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The article is devoted to solving a practical problem: the choice of equipment for pre-treatment of salt water
that feeds the desalination plant. The preliminary stage of desalination is the purification of water from sand
particles, which can significantly reduce productivity and even damage the desalination plant, which is si-
tuated at the next stage. For pre-treatment, settling tanks, hydrocyclones, sand filters, etc. are used. The
main dimensions of hydrocyclones of standard designs are calculated based on well-known recommenda-
tions. Modern computer simulation systems allow you to create three-dimensional models of the apparatus
being studied, and then calculate the velocity and pressure fields in them. It was necessary to estimate the
amount of sand contained in the feed water. To solve this problem, an experimental hydrocyclone was deve-
loped and manufactured. The hydrocyclone was numerically simulated and the sand capture coefficient was
estimated under various operating conditions. It has been established that an experimental hydrocyclone re-
liably captures grains of sand 50 microns in size and above. The average daily mass of trapped sand was ex-
perimentally determined. Numerical modeling made it possible with reasonable accuracy to estimate the
sand capture coefficient by an experimental hydrocyclone. During the tests, the mass of sand entering the
pipeline per day was determined. The hydrocyclone reliably captures sand particles of 50 microns or more.
At the same time, a significant part of particles less than 50 microns is not captured by the hydrocyclone,
which is why a sand filter was chosen for industrial use. In the future, it is advisable to use a serial connec-
tion of a hydrocyclone and a sand filter, but such a solution requires additional technical and economic cal-
culation. It is concluded that in the case under consideration, it is advisable to use a sand filter for prelimi-
nary water treatment.
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1. Introduction ornamental plant nursery of Citiscape LLC, it was de-
cided to desalinate water from a nearby lake using a
One of the main problems of the oil-rich state of  reverse osmosis unit.

the UAE is the lack of fresh water. In the desert in the The problem is, that a significant amount of sand
emirate of Abu Dhabi, there are small salt lakes. gets into the lake during frequent sandstorms in the
Groundwater there is also salty [1]. region. Additional pollution can be brought by the

For technical water supply to the labor camp and  flamingos inhabited nearby. Thus, there is a need for
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preliminary cleaning of salt water from sand and other
particles.

However, to select the treatment equipment, it
was necessary to evaluate the actual sand content in
the water. To solve this problem, it was decided to
build an experimental hydrocyclone, having previous-
ly determined its characteristics by numerical simula-
tion.

2. Literature Review

The preliminary stage of desalination is the puri-
fication of water from sand particles, which can sig-
nificantly reduce productivity and even damage the
desalination plant, which is situated at the next stage.
For pre-treatment, settling tanks, hydrocyclones, sand
filters, etc. are used [2, 3].

The main dimensions of hydrocyclones of stand-
ard designs are calculated based on well-known rec-
ommendations [4, 5]. However, in our case, a simpli-
fied design hydrocyclone was used, which necessitat-
ed the numerical simulation.

Modern computer simulation systems allow you
to create three-dimensional models of the apparatus
being studied, and then calculate the velocity and
pressure fields in them [6]. An additional task is to
study the motion of a solid particle described by a sys-
tem of ordinary differential equations, which in vector
form takes the form [7]

p|VOT;|vOTH (1)

where m — the particle mass, kg;
?(x, v, z) — radius vector determining the posi-

tion of the particle;

F —the vector of mass forces, N;
¢, —drag coefficient of the particle;

A — the area of the mid-section of the particle, m?;

p — water density, kg/m°.

As a first approximation, a particle in usually as-
sumed ho have the spherical shape, and only gravity is
taken into account from mass forces. Given the geom-
etry of the ball, equation (1) can be rewritten in the
form

d’F = 3P VomVom
T e
where g — vector of gravity acceleration, m/s;

p, — particle density, kg/m?;

d, — particle diameter, m.

The sufficiently large number of particles
“launched” into the apparatus, makes it possible to ob-
tain the statistical characteristics of a two-phase flow,
in particular, estimate the particle capture coefficient
in a hydrocyclone.

3. Description of the experimental setup

To simplify the design, the cyclone body was
made of 4-inch steel pipe, and for the inner pipe, 2-
inch pipe. The general view of the experimental hy-
drocyclone as part of the desalination plant is shown
in Figure 1.

Figure 1 — Experimental hydrocyclone

In the upper part of the hydrocyclone, a water
supply in the form of a snail was formed. A ball valve
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was installed in the lower part of the cone for perio-
dic discharge of sediment.
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4. Numerical simulation

Hydrocyclone characteristics were determined by
numerical simulation. The fields of water velocities
and pressures were calculated by the finite element
method using the k-e turbulence model [6]. It was as-
sumed that a velocity profile typical of turbulent flow
was formed at the entrance to the cyclone. The ave-
rage water velocities at the inlet were taken 2, 3, and
4 m/s, which corresponded to volumetric flowrates
(3.1...6.3)-10° m%s.

Figure 2 shows the calculated velocity field of
water in a horizontal section passing through the cen-
ter of the inlet snail. Speeds are shown by vectors and
fill color.

It is seen that at the entrance to the main cylindri-
cal section, a maximum water velocity of 5.277 m/s is
achieved, which is ensured by the geometry of the in-
let section.

Figure 3 shows the velocity distributions in verti-
cal cut drawn in the upper (left) and lower (right) parts
of the hydrocyclone body. In the lower conical part,
the velocities are significantly reduced, which creates
conditions for the deposition of particles and prevents
their entrainment.

Figure 2 — The water velocity field in the
horizontal cut at the inlet section of the
hydrocyclone at v, = 3 m/s

Knowing of the velocities distribution enables
determination of the trajectories of solid particles
(grains of sand) and calculation of the capture coeffi-
cient as the ratio of the number of particles deposited
on the walls to the number of particles at the inlet.

For clarity, particle paths are shown with the num-

ber of particles n = 50. Figure 4 shows the trajectories
of particles with a diameter of 50 um (left) and 40 um

(right).

Cropocrs frmis]

Figure 3 — The distribution of water velocities
in vertical cut drawn through the axis of the
hydrocyclone body

Figure 4 shows that at d = 50 um all the particles
under study settle on the walls, while at d = 40 um
some particles exit through the upper nozzle.

Subsequently, the hydrocyclone capture coeffi-
cient was calculated as

_ ncapt.
K=—%, ©)
where nNcap— the number of particles captured;
n — the total number of particles used in the
computer simulation.

Preliminary calculations showed that the number
of particles “launched” into the model significantly af-
fects the calculated value of the capture coefficient.
With a large number of particles, the spread in values
decreases. We can say that self-similarity in the num-
ber of particles sets in. However, the large number of
particles drastically increases the calculation time.

In our calculations, a compromise number of par-
ticles n =3000 was accepted, which corresponded to
the onset of self-similarity.

The values of the capture coefficient calculated
according to (3) at various water inlet speeds are
shown in Figure 5.

Figure 5 shows that increasing of water velocity re-
sults in the increasing of the capture coefficient. Ho-
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wever, further increase in speed can lead to the abla-
tion speed being exceeded, and particles will not settle
on the walls. The graph also shows that already at
vy = 3 m/s almost all particles with a diameter of more
than 50 um are captured by a hydrocyclone, which al-
lows a fairly accurate estimate of the total sand con-
tent in water. However, poor particle capture of less
than 50 microns is a disadvantage of the hydrocy-
clone.

Writing the Bernoulli equation for the inlet and
outlet sections of the hydrocyclone, we obtain the
formula for pressure loss:

Ap:pg(zl_ZZ)_'_(pl_p2)+%(vlz_vlz) (4)

where g — the acceleration of gravity, m/s*;

Z, and z, — geometric heights of the inlet and
outlet sections, m;

p;and p, — static pressure at the inlet and out-
let of the hydrocyclone, Pa;

v; and v, — average consumption speeds at the
inlet and outlet of the hydrocyclone, m/s.

The values of static pressures p; and p, were cal-
culated in the course of the simulation. The pressure
losses calculated according to (4) are presented in the
graph (Figure 6).

Figure 4 — Trajectories of sand particles with an
initial number of particles n =50

238

From the results presented it can be seen that the
pressure losses in the considered range does not ex-
ceed 14 kPa, which is acceptable for the selected
equipment layout.
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Figure 5 — The capture coefficient of sand particles
as a function of particle diameter at different inlet

water velocities

5. Full-scale tests of the hydrocyclone

During testing, once a day, sand was drained from the
hopper (Figure 7). The precipitate was dried in the
sun, and the mass of sand was determined by weig-
hing. It was found that during the month the daily
mass of trapped sand did not exceed 0.5 kg.
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Figure 6 — Pressure losses in hydrocyclone at
various inlet water speeds

Thise measurements made it possible to choose a
sand filter for continuous operation, which ensured the
reliable operation of the desalination system using the
principle of reverse osmosis (Figure 8).

6. Conclusions

Numerical modeling made it possible with rea-
sonable accuracy to estimate the sand capture coeffi-
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cient by an experimental hydrocyclone. During the
tests, the mass of sand entering the pipeline per day
was determined.

Figure 8 — Desalination plant using the principle
of reverse osmosis

The hydrocyclone reliably captures sand particles
of 50 microns or more. At the same time, a significant
part of particles less than 50 microns is not captured
by the hydrocyclone, which is why a sand filter was
chosen for industrial use.

YucenbHe MoaentoBaHHA
BoAonocTavyaHHsA B ymoBax OAE

C. B. Cypxos ™™, Xyccam Fanem®, B. I1. Kpasuenxo ®

rigpoumKknoHy B

In the future, it is advisable to use a serial con-
nection of a hydrocyclone and a sand filter, but such a
solution requires additional technical and economic
calculation.
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Cmamms npucesvena SUPIUIEHHIO NPAKMUYHOL npodremu: ubopy o0bONaOHaAHHA 01 NOnepedHboi 0OpPoOKU
COOHOI 800U, KA JHCUBUMD YCMAHOBKY 0151 3HeconeHHs. [lonepeOnii eman onpicHeHHs — OYUeH s 600U Gi0
YACMUHOK NICKY, WO MOXCe 3HAYHO 3HUBUMU NPOOYKMUGHICMb | HABIMb NOWKOOUMU YCMAHOBKY OJisl
ONPICHEHHS, WO 3HAXO0UMbCA HA Hacmynwomy emani. [[nsa nonepeoHboi 06poOKU GUKOPUCMOBYIOMb
gi0cmiliHuKY, 2iOpoyuKionuy, niwawni ginempu mowo. OcHoOBHI PO3MIPU IOPOYUKIOHIE CMAHOAPMHUX KOH-

239


https://orcid.org/0000-0002-3112-3041
https://orcid.org/0000-0003-2679-653X

Po3gin 2. TepmoavHamiyHuiA aHania Ta MogentoBaHHA

CMPYKYILl pO3paxo8yiomscs Ha OCHO8I gidomux pexomenoayiti. CyuacHi cucmemu KOMR'romepHo2o mooenio-
BaHHA 00360J510Mb CINBOPIOBAMU MPUSUMIPHI MOOeNi Q0CTIONCYBAH020 anapamy, a NOmiM oOUUCTIO8amu
noas weuoKocmi ma mucky 6 nux. Heooxiono 6yno oyinumu KiibKicms NicKy, wjo MiCMumvCs )y HCUSUIbHIU
600i. /s eupiwenns yici npooremu 6y8 po3podieHull i 6UcOMoBIeHUll eKCHEPUMEHMANbHUL 2I0POYUKIOH.
Tiopoyuxnon 6ye uucenrbHo M00enbo8aHUll i OYIHIOBAIU KOeDiYiCHM 3aXONIAeHHS NICKY 8 PIZHUX pobouux
ymosax. Bemanoesneno, wo excnepumenmanvuuti 2i0poYUKIOH HAOIIHO 3aXONTIOE 3ePHA NICKY po3mipom 50
MM 1 sune. Excnepumenmanvho Oyi0 USHAYEHO cepedHbo00b08y MACy NICKY, Wo 6108m0emucs. Hucnose
MOOeN08AHHA 003680]IUNO 3 PO3YMHOK MOYHICIIO OYIHUMU Koeghiyienm 3aXOnjieHHs NiCKy eKCHepUMeHmdlb-
HUM 2iopoyuxnorom. 11io uac eunpobysansv eusHauaiu macy nicky, wo Haoxooums y mpybonposio 3a 000y.
Tiopoyuxnon Haditino 3axonnioe wacmuuku nicky 50 mxm i Oinowe. Y moii dce wac 3HauHa yacmuHa 4acmu-
HOK MeHue 50 MKM He 3aX0oNniroemvcs 2i0OpoYUKIOHOM, Yepe3 wo nicounull ginbmp 6ye obparutl 01s npomu-
c106020 guxopucmanns. Haoani 0oyinbHo sukopucmosysamu nociioogue 3'€OHAHHs 2i0pOYUKIIORY ma niua-
HO20 Qinbmpy, aie maxe piuleHHs nompeoye 000amKOBUX MEXHIKO-eKOHOMIUHUX PO3PAXYHKIG. 3pobieHo 8u-
CHOB0K, WO 8 0aHOMY 8UNAOKY OJisl NONEPeOHbO20 OYUUEHH 800U OOYLIbHO BUKOPUCHOBY8AMU NiUaHUll

Ginomp.

Kniouosi cnosa: Yucenvne mooensanns; Liopoyuxnon, Cucmema mexniunoeo eooonocmayanist; Iliwani
Ginompu; Ilonepedrne ouungerts 600u
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