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METHODOLOGY FOR CALCULATING TECHNOLOGICAL PARAMETERS
OF CHAMBERLESS FILTERED DEVICES

METOJIUKA PO3PAXYHKY TEXHOJIOI'TYHUX ITAPAMETPIB
BE3KAMEPHUX ®LUIbTPYBAHUX ITPUCTPOIB

This paper develops and presents a methodology for calculating the technological parameters
of chamberless filter devices used to purify wastewater from mechanical impurities and lubricants.
This methodology allows you to calculate the parameters of filter units before their use, knowing the
total volume and degree of liquid contamination, select effective operating conditions for the equip-
ment, and select the necessary filter material.

Keywords: filtration, calculation method, equipment, technological modes, chamberless cleaning.

Homyoichum Odgicepenom 3a0pYOHEHHST HABKOTUUHBLO2O CepedosUa 8 MICIAX € A8MOMPAaHC-
nopm, Kinbkicmo axo2o 3a ocmanni 10...12 poxie ¢ Ykpaini pizxo 3pocaa, 6 0CHOBHOMY, 34 PAXYHOK Ha-
CUYEHHSL MICT JIe2KOBUMU ABMOMOOIIAMU Ma MIKpoasmoobycamu. Aemomoo6ini He minbKu 3a0pyOHIOIMb
nogimpsne cepedosuiye ma CMeopIoiomy WyM, aie i He2amueHo GNIUBAIOMb Ha 2i0pocghepy ma IpyHmu.
3binvuenns Kinbkocmi asmoMOOIIbHUX MUTIOK @ MeHCax Micma cnpusic 30iMbUEeHHIO KIIbKOCMI CKUOa-
emovcsi cmiunoi 6oou. Obcseu 8ionpaybo8anux G0OHUX MEXHONOSTUHUX CePedosUlY, WO BUKOPUCHIOBY-
IOMbCsL O MUMMSL A8MOMPAHCNOPMHOT MeXHIKY, azpe2amié ma demanei asmomooinie y npoyeci ix
pemonmy, nepeuwyye 10 man. m° na pix. ITicis mummsa ne2kos02o agmomobins y cepedHboMy Ymeopio-
emvcs 150—200 1 3a6pyonerHoi 600u, ane 8 a8MOMpAHCROPMHUX RIONPUEMCIBAX NIO 4AC eKCHIyamayii
00H020 8aHMAdNCHO20 asmomobins ymeoprocmocs 700—1200 n 3abpyonenoi 6oou Ha 006y. Bona mic-
mumo 800—3000 me/n mexaniunux domiwox, 50—900 me/n nagpmonpodykmis. /s it 00pobru 3 memoro
BUOANICHHSL WKIONUBUX PEUOBUH ABMOMOOINLHI MULIKU OCHAWYIOMbCS OUUCHUMU CUCTIEMAMU, WO € KOM-
NAEKCOM CHeyianbHo20 00Na0HaHHS, NPUSHAYEHO20 O 3an00ieanHs HAOX00ICEHHIO 3a0pYOHeHOl piouHU
6 Hasronuune cepedosuye. OOHax HeoOXIOHOI AKOCMI OUUWEeHHS CIMIYHOT 800U, WO CKUOAEMbCA 8 2i0-
pocgepy, wo 8ionosioac BUMo2am HOPMAMUBHUX OOKYMEHMIB, B0AEMbCSL 00CASMU MITbKU ULISXOM 3HA-
YHUX (PIHAHCOBUX BUMPA, KT KOJICEH CY0'€KM 20CNO0APIOBAHHS HAMASAEMbCSA 3SMEHUUMUL.

B Vkpaini nakonuueno dacamuii 00cgio cmeopeHus 800004UCHUX Yyeman08oK. OQuuwenns 8io-
NPaAybOBAHOI MEXHONO02IYHOI 800U 8i0 MEXAHIUHUX OOMIWOK HA MAKUX YCMAHOBKAX 30iliICHIOEMbCA 8
06i abo mpu cmadii. Hasenicms y ceoemy ckaadi pizHUX RICKOBL0611068AYI8 | GIOCMIIHUKIG 3HAYHO
VCKIAOHIOE iX mexHono2iuny cxemy. Tomy cmeopenus 6esnepeparo Ofouux npoCmux 3a KOHCMpYKYiero
OYUCHUX YCMAHOBOK € AKMYAIbHOI0 NPOOAEMOIO.
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Y pobomi pospobrena ma nasedena memoouxa 0Jisi PO3PAXYHKY MEXHOJIOLIUHUX NAPAMEmpiE
be3xamepHUux QitbmposaHux NPUCMpois, AKi GUKOPUCIOBYIOMbCA OJIsl OYUUWEHHS CIIYHUX 800 6i0 Me-
XAHIYHUX OOMIWOK MaA MACMUTLHUX Mamepianis. [lana memoouka 0036015€ po3paxysamu napamempu
DinbmpyearbHUX YCMaHo8oOK nepeod iXHiM UKOPUCIMAHHAM, 3HAIOYT 3A2dNbHULL 00Cae ma Cmyninb 3a-
OpyOHeHHs1 pidunu, nidibpamu egpekmueri ymosu pobomu 001a0HaHHA Mma eubpamu HeoOXiOHul ¢i-
JILMPYATbHUL Mamepiall.

Knrouoei cnosa: ginompysants, memoouxa po3paxyHky, 001a0HAHHS, MEeXHON02IYHI pedrcumu,
be3xamepHe OUULEHHSL.

Problem’s Formulation

A powerful source of environmental pollution in cities is motor transport, the amount of which
has increased dramatically over the past 10...12 years in Ukraine, mainly due to the saturation of cities
with passenger cars and minibuses. Cars not only pollute the air environment and create noise, but also
negatively affect the hydrosphere and soils. An increase in the number of car washes in the city limits
contributes to an increase in the amount of discharged wastewater. The volume of spent water technolog-
ical media, which is used for washing motor vehicles, units and car parts during their repair, exceeds 10
million m3 per hour. After washing a car, an average of 150—200 liters of contaminated water is pro-
duced, and at motor transport enterprises, when operating one truck, 700—21200 liters of contaminated
water are produced per day. It contains 800—3000 mg/l of mechanical impurities, 50—900 mg/I of pe-
troleum products [1]. For its processing with the purpose of removing harmful substances, car washes
are equipped with cleaning systems, which are a complex of special equipment designed to prevent the
entry of contaminated liquid into the environment [2]. However, the required quality of waste water
treatment, discharged into the hydrosphere, which meets the requirements of regulatory documents, can
be achieved only through significant financial costs, which each economic entity tries to reduce.

Analysis of recent research and publications

In paper [3], the author describes the methodology and algorithm for calculating filters and in-
stallations for filtering liquids. In the presented methodology, the author does not take into account the
degree of contamination of wastewater and the type of contamination, which leads to a difficult choice
of filter material.

In the paper [4—5], the authors reveal the issues of calculating membrane filters and liquid
purification devices. These filters and filtering units have increased overall dimensions and a complex
internal structure, which complicates their calculation algorithm and the possibility of modernization.

In studies [6], the authors consider the process of wastewater treatment in horizontal settling
tanks. The process of wastewater treatment in such installations takes a long time and requires con-
stant cleaning of the installations themselves after their operation. Therefore, this technology is out-
dated and needs improvement.

Formulation of the study purpose

In Ukraine, in order to ensure environmental safety during the location, design and construc-
tion of new ones, as well as the reconstruction of existing enterprises, constructions and other objects
related to the use of water technological media, state, public and second environmental expertise is
carried out in the order determined by legislation [7]. The requirements for the content of harmful sub-
stances in wastewater, which are governed by state control bodies, environmental services and SES,
are quite strict.

Ukraine has accumulated rich experience in creating water treatment plants. Purification of
processed technological water from mechanical impurities at such installations is carried out in two or
three stages. The presence of various sand traps and clarifiers in their composition significantly com-
plicates their technological scheme. Therefore, the creation of continuously operating simple cleaning
plants is an urgent problem.

Presenting main material

Agueous technological media must be cleaned of mechanical impurities before reuse or dis-
charge into the environment. For this purpose, it is advisable to use filter installations with new layout
schemes. The performance of chamberless filter installations must ensure the performance of the cen-
tralized system of operation of these water technological environments [8].
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If a chamberless filter unit is used as a device for purifying liquids from mechanical impuri-
ties, then the calculation of its parameters is performed in the following sequence depending on the
initial parameters of the liquids being purified: viscosity x and density p of the liquid, and the input
concentration of contaminants c;.

Algorithm for determining the main parameters of chamberless filter units (Fig. 1):

1) Select the nozzle diameter, m:

d, =(15...25)-107°. (1)

2) Select the total liquid flow rate Qr, m%/s, in the nozzle group of the filter unit and the ratio
of the total and tangential liquid flow rates Qv/Qr:

Q, =(05..12)-107%;
)
& =012..05.
N
3) Determine the angle ac, deg., of the liquid jet opening using the formula:

2
a, =36+73,96-(%] —2110-d, —102,85~&+5410-&-d -

c
T

QT QT (3)

T T
4) Determine the distance L from the nozzle to the plane of the filter partition, m:

L.10% =957 1078 -Q, — 20600 -d, —1582 . _ 283, +44697 -Q, -d. +

T

+2262-Q -&+39,7-Q <, +35505 -d_- 4 600-d, -0, +506 2% .q —
T Q T c c Q c c Q C (4)
T T T

~107607 -Q; -d -%—1632-QT-dc-ac—80,6-QT-%-ac—

T T

—QT(ZO-QT —97,9+175~%+2700-dC —9020-&-dc}

c

—1131-d, -&-ac +3800-Q; -d, -&-(xc.
Qr Q
5) Determine the speed v; of liquid movement in front of the filter partition, m/s:
Ltg(e /2)+d,
J— 910" x* +0,0001x° — 0,0086 x* + 0,2158 xdx
v, = 0 : 5
' L-tg(e, /2)+d, ©)
6) Select the filter material and parameters:
So, Sy — the number of threads per 10 mm of the filter partition length, respectively, for the
warp and weft; d,, d, — the diameters of the warp and weft threads, mm.
7) Select the angle of inclination of the filter partition in the horizontal plane:
a=0°-90° (6)
8) Determine the flow rate of purified liquid from the filter unit with one nozzle in the nozzle

group, m/s:
(p-uf+G"S:°S“]-(1— SZ;SZZJ-(SZ—SZZMOOO
ch = : L 2 2 ’ (7)
2 —
p.Sl-Ul +Gcosa l—Sz SZZ -l—SO'Sy' E—do . E_dy ‘IU‘U]_'C]_'T']-O_Z
Q S, S, s,

*rdY . d L
where G:{(Ltg(&j} +(—°j +L~—°-tg(&]]~”' P kg;
2 2 2 2 3
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Input of initial data: dc, Qr, QJ/Qr, & p, \
c1, 9, doy 0y, So, S, Q,
I
= £(Q/Q;Q;3d.)
I
= f(Q;Q/Qrid;er,)

Ltg(er /2)+d,

-9-107"x* +0,0001x* —0,0086 x* +0,2158 xdx

o t—

L-tg(e, /2)+d,

(p-vf . G -COSaj.[l_ S,
Sl

S2x ] -(S,-5,,)-1000

2

2

p-S, v +G-005a.(1_82—szzj+so.sy (10_d J LlO_d j v, -G 71072
Qr S, So Sy

G-cosa S, -
[P'Uf J (1 2 J'(Sz_szz) 2
_p-S;y +G-cosa .(1_ S, —Szzj

Q-09 Q Sy
S,-S,-(10/5, ~d, )} -(t0/s, ~d, f - -, -c, 107

|

B=1(Q/Q:QQ,)
I

vy =2-L-tg9(e, 12)/
I

n =QQ,, H,=1115-L-tg(a./2)

|

S, =2-H,-n,-L-tg(a/2)
I

Determining pump performance Qn

I
Seal O, Ls U1, QC|1 T, ﬂy Ucly N, Hc; Sr, Qn

Fig. 1. Algorithm for calculating chamberless filter units
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2 2
So'sy'(lo_doJ []'O_dy]
S, s,

100
9) Determine the angle of rotation of the nozzle £ in the horizontal plane:

= ~b—+/b*—4ac
2a '

SZZ =

2
¢, 0, S, 7, M2,

(8)
where a=-0,001;

b=002-Q; —0,02+0,O3-&—0,01-QT -&+0,07-(&] ;
Q Q Q

T T T
B B Q Q
c=0065+337-Q; 0,24-a+0,27.QT Q-

10) Determine the operating time of the filter partition until the pores of the filter material are
completely blocked, s:

p.Ulz+G~C03a -1_82—822 -(SZ—SZZ) 2
S, S, _,0'31'01+G'0050!,[1_Sz—32zj

= QT 09 QT Sl ) (9)

2 2
so-sy-(?—doj {?—dyj u-v; ¢, 107

0 y
11) Determine the speed of movement of the filter cloth, m/s:

2-L-tg @j
Vy=—"""7"=. (10)
T
12) Determine the number of nozzles in the nozzle group of the filter unit:
n,= g (11)
ch
13) Determine the distance between the axes of the nozzles in the nozzle group, m:
H, =1115-L g [%j . (12)
14) Determine the working area of the filter partition, m?:
Sr:2~HC-nC~L-tg(%j. (13)

15) Determine the required pump capacity for a given time ¢ of continuous operation of a filter
partition with an area S:.
Conclusions
The use of chamberless filtration for cleaning aqueous media from mechanical impurities
when washing cars, their units and parts ensures high productivity with a purification degree of
95—98 % and a purification fineness of 10—30 microns, which allows their reuse in the conditions of
water circulation systems of transport enterprises.
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