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AHAJITUYHE BUSHAYEHHA TPOAYKTUBHOCTI
MNPOTUTOYHOI I'OJJIOBKU TOMOTI'EHI3ATOPA

Anomayisa. B cydacHii MOJIOYHIA NPOMHCIIOBOCTI JOCHUTH TOCTPO
CTOITh MUTAHHS PO3POOKU HOBUX BHUIB TOMOI'€HI3aTOPiB. [CHYIOUI MamnHu
JUTsl TOMOT'€H13allli Mal0Th HU3KY HEJIOJIIKIB, OCHOBHUMU CEpE IKUX € BEJIUKI]
MUTOMI BUTPATH €HEPTii Ta HEBEJIMKA CTYMiHb JUCTIEPryBaHHA. EQexTuBHIM
METOJIOM € 3aMiHa KJIalaHHOi TOJIOBKM Ha MPOTUTOYHO-CTPYMUHHY, B SIKIH
BXIJIHUM TIOTIK €MYJIbCii pO3AUISEThCA HaA JBa 3YyCTPIUYHUX KIJIBIIEBUX
CTpyMeHs. 3aBISKM LbOMY BJIOCKOHAJEHHIO MOXJIMBO 3MEHILIUTH
CHeproBUTPaTH 1 3HU3UTH 3HOC JETajeil rojloBKM TromoreHizaropa. s
Takoi HOBOI KOHCTPYKIII KJIAllaHHOI TOJIOBKM MPOBEICHI MOJICTIOBAHHS
pyXy PIAMHM, 3aBISKH YOMY BJAJOCS PO3POOUTH (PopMy BHYTPIIIHIX
MOBEPXOHb T'OJIOBKH, fKa 3a0e3leuye MIHIMAJIbHI BTPaTH €HEprii MOTOKIB
piAMHU. AJie 3aJIMIIAI0THCS BIIKPUTUMH MUTaHHS pO3POOKH MaTeMaTUYHOI

MOJeII IUCIIEpryBaHHS B IPOTUTOYHO-CTPYMHUHHIN rOJIiBII
rOMOI'€HI3aTOpa, 30KpeMa BU3HAYEHHs 1i MPOJYyKTUBHOCTI. Tomy MmeTa
CTaTTI - PpO3pOOMTH  aHATITUYHI  3aJIEKHOCTI  JUIi  BU3HAYCHHS

MPOJYKTUBHOCTI HOBOi BHCOKOE(EKTHBHOI KOHCTPYKIIi  MPOTUTOYHO-
CTPYMHUHHO1 TOJIOBKM TOMOTEHi3aTopa MoJjioka. Po3paxoBaHa onTumaibHa
BIJICTAHb MDK CoOMJIaMH (POPCYHOK MPOTUTOYHO-CTPYMUHHOT TOJIOBKH
rOMOT€HI3aTopa, sIka 3 YMOBU OTPUMAHHS HANOUIBIIOT MPOTyKTUBHOCTI 1
HAaWBUIIIOTO CTyMHEeHS TOMOTeHi3amii (mpu TOCTIHHOMY  3HAYCHHI
HAJUTUIIIKOBOMY THCKY) 3aJIeKUTh BiJ CITIBBIIHOIICHHS BIJICTAaHI MIX
KUIBIICBUMHU KaHaJlaMH Ta IMUPUHU IIUJIMHA 1 TOBMHHA OyTH OLIbIIe
omuHUIN. Po3poOneHi  aHamiTH4YHI  3aJCKHOCTI IS BU3HAUYCHHS
MPOJYKTUBHOCTI HOBOi BHUCOKOE(EKTHBHOI KOHCTPYKIi  MPOTUTOYHO-
CTPYMHUHHOI TOJIOBKM TOMOreHizaTopa Mojoka. [IpencramieHi dopmyiu
BPaXOBYIOTh KOHCTPYKTHMBHI M TEXHOJIOT1YHI MapaMeTpu TOJOBKH Ta
BJIACTUBOCTI MIPOJIYKTY, IO MiAAA€THCS TOMOTEHI3allii — MOJIOKA.

Kniouosi  cnosea. T'omoreHizatop, TrOMOTEHI3allisl, IPOTUTOYHO-
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CTPyMHHHA TOJIOBKA, MPOJYKTUBHICTh, AHAJNITUYHI JOCIIIKEHHS, TEOopis
TOMOT€HI3aIlii.

Ilocmanoexa npooremu. B cydacHiit MOJIOYHINA IPOMHUCTIOBOCTI JJOCHUTH
rOCTPO CTOITh MUTaHHS PO3POOKH HOBUX BHUJIIB TOMOTEHI3aTOpiB. IcHyr0U1
MAaIllMHM JJIs TOMOTEHI3allli MaloTh HHM3KY HEJOJIKIB, OCHOBHHUMH CEpell
SKUX € BEJIMKI TUTOM1 BUTPATH €HEPrii Ta HEBEJIMKA CTYIIHb IUCTIEPTyBaHHS
[1, 2]. HaliG1ip1ie momydpeHHsi y BUpOOHUIITBI B HAIIl Yac MarOTh KJIallaHHI
rOMOT€HI3aTOpH, TOMY IO CaM€ BOHM MalOTh 3aJOBUIBHY CTYIIIHb
JTUCTIEPTYBaHHS (CepedHit pOo3MIp JKUPOBUX KyJIbOK TICIHs OOpOOKH
nopiBHioe 0,8 — 1,0 MxkM). Xoua KJ1anaHH1 MalllMHA MalOTh HAaHO1IbIIT BUCOKI
MOKa3HUKN TUTOMOI €HEPrOEMHOCTI MPOLECY TOMOTreH13allli, ycl 1HII BUAH
FOMOIE€HI3aTOpIB, TakKi SIK BaKyyMHi, MyJIbCallliiHi, €JIEKTPOriApaBIiyHI,
yJIBTPa3BYKOBI 1 T.JI. MAIOTh MEHIIY 1 HEIOCTATHIO CTYIIIHb TOMOT'€Hi3alli [3-
5]. Takum uymHOM mpoOIEMa 3MEHUIEHHS NUTOMHX EHEpProBUTpaT Ha
JTUCTIEPTYBAHHS MOJIOYHOI €MYJIbCi IS HaWOIbII PO3MOBCIOKECHUX —
KJIAMIaHHUX TOMOT€HI3aTOpiB 0€3 ICTOTHUX 3MIH  iX KOHCTPYKINI €
aKTyaJIbHIM MUTAHHSAM MOJIOYHOI epepoOHOT MPOMHUCIOBOCTI.

Ananiz ocmarnHix 0ocnioxcens. JIns TOCATHEHHS BHCOKOTO CTYTCHS
JUCTIEPTYBAHHS MOJIOYHOTO JKHPY Ha BUPOOHHUIITBI BUKOPHUCTOBYIOTH
rOMOT'€HI3aTOPH KJIaltaHHOTO TUMy [6, 7]. Aje Taki TOMOTEHI3aTOpH MarOTh
Pl HEMOJIKIB sIKI Tpeba YCyHYTH, a caMe: BIUCOKI €HEeproBUTpATH, 3HAYHI
rabapuTHI po3MipHu 1 Macy, MBUAKUANA 3HOC pOOOUYMX MOBEPXOHb KiaraHa,
BUCOKY METQJOEMHICTh 1 JOCUTh BHUCOKY BapTiCTh OOnaaHaHHs [7, 8].
3aBASKM aHANI3y MOXKJIMBUX LUISAXIB  YJIOCKOHAJIEHHS KOHCTPYKIIII
KJIAIIAaHHUX TOMOTEHI3aTOPIB MOYKHA 3pOOMTH BHCHOBOK, 110 €(EKTUBHUM
METOJIOM € 3aMiHa KJIAllaHHOi TOJIOBKM Ha MPOTUTOYHO-CTPYMHUHHY [8].
3aBASKA 1IBOMY BIOCKOHAJIICHHIO MOJKJIMBO 3MCHIIUTH EHEPTOBUTPATH 1
3HU3HUTH 3HOC JIETaJIei TOJIOBKA TOMOTEH13aTopa.

[IpencraBnena KOHCTPYKIis nependavac (puc. 1), mo rpydoaucnepcHa
€MYJIbCIsI 1T TACKOM uepe3 KaHall MoJ1adl MOJAEThCS B IICHTPAIbHUIN KaHa,
MICTISl 9OTO MOTPAIIsie B CLIO 1 KJIAMmaH, PO3AUISIOYACH HA MPOTUIICHKHO
HampaBJieHI TOTOKW. Ilig 9yac MpoXoJKEHHS iX 4epe3 KUIbIEBI KaHAIA
KJIaraHa 1 cijyia BimOyBaeThCs 3ITKHEHHS MMOTOKIB €MYJIbCli, 3aBISIKA YOMY
YTBOPIOETHCST PI3HULA IMIBHJIKOCTEH MIK JIUCIIEPCHOI YacCTHHOKIO Ta
nucnepciiiHoro  (a3or, ska HEoOXigHA JUis pPyHHYBaHHS JMCIIEPCHOI
yactunu [9, 10].
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1 — xanan nmogadi; 2 — EHTpaJbHUM KJ1alaH; 3 — KjamnaH; 4 — KIJIbIEBl
KaHaJIM KJIalmaHa; 5 — KUIbIEBHH KaHal cijjia; 6 — yIIIbHIOY1 KIIbIS; 7 —
30BHINIHA IIIJIMHA MK KJIamaHoM 1 ciajioM; 8 — cimio; 9 — BHYTpIIIHS
MIIJIMHA MK KJIAIIAaHOM 1 C1JIOM

Pucynok 1. 3D-Monens npOTUTOYHO-CTPYMUHHOT TOJTIOBKH

Jlns  Takoi HOBOI KOHCTPYKIIi KJamaHHOi TOJOBKM IPOBEAECHI
MOJICTIIOBAaHHSI PyXy PIAMHH, 3aBISKH YOMY BIAJoCi PO3poOuTH (popmy
BHYTpIIIHIX TOBEPXOHb TOJOBKHM, sika 3a0e3rnedye MiHIMajabHI BTpaTH
€HEprii NOTOKIB PIAMHU. AJl€ 3aUIIAIOTHCS BIAKPUTUMU MUTAHHS PO3POOKH
MaTeMaTUYHOI MOJIEJl NUCTIEPTYBaHHS B MPOTUTOYHO-CTPYMHUHHIN TOJIBII
TOMOT'€HI3aTOpa, 30KpeMa BU3HAYEHHS il MPOIyKTUBHOCTI.

Dopmyeanns memu cmammi. Po3poOUTH aHAITHYHI 3aJCKHOCTI IS
BU3HAYCHHS TPOJYKTUBHOCTI HOBOi BHUCOKOC(HEKTHBHOI KOHCTPYKIIiI
IPOTUTOYHO-CTPYMUHHOI FOJIOBKM TOMOTEHI3aTOpa MOJIOKA.

OcHosna yacmuna. BimoMa 3aneXHICTh JJIsi BU3HAYEHHS 00’ €My
plauHY, 110 BUTIKAE 3 (DOPCYHKH 3a OJUHUINO Yacy [7, 8]. s nmpoTutodHO-
CTPYMHUHHOI F'OJIOBKM TOMOT€H13aTopa MPeACTABUMO ii pO3paXyHKOBY CXEMY
(puc. 1). lng vei moxHa 3anucatu (puc. 2)

Q=unD,s\2p,-Ap, 1)
ne: g — Koe(ilieHT BUTpAT (3aJeKUTh BiJ KOHCTPYKIIIT comen);
Dcp — CepeHIN JIlaMeTp KIJIbIIEBUX KaHAJIIB KJIallaHa, M;
p,, — TYCTHHA MOJIOKA, KI/M>;
Ap — HaTUIIIKOBUH TUCK ToMoreHizarii, MIIa.

[lin dYac mpoBemAeHHS MOCHIDKCHHS KIAMaHHUX 1 CTPYMHUHHUX
TrOMOT€HI3aTOpiB Oysno 3’scoBaHO, MO JUIsl 30UIBIICHHS CTYNEHS
JMCTIEPTYBAHHS KUPY HEOOXIJHO 30UIbIIYBaTH IIBHAKICTh CTPYMEHIB
MOJIOKa Y MOMEHT 3ITKHEHHSI.
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Pucynok 2. CxemMa mpOTHTOYHO-CTPYMHHHOI F'OJIOBKM TOMOT€HI3aTopa:
a — 3arajgpHuM nepepis, 0 — Bug A mepepisy.

O4eBuHO, IO TIPHU 30UIBIICHHI BICTaHI MK COIJIOM Ta TMOBEPXHEIO
3ITKHEHHS CTPYMEHIB, MIBUIKICTh MOTOKY 3MEHIIYETHCSA, 3aBISKH YOMY
Oyae 3MeHIIyBaTHCS 1 CTyINiHb TOMOTeHi3alii. Ane mpu 301MKeHHI
(OpCYHOK Ha AESIKY BEIMUUHY amin, IUIOIIA )KMUBOI'O MIEpEPI3y CTPYMEHIB, 10
BIIBOJISITCS CTaHE MEHIIE IUIOIII OTBOPIB comeil (OPCYHOK, BHACIIIOK
4oro, MpU HE3MIHHOMY 3HAYCHHI HAJIUIIKOBOMY THCKY, 3MCHIIHUTHCS
MPOAYKTUBHICTh TOMOTreH13aTopa (1).

Po3paxyeMo MiHIMallbHY BIJICTaHb MiX coIJIaMu (DOPCYHOK amin 13
YMOBH 3a0€3MeueHHs HalBHIIOI PO TyKTUBHOCTI TOMOT€H13aTopa.

Jlnst  oTpuMaHHS HAWOIIBIIOI  TPOJYKTUBHOCTI MPOTHUTECUIMHO-
CTPYMEHEBOTO TOMOTEHI3aTopa HeoOXigHO, MO0 IJIoma MITIHIAPUIHOT
TIIOBEPXHi, YyTBOPEHa comiaMud (POPCYHOK, S,, M2, (Ha puc. 2 BigmiueHa
MITPUXTTYHKTUPHOIO JTHIEID) Oynia OuIbIIe 3a IUIONTy OTBOPIB (POPCYHOK,
TOOTO:

S,>2xD,s. 2
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Bpaxosytoun, mo S, =27hD,,, micis nepeTBopeHb OTPUMAEMO

h>s. (3)
Tob6T0
h.=s. (4)
3Bigku pu h>S MPOAYKTUBHICTH IPOTUTOYHO-CTPYMHUHHOI TOJIOBKH
BHU3HAYA€ETHCS 3a hopmyroro (1), ampu h<'s (puc. 3)

Q=urhD,./2p,-Ap. (5)
OpHoyacHO 31 3MEHUIEHHSM NPOJYKTUBHOCTI TOMOTEHI3aTOpa MpH

30JMKeHH1 (DOPCYHOK J10 BIJICTaHI, 1110 MEHIIIE 3a MTOJIOBUHY JllaMeTpa coIuia,
3MIHIOETHCA IIBUJKICTh CTPYMEHSI Y MOMEHT 31TKHEHHS.

Q, kr/ron,
2500 ‘ ‘
— 5=0,3 MM ]
— - P
2000 5=0,4 Mm _
— ~'s=0,5 mm P
1500 =
~
~ T
1000 =
~ .~
— .-
=
500 "
—
0
0,1 0,2 0,3 0,4 05 | 0,6
, MM

Pucynox 3. 3anexHiCTh MPOAYKTUBHOCTI BiJl BIZICTaH1 MI3K KUTbIIEBUMHU
COIJIaMH Ta MHUpUHU coren mpu Ap =5 MITa.

IIpu h>S mBuAKiCTE CTpyMeHs Imepea 3iTKHEHHSM »1 (IpUMa
PIBHOIO MIBHAKOCTI CTPYMEHS ITPU BUXOI 3 hopcyHKn) (puc. 4 a). [Ipu h<'s
MIBUIKICTh MOTOKY MOJIOKAa 110 3ITKHEHHS ©»3 OyJe MEHIe 3a »1 MpU
HE3MIHHOMY 3HAY€HHI HAJIJTUIIIKOBOTO TUCKY (puC. 4 0)

L, <V . (6)

OcTaHHsl HEPIBHICTh BUTIKAE 3 YMOBU HEPO3PUBHOCTI MOTOKY PiAWHH.
I mpu ymoBi h<'S orpumaemMo HepiBHICTH (6), 3 YOrO BHTIKAE 3MEHIIEHHS
CTYTEHs TOMOTEHI3allii, a/pKe caMe MIBHJKICTh 3ITKHEHHS CTPYMEHIB
BU3HAvYae Kputepiii Bebepa 1 cTymiHb nucnepryBaHHS >KUPOBOi (haszu
MOJIOKA.
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Pucynok 4. Cxema 31TKHEHHsI CTpyMeHIB ripu a) h>s inpu 6) h<s.

OTxe, onTuManabHa BIACTaHb MIXK COIUIaMH (POPCYHOK MPOTHUTOYHO-
CTPYMHHHOI TOJIOBKM T'OMOTI€HI3aTOpa 3 YMOBH OTPUMaHHA HaOUIbIIOL
IPOJYKTUBHOCTI 1 HAMBUIIOrO CTYyNEHS TOMOTEHi3alli (IpH MOCTIHHOMY
3HAYEHHI HAUIMIIKOBOMY THCKY) 3JIEXUTh BiJ CIHIBBIHOLIEHHS BIACTaHI
MDK KUJTBLUEBHMMH KaHaJIaMH Ta IIMPUHU IIUIMHUA 1 TOBUHHA OyTH Olible
OJIMHHUII].

Bucnosox. Po3poOiieHl aHamITH4YHI 3aJCKHOCTI JUIi BH3HAYCHHS
MPOJYKTUBHOCTI HOBOi BHUCOKOE(PEKTHBHOI KOHCTPYKIIi  MPOTHUTOYHO-
CTPYMHUHHOI TOJIOBKM TOMOT€HI3atopa Mosioka. [IpencraBieni dopmynu
BPaxOBYIOTh KOHCTPYKTHMBHI W TEXHOJIOT1YHI TapamMeTpu TOJOBKH Ta
BJIACTUBOCTI TMPOJAYKTY, MI0 MIJAMA€TbCI TOMOTEHI3alli — MOJIOKA.
BcTranoBneHno, 1m0 mpW 3MEHIIEHHI BIJCTaHI MiX KUIbIEBUMHU COILJIaMU
(GbOpCYHOK MEHIle, HDK IIMPUHA KUIBIIEBOI HIIJIMHU, 3HMXXYETHhCS SIKICTh
JUCIIepryBaHHs (CTYIiHb TOMOreHizaili). Po3paxoBaHo, 10 oOTpuMartu
MPOMHUCIIOBI 3HAYEHHS MPOAYKTUBHOCTI — 2,5 T/TOJl MOKJIMBO TP 3HAYEHHI
HIMPUHHU LIIJIMHY Ta BIACTaH1 MK QopcyHkamu y 0,5 mwm.
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Dmytro Motornyi Tavria State Agrotechnological University

ANALYTICAL VALUE OF THE PRODUCTIVITY OF THE FLOW HEAD OF
THE HOMOGENIZER

Summary
In the modern dairy industry the issue of developing new types of homogenizers is
quite acute. Existing homogenization machines have a number of disadvantages, the main
of which are high specific energy consumption and low degree of dispersion. An effective
method is to replace the valve head with a countercurrent jet, in which the incoming flow
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of the emulsion is divided into two opposing annular jets. Thanks to this improvement, it
is possible to reduce energy consumption and reduce the wear of the parts of the
homogenizer head. For such a new design of the valve head, fluid flow simulations were
performed, thanks to which it was possible to develop the shape of the inner surfaces of
the head, which provides minimal energy loss of fluid flows. However, the issues of
developing a mathematical model of dispersion in the countercurrent jet head of the
homogenizer, in particular the determination of its productivity, remain open. Therefore,
the aim of the article is to develop analytical dependences to determine the performance
of a new highly efficient design of countercurrent jet head of a milk homogenizer. The
optimal distance between the nozzles of the nozzles of the countercurrent jet head of the
homogenizer is calculated. Analytical dependences for determination of productivity of a
new highly effective design of a countercurrent jet head of the homogenizer of milk are
developed. The presented formulas take into account the design and technological
parameters of the head and the properties of the product to be homogenized - milk.

It is established that when the distance between the annular nozzles of the nozzles
is less than the width of the annular slit, the quality of dispersion decreases (the degree of
homogenization). It is calculated that to obtain industrial values of productivity - 2.5 t/h
is possible with a value of the slit width and the distance between the nozzles of 0.5 mm.

Key words: homogenizer, homogenization, countercurrent-jet head, productivity,
analytical studies, theory of homogenization.
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