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The optimization of device parameters for the separation
of oily mixtures by sedimentation

Theoretical studies of optimal sizes of sedimentation equipment for water treatment polluted with oil residues
and industrial effluents were carried out, and design and operation experience were analyzed. Thus, it was
determined that wastewater treatment issues in cities and towns characterized by high productivity were mainly
investigated. Oily water formed during the liquidation of emergency oil and petroleum spills is treated at local
treatment facilities with low cleaning capacity and specific design and operation features. The effective solution
approach to treat oily mixture by sedimentation was proposed. Algorithm was developed to optimize parame-
ters of sedimentation equipment for oily mixture treatment which determines optimal sizes of sedimentation
equipment providing the most effective oily mixture treatment at minimum cost of material for equipment
fabrication. The proposed algorithm for calculation of sedimentation equipment parameters is based on search
and selection of optimal equipment capacity and can be used to calculate rectangular equipment size. Thus, due
to the above theoretical studies, a method for calculation of sedimentation equipment optimal size was proposed
to be used in optimal equipment design for oil mixture treatment.

Keywords: water treatment, oily mixture, sedimentation, sedimentation equipment, optimization, oily mixture
treatment by sedimentation, equipment optimal size.

Introduction

Experience relating to the design and use of sedimentation devices for the separation of water from in-
dustrial sources is described in many research works, for example in [1-4]. Most of this experience relates to
facilities for the separation of waste water from cities and other populations centres, which are characterized
by high productivity.

The separation of water which contains oil, which has resulted in the process of sedimentation accidental
spills of oil and oil products, is carried out using local waste water treatment facilities, which have a low
through-put, and the design and operation of which have their own peculiarities. For example, treatment facil-
ities may be floating [5] or vehicular platforms.

An approach to the optimization of device parameters for the treatment of oily mixtures by sedimentation
has been proposed. The algorithm proposed for the calculation of sedimentation device parameters can be used
for the calculation of dimensions of rectangular cross-section devices.

Materials and Methods

The process of separation by sedimentation is based on the separation of the oil and oil product particles
from the rest of the water being purificated, under the action of the force of gravity — G, and the Archimedes
force — A. The force resulting from these 2 forces, the force F, which is equal to the vectoral sum of these
forces, determines the movement of the impurity particles. In addition to the force F acting on the moving
particles, there is also another force, S, water resistance, which is constant for the particles in the process under
investigation [6]:

S(t) = —kv(1),
where £ is the coefficient of proportionality.

The main parameter describing the process of separation of the particles from the water being purified is
the velocity of movement of the foreign particles v. This velocity can be determined by analysis or experimen-
tation.

The following formulae for determining the velocity of movement of the foreign particles are identified,
resulting from analysis of the equations of motion of these particles [3, 6]:
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dv nd’
m—=—kv+
dt
where m is the mass of the oil product particles; v is their speed; k = 3ndn is the coefficient of proportionality;
n is the medium viscosity (i.e. of water); d is the size of the oil product particles; Ap is the difference in density
between the water and the oil products.
Analysis of the equations of motion shows that, independent of the initial velocity vy, the movement of
the particles very quickly becomes steady with a uniform velocity of v,
_C _gpy’
o 18
Taking into account the direction of flow of the purified water, the velocity v, of the movement of the

gAp,

v,

oil product particles shall equal V, :\_/p, +V,, where v, 1s the velocity of flow of the purified water.

For horizontal single-flow sedimentation devices, in which the flow of purified water moves horizontally,
the velocity v, of movement of the impure oil product particles can be calculated using the formula:

_ 2 2
v, =4V, V..

For vertical single-flow sedimentation devices, in which the flow is downwards (upwards), the velocity
vy is determined by the formula:

V=V, =V, v, =V, +v,).

The well-known principles [4, 7] are fundamental to calculations for the sedimentation devices for local
water treatment facilities, in connection with which the required volume ¥ of the device is determined by the
conditions

At=t,—1,20,
where ¢, is the time that the water being purified is inside the sedimentation device; #, is the time that it takes
for the oil product particles to rise to the upper part of the sedimentation device, that is to separate from the
purified water.

For cylindrical forms of sedimentation devices of a vertical nature with a diameter D and height H

. nD’H

v 4 Q *

For horizontal sedimentation devices with a rectangular cross-section
abh
tv = .
0
The time of movement of the oil product particles for cylindrical and rectangular cross-section sedimen-
tation devices accordingly equals

H h
Li=—and; = —.
Vn v,

Results

As a result of the research which has been carried out, the following sequence of calculations is proposed
for the calculation of the dimensions of sedimentation devices, for example for devices having a cylindrical
form.

Using the known relationship ¢, =¢, or Y _H it becomes possible to propose a formula for the deter-

Vh
mination of the volume V of the sedimentation device:
V= OH

v h

The required volume V" of various containers can be achieved with various relationships between the
dimensions [6, 8]. Taking into account the fact that the existing methods for calculating dimensions of sedi-
mentation devices do not give sufficiently sound recommendations for the determination of their optimal di-
mensions [4, 9-11], we can use the above mentioned characteristic of geometric shapes to determine the opti-
mal ratio of dimensions for sedimentation devices.
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The results of the calculation show that the surface area S of the device for various ratios of dimensions
of the device without variation in its volume /" will have varying values.

For this calculation, in this paper we are proposing an algorithm consisting of the following basic steps:

1. The diameter of the sedimentation device D is given;

2. Using the formula H = 4V2

the height H of the sedimentation device is calculated;

3. Using the value of D which is given and the height H of the sedimentation device which is derived in
2

’UZ j+nDH;

point 2, the surface area S of the device is determined: S = 2[

4. For different diameters D of the sedimentation device, points 2 and 3 are repeated and a range of values
for § are calculated for various values of D and H.

Discussion

Figure 1 shows the results of calculations for the surface area S for cylindrical sedimentation devices
within the limits of a volume ¥ from 0.25 to 2.0 m® [12]. An analysis of the results shows the occurrence of
minimal values for surface area S in the size range under consideration. The minimal value of the surface area
S corresponds to minimal cost of materials.

However, a more objective indicator of the cost of materials for the production of sedimentation devices
is the volume of materials B. Taking into account the thickness of the device walls, and also the presence of
rigidity or other such factors in construction, it is possible to calculate the volume B of materials required for
various values of D and H.

Results for the calculations of the volume B of materials used in production, taking into account the
thickness of the materials and the presence of elements of rigidity are shown in Figure 2. Calculations of the
value of B were carried out for devices with a volume ¥ ranging from 1.0; 2.0 and 4.0 m®. Analysis of the
results of the calculations shows the occurrence of minimal values of the volume of material used in produc-
tion. It is evident that the size of the sedimentation devices which results in a minimal value of B should be
used.
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Figure 1. Changes in the surface area Figure 2. Changes in the volume of materials
of sedimentation devices used in the production of sedimentation devices

The optimal dimensions can be determined as follows: Using the relationship B = f (D), constructed for
the required volume V the value of the diameter D, can be determined for which B will have a minimum value.
Using the value for diameter D which has been thus determined and the formula shown above (point 2 of the
algorithm) to calculate the height H a new value can be calculated.

Calculations show that the relationship D/H for the range of dimensions under consideration, can have a
value from 0.79 to 1.57. For values of D/H <1 a horizontal sedimentation device with a cylindrical form is
recommended, and for values of D/H > 1 a cylindrical sedimentation device should be used vertically.

104 BecTHuk KaparaHauHckoro yHusepcuTeTa



The optimization of device parameters ...

Conclusion

As a result of the theoretical research, which is laid out in this paper, we have been able to propose an
algorithm and calculation methods for the computation of optimal dimensions for sedimentation devices,
which can then be used in their design.

In this way, according to the research results, this paper has proposed a method for the optimisation of
device parameters for sedimentation devices, which allows for the determination of the optimal dimensions of
sedimentation devices, ensuring the most effective working regime for the treatment process while minimising
expenditure on the materials used to produce the device.
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B.b. Opas6aes, JI.T. Kypmanrasuesa, I'.K. [llamOunoBa, A.A. Mypar6exoBa

CenuMeHTanMs/Iay apKbLIbI MYHAICYy KOCIIACHIH Ta3aJI1ayFa apHAJIFaH
KYPbLUIFbLIAP KOPCETKIITePiH OHTAWIAHABIPY

MyHaii KaJIbIKTapbl MEH OHIPICTIK aFbIHIAPBIMEH JIACTAHFaH CyJIap/IblH Ta3aNayFa apHaJFaH CeAMMEHTALHS-
JBIK KYPBUIFBUIAP ©JIIEMJIEPiHIH OHTAMIbl MOHIEPiIHE TEOPHSUIBIK 3epTTeynep xyprizinred. Cyzasl Tazanay
YIIIH CeUMEHTAMSIBIK KypBhUIFanappl xkobanay MeH maijanany ToKiprOeci TalfaHbIN, Heri3iHeH, YIKeH
OHIMIITIKIIEH CUIATTaIaThIH KaJlaJlap MEH TYPFBIH JKallJIapIbIH aFraThIH CyJIbl Ta3apTy CYpaKTapbl 3epTTeNreHi
aHbpIKTaJIFaH. MyHali MeH MyHail OHiMAEpiHIH anaTThIK TOTLUTICIH JKOI0/Ia Maiiaa 00JaThIH MyHal KypaMIbl Cy-
Japsl Tasanay, e3AepiHiH epekIerikTepi Oap, oHIMI KIMIiripivM JTOKamIasl Ta3apTy KYphUIFBUIAPBIHIA JKY3€re
aceIpbUIabpl. Makaiana ceAMMEHTAIMsUIAY apKbUIbI MYHAIIBI Cy KOCIAChIH Ta3ajay CYypaKTapblH THIMII LIelry
TocinieMeci YChbIHbUTFaH. MyYHAHIIBI CyIbl Ta3alalThIH CEIMMEHTAMSIIBIK KYPBUIFBUIAP/IBIH OHTAMIIBI KOJIeM-
JepiH aHBIKTayFa MYMKIHIIK O€peTiH yoHe OHAal KYphUIFbIIAPIbI JaibIHAayFa KQKeTTI MUHUMAIIBI MaTepH-
anzap LBIFBIHBIH, THIMII Ta3ajay OPOIECiH KaMTaMachl3 €TETiH CeUMMEHTALHSIIBIK KYPBUIFBUIAP/IBIH KOPCET-
KIIUTEpiH OHTAHIAHIBIPY AITOPUTMI JKacaKTalbll, cunaTTanFaH. CeaMMEeHTAMIIBIK KYPbUIFbIIapAbIH Hapa-
METpJICPIH ecenTeyre, arOpUTM KYPBUIFBIHBIH OHTAIIbl KOJEMIH i3/ieyre *oHe TaHJal ajlyFa Heri3ielNreH
JKOHE TIKOYpHIII popMaltbl KYPhUIFbLIAP KeJIEMAEPiH ecenTeyae KONIaHbuTybl MYMKiH. COHBIMEH, TEOPUSUIIBIK,
3epTTeyJiep HOTIKECIHIEe aBTOpJIap MYHAMHIbI Cy KOCIACHIH Tazajlay KYPBUIFBUIAPBIH OHTAIbI )xo0anay Ke-
3iH7E KOJaHyFa OONAThIH, CEANMEHTAIMSIIBIK KYPBUIFbUIAp KOJIEMACPIHIH OHTANIBI MOHAEPIH ecenTey Taci-
JIiH YCHIHFaH.

Kinm ce3dep. cynpl Tazanay, MyHAIIBI Cy KOCTIACHI, CEAUMEHTAIISIIAY, CEAUMCHTALMSIIBIK KYPBUFBI, OHTal-
JAHABIPY, CEAMMEHTAIVSIIAY apKbUIBI MYHAIIIBI Cy KOCIACHIH Ta3anay, KYPbUIFBIHBIH OHTAMIIE ©IIIeMaepi.
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OnTumMu3zanus napaMeTpoB YCTPOICTB JJI OUYUCTKH
He(pTeBOASHOM CMeCH ceJUMEeHTalu el

IIpoBeneHbl TeopeTHYECKUE HCCIEAOBAHUSA ONTHMAIBHBIX 3HAUYEHUH pPa3MEpPOB  CEIUMEHTAlMOHHBIX
YCTPOICTB, NpeJHA3HAYCHHBIX JUIS OYUCTKH BOJIBI, 3arPsA3HEHHOH HETAHBIMU OCTaTKaMHU, ¥ IIPOMBIIIUICHHBIX
cTokoB. [IpoaHanu3upoBaH ONBIT MPOEKTHPOBAHMSA M SKCIUTyaTallMM CEAMMEHTAllMOHHBIX YCTPOICTB A
OYMCTKH BOJIBI, OTIPEAENEHO, YTO, B OCHOBHOM HCCIIEI0BAHBI BOIPOCHI OYMCTKU CTOYHON BOJIBI TOPOJIOB U HACe-
JICHHBIX ITYHKTOB, KOTOPbIE XapaKTepU3yI0TCcst O0MBILIOI Mpon3BoauTeasHOCThI0. OuncTka Hedreconepkameit
BOJIBI, 00pa3yIOIEeHCsl IPH JIMKBUAAIMHI aBAPUIHBIX PA3IUBOB HE(PTH U HE(PTEIPOIYKTOB, OCYIIECTBISETCS HA
JIOKAJIBHBIX OYMCTHBIX COOPY’KEHMSIX C HEOOIBIION MPOU3BOIUTEIFHOCTHIO OUHCTKH, IPOSKTHPOBAHUE M IKC-
TUTyaTanus KOTOPEIX MMEET CBOM CIIeIM(IIecKrue 0COOCHHOCTH. B cTarhe mpemokeH moaxon K 3¢ GeKTus-
HOMY PEIICHHIO BOIIPOCOB OYHCTKH HE(TEBOASHON CMecH cemuMeHTanueld. Pa3paboTan 1 ommcaH anroputM
ONITHMU3ALIH [TapAMETPOB CEUMEHTAIIMOHHBIX YCTPOUCTB JUISl OUMCTKH HETEBOASHOMN CMeCH, KOTOPBIH M03-
BOJIICT OIPEJEIUTh ONTUMAJIbHBIE Pa3Mephl CEIMMEHTALMOHHBIX YCTPOICTB, 00ecIeYMBatoIMX Hanboee 3¢-
(heKTHBHBIN PEXKUM IIPOLECCa OUUCTKU HE(TEBOSIHON CMECH PH MHUHUMAJIBHBIX 3aTpaTax Ha MaTepHa s
U3TOTOBJIEHMS yCTpoMcTB. [IpennoskeHHbI alropuTM pacyera napaMeTpoB CEIMMEHTALMOHHBIX YCTPONCTB
OCHOBaH Ha IIOMCKE M M0100pe ONTUMAJIbHOTO 00bEMa YCTPOUCTBA M MOXKET OBITh HCIIOJIBb30BaH 11 pacyeTa
pa3MepoB yCTPOHCTB IPSIMOYTOIbHOH (Gopmbl. Takum 06pa3zoM, B pe3ysIbTaTe TEOPETUIECKUX HCCICAOBAHUN
B HacTosmeld paboTe IpeUIokKEeH METOJ pacdyeTa ONTHMAIBHBIX 3HAYEHWH pa3MepoB CEAMMEHTAIIMOHHBIX
YCTPOMCTB, KOTOPBIII MOXET OBITh MPUMEHEH IPH ONTHMAIBHOM IPOSKTUPOBAHUU YCTPOUCTB UL OYUCTKH
HEe(TEBOASTHONU CMECH.

Knrouesvie cnosa: ouncrka BO/JHbI, He(l)TeBOI[HHaSI CMECh, CEAUMEHTaUs, CCAMMCHTAllMOHHOC yCTpOﬁCTBO, OI1-
TUMU3alYsA, OYUCTKaA He(l)TeBOZ[ﬂHOfI CMECHU CeZ[PIMeHTaI.[PIeﬁ, ONTUMAJIbHBIC Pa3MEPbL ychOfICTBa.

References

1 Zhukov, A.L, Mongait L.L., & Rodziller, 1.D. (1977). Metody ochistki proizvodstvennykh stochnykh vod [Methods of sedimen-
tation of production sewage]. Moscow: Stroiizdat [in Russian].

2 Kulskiy, L.A., Goronovskiy, N.T., Koganovskiy, A.M., & Shevshenko, M.A. (1980). Spravochnik po svoistvam, metodam
analiza i ochistke vody [Reference guide for the properties analysis methods and treatment of water]. Kiev: Naukova dumka [in Rus-
sian].

3 Stakhov, E.A. (1983). Ochistka nefiesoderzhaschikh stochnykh vod [Treatment of oil containing water sources]. Leningrad:
Nedra [in Russian].

4  Yakovlev, S.V., Kareliv, Y.A., & Zhukov, A.L. (1995). Kanalizatsiia [Sewage Systems]. Moscow: Stroiizdat [in Russian].

5 Zhigulskiy, V.S., & Reshnyak, V.I. (2006). Plavuchii complex dlia pererabotki neftevodianoi smesi [Floating complexes for
the treatment of oily mixtures]. Sudostroenie — Shipbuilding, 5, 47-48 [in Russian].

6 Zeldovich, Ya.B., & Yaglom, .M. (1982). Vyshaia matematika dlia nachinayushchikh fizikov i inzhenerov [Higher mathemat-
ics for elementary physicists and engineers]. Moscow: Nauka [in Russian].

7 Ivanov, V.M., Nefedov, P.I., & Kantorovich, B.V. (1960). Eksperimentalnoe issledovanie povedeniia chastits zhidkoho topliva
1 toplivno-vodianoi emulsii v okislitelnoi i neitralnoi srede [Experimental research into the behaviour of liquid fuel particles and fuel-
water emulsions in acidic and neutral environments). Otchety IGI AN SSSR — Reports of IGI of the Academy of Science of the USSR,
59 [in Russian].

8 Reshnyak, V.I., Zhigulskii, V.A., & Pestereva, N.E. (2006). Optimizatsiia razmerov ustroistv pri proektirovanii priro-
dookhrannykh tekhnicheskikh sredstv [The optimisation of device dimensions for the design of environmental protection equipment].
Saint Petersburg: SPBGUVK, 173178 [in Russian].

9  Yakovlev, S.V. (1979). Ochistka proizvodstvennykh stochnykh vod [The treatment of industrial water sources]. Moscow:
Stroiizdat [in Russian].

10 Egorova, E.N. (2004). Metodicheskie osnovy otsenki economicheskoho ushcherba, voznikaiuschcheho v rezultate avariinykh
razlivov na morskikh akvatoriiakh [A methodological basis for an evaluation of environmental damage, resulting from accidnetal spills
into marine basins). Issledovanie v Rossii — Research in Russia, 955-971 [in Russian].

11 SNiP 12. 04.03—85 Proektirovanie sooruzhenii dlia ochistki stochnykh vod [Construction Norms and Standards 12. 04.03-85
Equipment design for waste water treatment]. (1990). Moscow: Stroiizdat [in Russian].

12 Zhigulskiy, V.A. (2009). Heoekolohicheskie tehnolohii pererabotki neftevodianoi smesi pri likvidatsii avariynykh razlivov
[Geological technology for the treatment of oily mixtures in the clean up of accidental spills]. Extended abstract of candidate’s thesis.
Saint-Petersburg [in Russian].

106 BecTHuk KaparaHauHckoro yHusepcuTeTa





