEeHHs 800U IO KANAMYMHOCMI 6XIOHOI 600U 0I5l PI3HUX 3HAYEHb
weuokocmi ii 8 30HI OCBIMJIEHHS 8ePMUKANbHO20 GIOCmitiHuKa. Bcmanoeneno, wo
BUKOPUCMAHHS )Y PO3PAXYHKAX HEOOXIOHOI NI0WI 30HU OCBIMAEHHS 6EPMUKATLHUX GIOCMIIHUKIG
WBUOKOCMI pYXy 600U V Hill, npu AKIU 8i00Y8aA€mMbCs ouUwWeHHs il 6e3 empamu egheKmugHOCmi
0C8IMIeH s, NPU3BOOUNDb 00 CYMMEBOL eKOHOMIT KanimanibHUX 6K1A0eHb.

Knmwuosi cnoea. 6oooniocomoska, 6epmuKaibHUull  GIOCMIUHUK, epeKxmusHicmy
0CBIMIEeHHS 800U, KALAMYMHICIb 800U, WUBUOKICMb BUCXIOHO20 PYXY B00U.
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Introduction. After the Soviet collapse remained water treatment plant in Ukraine
worked at 70-80% of its design capacity. Nowadays, tariffs growth for utilities has
significantly reduced the consumption of water by population and industrial enterprises. It has
led to irrational use of land resources, electricity the like. The construction of a modern
municipal water treatment plants requires compliance with the quality requirements of water
purification, which are governed by the regulatory documents. On the other hand, the
deterioration of water quality from surface sources requires increasing the effectiveness of
water treatment to meet drinking needs of the population [1-3]. It would be achieved by
retrofitting municipal water treatment plants and modern water purifying installations [4].

The use of existing industrial water purification plants with small capacity vertical tanks
for receiving water output of the necessary quality is more economical than the use of
sedimentation tanks of other types. Vertical sumps do not require large areas. They can be
grouped in blocks and have sufficient indicators of water clarification efficiency.

Analysis of recent research sources and publications. Improving the efficiency of
water clarification in vertical settling tanks is possible by reducing the speed of water upward
flow in the clarifying zone, but it will lead to the need of increasing their size or quantity. It is
considered in details process of water clarification in sedimentation tanks. Settling
(sedimentation) of suspended particles consisting of mineral particles, as well as, under some
assumptions, and unstable suspensions is described by the linear law of Stokes

F.=37x-pu-u-d, (D

where 1 — coefficient of fluid dynamic viscosity;

u — the settling velocity of the particle;

d — particle diameter.

This law is valid for particles of small size deposited with low speed when viscosity
forces only affect the resistance to their motion. More generally, the drag force of particle
settles is represented by Newton-Rayleigh’s law. [5]

Fo=y p-u-d?, )

where p; — the density of the liquid;
u — particle sedimentation rate;
d — the equivalent particle diameter;
v — the coefficient of particles sedimentation, which depends on the Reynolds number
and is determined by the expression
y=L2ZP 7 i
P 6-u

; 3)

where p, — the density of the particle.
In view of this, the sedimentation rate of the particles of certain type can be determined
by the formula

u:Jpz Prg 2l “)
P 6-y

Dependence of resistance coefficient on the Reynolds number is set empirically.
Zegzhda V. P. obtained experimental data of sedimentation of grains of sand and gravel of
different grain size [5].

At small values of Reynolds number in small particle sizes and small values of the
speed of their subsidence, the dependence of resistance coefficient on the Reynolds number
has direction at an angle of 45°. With the increase in the settling velocity of the particles and
their size, linear law can be broken.
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The limit of justice of the linear law is determined by the value of Reynolds number
equal to 1.0. Suspended solids contained in water from natural sources have different shape
and hydraulic size. The curve of suspended matter sedimentation, obtained experimentally,
allows to determine the average value of its hydraulic size [6]. These curves determine the
necessary residence time of water in the sump, corresponding to the required value of the
illumination efficiency.

Selection of the wunsolved parts of problem. Technological simulation of
sedimentation of water in the sump [7] is to determine under laboratory conditions the design
parameters for settling tank — the sedimentation velocity of suspension and the length of water
stay in it that provides given effect of water clarification. This method is based on the
similarity of the curves suspended solids precipitation obtained for different values of t
cylinder laboratory height where it is settling.

In view of movement lack in laboratory cylinder, the values of energy efficiency
obtained from the results of such experiments will be different from the values obtained for
ponds in which there is water movement.

According to norms [8], the ratio of tank diameter to its height must be 1.0 or 1.5.
Speed of water movement in the area of lighting vertical tank for reagent-free cleaning should
not exceed 0,08-0,15 mm/s. Such a wide range of water velocity values can lead to the need
for specific zone area lighting septic tanks, which will also depend on the total water
consumption. For example, water consumption of 3,000 m*/day or 125 m*/hour, required area
lighting zones septic tanks, depending on the water speed in it will be in the range of
300 to 560 m”.

Statement of the problem. The aim of this work was to obtain the dependence on
water clarification efficiency from the turbidity of the incoming water at different values of its
movement speed in the lighting area. For the experiments it was established the physical
model of the vertical sediment tank (Fig. 1), which consists of the camera flaking (Central
tube) and lighting zones and accumulation of sediment (case) [9].

1 — tank for clarified water;
5 2 — circulating pump, clarified water;
| ; 4 3 — duct circulation of clear water;
i 4 — tank for preparation of working
o F__I 1 - ¥\ solution with paddle stirrer
1 mechanical type;

: p— i L : 5 — «comb» to distribute the supply

[

|

[

|

|

[

i of working solution among settings;
] 6 — the pipe feeding the working
solution in a sedimentation tank;
7 — ball valve for sampling water;
8 — camera flaking (Central tube);
9 — sump body;
o 10 — the pipeline of the withdrawal
- * " of the clarified water;
-@—l 11 — area of sediment accumulation;
12 — ball valve for sediment sampling;
13 — rotameter;
. 14 — panel for mounting flow meter

Figure 1 — Installation diagram model of the vertical sediment tank with flowmeter
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General material and results. To simulate the process of water precipitation as
research water it has been used cloudy solution obtained after mixing of clean water with sand
or loam. Before starting work, each time it was carried out the calibration of the flow meter
by the volumetric method. To do this, it was measured the time in which the filled measuring
cylinder with certain specific indications of the rotameter costs. According to the results of
the calibration it was constructed graphic dependence of the water movement rate in the
clarifying zone model of the clarifier of flow rate with rotameter (Fig. 2).

1

rate of water movement in the zone of lightingy, mm/s

0,5 1 1.5
testimony of rotameter Q, I/min

Figure 2 — Tiruvalla curve to determine the value of the rate of water movement
in the zone of lighting according to the testimony of rotameter

The turbidity measurement was conducted as follows. The research sample of water
was taken in cuvette and set in the single-beam photoelectric colorimeter (RPO-1).
The second cell selected distilled water and with the help of the device determined the amount
of light transmission through both the cuvette and thiruvallam schedule. It was determined by
the test sample turbidity. Similarly, it was determined water sample turbidity at the outlet
of the septic tank. The results of the experiments are shown in figures 3 — 5. The magnitude
of the motion velocity in the lighting area of the vertical sediment tank 0,169 mm/s
corresponds to water flow according to indications of the flow meter 0.5 I/min, and the speed
0,417 mm/s — 1, 5 1/min.

The results of determining the turbidity of clear water, depending on the velocity of its
motion in the lighting area of the obtained graphical dependence on water bleaching effect
in the physical model of vertical sump from the turbidity of the incoming water are shown
(Fig. 6 = 7).

For example, it is calculated the required area of vertical sedimentation tank for reagent-
free lighting cloudy water flow m3/day. It is calculated the required area of illumination zone
[8, formula (8)]

q 3. 3000
" 36-24-015-3

F _ = =100,3 m?,
8.0. 06 3,6'Vp 'Np m (5)

where f3,; — factor considering the use of tank volume, the value of which adopted 1.3
(ratio of the diameter of the tank to its height as 1,0);

V, — the estimated rate of upward water flow [8, tab. 16] is adopted for the lighting of
water for industrial purposes v, = 0,15 mm/s;

N, — number of working septic tanks (tentatively accepted N, =3 pcs.)
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If vertical tanks used for preparation of drinking water, the design speed of the rising
water flow in the area of lighting, the reagent-free cleaning must not exceed v, = 0,08 mm/s
[8, table. 16]. In this case, the required area of vertical clarifiers is

Fe.o. = ﬂoﬁ ’ L = 1’3 : 3000 = 188,1 mz, (6)
36v,-N, 3,6-24-0,08-3

As it is shown in Fig. 7, the efficiency of water clarification in the model of vertical
sediment tank with the speed of motion in the lighting area 0,417 mm/s has quite high value
from 43 to 86% (average value E =72% ).

The required area lighting vertical zones septic tanks at speed of 0.417 mm/s, without
the use of reagents will be important

3000
4 36,1 m2, (7)

Fe.o.: 06 S L . A, bI° =
36-v, N, 3,6-24-0,417-3
Thus, when calculating the required area lighting vertical settling tanks, the speed of
water movement in the clarifying zone is 0.4 mm/s, in contrast 0,08...0,15 mm/s
[8, tab. 16]. Savings of capital investments in the construction of the sumps will be: when
cleaning industrial water to 64%, and in the purification of drinking water — up to 81%.

03 ) . = 1
. M, = 032 M, ), + 0,03 2 Mo = 0,78 M, - 0,28
i 0,2 - =
= 30,5 ® o
£ 0,1 =
- . |
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Figure 3 — The dependence on the turbidity of the clarified water M,
from the input M;, for sand
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Figure 4 — The dependence of the turbidity of the clarified water M,
from M,y input to loam at a speed 0,169 mm/s

M. mefl M, = 0,18-M_ + 0,08
r=10874
.53 s
n |
0 M, gl
0 0.5 1 1.5 2 25 3 35 1

Figure 5- The dependence of the turbidity of the clarified water M,
from M, input to loam at a rate of 0,417 mm/s
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Figure 6 — The dependence on the effect of water clarification
in vertical sump model E from the turbidity of incoming water M,
when the velocity of its motion in the lighting area is 0,169 mm/s
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Figure 7 — The dependence on the water clarification effect in a model
of vertical sump from the turbidity of the incoming water
when the velocity of its motion in the lighting area is 0,417 mm/s

Conclusions.

1. The study of the water clarification process on physical model of the vertical
sediment tank showed that water purification without the use of reagents can increase water
speed in the clarifying zone to 0.4 mm/s (in contrast to suggested standards [8] 0,08-0,15
mm/s); lighting efficiency remains rather high (average value E =72% ).

2. Water speed increase in the area of lighting to 0.4 mm / s reduces the area of the zone
coverage to 64% - for industrial water and up to 81% - for drinking water;
the results can be used in the design of new and existing cleaning operation structures with
vertical tank.
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