Becmuux BTYHIIT/Proceedings of VSUET, III. 80, Ne 1, 2018

OpurnnaanpHasicTaths/Original article
YK 663.66-9
DOI: http://doi.org/10.20914/2310-1202-2018-1-50-54

HUccaenoanue npouecca puiabTPOBaHUA MOPCKOH BOJAbI HACBINIHBIMU
¢GuibTPpaMu ¢ NpUMEHEHHEM BUOpalluu

Anexcannpa U. Kpukyn ' aleksal3@list.ru
Cepreii JI. Pynuen 2 sdrudnev@yandex.ru

! JaJIbHEBOCTOUHBII rOCYAaPCTBEHHBII TEXHUYECKHiT PHIOOXO3SICTBEHHBIH yHUBepeuTeT, yi. JIyrosas, 52b, r. Bnammsoctok, 690087, Poccust

2 KeMepoBCKHI rocyapcTBEHHBIH yHUBEpCHTET, yii. KpacHas, 6, r. Kemeposo, 650000, Poccust

Pedepat. [{11s1 04MCTKH TEXHOJIOTHYECKOM BOJIbI OT MPUMECEi Ha prIOONepepadaThIBAIOIINX MPEANPHUSITUIX B HACTOSIIEE BPEMsI HCIIOIb3yeTCs
00JIbIIOE KOJIMYECTBO (DMIBTPYIOIIUX YCTPOMCTB, OTIMYAIOIMXCS CBOMMU KOHCTPYKTHBHBIMH IapaMeTpaMu (CeTyaThble, TKaHbIE, IUCKOBBIE U
ap.). OnHako Ha NPaKTUKE, AaHHbIE (WIBTPYIOILIME YCTPOMCTBA, B OCHOBHOM IPHMEHSIOTCS B KQUECTBE NEPBOH CTYNEHU BOJOOUUCTKH,
MOCKOJIBKY HE CIIOCOOHBI 00ECIeYHTh JIOCTATOYHOrO KayecTBa (uibrpara. Haubonee pe3yabTaTUBHBIMH, KaK IOKa3bIBAIOT MHOIOYHUCIICHHbBIC
MCCIICZIOBAHNS YUCHBIX HAlLICH CTpaHbl U MUPA, SBJSIOTCS HACBIIHBIC 3epHUCTBIE QHIBTPHL. K MX OCHOBHBIM JIOCTOMHCTBAM HeEpel APYTHMH
YCTPOHCTBAMHU aHAJIOTMYHOTO HA3HAUCHHUs OTHOCATCA: MMEIOT MPOCTYIO M HAJEKHYI0 KOHCTPYKIHIO; YCTOMYMBBEI K arpeCCHBHBIM YCIOBHUSIM
9KCIUTyaTalluK; cocoOHbI A()(HEKTHBHO OYMIIATE MOPCKYIO BOJLY OT MEXaHMYECKHX NPHUMECEH IPHU OTHOCHUTEIHLHO HEOOJBIIOM JABICHUM;
HanboJIee SKOHOMUYHBI; UMEIOT (DHIIBTPYIOILYIO 3arpy3Ky CIIOCOOHYIO ATUTENbHOE BpeMs paboTaTh Oe3 perenepannu (OpHEeHTHPOBOYHBIH CPOK
9KCIUTyaTallMy OJHOW 3EPHHUCTOW 3arpy3Kd COCTAaBIsIeT OT 3 A0 5 ner) u ap. B maHHO# cTaThe OBLIO MCCIIEIOBAHO BIMSHHE BUOPALMOHHBIX
BO3/ICHCTBHI Ha mpoiece GUIBTPOBAHKUS MOPCKOM BOJBI B CIIPOCKTUPOBAHHON M M3rOTOBJICHHON (DUIBTPOBAIBHON YCTAHOBKE C HACHIMTHBIMU
3EPHUCTHIMU MaTepHUAIaMU IIPHUPOTHOTO U UCKYCCTBEHHOT'O MPOUCXOKICHHSA, KOHCTPYKIHS KOTOPOH 3aIlUIICHA ABYMsI TATEHTaMU Ha MOJIC3HYIO
Moznenb. [lpencTaBneHbl pe3ynbTaThl HCCIEAOBAHMS, BBIBISIIOIINE CTEHEHb BIMSHUS WMHTEHCUBHOCTH BHOpaimu mnep(OopUpoBaHHOM
pa3aenMTENbHON NMEepPeropoAKd Ha COCTOSIHME HACBIMHBIX 3EPHUCTBIX MAaTepUajIoB, PACIOIOKEHHBIX Ha HeW (cerperamust 1o KpYIHOCTH,
MOCIIOiHAsT BUOPOYKIIa/IKa, YINIOTHEHUE HIIH Pa3phIXJICHHE CIIOSI ChITy4eil Cpe/ibl). DKCIEPUMEHTAIBHO YCTAHOBIICHBI 3aBUCHMOCTH MIPOITYCKHON
CIOCOOHOCTH (PUIIBTPYIOLIEH YCTAHOBKH OT aMIUIMUTYJBI, YACTOTHI W KOS(QUIMEHTa MHTCHCUBHOCTH BHOpAlUH, [TO3BOJMBINNE YCTAaHOBUTH
palMOHAIBHBIC TIApaMETPbl BHOpAlMU IepOPUPOBAHHON MNEPErOpPOAKH, HPH KOTOPHIX IPOUCXOANUTYIUIOTHEHHE(PHIBTPYIOMIETO CIOsL,
COKpAIIIAETCsl IOPO3HOCTh 3arpy3KH, He POUCXOIUT CPbIB 0CaaKa B (PUIBTpAT.

KaioueBsle cioBa: mcciesoBanue, MOpCKasi BoJia, TEXHOJIOTHYECKUE HYX/bI, (GUIIBTpOBaHNE, HACHITHBIC (PUIBTPHI, BUOpAIHs, HHTEHCHB-
HOCTb, PallHOHAJIbHBIC TapaMETPhI
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Summary. For the purification of process water from impurities at fish processing plants, a large number of filtering devices are currently
used, differing in their design parameters (mesh, woven, disco, etc.). However, in practice, these filtering devices are mainly used as the first
stage of water treatment, since they can not provide sufficient quality of the filtrate. The most effective, as numerous studies of scientists of
our country and the world show, are bulk granular filters. Their main advantages over other devices of similar designation are: they have a
simple and reliable design; resistant to aggressive operating conditions; they are capable of effectively purifying seawater from mechanical
impurities at relatively low pressure; most economical; have a filtering load capable of a long time to work without regeneration (the
approximate service life of a grain-loading is 3 to 5 years) etc. In this article, the influence of vibration effects on the filtration of sea water in
a designed and fabricated filter unit with bulk granular materials of natural and artificial origin, the design of which is protected by two patents
for the utility model. The results of the study are presented, revealing the degree of influence of the intensity of vibration of the perforated
partitioning wall on the state of bulk granular materials located on it (segregation by size, stratified vibro-packing, compacting or loosening of
a layer of granular material). The dependences of the capacity of the filtration unit on the amplitude, frequency and the vibration intensity
factor have been experimentally established, which made it possible to establish rational vibration parameters of the perforated septum, under
which the filtering layer becomes denser, the porosity of the loading decreases, and the precipitate does not break into the filtrate.

Keywords: research, sea water, technological needs, filtration, bulk filters, vibration, intensity, rational parameters

Beenenne €CTeCTBEHHOr0 BKyca mpoaykiuu. Jlrobas Bomo-
OYHKIHOHUPOBAHUE GEPErOBBIX PHIGOIIEpE- TOATOTOBKA HAYMHACTCA  C MPOLECC  OUHCTKHU
pabaThIBalOIINX MPEINPUSTUH HEBO3MOXKHO 0e3 OT MEXaHHICCKHX 3arpA3HCHUM — (pumpTpOBAHMS.
WCTIONB30BaHUS. MOPCKOH BOABI B TEXHOJIOTHYE- KosmaecTBo BOJIBI, MCTIONB3YEMOH I TEXHONOTH-
CKHX OIEpAlHsX MPH MOHKE H Pa3leiKe phIOHL. YeCcKHuX IeJiel 1o orieHkaMm [3] cocrapmsier ot 6,7 110
Ies1ecooOpa3HOCTh MPUMEHEHHS BOJIBI, B3STON 13 14,5 m*/1. Takue 00bEMBI UCTIONB30BAHMUS IIPEICTAB-
€CTECTBEHHO cpeibl 00NTaHMs 00BEKTOB TIEpepa- JIAOT  1IpodIIeMy COBCPIICHCTBOBAHMS  Mporiecca
00TKH, 000CHOBaHA HE TOIHKO AKOHOMHUYECCKUMHU (pryIbTPOBaHNSE MOPCKO# BOJIBI AKTYaTbHOM.
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JlutepatypHbIii 0030p 1O MMAPOANHAMHIECKIM
mpoleccaM ToKa3al, YTO BHOpAallMOHHBIE BO3IEH-
CTBHUSL YCKOPSIIOT M yJIYYIIAKOT TEXHOJOTUYCCKHE
CBOWCTBA TEXHHUYECKHX CHCTEM. JTO HMOITBEPKICHO
WICCIIE/IOBAHMSIMU BEYIIMX YICHBIX B 00JIaCTH BUOpAITIN
B TeXHHKe, TakuxX kak WM.U. biaexman, JLU. brexman,
A.B. JTucmipm, N.O. 'ongapeBram mp. [4-S8].

B gactHOCTH, TIpM BHOpAITH COCYIA C YKUIKOCTHIO,
B KOTOPOM pa3MelIeH CHITy4nid MaTepual, Oolee
TUTOTHBIH, YeM YKHIKOCTb, HAOIFOIAI0TCs CBOCOOpa3HbIC
HeHeiHble A(P(EKTH, Takue, KAk 3acachlBaHUEe ITy-
3BIPBKOB T'a3a BIITyOb COCYia M HA0OOPOT, BCILIHIBAHKE
Ten Oolree TSHKENBIX, 9eM KUAKOCTh [8—11]. Tlposs-
JISIETCSl «aHOMAITFHOE) TIOBE/IEHHE TIOJTHINCTIEPCHOI
CBIY4Yei cpefibl B KHUIKOCTH: OHA HBOIIOLUOHUPYET
K COCTOSIHUSIM, COOTBETCTBYIOIIIMM MAaKCHMATEHBIM
WM ONMW3KAM K HAM 3HAYEHUSIM TIOTEHIIHAIBHOMN
sneprun. [Ipu onpeneneHApIX 3HAUeHNSIX HHTEHCHBHO-
CTH BHOpAIMN MTPOMCXOIUT CETperanysi YacTHI[ TI0
pa3mepam. Tsprerble KPYITHBIE YaCTHITHI ITePEeMETIAF0TCS
B BEPXHHE CJIOH, TOTHAKaK «MeNouby» (opmupyer
YIDIOTHEHHBIH CJIOH B HIDKHEN Y9acTh. JTH U TIOOOHEIS
SIBIICHUSI pacCMaTPUBAINCh BO MHOTHX ITyOJIMKa-
uAaX, IpruHagJIe)Kalux, B TOM YMCJIC, BBIAAIOIINMCA
yuénbiM [4—20]. Hacrosimmast pabora pa3BHBacT
U JIOTIOJIHSIET 3TH UCCIICIOBAHUSL.

YcnoBust BCIUIBIBaHS YacTwIl, O0JIee TIOTHBIX,
4eM KUAKOCTh Obutu omnpezenensl .M. biexma-
HOoM [21]. Eciam cton® KUAKOCTH PaBHOMEPHO
HAChIIICH ITy3bIpbKaMMW BO3AyXad, TO YCJIOBUEM
BCIUIbIBAHUA YacTUIIbl, JISKAIIEH Ha THE cOocCya,
sIBJISIETCST HepaBeHCTBO (1):

(@)

k1=k/(p+%p0)v, K=(,D—,00)/(,0+%p0) )

TJIC ® — 9acToTa KOJICOaHU CUCTEMBI; A — aMILTUTY/ A
KoJieOaHmii; v — 00BEM YacTHIBI, p — ILIOTHOCTH
YacCTULBI; P, — IJIOTHOCTh CPEIbl; g — YCKOPEHHE
CHJTBI TSDKECTH; H — BBICOTa CTOJIOA KUIKOCTH.
Teoperndeckoe 00OCHOBaHWE «BCIITHIBAHHSD)
TBEPIBIX TN B KUAKOCTH TIOJ] IEWCTBHEM BHOpAIin
TIOJIBUTJIO HA PELICHUE 33/1a4H UCCIICIOBAHUS BITUSHUS
BUOpAIMOHHBIX BO3JCHUCTBUI Ha MPOIeCcC (HIBTPO-
BaHMS MOPCKOI BOZBI HACBHITHBIME (DFITETPAMH.

OO0BEeKTBHI H METOABI HCCJIe10BAHUS

B kauecTBe 00BEKTA UCCIIEAOBAHUSI BHICTYIIACT
CIIPOEKTUPOBAHHAS M M3TOTOBJICHHAS (DHIIBTPOBAIIB-
Hasl yCTaHOBKA, NPUHIMINAIBHAS CXeMa MW OO
BHJI KOTOPOH TpencTaBieHbl Ha pucyHke 1. Ilep-
¢dopupoBaHHas pa3leNuTeNbHAs ~MEPEropoaKa
NPUBOANTCS B BUOPAIIMOHHOE COCTOSIHUE MOCPE-
CTBOM 3KCIIEHTPHUKOBOTO BHOpoBO3OyauTesns. Ero
npuMeHeHne 00yCJIOBIEHO  HEOOXOIMMOCTHIO
obecrieueHrs] TMOCTOSIHHOW aMIUTUTYIbI KOJeOaHMH,
HE 3aBHCAIIMX OT TEXHOJOTMIECKOTO CONPOTHBIICHHS.
Ha pemieTky 3achIlauch CIeayrOIIUe 3epHUCTHIC
Matepuansl:  6uokepamuka (10,0 +12,5)x107 m,
neosuts (18,0 +20,0)x10° M ¥ MOpPCKOH TECOK
(0,7 +1,0)x107 m. TleppopupoBaHHOil pa3meu-
TEJBHOW TEperopojike IepeaaBaiach BUOparus
C peryiupyemMol amIurygoi —ot 1 go 5,5 MM,
1 9acToToil —oT 25 mo 55 I'm. PerymupoBanme uya-
CTOTHI BUOpanuu nepQoprUpOBAHHON TMEPETOPOAKH
9KCIIEHTPHKOBBIM BUOPOIIPHBOIOM OOeCIIeunBaIach
HOTEHIIMOMETPOM, BCTPOSHHBIM B ITyJIbT YIPABJICHHSL.

(b)

Pucynok 1. ®unsTpyrommas ycTaHOBKA: (a) MPUHIMIMANBHAS cXeMma; 1,9 — marpyOku moaBoma M OTBOAA MOPCKOM Bompl 2,21 —
CHUMMETPUYHBIE NaTpyOKH OTBOJA INMPOMBIBHOW BOABI;, 3 — LMJIMHIAPUYECKHI Kopmyc; 4,5,6— cJIou 3epHHCTBIX MaTepHalioB; 7 —
9KCLIEHTPHKOBBIE BUOPOMOTOPBL; § — yruioTHUTENR; 10, 12 — cuMMmeTpryHble maTpyOKH 1MoBOAA MPOMBIBHOW Bozbl; 11 — mozcraBka;
13, 20 — HyKHMI 1 BepXHHH pe3epByapsl; 14 — cMOTpoBbIe OKHA; 15, 16 — KHOMKHM IMycKa 1 OCTaHOBKY; 17 — moteHmomeTp; 18 — kHomka

BKJIFOUEHHS OCBELIEHUS; 19 — mynbT ynpasienus; (b) oOLuii Buz

Figure 1.Filtration unit: (a) a schematic diagram; 1, 9 — pipes for supply and removal of sea water; 2, 21 — symmetric branch pipes of
the rinse water outlet; 3 — cylindrical body; 4, 5,6 — layers of granular materials; 7 — eccentric vibration motors; 8 — the sealant; 10, 12 —
symmetrical connections of the wash water supply; 11 —stand; 13, 20 — lower and upper tanks; 14 — observation windows; 15, 16 — start
and stop buttons; 17 — potentiometer; 18 — light switch; 19 — control panel; (b) main view

Jlnst cBsi3u ¢ pepakimeii: post@vestnik-vsuet.ru
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CocrostHHE CII0s ChITyYei Cpebl HAOMOIaI0Ch
BU3yanbHO. [Ipy ManbIX 3HAUCHUSX WHTCHCUBHOCTU
BHOpaLli TIPOMCXONMJIa CEerperauus o KPYIMHOCTH
1 TIOCTIOWHAsT BHOPOYKJIaKa 3epHUCTOrO0 Marepuasa
0 pa3MepHBIM  (hpakIusaM (KPYIHEIE — CBEpXY,
MeJKue — CHU3Y) [3]. 3aTeM MHTEHCHBHOCTH BHO-
pany CHWXAIM, IIPOUCXOIIIIO YIUIOTHEHHE CIIOS
ceimyderd cperpl. Jlanee mpoBoamim (QrETpOBaHHUE
MOPCKOH BOJIbI Uepe3 MOJYYECHHBIN CIOM.

B cooTBeTcTBUM C AEHCTBYIOIIMMU CTaHAAp-
Tamu [22-25] ammmmMTyga ¥ 4acTtota KojeOaHwWit
pa3nenuTeNbHON TTepPOPUPOBAHHON TTEPETOPOIKH
OTIPEAETISUTACH ITPH TIOMOIIN TOPTATHUBHOTO BUOPO-
Merpa ¢ namateloPCE-VT 2800 wu npuGopom
Bubporect-MI'4.01.

Pe3yabTaThl U UX 00CYsKIEHHE

Ha pucynkax 2—4 nipecTaBieHbl 3aBUCUMOCTH
MPOITYCKHOM CIOCOOHOCTH (DHJIBTPYIOIIETO YCTPOUi-
CTBa OT aMILTUTY/BI (4, M), 4acToThI BuOpamyu (f, I'1)
1 KO3 pHITEeHTa UHTCHCUBHOCTH BHOparu ().

AHAJH3 KPHBBIX, & TAKKE JJAHHBIX, MTOTYYCHHbIC
MIPY IKCIUTyaTalw (IIBTPYIOIIEH YCTaHOBKH [3],
MO3BOJIMJIM YCTAHOBUTH TapaMeTpbl BHUOpAIMH
nepHOpUPOBaHHON MEPETOPOAKH, TPH KOTOPBIX
MPOUCXOUTYIIIOTHCHUEPUIBTPYIONIETO  CIIOS,
COKpAIlaeTcsl TIOPO3HOCTh 3arpy3KH, HE MPOUCXOJTAT
CpBIB Ocajika B pmiibTpar (Ha rpadukax ormedeH — [):
amrumrya konedanuii — A4 = (1 +2,5)x107 M, yacrora
koneOanuii — =25 + 35 I'n. [Ipu amrumutyne kosneba-
Huii — A >3,1x107 M, yacrore xonebanmii — />39 'y
MPOMCXOAUT Pa3pbIXJieHNe (PUIBTPYIOMIETO CIIOS U
CPBIB Ocajika B QIILTPAT (KPUTHUYECKHE TIOKa3aTeln
BoIneniens! — 11, moporoseie — II) [3].

B pesynbrare ObUIM MOTYYEHBI CIICTYONIHE
JIAHHBIC:

mpi 4 = (1+2,5)%10% M= 25 +35 ' a =
62,5%x10 -2 3,06 m/c®, A = (6,37 +31,2)x10%;
npu A = (2,6 +3,0)x10%m, =36 +38Tw: a =
3,37 <433 m/ct \ = (34.35 +44,16)x10°%;
npu A = (3,1 +5,1)x10°m, /=39 50 I':a =
4,72 +12,75; . = 48,06x10 - + 1,3.
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Pucynoxk 2. 3aBHCHMOCTH IPOITyCKHOHM CITOCOOHOCTH
OT aMIUIUTY/BI KoJieOaHui

Figure 2. Dependence of throughput on the amplitude of
oscillations
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Pucynok 3. 3aBUCHMOCTB MPOIMYCKHOW CIOCOOHOCTH
OT YacCTOTHI KoJieOaHui

Figure 3. Dependence of throughput on frequency
of oscillations
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Figure 4.Dependence of throughput on the vibration
intensity factor

KoadpuimeHT HMHTEHCHBHOCTH BHOpaIuu
A<1[4,5], uTo mOATBEpXKmAET pexcum 6ubpo-
yniomHenus. Y CTAaHOBJICHO, YTO TIPU KO3 QUIIeHTe
MHTEHCUBHOCTH BHOpammu, A = (6,37 +31,2)x1072
(ma rpacduke — [), HECMOTpS Ha HE3HAYUTEIHHOE
CHWKEHHE IPOIYCKHOM criocobHocTH (Ha 5+5,5 %),
HaOJIO/IAIOCh 3aMETHOE COKpallleHHe MpuMecein
B (hubTpare (Ha 13,3+18,6 %), Ha 3TO MOIJIO MOBJIUATh
BUOPOYNIOMHEHUE ClI0sl, COOTBETCTBEHHO COKpALICHHE
MOPO3HOCTH (PUIIBTPYIOILETO Marepuaia (KauecTBO
¢mwIbTpaTa MOBBIIIAIOCE); TIpH Kod(dUIMEeHTe HWH-
TEHCUBHOCTH  BHMOpammyu, A= (31,3 +44,16)x107
(Ha rpaduke —II), nportyckHast CrlocOOHOCTH CHIKAJIACh
10 8,66+12,7 %, onHako HAOJIOAAJICS CPBIB 3€PEH
B (puibTpar 10 3,5 %, mpu A = (44,16 +48,05)x102% —
no 4,7 %; upu ko3pPUINEHTE HWHTEHCUBHOCTH
suOpanuu, A< 48,0610 (na rpapuxe — III),
HPOIyCKHAs CIIOCOOHOCTh CTajla BO3pAacTaTh,
CpBIB 3epeH B GuibTpar yBenmumumics 1o 9,5 %,
YTO CHI)KAeT KadecTBO (MIIBTpaTa, Ha 3TO MOTIJIO
HOBJIUATH Pa3phIXJIEHHE CJO0S M COOTBETCTBEHHO
YBEJIUYCHUE MOPO3HOCTH [3].
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Ha pucynke 5 mpencraBineHa 3aBUCHMOCTB
MPOIYCKHOW CIIOCOOHOCTH (PUIBTPYIOIIETO YCTPOK-
CTBa OT COCP)KAHUSI MEXaHMYECKHX MpuMecei
B ¢uibTpate (06e3 BUOpauud ¥ Opu  BUOpalMu:
A=(1+2,5x103mf= 25+35 T'u). IIpu stom
UCTIONIH30BANIUCH HICHTHYHbIE 36PHUCTHIC MAaTePH-
aJIbl, IPY PaBHOM TOJIIIIMHE CIIOS.

25

= 6E-09x° - BE-06¢ + 0.0037x° - 0.863x" + 100.41x - 45939
" R =0,9038
E-. ha N .
B Ne,
0 L
20 LS . ~
17,5 s L

¥=1E08x - 1E-08x¢+ o,or.:m -1,041752 4 :ﬂﬁlﬁ (79

b
=2
L

S

Ri=0,9953

15 T

140 210 280
Cogep:xanne npamecell 5 Mopckoi soge TDS, mrin
Content of impurities in sea water TDS, mg/1

Mponycxnan enocobrers I1-10%, mic
FLow capacity F -103, m/s

4 Des EMOpanmEm B zmbpammedt
without vibration with vibration

Pucynox 5. [I'paduk 3aBHCMMOCTH MpPOIYCKHOM
CcrocoOHOCTH  OT  coIepyKaHus —TpuMeceit (¢ u 6e3
BHUOpaIyn)

Figure 5. Graph of the dependence of throughput on the
content of impurities (with and without vibration)
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3akiouenune

[MomyueHHBIE KCIIEPUMEHTAIBHBIC 3HAYC-
HUSl aMIUTATYJIbI U 9aCTOTHI, IIPU KOTOPOM MPOUC-
XOJIWJIa Cerperamus 10 KPYMHOCTH W MOCIOWHAs
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