—

oS Safety of Technogenic and Natural Systems .. 2017
VK 628.3 UDC 628.3

DOI 10.23947/2541-9129-2017-2-76-93

INOBBIINEHUE 59O PEKTUBHOCTHU
OYUCTKHU CTOYHBIX BO/JI C IOMOIIBIO
BOJIOCSIHBIX EPIIEA 1 ADPAITAN*

B. B. jlpémoel, ®. B. Hedonexun®,
H. H. Kynuxog®, H. A. Apmémosa’

! Iloubacckast HarOHATBHAS AKAAEMHS CTPOMTENHCTBA H
apXUTEKTYphI, T. MakeeBka, YKpanHa

24 JloHeukuit HaMOHAIbHBIA YHUBEPCHUTET, T. JJoHenK,
VYkpauHa

3 Counnckmii rocynapcTBeHHbIN yHUBepcUTeT, I. Coun,
Poccuiickas denepanus

f.nedopekin@gmail.com

Unpc23@mail.ru

artyomova_i@mail.ru

B crartbe TeopeTHuecku HCCIEAYIOTCS MPOLECCHI
KOMIIJIEKCHOU OYHCTKH CTOYHBIX BOI, KOTOPLIC
OCYIICCTBJIIAIOTCA rupJjJsiHaaMu BOJIOCAHBIX
epuiei u asparuei, c Y4ETOM
TUAPOJMHAMUYECKOTO COMPOTUBICHUS epuieit
KUJKOMY TOTOKY M C OIpEAEICHHEM BpEMEHU
3anunaHus epuiei. [[ng mpoBeneHuss pacyeToB
paspaborana

YIpPOILIEHHAs ¢buzuKo-

MaTeMaTH4ecKas MOJIENb, KOTOpast
paccMaTpuBaeT JKUAKOCTb, KaK 3JIEMEHTAapHbIC
xuakue Kyouku. OHM pearupyioT ¢ BOJIOCAMU
epuied M My3BIPSIMU BO3/yXa, YTO TPHUBOJIUT K
yaajieHuto npumeced. B xome wuccienoBaHus
YCTaHOBJICHO, YTO Ha CKOPOCTh YOBIBaHUSA
MPUMECH BIHSAET KOJMYECTBO BOJIOC B CIHMHUIIEC

o0beMa U TIIOTHOCTH My3bIPbKOB BO3yXa. Takxe

YCTaHOBJIeHO, qTo HpI/I CKOpOCTHX TCUCHUSA
kuakoctu  Oomee 0,2  M/c oOs3aTenbHO
HGOGXOZ[I/IMO y‘-II/ITBIBaTIn I‘I/II[pOI[I/IHaMI/I‘IeCKOG

conpoTuieHue epuieid. [IpeamoxeHHble pacyeThbl
JAlI0T BO3MOXHOCTbH 00Jiee TOYHO MPOEKTUPOBATH
HOBBIE M MOJEPHHU3UPOBATH CYILIECTBYIOIINE
YCTPOMCTBA, YTOOBI MOBBICUTH CTENEHb OUYHUCTKHU
JKUAKOM Cpeapl ¢ MOMOIIBI IPOLEKUBAHUA U

aspanuu u 00JIETYUTD yX0J 3a HUMH.

KiawueBble ciaoBa: KaMCpa OYUCTKHU, BOJIOCSAHBIC

eplLH, aspanus, JKUJIKHM MOTOK,
TUAPOJMHAMUYECKOE  CONPOTUBIICHUE,  BpEMS
3aJIUIIaHuUS.
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The article deals with the processes of complex
waste water treatment, which are carried out
with the sets of hair brushes and aeration, taking
into account the hydrodynamic resistance of
brushes to liquid stream with the definition of
brushes sticking time. The simplified physical
and mathematical model which considers liquid
as elementary liquid cubes was developed for
the calculations. These cubes interact with hair
brushes and air bubbles resulting in the removal
of impurities. During the study it was found that
the number of hairs per unit volume and density
of air bubbles greatly affects the stepping rate of
impurities. It was established that it is necessary
to consider the hydrodynamic resistance of
brushes for a flow velocity more than 0.2 m/s.
All the proposed calculations make it possible to
design new devices and to upgrade the existing
ones to provide a high degree of purification of
liquid medium with the help of straining and
aeration and to facilitate their maintenance.

Keywords: cleaning camera, hair brushes,
aeration,  liquid  stream,  hydrodynamic
resistance, sticking time.
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BBenenne. CyiiecTBOBaHUE BOJIbI B a0COTIOTHO
YUCTOM BHUJAE HEMBICIMMO U3-3a €€ BBICOKOU
pacTBOPSIONICH [Ipupoagneie wu
CTOYHBIC BOJBI TPEACTABISIIOT COOOH CIIOKHYIO
JUHAMHYECKYI0 CHCTEMY, COJCpPIKALILYIO
OpraHMYecKHEe BeIIeCTBa B

CIIOCOOHOCTH.

rassl,
MUHEpaJbHbIE U
MCTUHHO pPACTBOPEHHOM WJIM HEPacTBOPUMOM
cocrosiHusx [1].

B nanHOli paboTe Ui OYHUCTKH CTOYHBIX BOJ
paccMaTpuBarOTCs YCTpOMCTBA,
MpeJICTaBISIoNMEe CO00M KaHaa MPSMOYTOJIBHOTO
CEYeHMs], B KOTOPOM Ha ONPEIEIEHHOM PAaCCTOSHUN
YCTaHABIWBAIOTCS paMKH ¢ epiiamMu [2], a 1o aHy

OYHCTHBIC

KaHajla MPOJIOKEHBI TPYyObl ¢ oTBepcTHsMU [3],
yepe3 KOTopble mponyckaeTcs Bo3ayx (Puc. 1.).
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Introduction. The existence of water in an
absolutely pure form is impossible because of
its high solvent ability. Natural and sewage
water represent a complex dynamic system
containing gases, mineral and organic matter in
truly dissolved or insoluble state [1].

In this work for wastewater treatment we
consider treatment devices, which have a
rectangular cross-section in which at a certain
distance sets of brushes are set [2] and at the
bottom of the channel there are pipes laid with

holes [3], through which the air passes (Fig. 1.).
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Puc. 1. KoHCcTpyKInst KaMepbl ¢ BOJIOCSIHBIMU €pIIaMy M a3pPallMOHHBIMU TPYOaMH ISl OYUCTKH KHJIKAX TIOTOKOB

Fig. 1. The design of the camera with hair brushes and aeration pipes for liquid flow cleaning

Ounctka cToyHbIX BoA epmamu. [Iponeccsl,
MpPOTEKaIoNe B OWOPEaKTOpax OYEHb CIIOMKHBI.
YroOsl
aHanmu3a, pa3paboTaHa CIEAYIOIIas YIpOIIeHHas
(1)I/I3I/I‘-I€CKa$I MOACIB: BCA XKHUAKOCTh, HAXO0A11asACA

NPpUMCHUTL MCTOAblI MATEMATHUYCCKOI'O

B KaHasle, pa30MBaeTCs Ha dJIEMEHTApPHBIC KUIKUE
KyOWKH, KOTOpBhIE TPU JBIKCHHH MO KOPUAOPY
OWopeakTopa pearnmpyroT C BOJOCAMH epIIed u
My3bIpbKaMU BO3/yXa, YTO MPHUBOJHUT K yJAIICHUIO
npumeceii [4,5].

Pazmep xuakoro KyOuka OmpenensieTcss UCXo s
U3 TOTO, YTO B JAHHBIH MOMEHT C OJJHUM BOJIOCOM
eplia pearupyer OIWUH OKUIKUH KyOuk [6].
[ToaToMy 00BEM AIEMEHTAPHOTO KHJIKOTO KyOWKa
paBeH BceMy O0bEMY YCTpPOWCTBA, JIEJIEHHOMY Ha
YHCIIO BOJIOC B YCTPOMCTRBE.

Wastewater treatment with brushes.
Processes in bioreactors are very complex. To
apply the methods of mathematical analysis, we
developed the following simplified physical
model: all the liquid in the channel is divided
into elementary liquid cubes, which while
moving along the corridor of the bioreactor
interact with hair brushes and air bubbles,
resulting in the removal of impurities [4,5].

The size of a liquid cube is determined on
the basis that every moment one liquid cube
interacts with a single hair brush [6]. Therefore,
the volume of a liquid cube is equal to the entire
volume of the device divided by the number of
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hairs in the device.
a3 - HBL. 1) a° = HBL (1)
No1 Noy

rae Noi — oOmiee 4uciio BOJIOC BO BCEM 0OBEME where Ny is the total number of hairs in the
6uopeakropa; H  —  BBICOTA  KOPUIOpA whole volume of the bioreactor; H — the height
GuopeaKTopa, M; B — HIMpPHHA KOPHAOPA, M; L — of the corridor of the bioreactor, m; B — the

JUTHHA KOPHUI0pa, M.

dopmyna (1) moaydeHa B IPEAMOIOKEHUH, YTO
pacrpeeneHue BOJIOC B ouopeakTope
paBHOMEpPHOE.

JnuHa pebpa xunkoro Kyoruka OyaeT paBHa:

1
HBL .3
a=(—)3. 1)
Nos
Beenem moHATHE cpenHEld IJIIOTHOCTH BOJIOC B
YCTPOMCTBE
No1
kg =——, (3)
HBL
torna gopmyina (2) ¢ yaerom (3) mpumer BuJ
1
1 -
a=()°. @)
Ky
Tpaektopusi JABWIKEHUS BO3IYIIHOTO KyOWKa
ONpeNeNsieTCss pa3MepaMHu  KaMepbl  OYUCTKH,
MOTNIEPEUHON V. u MIPOIOTBHOM V,

COCTaBJIAIOIIMMHA CKOPOCTH JIBMOKEHUS KUJKOTO
noroka. CpenHee 3HadeHue IUHBI | TpaekTopun
JKUJKOTO KyOWKa B OYHCTHOM Kamepe IS JIBYX
TCUCHHUH

SABJISACTCA YHUBCPCAJTIbHBIM n

ompezensercs GOpMyIIOi:
Vi
I=L1+—) (2)
V
Il
N3 onmcanus ycTpoiCcTBa epllied Claeayer, 4To
JMaMeTp BOJOCA MHOIO MEHBIIE €ro JJIMHBI U

IMO3TOMY HE€ YYHUTBIBACTCA BJIIMAHUC TOPLOB Ha

a¢pdext oumctku. T.K. BOJOCBHI B  epIe
pacroyiaratoTcsi BeepooOpasHO 10 OKPYXHOCTH, TO
BBEIEM  CpenHIO0  3(PGEKTUBHYIO  IUIOMIA/b

KUIOKOCTHU HquepquHoﬁ BOJIOCOM B CIMHUYHOM
KHJIKOM KyOWKe MPH OJIHOKPATHOM €ro IMPOXOje
yepes BoJioc [7]

S, = 2absina, (6)

rue a — JUIMHa pedpa JKUAKOro Kyouka, m; b —

width of the corridor, m; L — the length of the
corridor, m.

Formula (1) is obtained under the
assumption that the distribution of hair in the
bioreactor is uniform.

The edge length of the liquid cube is equal to

1
a- (o) (@
01
Let’s introduce the concept of average hair
density in the device
_ Ny
ky = TR 3
then the formula (2) taking into account (3)
takes the form

a=()°. )

The trajectory of the air cube is determined
by the dimensions of the cleaning chamber, the
transverse V, and longitudinal V, components
of the speed of liquid flow. The average value of
the length | of the trajectory of a liquid cube in
the cleaning chamber for two currents is
universal and is determined by the formula:

| = L(+2L) (5)
Vi

From the description of the brushes, it is
clear that the diameter of the hair is much less
than its length and therefore does not account
for the influence on the cleaning effect. As hair
in the brushes is arranged fanwise around the
circumference, we introduce the average
effective area of the liquid touched by a hair in a
single liquid cube after a single passage through
this hair [7]

S, = 2absina, (6)

where a is the edge length of the liquid cube, m;
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| aied

JUTMHA BOJIOCA €pIlia; 0L — YTOJI MEXKIY BOJIOCOM U
. T
pebpoM KyOuka, u3meHsomuiics ot 0 10 —.

CpenHee 3HaUCHHE CHHYCA OyJIeT paBHO

N A

ﬁ:gjsinadazg. (3)
o T
Yuureias (7) B (6), monyuanm
4ab
Scp - T (8)
O6Bem MpOpearupoBaBIIe  C
BOJIOCAMHU TPHU OJHOKPATHOM IIPOXOJE 3KHUJIKOTO

KyOuka, OyneT paBeH

JKUIKOCTH,

4ab
Ve =80, =——0,. 9)
T
r7ie 6x — ToJmuHa 3P (PEKTUBHOTO NOTPAHUYHOTO

CI0S JKUJKOCTH YCHEBLIEH MpOpearupoBatb ¢
BOJIOCOM €pIIia, M.

HpI/I 3TOM HpOI/ICXOI[I/IT BBIACJIICHUC HpI/IMGCI/I
coepKalencs B Macca
BBIJICIIUBIICHCST TPUMECH TPU  OJHOKPATHOM
MEPECCUCHUH KHUIAKAM KyOWKOM TIEpPBOTO BOJIOCA
paBHa

SKHJIKOCTH.

4ab
Amg =PV, = Po 1t Ox: (10)
IJie po — TMEPBOHAYAIbHAS TUIOTHOCTh MPUMECEH B
JKUIKOCTH, KI/MC.
AOCOMIOTHOE M3MEHEHHE TUIOTHOCTH TpHMecen
B )KHJIKOM KYOHKE TPU 3TOM COCTaBUT

Amo 4bGX
ApO = 3 = 2 Po- (11)
a ma
OTHOCHTGHBHOG N3MCHCHUC IIJIOTHOCTHU

MPUMECH TIPH OJHOM TIEPECEUCHUH BOJIOCa
£y =200 _ 4o (12)
Po na
[Ipenmonaras, 4yTo TonmMHa Gx AP(HEKTUBHOTO
CIIOSl KHJKOCTH, PEarrpyroliero ¢ BOJOCOM, HE
3aBHCHT OT HOMEpa MEePECeUYCHUS KHUIKOT0 KyOrKa
BOJIOCOM, MOKHO TTOKa3aTh, YTO

ApO — Apl S Apn (13)
Po P1 Pn
1501041
Eq=E =..=E,. (14)

Bblpa)KaH OTHOCHUTCIBHOC HM3MCHCHHC IIJIOTHOCTHU

Safety of Technogenic and Natural Systems d 2017

b is the length of the hair; o« — the angle
between the hair and the edge of the cube,

varying from 0 to g

The average value of the sine is equal to

T

S 2
Sina:gjsinadOL:g. (6)
o s
Considering (7) in (6), we obtain
4ab
Scp :T. (8)

The volume of fluid interacted with the hair
in a single pass of the liquid cube, is equal to
4ab

ch = Scpcx = Tcx' (9)

where oy is the thickness of the effective
boundary layer of the fluid which had enough
time to interact with the hair, m.

In this case the impurities contained in the
liquid are separated from it. The mass of the
separated impurities in case of single passage of
the liquid cube through the first hair is equal to

Amgy = peVe, = Po chbﬁx’ (10)
where p, — the initial density of impurities in
the liquid, kg/m®.

The absolute change in the density of
impurities in the liquid cube will be

Amy,  4bo
ApO =_30= 2X Po-
a ma

(11)

The relative change of the impurity density
at a single passage through the hair is
Apy  4bo,

Po ma?

Assuming that the thickness oy of the
effective fluid layer, interacting with the hair,
does not depend on the liquid cube passage
number, it can be shown that

Eo = (12)

Apo _Apy_ AP (13)
Po P1 Pn
or
E,=E =..=E, (14)

Expressing the relative change of the

http://bps-journal.ru/
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IMpuMeCu B KaXXJa10M MEepeCCUYCHUUN ucpes
OTHOCHUTCIIBHOC HN3MCEHCHHC INIOTHOCTHU K

MepBOHAYAIIBHOM, HAUJEM, UTO

Pn_a-gp)", (15)
Po
rae N — 4YUCIO0 TIePeceYeHUH J>KHUIKOTo KyOuKa

BOJIOCAMH €pIICH.

UroObl BBIYMCIUTH TIOKa3aTeldb CTENeHH N,
NOJCYMTAEM YHCJIO BOJOC, KOTOPBIC IOMAAAI0T
BHYTpb TpyOKH,
TpaeKTopuu KoTopoii paBHa |. Ymuoxwus (5) Ha
IUIOIA (b TIONIEPEYHOTO CECUCHHUS a2, TTOTYIHM

o0peMa  KUIKOHI JUIMHA

n- L3 ), (16)
Vi
VYuureiBas (16) B (15), Haiigem
|_|<1}/3 (1+\%)
Po_g-g) . (17)

Po
AHanmu3upys 3Ty (HOpMyly MOXXHO OTMETHT,
qTo N3MCHCHUC

IJIOTHOCTA  IIpUMECEd B

OMOpeakTope YMEHBINACTCS IO  CTENEHHOMY
3aKOHY, B KOTOPOM OCHOBaHHEM CIYXXUT YHCIO
MEHBIIIE €IWHUIBI, a B T[OKa3aTellb BXOJUT
Oe3pa3MepHasi BeTMYMHA, 3aBUCSAIIAS OT IMJIOTHOCTH
BOJIOC B KaMepe PeaKkTopa, ero UIMHBI U CKOPOCTH

JABWXKEHUS KUJIKOCTH.

Ouncrka  aspammeiri. Kpome Toro B
paccMaTpuBaeMoOM Cllydae *KHUJIKOCTb HaChIIIAETCs
KHCIIOPOJIOM Ul TOJAEpKaHUS KU3HU KOJOHUMI
OakTepuii Ha Bosocax epuia W adpauuu. llpum
IPOXOXKIACHUHA  BO3AYIIHOTO  IIy3bIpsS  4epes
AJIEMEHTAPHBIA JKUJIKUA KyOWK Ha  TOJIIIMHE
IOTPAHCIIOST  BOKPYI  ITy3BIPbKa

OKHCIICHUE  TNpUMeced B

IIPOUCXOJUT
KUAKOCTH,  4YTO
CIOCOOCTBYET BBIICTICHHUIO UX B OCAIOK.

Macca BBIJICIIMBLICHCS [IpUMECHU npu
OJHOKPAaTHOM II€pECEYCHUU ITy3bIPbKOM BO31yXa

KHJKOTO KyOrKa paBHa [8]

Amy = md,ad,pq, (18)
rae 0 — IWaMeTp BO3AYIIHOTO ITY3bIps, M; O ; —
TommuHa A(G(EKTUBHOTO TOTPAHCIOS  BOKPYT
y3BIPs, M.

AOCONI0THOE M3MEHEHHE TUIOTHOCTU TpUMeEcen
B OKHIKOM KyOWKEe TIpU OIHOM IE€pEecedeHUn
COCTaBUT

Safety of Technogenic and Natural Systems .. 2017

impurity density in each passage using the
relative change in density to the initial one, we
find that

Pn n

. 1-Eo)", (15)
where n is the number of passages of a liquid
cube through hair brushes.

To calculate the exponent n, we calculate the
number of hairs that get inside the volume of the
liquid tube, the trajectory length of which is
equal to I. Multiplying (5) on the cross-sectional
area a’, we receive

n- k3 ), (16)
Yi
Considering (16) in (15), we find
Lkl% (1+\\’7L)
Pr —(1-Ep) " (17)

Po

Analyzing this formula we can note that the
change in the density of impurities in the
bioreactor decreases by power law, where the
basis is the number less than one, and the
indicator includes a dimensionless value,
depending on the density of hair in the reactor
chamber, the length and the speed of movement
of the liquid.

Purification by aeration. Also in this case,
the liquid is saturated with oxygen to maintain
life of bacteria colonies on hair brushes and
aeration. At the passage of an air bubble through
an elementary liquid cube at the thickness of the
boundary layer the oxidation of the impurities in
liquid around the bubble occurs, which
promotes their sedimentation.

The mass of the separated impurities in case
of a single passage of an air bubble through a
liquid cube is equal to [8]

Amy = 1d,ad,pg, (18)

where &, — the diameter of the air bubble, m; o

. — the thickness of the effective boundary
layer around the bubble, m.

The absolute change in the density of impurities

in the liquid cube at one passage will be

http://bps-journal.ru/ 80
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— _ 2Y7
ApO - 3 2 Po- (19)
a a
OTHOCHTGHBHOG N3MCHCHUC IIJIOTHOCTHU

OpUMECH B JKMJIKOM KyOHMKE TpU OJHOKPATHOM
IIEPECCUCHUH ITy3bIPs

A

[IpoBeast pacueTbl aHAJOTUYHBICE TEM, YTO
NpOoJIeaHbl JUisl caydas ¢ epuiamu 1o Qopmynam
(11)-(15) momyumm

p—m:(l_ Eoz)m, (21)
Po
r1€ M — YHCIO TEePecedYeHUN XUAKOTO KyOuKa

BO3JIYLIHBIMHU ITY3BIPSIMU.

[IpoBons [fanpHEHIIyI0 aHAJOTHIO MOJ00HO
dopmyie (16) mas BONOCSHBIX €pIICH, BBIYHCIHM
MIOKA3aTellb CTCICHH

k/

VJ_

1+ (22)

rne Ko — cpeHss TIOTHOCTD My3bIpeil B eIMHHIIC
Noz
HBL
C yuerom ¢opmynsl (22) Beipaxenue (21)

obbvema, Kk, =

IPUMET BUJ
*2 ay

/ Y
&D:Q—Ew)k . (23)

Po
COBMBCTHOQ BJINAAHUEC npouemnBaHnﬂ )4 |

a’pauuu. B coBpeMeHHBIX ~ OHOpeakTOpax
IPOIECCHl  TPOICKUBAHUS W adpallid  UIyT
OJHOBpeMeHHO, modToMy (opmynsr (17) u (23)
HE00X0IUMO OOBEIUHUTH B OAHY. PaccMmoTpum
HpOIECChl, HMAYIIHEe HE  OJHOBPEMEHHO, a
nocieaoBareibHo.  [Ipy  TakoM TOaXome  Bce
rJaBHBIE (DAKTOPBI YYUTHIBAIOTCSA, HO BIIHMSHHE
OJTHOTO SIBJICHUS Ha IPYroe He yuuThiBaeTcs [9].

[epenumem Gpopmynst (15) u (23) B BUIE

Safety of Technogenic and Natural Systems d 2017

Amg  md,0
Apg =—32=—5"2po. (19)
a a
The relative change in the density of
impurities in the liquid cube at one passage will

be

Having carried out the calculations similar to
those which were done for brushes by the
formulas (11)-(15) we get

E—::a— Eg)™, (21)
where m is the number of crossings of a liquid
cube by air bubbles.

Continuing this analogy, like the formula
(16) for hair brushes we calculate the exponent

m=L—2-(1+ Wq (22)

k/

where k; is the average density of bubbles per
No2 .
HBL

Taking into account formulas (22) the
expression (21) will take the form of

(1+ )
Pm _ 1-Ep) k/ (23)

Po

volume unit, k, =

The joint effect of straining and aeration.
In modern bioreactors the processes of filtration
and aeration go simultaneously, therefore the
formulas (17) and (23) must be combined into
one. Let us consider the processes which take
place not simultaneously, but sequentially. At
this all the key factors are taken into account,
but the influence of one phenomenon on another
IS not taken into account [9].

We rewrite the formulas (15) and (23) in the form

pn =po(1-Ep)", (24) pn =po(1-Ep)", (24)
m=pn(l— EOZ)m- (25) m=pnl- EOZ)m- (25)
http://bps-journal.ru/ > 81
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[Tocne nponexuBaHus CKBO3b BOJIOCSHbBIC €pPILIU
KUJKOCTh C TUIOTHOCTBIO MPUMECH Qp TMOCTYHaeT

Ha a3paruio.

Pm =pPod—Eg)"(1—Epp)™. (26)
VunrteiBas N M m, 3alHIIeM OKOHYATEIbHYIO

dopmyay.
ko o V1
L 3 (1+V”)
. (27)

Lkl%(1+\\//—i) 7
Pm =Pod—Ep) " (1-Egp) ™

®dopmyna (27) MPE/ICTaBIISIET coboit
NPOM3BEACHUE JIBYX IOKa3aTeIbHBIX (YHKIIMMA, B
KOTOPBIX OCHOBAaHHSMH SIBIISIOTCS YHUCIA MEHBIIE
CNMHMIBI, a TOKa3aTequ CTEeNeHH  OOoJIbIle
CIMHUIIBI. AHATTU3UPYSI TaHHOE BBIPAXKEHUE MOXKHO
CKa3aTh, YTO Ha CKOpPOCTh YOBIBAaHHUS TMPHUMECH
CHJIbHO BJIMSICT KOJIMYECTBO BOJOC B CIUHHMIIE
o0beMa U MIOTHOCTD MYy3bIPHKOB BO3IyXa.
YucjieHHbIe TMPHMEPbI PACYeTOB PeaIbHBIX
dbopmymnam  (17) wu (23)

BBIIIOJIHCHBI YHCJIICHHBIC Pacy€Thbl 3aBUCHUMOCTHU

yerpoiicrB.  Ilo

OTHOCHUTEJLHOW TMJIOTHOCTHU MPHUMECEH B MOTOKE
OT CpeaHed TUIOTHOCTH BOJOC U TUIOTHOCTH
ny3sipeit (Puc. 2 u 3). PaccmoTpum o4HMCTHOE
coopyxeHue B Bujae kaHana quHou L=10;15;20
M TIPSAMOYTOJBHOTO CEUCHHS MUPUHON B = 3 M,

BeicoTOM H = 2 M, yuciaoM Boyioc Ngp = 106,

OTHOIIIEHHEM  CKOPOCTEH  MIPOJOJBHOIO U
MOTIEPEYHOTO TEYECHUS VIV, = 0.1,
OTHOCHUTCJIIbHBIM N3MCHCHUCM IIJIOTHOCTHU

MPUMECH B KUIKOM KyOWKe MpH OJHOKPATHOM
nepecedenunn Eg1 = Egp = 0.01, navanpHOU

MJIOTHOCTH TIPUMECeh pg = 5 kr/m°.

Safety of Technogenic and Natural Systems d 2017

After straining through hair brushes liquid
with a density of impurities Sl p, is supplied to

aeration.

Pm = Po(Ll—Eg)" (1 Eg)™. (26)
Taking into account n and m, we write

down the final formula.

ko . Vo

Lkl% L H
(27)

Pm =pPo(1—Ep) i (1-Egp) 8

Formula (27) represents the product of two
exponential functions, in which the bases are
numbers less than one, and exponents are
greater than one. Analyzing this expression we
can say that the rate of the impurity decrease
strongly affects the number of hairs per volume

unit and the density of air bubbles.

Numerical examples of real devices
calculations. According to the formulas (17)
and (23) the dependences of the relative density
of impurities in the flow on the average hair
density and the density of bubbles are calculated
(Fig. 2 and 3). Let’s consider the treatment
facility as a channel of L=10;15;20 m length of
rectangular cross section with the breadth of B =
3 m, the height of H = 2 m, the number of hairs
Noi = 10° the ratio of the velocities of
longitudinal and transverse flow V./V, = 0.1,
the relative variation of the impurity density in
the liquid cube with a single passage Eo; = Eo,
= 0.01, the initial density of impurities po = 5

kg/m®.

T
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Puc. 2. 3aBuCMMOCTH OTHOCHTENIBHOM KOHIIEHTPAIH IIPIMECeN OT INIOTHOCTH Bostoc: 1 — L =10 m;

2— L=15m; 3—L=20m.
Fig. 2. The dependence of the relative concentration of impurities on hair density: 1 —L =10m; 2—L =15m;
3—L=20m
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Puc. 3. 3aBUCHMOCTH OTHOCHTEBHOW KOHIIEHTPAIIUU NMPUMECEH OT TUIOTHOCTH Mmy3bipei: | — L =10 m; 2 —
L=15m; 3— L=20m
Fig. 3. The dependence of the relative concentration of impurities on bubbles density: 1 — L = 10 m; 2 — L=15m;
3—L=20m

W3 pucynka 2 BHJIHO, YTO CTEIEHb OYHCTKH
3aBUCHUT OT OOBEM Kamepbl TMpu 3aJaHHOU
IIOTHOCTU BoJioc. [Ipu cpeaHed MIoTHOCTH BOJIOC
ki = 2*10° M KOJMYECTBO U3BJIEYEHHOI IPUMECH
Oynmer OoJibIlle B OYMCTHOM COOPYKCHHH JTHHOU
20 M, 4yem B ocTaidbHBIX. J[Ig JOCTHMXKEHUS

http://bps-journal.rul Dt

Figure 2 shows that the degree of
purification depends on the volume of the
chamber at the given hair density. At the
average hair density k; = 2*103 m™ the amount
of the extracted impurities will be more in the
cleaning facility with a length of 20 m, than in
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AQHAJOTUYHBIX  PE3YJITATOB B  KOHCTPYKIHSAX the other. To achieve the same results in
MCHBIIICH  JJIMHBI ~ HEOOXOOUMO  YBEIHYUTH constructions of smaller length it is necessary to

IIJIOTHOCTBH BOJIOC.

YdeT ruApOAUHAMMYECKOT0 COMPOTHBJICHUS.
[Ipy npoxXOoXIEHUU KUAKOCTH YEpe3 pPaMKH C
epuiaMi TMPOUCXOJUT TOPMOXKEHUE KUJIKOCTU
BCJICACTBUE TPECHHS O €PIIU, MPU ITOM CKOPOCTH
V; m V| yMeHbIIAIOTCS M TMPOLECC OYUCTKHU
TpYo,
BO3HHKAET

3aMCIJIACTCA. 3a cuer a3palluOHHBIX

IMPOJIOKEHHBIX II0 OHY KaHala,

3 dexr,

COCTAaBIISIOIIYIO

06apOOTaKHBIN KOTOPBIA  COXpaHseT

MOMEPEUHYIO ckopoctH. A

YTOOBI KOMIICHCHUPOBATh YMCHBIICHUEC

IPOJOJIBHOM CKOPOCTH, HYXHO J€JIaTh KaMmepy ¢

HAKJIOHOM.
Honst pacyeta TUAPOIUHAMUYECKOTO
COTIPOTHUBIICHUS, O0Ka3bLIBaEMOT0 epIIamMH,

pPaccMOTpPUM  CHENYIOUIYI0 (U3UUECKYI0 MOJENb
B3aWMOJICUCTBUS )KUAKOCTU C TUPJSHIAMH €pILECH:
BECh KHJKHUI MOTOK pa3o0beM Ha MPSMOYTOJIbHBIC
napajuiejenuneapl M0 BbICOTE€ pPaBHBIC JJIUHE
TUPJIIHJBI U HA MPUMEPE B3aUMOJCUCTBUSL OJAHOTO
TAaKoro IapajulelieluIena C TUPISHAOW eplleu
MIOCUUTAEM BEJIMYUHY IMOTEPh IOCTYNATEIBHOIO
JBUKEHHUS IOTOKA.

JloGoBO€ COMPOTHUBIEHNUE TUPISHABI C €pIIaMU
onpenenum 1o dpopmysie [10]

2

pVv
R, =C,—S, (28)

2
e P — IUIOTHOCTh JKHJKOCTH, KO/MS, v —
CKOPOCTh TEUCHHUsI KHJIKOCTH, M/C; S — TUIONIA/Ib

BEPTUKAIBHOTO MOMEPEYHOr0 CEYEHUS TUPIISIHIABI C

epIIamH, Mm% Cy — KO3 (PHUITUEHT CONTPOTUBIICHHUS,

3aBUCAIMI OT unciia PeiiHonpca, onpenensiemMoro

no ¢opmyie

_vd
o

3nech d — auaMeTp THPJISHIBI C €pIIaMH, M; U

Re (29)

— KMHEMAaTHYecKas BS3KOCTb CPEJIbl, M2/C.
[lepenan BbICOT Kamepbl Ha BXOJE U BBIXOJIE

OTpeAeNuM U3 Pa3HOCTH MOTEHUUAIbHON 3HEPruu

Ha BXOJI€ U BBIXOJIE U BEJIMYMHE MOTEPb SHEPTUU

Ha TPECHUC ) KUAKOT'O ITOTOKA O BOJIOCHL epmeﬁ:

increase hair density.

Hydrodynamic resistance consideration.
When the liquid passes through the frame with
brushes the inhibition of the fluid due to the
friction on the brushes occurs, and the speeds
V and V, are reduced and the cleaning process
slows down. Due to the aeration pipes laid along
the bottom of the channel, there is bubbling
effect which preserves the transversive
component of wvelocity. And in order to
compensate the decrease of the longitudinal
velocity it is necessary to make a camera with a
tilt.

To calculate the hydrodynamic resistance of
brushes, let’s consider the following physical
model of the interaction of the fluid with the
sets of brushes: the entire liquid flow can be
divided into rectangular parallelepipeds which
height equals the length of the set. On the
interaction example of one such parallelepiped
with a set of brushes let’s count the loss value of
the translational motion of the flow.

Let’s define the head resistance of a set of
brushes by the formula [10]

2
R, = cx%s, (28)

where p is the fluid density, kg/m®; v — velocity
of the fluid flow, m/s; S — area of the vertical
cross section of a set of brushes, m% C, —
resistance coefficient which dependents on the
Reynolds number, defined by the formula

_vd
d

Here d is the diameter of the set of brushes,
m; v is the kinematic viscosity of the medium,
m?/s.

The elevation difference of the camera on
the entrance and exit we define as the difference
of potential energy at entrance and exit and the
magnitude of energy losses due to friction of the
fluid stream on brush hair:

Re (29)

=
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2

paZbgh=C, %azb, (30)
rne a = 2b — mpexacraBisger cobOOi CTOPOHY
IPSIMOYTOJIEHOTO napaieNenurnena,

HepeCeKaroIiero TUpisSHAY C epuiamMu, M; b —
JUTAHHA THPJISHJIBL, M; § — YCKOPEHHE CBOOOIHOTO
najenns, M/c’; h — mepenaz BbICOT, M.

N3 dopmynsr (30) momyuum IS BBICOTHI
nepenaa, KOMIICHCUPYIOIICH THIPOIMHAMUICCKIC

NIOTEPU BBIPAXKEHUE

v
29

3HaueHUE BBICOTHI neperaga M yrijioB HakKJIOHA

h=C, (31)

KaMepbl ISl pa3IMYHbIX 3HAYCHHUH CKOPOCTEH
NIOTOKA TPH paccTosiHuu Mexay pamkamu | = 0,08
Bemnunna H

M npuBeneHbl B Tabmume 1.

2

V
paZbgh =C, "Tazb, (30)

where a = 2b is a side of a rectangular
parallelepiped that intersects the set of brushes,
m; b — the length of the set, m; g —
gravitational acceleration, m/s% h — elevation
difference, m.

From the formula (30) we get the expression
for the height difference, which compensates the

hydrodynamic loss
2

%
h=C, 2q°

The values of the height difference and
tilting angels of the camera for different flow
rates values when the distance between frames
is 1 =0.08 m are given in table 1. The value H is

the tilt height of the chamber bottom of the

(31)

0003Ha4aeT BHICOTY HAKJIOHA JHA KaMephbl reactor at L =10 m.
peaktopa ipu L = 10 m.
Tabmuma 1
Table 1
3HaueHHUE BBICOTHI IIEpENajia U yrioB HaKJIOHa KaMepbl
The value of the height difference and tilt angles of the camera
No
Vv, M/c Re Cy h, m a,° h/l H m
/o
1 8*107 320 15 5*10° 0,003 | 0,00006 | 0,0006
2 5*107 2000 1 1,27*10* | 0,09 0,0016 0,016
3 8*10* 3200 1 3,2610* | 0,23 0,004 0,04
4 1,2*10™ 4800 1 0,13*10° | 0,52 0,009 0,09
5 1,510 6000 1 1,1*10° 0,8 0,014 0,14
6 2*10" 8000 1,2 | 0,24*10° | 0,72 0,03 0,3
7 5*10™ 20000 1,3 |0,17%10" | 115 0,2 2

IIpy ManbIX CKOpPOCTSIX TEYEHUS KUIKOIO

HIOTOKA epim OKa3bIBAIOT HeboubII0e
CONPOTUBJICHUE M €r0 MOKHO HE YYHTHIBATh, HO
npu ckopoctsax Oonbimx 0,2 M/C conmpoTuBIEHUE
OIyCTUTH HEJB3s [3].

Yuer 3aqunanus epumeid. [Ipu npoxoxxaeHun
BOJIOCA €plIlla yepe3 KUIKUH KyOUK 4acTh TBEPIBIX
pUMeECe, HaXOIINXCS B HEM OCEIaeT Ha BOJIOC.
[peamonoxum, 9To 00TEKaHUE KUAKOCTHIO BOJIOCA

JaMHUHApHOE, TOT/Ia C BOJIOCOM OYJeT pearupoBath

At low fluid flow velocities brushes have
small resistance and it can be ignored, but at
velocities larger than 0.2 m/s the resistance
cannot be omitted [3].

Brushes sticking consideration. When a
brush hair passes through a liquid cube part of
the solid impurities in it settle on hair. Let’s
assume that the hair flow of liquid is laminar

http://bps-journal.ru/
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TOHKUH  CIOW  KUAKOCTH ¢  dPexTuBHOIM
TonumHoN Adg. Bynem cuutaTh, 4TO BCS TBEpAas
MpUMECh, HaxXONSIIAsACs B CJIO€, HaJIWIAaeT Ha

BoJioc. Ee Macca B TOHKOM cjioe paBHa
My = A2ySoPo- (32)
31eck cpenHss oMb, Mpope3aeMas BOJIOCOM
B XKHJIKOM KYOHKe, So ornpenesnsercs mno ¢popmyie
4ab,

Sp=—". (33)

O0Bem oceBIIICH MPUMECH PAaBEH

m
AVy=—2, (34)
Pr
rge pr — IUIOTHOCTHL IIPUMECH B TBEPAOM

COCTOSIHHH, Kr/M°.
[lpy mepecedeHWH BOJIOCOM N-OTO IKHJIKOTO
KyOHWKa BBIJICIMBIIAsACS Macca OyeT paBHa

M =nm,. (35)
A ee 00beM
V, = M _ nAaySep (36)
Pt Pt
Bripazum  0o0beM uyMcTOrOo  BOJIOCA  Yepe3
TreOMETPUYECKUE pa3Mepbl B  BUjae o0ObeMa
WJTHHPA
2
Vo =P, @7

4

rie fo — AuaMeTp YMUCTOro Bojoca, M; g —
JUTMHA YUCTOTO BOJIOCA, M.

Torma 06beM 3arpss3HEHHOTO BoJIoca Oy/IeT paBeH

v, =g, (38)

rme
Bn =Bo + 248, (39)
b, =by + Ay, (40)

3neck APg — TOJIINHA CTIOSI IPUMECH, M.

[IpenmnonoxuM, 4TO TONIIMHA CIOSI TPUMECH,
OCEBIIIElI Ha BOJIOC, Be3Je OJMHAKOBa. Torma
MOJTHBI 00BEM TPS3HOTO BOJIOCA OMPEACIISETCS 10
dopmyie (38).

Yurewm (39) u (40) B (38), monyuum

Safety of Technogenic and Natural Systems d 2017

then the hair will interact with a thin liquid layer
with an effective thickness of Aap. We assume
that all the solid impurities in the layer stick to
the hair. Its mass in a thin layer is then

My = A3ySpPp- (32)

Here, the average area cut by a hair in the
liquid cube, Sy is determined by the formula
4ab,

Sp = : (33)
T
The amount of settled impurities is equal to
AV, =0 (34)
Pr

where pt — the density of impurities in the
solid state, kg/m®.

At the intersection of a hair of the n™ liquid
cube the released mass will be equal to

M =nm,. (35)
And its volume
V. = M _ m_ (36)
Pt Pt

Let’s express the volume of a clean hair
using the geometric dimensions in the form of a
cylinder volume

2
vy = o, (37)

where B is the diameter of a clean hair, m;
bo — the length of a clean hair, m.

Then the volume of a contaminated hair will
be equal to

_ s
V, = n b, (38)
where
Bn = BO + ZABW (39)
b, =by + Ay, (40)

Here ABo — the thickness of the layer of
impurities, m.

Let’s assume that the thickness of the layer
of impurities on the hair is the same
everywhere. Then the total volume of the dirty
hair is determined by the formula (38).

Let’s consider (39) and (40) into (38), and
obtain

http://bps-journal.ru/
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7B+ 2882 (0o +AB) =V (4D)

BrimonHuB MaTemMaTuueckue mpeoOpa3oBaHus U

yuutbiBas (36) u (37), moaydum

—

%(Bo +20B,)2 (D +ABy) =V (41)

Having done the math and taken into account
(36) and (37), we obtain

b nS
ABS + ABR(Bo +2) + AB, P2 (B + 2) = 00 pg, 43)
2 4 ZTCpT
BBost HoBBIe 0003HaYeHUs B (43), MOIydum Introducing the new notation in (43), we obtain
G =na, (44) G =na, (44)
rie where
o= 0P0 g (45) o =20P0 pq (45)
2npy 2mpy
BelpazumM  N-4Mciio KHIKUX ~— KYOHMKOB, Let’s express n-number of liquid cubes,
NEPECEeKINX  JaHHBIA  BOJIOC, 4Yepe3  Bpems crossing this hair, through the sticking time t.,,

3aJIUIaHUAS 52, M BpPEMSA IMEPECEUECHUS OIHOIO
KyOHKa BOJIOCOM epuia £1xys.
t

n=—sa (46)
tlky6
rie
a
thy6 = (47)
Vep
3necb Vep — CpEeAHsisi CKOPOCTb JIBUIKEHMSI

JKMIKOTO IIOTOKA, M/C:

Vep =y /vH2 + vf. (48)

[IpeodOpasyem Boipaxkenue(46), yuutsiBas (47)
u (48), monyuum

n= t3r‘]”’ v”2 +vf. (49)
U3 dpopmyn (49) u (44) umeem
t,, = %*% (50)
Vi +VI
[IpuBegeM  4YMCIEHHBIA  pacyeT BpPEMEHU
MOJIHOTO  3aJMIIaHUs  BOJIOC  epuied  mpu

CIEAYIOUIMX MapaMeTpax MOTOKa W epuieit: dag =
10 M, po = 10 kr/m®, pr = 10° kr/m®, ABppen = 107
M, ABo=2,5%10" M, by =8*10° m, a = 1,3*102
m mpu K =0,5*10° M°, V, =V, = 6*107 M/c.
PesynbTarsl npuBeaeHbl Ha PUCYHKE 4.

and the crossing time of one cube by a brush
hair t1,<y5.
t

n=—s (46)
thy6
where
a
thy6 = V_ (47)

cp
Here v, is the average speed of liquid flow,

m/s:
Vep =1 /v”2 +vf. (48)

If we convert the expression (46), taking into
account (47) and (48), we get

t 2 2
n=-23%_|y"+v:. 49
o vE +vE (49)

From formulas (49) and (44) we have

G a
L = _*ﬁ' (50)
& Vi VI

Let’s perform a numerical calculation of the
time of full sticking of brushes hair with the
following flow and brushes parameters: dag =
10° m, po = 10 kg/m®, pr = 10° kg/m®, ABupes =
10° m, ABo =2.5%10* m, by =8*10°m, a =
1.3*10% m mpu k; =0.5%10°m?, V, = V, =
6*10" m/s. The results are shown in figure 4.
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Puc. 4. 3aBucuMocTh cpoka Ciry>KObl pUIBTpa OT TONIIMHBI CIOS IPUMECH

Fig. 4. The dependence of filter lifetime on thickness of the impurity layer

U3 rpaduka cienyer, 4To HapacTaHUE MPUMECH Ha
BOJIOCAX eplla TMPEJCTaBICHO MapaboIMuecKoi
KpPUBOHM, IO KOTOPOW MOXKHO PacCUUTaTh CpPOK
CIy’)k0bl  (pumIbTpa.
epwamu coctasisier nopsaka 0,03 M, To mpouecc
3apactanus 3aiiMeT okoJo 1,5 mMecsa.
pacnosioKeHue

Ecnu  paccrosiHne wmexny

PanuonajnHoe
BOJIOCSIHBIMU €pLIAMHM B KaMmepe 1Jisl OYMCTKHU
crouHelx Boja. Kornma
yCTPOMCTBE OJMHAKOBAa IO BCeMy OO0BEMY, Ha
NepBble pPaMKH C epliaMu  ocegaeT Oosblie
MPUMECH, YeM Ha OCTaibHBbIC. YTOOBI 00ECTICUHUTH

paMOK ¢

INIOTHOCTh BOJIOC B

PaBHOMEPHYIO Harpy3Ky Mo BceMy 00beMy KaMephbl
IPEANOJI0KHUM, YTO TUIOTHOCTH BOJIOC 3aBHCUT OT
JUIMHBI KaHanma X Ecom Ha  KoopamHate X,
IUIOTHOCTH BOJIOC PaBHA I'7(X), TO HA BCEM Y4acTKe
nytt oT 0 OO X dYMCIO BOJOC OyneT paBHO
uHTerpany ot ri(x).Torma dopmyna (17), mpumer

BUJT
X
0 (10 (00K
X 0
Bog-g) T 6y
Po
rre PX — crenens ornocutensHoro 3arpsi3HEHUs
Po
Ha KoopauHate X; Iz(x) — 0Oe3pa3mepHas

TUTOTHOCTB BOJIOC BJIOJIb KOOPIHHATHI X.
Boeimenmum B popmyne (51) BenuuuHBI, HE
3aBHCAIINE OT X U 0003HAYNM MX B BUTIIE
(IR

G=(1-E) ", (52)

From this it follows that the buildup of
impurities on brushes hair is presented as a
parabolic curve, using which one can calculate a
filter lifetime. If the distance between the
brushes is about 0.03 m, then the buildup
process will take about 1.5 months.

Rational location of frames with hair brushes
in chamber for wastewater treatment. When
hair density in the device is the same throughout
the volume, more impurities settle on the first
frame. To ensure uniform loading throughout
the volume of the chamber we assume that the
density of hair depends on the length of the
channel x. If on the x-coordinate the hair density
equals ri(x)., then on the entire section of the
path from 0 to x the number of hairs will equal
the integral of ry(x).Then the formula (17), takes
the form

ygx
by (l+vH )grl(x)dx
—~=(1-Ep) , (51)
Po

where PX the degree of relative contamination
Po

on the x coordinate; r;(x) —dimensionless

density of hair along the coordinate x.

Let’s take in the formula (51) the values that
do not depend on x and write them down in the
form

1+

G=(1-E) ", (52)
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toraa Beipakenue (51) mpumer Buj

(0
Px_go (53)
Po
Tak kak paBHOMEpHasi Harpy3Ka MpeICTaBIsAETCA
JIMHEHHOM 3aBUCHMOCTEIO, TO

Px—1-px, (54)
Po
VYuureiBas (54) B (53)
)j(rl(x)dx
1-Px=G° . (55)

[Tpomorapudmupoas u mpoauddepeHupoasn,
MIOIy4YUM

L(—[3) =InG*n(X). (56)

1-Bx
Beipaszum r1 (x) u3 (56)
p
R(X)=————. 57
1(%) pOInG (57)
Boemonnenst  (57)  uMcieHHBIE  pacueThl

3aBHCHUMOCTH YBEJIMYEHHS IJIOTHOCTH BOJIOC IO
JuIMHE. PaccMOTpUM OYHMCTHOE COOPYKEHHUE B BUJIE
KaHaja IpsIMOYTOJIbHOI'O CeUeHus WupuHon B = 3
M, BBICOTOM H = 2 M ¢ HadaJbHOM IJIOTHOCTBIO
npuMeceid pp =5 Kr/M3, OTHOIIEHUEM CKOpocTei
IPOJOJIBHOTO U TMOMEPEYHOr0 TEUEHHS KUAKOCTU

Safety of Technogenic and Natural Systems

then the expression (51) takes the form

]
Pr_go (53)
Po
Since the uniform load is represented by a
linear dependence, then

Px—1-x, (54)
Po
Taking into consideration (54) in (53)
T3 (x)dx
1-PBx =GO . (55)
Having taken the logarithm and differentiated,
we get

ﬁ(—ﬁ) =InG*r(x). (56)
Let’s express r;(x) from (56)
_ p
(%)= 1-BX)InG” 7)

We have performed (57) the numerical
calculations of the dependence of hair density
increase along the length. Let’s consider a
treatment facility in the form of a rectangular
channel of width B = 3 m, height H = 2 m with
an initial impurity density of po = 5 kg/m?®, the
ratio of the wvelocities of longitudinal and

0

Vl/I}///=O,1. s transverse flow V./V = 0,1.

HCYHOK TIOKA3BIBACT,  Kak  JOIDKHA Figure 5 shows how the brushes density
YBOIMHUBATRCA  ILIOTHOCTR — CpieH  HPH  ghoy|d increase with the increasing length.
YBCIWYCHUHN IJIUHBI.

r1{x)
GO0
B00)
1
700 i
. |
300
A00|
300
i / j_—-
/—./'(/ | | = a
e e e S
I ||
06 07 03y 08 3

Puc. 5. 3aBucumocts YBCIMYCHUSA IIJIIOTHOCTH BOJIOC 10 IJIMHE KaHaJia:
1—p=092—p =0,7,3—p=05
Fig. 5. The dependence of hair density increase along the length of the channel:
1—p=092—p=073—p=05
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Tak, s KaHaia, TPOTSXKEHHOCTh KOTOPOTO B
JIBa pa3a IpPEBBIIIAECT BBICOTY, IJIOTHOCTH €pUICH
OCTAaeTCsl NPaKTUYECKHM HEU3MEHHOW II0 BCEMY
o0bemMy. B UWHBIX chyudasx oOHa CYHIECTBEHHO
YBEJIMYMBAETCS B KOHIIE OYUCTHOTO COOPYKEHHUS.

IIpumep pacyera OYHCTHBIX KaMep C Y4eTOM
BbILIENIPUBEIEHHBIX mpoueccoB. /[l pacuera
napaMeTpoB  OYUCTHBIX COOPYKEHHH BO3bMEM
JKAJIKOCTh C HAYAJIbHOM KOHLIEHTpauuel NpUMecH
po = 10 kr/mM3 u mpomycTuM ee 4yepe3 OYMCTHOE
COOpY)KEHHE JUTMHOW L =5 M u BeicoTOl H =2 M
U O0OBEMHBIM
Q=172,8 M3/u.

Takxe yuytem, 4TO JUIMHA Bojoca epma b =
8*102 M, mpojoibHAsT CKOPOCTh  TCUYCHHS
Vy =8*107 m/c, a nonepeunas V, = 8*104* m/c,
TonuHa 3()(PEKTUBHOTO MOTPAHCIION >KUIKOCTH,

pacxoaom CTOYHBIX BOJ

IIpOpearupoBaBIleil ¢ BOJOCOM epuia dag = 10° m,
JUMaMeTp BO3AYHUIHOTO my3bipt 0z = 103 M,

BOKpYT
ny3slpst O, = 2,5%10°¢ M, IJIOTHOCTH BO3IYIIHBIX

TommuHa A(G(YEKTUBHOTO  MOTPAHCIION

ny3sipeit kz= 103 M3, miomaap MONEPEIHOTO
2

ceyeHHs: TUpISHABI ¢ epmamu S = 0,16 Mm%,
IJIOTHOCTh TPUMECH B  TBEPJIOM  COCTOSHUU
pr =10 kr/m3.

Haiinem mupuny kaHana B, ucnons3ys
dopmyny (2) , w3 pacdera, 4TO UIMHA pedpa
KUJKOro KyOumka OyneT paBHa & = 1,3%10-2 M u
oO1ee 4nucio BOJIOC BO BCEM 00BeME OMOpEKTOpa
No: =107,
_(1.3*107%)°*10"
= 0 ~
TOT/Ia MOJYYUM, YTO CPEIHSSI IIIOTHOCTH BOJIOC
k7 o popmyie (3)

,
ky = % ~4.5%10° m°. (59)

B 2.2 M, (58)

Haiinem ykiaon kameps! h mo ¢popmyie (31). s
9TOro ImojcyuTaeM uncio PeliHonbaca
0.16*8*107°
© 1.004*10°°
U3 pucynka B [10] cienyer, 4yTo AN AaHHOTO

Re =1275. (60)

yrcna PeliHonmpaca KodpHUIMEHT CONMpOTUBICHUS
Cx=1.
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So, for the channel, which length is twice the
height, the brushes density remained virtually
unchanged throughout the volume. In other
cases it is significantly increased at the end of
the treatment facility.

The example of calculation of treatment
chambers based on the above mentioned
processes. For calculation of treatment plants
parameters let’s take a liquid with initial
impurity concentration pg = 10 kg/m* and pass
it through the treatment plant of length L =5 m
and height H = 2 m and with the wastewater
volume flow of Q = 172.8 m¥/h.

Also let’s take into account that the length of
a brush hair b = 8*10% m, the longitudinal flow
velocity V= 8*10° m/s, and the transverse one
V., = 8*10" ml/s, the thickness of the effective
liquid boundary layer interacted with the brush
hair A4a, = 10” m, the diameter of an air bubble
8, = 10° m, the thickness of the effective
boundary layer around the bubble &, = 2.5*10°
m, density of air bubbles k,= 10° m™, the cross-
sectional area of the set of brushes S = 0.16 m?,
the density of the impurity in the solid state
pr = 10 kg/m®,

Let’s find the width of channel B, using the
formula (2), on the basis that the edge length of
the cube of liquid is equal a = 1.3*10-> m, and
the total number of hairs in the whole volume of
bioreactor Ngz = 10”.

B (1.3*1072)3*10’ N
10

then we get, that the average hair density k*
is according to the formula (3)

,
k, = % ~45*10° m°. (59)

2.2 M, (58)

Let’s find the chamber inclination h by the
formula (31). To do this, we calculate the
Reynolds number

*Q*x103
Re:0.16 8*10

=1275. 60

1.004*107° (©0)

From the figure in [10] it follows that for a
given Reynolds number the resistance

coefficientCy, =1
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*10-312 *10-312
h=1810 )" 354106 ho180) sox06 .y (61)
2*9.8 2*9.8
(61) Under these parameters, the resistance of

[Ipy nmaHHBIX mMmapameTpax
epuiel HUYTOKHO Majlo |
YUUTHIBATD.

COIIPOTHUBJICHUE
€ro MOXKHO HE

PaccuntaeM Bpemsa 3anunaHus epuied flza, MO
dopmyne (50). IIpenmonokum, dYTO MPEAEITBHO
BO3MOXKHA TOJIIUHA HATUMIIEH npuMecH ABnpex =
3*10-2 M, a amamerp YuCTOro Bojioca Afo =
2,5%104 M.

brushes is negligible and can be ignored.
Let's find the brushes sticking time t,,, by

the formula (50). We assume that the maximum
possible thickness of the adhered impurities
ABrpen = 3*10% m and the diameter of a clean
hair ABo = 2,510 m.

G =0.03% +0.032*0.04025+0.03*1.002*10° ~ 6.35*10° m>, (62)

0.416*107°
o=—F
2% 2 *1073

6.35*107°

~2.107*1071 M3, (63)

*10—2
13710 ~4.9%10° c. (64)

3ai

Bpewms 3anunanust mpy TaKUX YCIOBUAX OKOJIO
1,5 mecsa.

BoiBoabl. B pabGore  ycTaHOBIEHBI U
paccMOTpeHbl TIaBHBIC (DAaKTOPHI, BIUSAIOIINE HA
MPOLECC OYUCTKU KUAKOM Cpelbl BOJIOCIHBIMHU
eplmiaMyd M a’pauueil. BerumcieHsl s 3agaHHOM
CTENEHW OYMCTKH HEOOXOJWMBIH yroJ HaKJIOHA
KaMephl 71 MPEOAOJICHUSI THAPOJUHAMUYECKOTO
CONPOTUBIICHUS W BpeMs 3aJUIaHHUS EplUIEH.
VYuTeHbl BCcE BBHINICTIEPEUNCICHHBIE (DAKTOPBI TIPHU
pacuere IIpuBenex

pealbHBIX  YCTPOWCTB.

YHUCIIEHHBI NIpUMEp pacuera OIpeneIeHHOIO

OUYHCTHOTO COOPYKEHUSI.
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The sticking time under such conditions is
about 1.5 months.

Conclusion. In the work the main factors
have been stated and considered which
influence the purification process of liquid
medium by hair brushes and aeration. For a
given degree of purification the desired angle of
camera inclination to  overcome the
hydrodynamic resistance and brushes sticking
time were calculated. All the above mentioned
factors were taken into account in real devices
calculation. Numerical example of calculation
of a specific treatment plant is provided.
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