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BILJIUB KPATHOCTI OBPOEKHA MOJIOYHOI EMYJIbCIT
B IIYJIbCAIIMTHOMY 'OMOT'EHI3ATOPI

I'.B. deiinnuenko, K.O. Camoiiuyk, JI.B. JleBueHko

3uaiioeno pisHsHHs 015l GUBHAYEHHS KDAMHOCMI 0OPOOKU eMYbCIi 3A1e)HCHO
810 napamempis NYIbLCAYIUHO20 20MO2eHIi3amopa: nodadyi emynvCii 6 anapam,
diamempa noputkst (pobouoi Kamepu), vacmomu i amnaimyou KOIUSAHHs NOPULHSL.
Tlokasano 36’530k Midic CcmyneHeM 2oMO2eHi3ayii ma Kpamuicmioo 00pooOKu.
OOTpyHmMOBAHO ICHYB8AHHSA ONMUMATLHOSO 3HAUEHHS NOOAYl eMyabCil 8 nYyIbCayiuHuil
anapam, 3a K020 AKICHb 00POOKU ONMUMATLHA, A eHeP2OBUMPATNU MIHIMATbHI.

Knrwuosi cnoea: comocenizayis, emynvcis, MOJIOKO, 20MOEHI3Amop,
oucnepaysanisl, meopis.

BJIMSIHUE KPATHOCTH OBPABOTKHA MOJIOYHOM
OMYJIbCUHA B ITYJIbCAIIMOHHOM I'OMOI'EHU3ATOPE

I'.B. deiinnuenko, K.O. Camoiiuyk, JI.B. JleBuenko

Haiioeno ypasnenue 01 onpedenenus Kpamuocmu oopabomxu IMyabCuu 8
3A6UCUMOCIIU  OM  NAPAMEMPOS  NYTbCAYUOHHO20 —~20MO2EHU3Amopa: nooayu
aMynbcuu 6 annapam, ouamempa NopwHs (pabouell Kamepwl), UACMOmbl U
amnaumyosl  konebanuii  nopwins.  Ilokazana 65136 Mencdy — CMENneHbo
2omoceHuzayuy U Kpamuocmulo  0bpabomru.  OOOCHOBAHO — CYyujecmeosaniie
ONMUMATLHO2O 3HAYEHUsT NOOAYU IMYAbCUU 6 NYJIbCAYUOHHBIL Annapam, npu
KOMOPOM KA4ecmeo 06pabomKu ONMUMAIbHOE, d SHEP2O3AMPAMbL MUHUMATbHbIE.

Knrouesvie cnosa: comoceHuzayus, 3MyabCus, MONOKO, 20MOSEHUIAMOD,
oucnepeuposanie, meopusi.

INFLUENCE OF MULTIPLICITY OF MILK EMULSION
TREATMENT IN PULSATION HOMOGENIZER

G. Deinychenko, K. Samoichuk, L. Levchenko

The article is a part of the cycle of articles, devoted to the efficiency increase
of the pulsation homogenizer of milk emulsion. Dispersion of milk fat in the
pulsation homogenizer is caused by impulsive shake action while the piston with
openings vibrates. Prospective use of the impulsive homogenizer lies in the
possibility to create high-rate flowing around fat globules of the surrounding
plasma which is the principal reason for their destruction.

One of the indefinite influence factors of the emulsion homogenization
process in the pulsation machine is treatment multiplicity, thus the aim of the
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research is analytical research of this factor’s influence on qualitative and power
indexes of milk homogenization.

The influence of one of the key indexes of the pulsation homogenizer process
— emulsions supply has been discovered. Specific energy consumption of the process
decreases with the supply increase. Moreover, at once the amount of passageways of
milk emulsion through the piston openings decreases — treatment multiplicity, which
reduces milk homogenization degree.

The equation is found based on classic kinematic and hydrodynamic
dependences to determine emulsion treatment multiplicity depending on the design-
kinematic parameters of the pulsation homogenizer: emulsion supply to the
machine, diameter of piston (process chamber), frequency and amplitude of piston
oscillation. The analysis of this equation shows that to increase the homogenization
degree (increase of treatment multiplicity) it is necessary to decrease emulsion
supply to the machine and increase the piston diameter (process chamber),
frequency and amplitude of piston oscillation.

The connection between homogenization degree and treatment multiplicity is
shown. Based on the experimental data of the influence of milk treatment multiplicity
in valve homogenizers, the assumption is made that for the pulsation machine there
is such an optimal value of productivity, higher than the homogenization efficiency,
which does not meet quality requirements. At the same time decrease of supply (at
unchanging amplitude and frequency of vibrations and diameter of piston) is
inefficient because of the increase rates of specific energy consumption are higher
than increase rates of homogenization efficiency.

The derived dependences supplement analytical model of fat emulsions
homogenization in the pulsation homogenizer, and allow decrease substantially the
volume of experimental researches of pulsation homogenization of milk.

Keywords: homogenization, pulsation homogenizer, energy consumption,
theory.

IMocTranoBka mnpodiemMu y 3arajbHOMY BHINIsIAL. Y OaraTbox
rajmy3siX  HapoOAHOI'O  TOCHOJApPCTBA  BUKOPUCTOBYIOThCS — MPOLECH
JIMCIIEpTYBaHHsI Ta TOMOTeHi3alii eMynbCiil. Y CUIbCHbKOMY TOCTIONapCTBi 1
MPOIIECH € HEOOXiMHUMH TiJ 9Yac BUPOOHHIITBA PO3YMHIB TECTHUIUIIB 1
3aMiHHMKIB ~HE30MpaHOro MOJOKa JUIsl  BIATOAIBIL  MOJNOOHAKA Y
TBapuHHUNTBI [1]. Y mepepoOHiii Ta XapyoBiii rajay3six HPUTOTYBaHHS
TOHKOJMCIIEPCHUX ~ JKUPOBUX  EMYNBbCIM  3aCTOCOBYeTbCA  Mij  Yac
BUPOOHMIITBA MOJIOKa T4 MOJIOYHHMX IPOAYKTIB, CyMIIIEH Ui MOpPO3MBa,
MalioHe31B, KeTuymiB, MaprapuHiB Tomo [2; 3]. [lepciekTuBHUMY € 3amiHa
KHPY )KUPOBOIO EMYIIBCIEIO ITij1 Yac yBEIEHHS B TiCTO, 3MallyBaHHs GopM y
XJIIOOTICUEHHI EMYJBbCIIMU BiJIMOBITHOTO CKJIaay, a TaKOX 3aCTOCYBaHHS
KHUPOBHUX EMYJIbCIH 3aMiCTh XKHUPY-CHPIIO B KoBOacHOMY dapii [4].

HesBaxaroun Ha HIMpOKe TOIIMPEHHS IPOIECiB TOMOreHizamii Ta
JIICNIEPTYBAaHHS €MYJIbCiH, Opakye BHCOKOG(EKTHBHHUX 1 YHIBepCcaJbHUX
MAIIWH IS IPUTOTYBAaHHSI )KHUPOBUX eMyJbeilt [1; 2].
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AHaji3 ocTaHHiIX gocaimxkeHb i myoOumikamiii. BupimeHasM
npo0JIeMH CTBOPEHHST TOMOTIEHi3aTOpiB-IUCHEPraTopiB, SKi IOEAHYIOTh
BHCOKHIA CTYIiHb MOAPIOHEHHS 3a HEBHCOKHX EHEPrOBUTPAT, MOXKe OyTH
po3podka mynbcanifHoro romorenizaropa [5—7]. MexaHi3m noapiOHEHHs
KMPOBUX YAaCTHHOK I 4Yac ITylbCalliifHOI TrOMOreHi3amii BilOyBa€eTbCs
TakuM 9uHOM (puc. 1).
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Puc. 1. Cxema qucnepryBaHHs JKHPOBOI KYJIbKH MiJ 4ac myJIbcaniifnoi
romoreHi3amii

VYHacmigoK 3HAKO3MIHHMX KOJNMBAIBGHUX DPYXiB TMOpHIHA 31
IIBUJKICTIO U, JHCIEPCIHE CEpeOBUIIEC 3aXOIUTIOE B PYyX IKHPOBY
YacTMHKY. 3a paxyHoOK cwi iHepuii F;, y pas3i BigMiHHOCTI T'yCTHHU
JIMCHIEPCIHHOrO Ta JUCHEPCHOrO CEepeAOBHII, (OPMYETHCS BIIHOCHHUH pyX
CepeIoBUINA Ta YACTKH (Vy, - Vyy), SIKUH CSra€ MaKCUMaJIbHUX 3HAY€Hb Mij
Yac TPOXO/UKEHHS YacTWHKM 4Yepe3 OTBOpH mopmHsA. Jlucnepciiine
CepelOBHUINE, PYXaro4yKCh BiJJHOCHO IIOBEPXHI JKHUPOBOi KYJIBKH, KpiM
IHEpIiaIbHUX CWJI, BIUTMBA€ HAa 1l TOBEPXHIO 32 pPaxyHOK JEKIIBKOX
(aKTOpiB: T1IPOCTATUYHOIO TUCKY, JOTUYHUX I HOPMAIBHUX HANPYKEHb Ta
KaBiTamiiHux edexriB. HalOinbI cyTTeBUil BIUIMB Ha XHUPOBY KYJIBKY B
TpoIieci MyJbCaIlifHOT TOMOreHi3amii MarTh cwid iHepmii Fj, OCKiIbkH
BOHM CIIPUSIIOTH BUHHUKHEHHIO TpajieHTa mBuAKocTi. OCHOBHMMH
(akTopamMH iHEpHiaNbHUX CHJI € YacToTa N Ta aMIUNTyda S KOJIMBAaHHS
TIOPIITHS.
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Meta crarri. OmHMM i3 HEBH3HAYEHHX BAXKIMBUX (HaKTOpiB
TpoLIeCy TOMOTeHi3alii eMynbcii B ITynbcalliifHOMy amapaTi € KpaTHICTh
00pOoOKH, TOMY METOI0 HAIIMX OCTIDKCHb € aHATITHYHI JIOCIIKCHHS
BIUIMBY ITHOT'0 (haKTOpa Ha SKICHI Ta CHEPTeTUYHI MOKa3HUKU TOMOTCHI3aIii
MOJIOKa.

Buknax ocHoBHoro marepiamy pmocaimxennsi. OpHuM i3
BH3HAYAILHUX TOKA3HHUKIB IPOIECy MyJIbCAallifHOrO TOMOreHi3aTopa €
mofada emynbciii Q. lle He3anexHuil GakTop, AKUN BIUTUBAE SK HA SIKICHI,
TaK 1 Ha EHepreTWyYHli IOKa3HWKW amapara. Y pasi 30UIbIIeHHs Ionadi
3MEHIIYIOThCS THMTOMI eHeproBuTparu mnpouecy [7]. Pasom i3 mum
3MEHIIYETHCSI KUTBKICTH TPOXOMIB MOJIOYHOI €MYJbCii Kpi3b OTBOpH
TIOPIIHSL — KPaTHICTh 00pOOKH, 1110 3HIDKYE CTYIIHb IOMOTEHI3allii MOJIOKa.
Po3ristHEMO 11F0 3aKOHOMIPHICTE JOKJIA THITIIE.

Y pobody kamepy MyJabCaIlifHOrO TOMOreHi3aropa aiamerpoM D
TIOAAETHCS TIPOAYKT, SIKUM MPOXOIUTH KPi3b OTBOPH ITOPIIHS, IO 3A1HCHIOE
KOJIMBAHHSI 3 aMIDTITY/IO0 S 1 4aCTOTO0 N (puc. 2).
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Puc. 2. Cxema BU3HAYEeHHS] KPATHOCTi 00p0o0OKH

3a 9ac to IPOXOMKEHHS eMYIbCIEI0 JOBKUHU aMIUIITYU S IIOPLIEHb
3ivicHUTH K KONHMBaHB!

1
t, =K—, 1

ne 1/n —vac 0qHOTrO KOJIMBAHHS MOPLIHS, C.
Yac tq BU3HauUUMO 3 hopmynu

tQ = (2)

A€ VL, —WBHIKICTb IIOTOKY MOJOYHOI eMyibcii B pobouiii Kamepi

TOMOT'eHi3aTopa, M/C.
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2
ne F, —moma nopiss, M™.
Toni, Bupaxaroun y ¢opmyni (1) t, uepes pisnsuHst (2) i
BpaxoBylouH (3), OTpPUMA€EMO PiBHICTh
2
stD” K @)
4Q n
Bupaxatoun 3 ocraHHboro piBHSHHS K, oTpumaeMo piBHSHHS st
BH3HAYEHHS KPATHOCTI 00pOOKH B ITy/bCaI[ifHOMY TOMOT€Hi3aTopi

nD%sn
K=" )

AHatizyloum OCTaHHE PIBHSHHS, MOXKHA 3pDOOWTH BUCHOBKH, IO JUISI
MiJBUIICHHS CTymeHs romoreHizamii  (30umemenHs K)  HeoOXigHO
3MEHIIYBaTH MOAavYy eMysbcii B anmapar Ta 30UIbIIyBaTH JiaMeTp IOPIIHS
(pobouoi kamepH), YacTOTy W aMILTITYly KOJMBaHHS MOPIIHS.

JInst HaWOIIBII BUBYEHOI — KJIalMaHHOI — TOMOTeHi3amii 3ajeXHICTh
eQEeKTUBHOCTI TOMOI€HI3allii BiJl KpaTHOCTI OOpOOKHM Mae€ TNapaloidHui
xapakrep [2; 8] (puc. 3), mpuuoMy B pa3si 301IBIICHHS KPaTHOCTI 00pOOKH
TEMIM MiJBUIICHHS €()EKTUBHOCTI TOMOrCHI3amii 3HWKYOThCS. Jis
MynbcalifHOl TOMOTreHi3allii MOXJIMBO IPOTHO3YBaTH  aHAJIOTIYHHI
xapakrep 3anexHocti i=f(K). ¥V pasi 30inblieHHs mnomavi HPOAYKTY B
KaMepy TOMOreHizamii B n pa3iB NHUTOMI €HEProBHTpaTH W KpaTHICTh
rOMOreHi3amii 3MEHIIYIOTbCS B N pas3iB. Y pa3i 3MEHIIEHHS KpaTHOCTI
00poOKH B N pa3 CTYMiHb FOMOT'€Hi3allii, 3 OIrJIsIIy Ha XapaKkTep 3aJeXHOCTI
i=f(K), 3MeHImyeThCSl MEHIIIE HIX y N pa3iB. ToMy iCHye Take MakcuMalbHe
3HAYEHHS NPOAYKTHBHOCTI Quax (puc. 3), Buile 3a ske ePEeKTUBHICTh
TOMOT'CHi3aIli1 He BiMOBigae BUMoram sikocTi (i=75%).
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Puc. 3. Xapakrep 3a7e:xHocTi e)eKTHUBHOCTI (CTymeHst) roMoreHi3anii
Bi KpaTHOCTI 00pOGKH
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3amkenHs nomadli Q<Qu., (mpm s, n, D=const) nHeedexTHBHE
BHACJII/IOK TOT'0, 110 TEMITH 30UIBIIEHHS] TUTOMUX €HEPrOBUTPAT BUILI, HIXK
TEMITH TTiJBUIIEHHS €eKTUBHOCTI TOMOreHi3arlii.

BucHoBku. Y pe3ynpTaTi aHaMITUYHUX JOCI/DKEHb 3HANIEHO
3aJIeKHICTh Ul BU3HAYEHHsSI KPaTHOCTI OOpOOKM emyinbeii (KUTbKicTh ii
MIPOXOKEHb Kpi3b OTBOPH IIOPIIHS) BiJl KOHCTPYKTUBHO-KIHEMAaTHYHHX
rapameTpiB  MyJNbCallifHOrO  TI'OMOreHi3aTopa.  YHAcliJIOK  aHaji3y
OTpUMaHOi 3aJIEKHOCTI BH3HA4YEHO, MIO /IS INJBHIICHHS CTYIEHS
romoreHizamii (301IbIIEHHS] KpaTHOCTI 0OpOOKH) HEOOXiJHO 3MEHIIYBAaTH
nojavdy eMmyiabcii B amapaT Ta 30iIbIIyBaTH Aiamerp mopmHs (pobodoi
KaMepH), YaCTOTy W aMILUTITYy KOJUBaHHS HOPIIHSI.

Baszyrounich Ha eKCHEepHMMEHTAIbHHX JaHWX BIUIMBY KpPaTHOCTI
00poOKM MOJIOKa B KJIAMaHHUX T'OMOreHi3aTopax, Uil IyJIbCallifHOrO
amaparta oOIpyHTOBaHE iCHyBaHHSI OIITUMAJBHOTO 3HAYEHHSI  TPOXYKTHB-
HOCTI, BHIIC 32 K¢ SPEKTHBHICTH TOMOTEHI3allii HE BIiMOBia€ BUMOTaM
skocTi. PazoM i3 TUM 3HIWKEHHS Tozadi (3a HE3MIHHMX aMIUNTYyId Ta
YacTOTH KOJIMBAHB 1 JliaMeTpa MOpIIHs) Hee(eKTUBHI BHACIIJOK TOTO, IO
TEMIM 301IbIIEHHS TUTOMUX €HEPTOBUTPAT BHIII, HIXK TEMITH IiABUIIECHHS
e(peKTHUBHOCTI TOMOT'CHI3aIlii.

OpepxaHi  3aJIKHOCTI  JONMOBHIOIOTH ~ aHANITUYHY  MOJETh
rOMOTeHi3alii XUPOBUX EMYIbCIH y IyJbcalifHOMY TOMOTreHi3aTropi Ta
JIO3BOJISIFOTH ICTOTHO 3MEHIIMTH OOCAT €KCIEPUMEHTAIBHUX JIOCIHiKEHb
ITyNbcaniiHol TOMOreHi3allil MOJIOKa.
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PO3POBKA PEKYIIEPATUBHOI'O TEIIJIOOBMIHHOI'O
MPUCTPOIO JJ151 EKCTPYJIEPA 3 IIEPEPOBKH XAPUOBOI
CHUPOBUHHA

B.O. Iloranos, JA.B. biinii

Pospobneno  pexynepamugnuil  KOJHCYXO3MIUOBUKOBULL  MENI00OMIHHULL
npucmpitl 01 MOOepHi3ayii 0OHOWHEK08020 eKCmpyodepa 3 nepepoOKu Xapuogoi
cuposunu. Jlocniodxceno npoyec meniooOMiHy 34 GUKOPUCHAHHS Menad SIOXIOHUX
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