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3aBucnmocth KOG PUIMEHTA TENJIO0TAAYH HATPEBA MOJIOKA
B BUOPALIMOHHOM MOAOrPeBare/ie 0T KOHCTPYKTHBHBIX
apaMeTpoB
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Cankrt-IleTepOyprckuit rocy1apCTBEHHBI YHUBEPCUTET
HU3KOTEMITEPATYyPHBIX U MHUIINEBBIX TEXHOJIOTHH

Onpedenena 3asucumocmo Kod(puyuenma menioomoauu 8 npoyecce Hazpesa
MOJIOKA 8 8UOPAYUOHHOM nodozpesameie Om aMnIumyovl U Yyacmomsl Konebauuil
eperouyert N0BepPXHOCMU, Ulaz2a 8bICMYNO08 U paouyca 3axKpyeieHus npoguia eperouel
NOBEPXHOCMU.

KiroueBsie cioBa: koahGHUITMEHT TeiooTIauu, BUOPAIIMOHHEIN TI0/I0TpeBaTelb,
HarpeB, MOJIOKO, aMIUIMTyJa W dYacToTa KojieOaHWH, IIar BBICTYIIOB, paauyc
3aKpyIJIEHUS.

JlanHOE WcCcleOBaHUE TIOCBSIIEHO WM3YYEHWIO 3aBUCUMOCTH Kod(dduiimeHTa
TETUIOOTJAYM B TIpoOIlecce HarpeBa MOJIOKa B BHOPAIMOHHOM IIOAOTpeBareie OT
aMIUTUTY/IBI ¥ 9YaCTOTHI KOJieOaHMiA Tperoleli MOBepXHOCTH, Iara BICTYIIOB pajnyca
3aKpyTieHus npodus rperoineii mopepxHoctu [1, 2].

Hcmones3yss MeToj MaTeMaTHYeCcKOro MOJEIMpPOBaHUs, ObUIa COCTaBlieHa
MaTpulla IEHTPaJIbHOIO TUIaHA TIPOBEACHHS OKCIIepUMeHTa. YHCIIO ONBITOB B
MaTpHlle TUIaHUpOBaHUs paBHO 53. OCHOBHOH YpOBEeHb, HMHTEPBAIBI BaphbHUPOBAHMUS
NepeMeHHbIX W TpaHWIBl OOJACTH WCCIICOBAHMS PACCUUTHIBAIACH C YYETOM
BEJIMYMHBI 3BE3/THOTO TIJIaHa o = 2.

[To »sKcrepuMeHTANBHBIM JaHHBIM  OBUTM  PACCUHUTAHBI  KOIPPHUIIUSHTHI
ypaBHEHUH perpeccruy BTOPOTO MOpsIKa. 3HAYUMOCTh KO3 PHUITMEHTOB TTPOBEPSIIOCH
no kputeputo CTBIOJIGHTA W TOCIIE OTCeBa HE3HAYMMBIX KOI(PQOHUIIUESHTOB OBLIO
MOJIy9eHO YpaBHEHHUE B CIIEIYIOIIEM BUIE:

Y = 12217 — 304X+ 50,3% +3524,7% — 2303,9X% — 9,25X X, +374,3% X, —
10,91X,X3 +168X, — 0,45K,° — 595,%4” + 506,57, (1)

rae Y — xodh@UIMEeHT TeriooTAauu B Ipollecce HarpeBa 00e3)KUPEHHOTO
MOJIOKa B BUOpaIMoHHOM mogorpesarere, Br/(M%/K);

X1 —3HavyeHHe aMIUTUTYAbl KOJIeOaHUH Tperolleil MOBEPXHOCTH, MM,



X, — 3HaveHWe YacTOThl KoJiebaHui Tpetolell oBepxXHOCTH, 1/c;

X3—3HayeHue 1ara BhICTyMa MpouIIsl rperoleld MOBEpXHOCTH, MM;

X4—3HaueHHe paauyca 3aKpyriieHU Mpouiis rperoiield HOBepXHOCTH, MM.

[IpoBepka amexkBaTHOCTH MO Kputepuio Duinepa mokaszana, 4TO ypaBHEHHE
a/IeKBaTHO OMKCHIBAET HKCIIEPUMEHT.

Bnusnue kaxmoro m3 (akTopoB Ha M3MeHeHHe KO3 (UIMeHTa TerIo0TAaun
OTpeIeIISIOCh Iy TeM MOJICTAaBICHUS UX 3aJJaHHBIX 3HaYeHul B hopmyiy (1).

Ha puc.1 npencrasnen rpadux 3aBUCUMOCTA KOIPPUIIMEHTA TETUIOOTIAYHA OT
aMILTUTYAbI KOJIeOaHU# Tperollell TOBEPXHOCTH B Mpoliecce HarpeBa 00e3KUpeHHOTo
MOJIOKa.

Y,
Bt/

(M2/K)

4000

3500 —

3000

Puc.1

AHanmu3 3aBUCUMOCTH IIPOBEIEH IS CIENYIOIIUX 3HAYEHW IapaMeTpPOB
ypaBHeHwust (1):
Xo=32 1k, X3=2mM, X4= 2,5Mmm (kpuBast 1), X4=1,5mMm (kpuBas 2);



X,=68 1k, X4=2,5mm, X3= 3MmmMm (kpuBast 3), X3= 2MM (kpuBas 4);

Xo=32 1k, X3=3mm, X4= 1,5mmMm (kpuBas 5).

Kak BunHO 13 puc.1l ko3¢ GUIMeHT TemIooTAauH B KaHajdax ¢ roGppupoBaHHBIMU
MOBEPXHOCTSAMU TpY BUOpAIMM BO3pacTaeT MOHOTOHHO 10 3HAYEHWH aMIUIATYIbI
KonebaHui, paBHOU 4 MM, a 3aTeM yMEHbIIAeTCs.

KauecTBeHHO XapakTep KpHUBOH XOpOIIO COTJACyeTcsi C 3aBHUCHUMOCTHIO
K03 duireHTa TEmIo0TAaYr OT aMIUTUTYAbl KoJeOaHui B TIIIAAKOCTEHHBIX
termmooOMeHHuKax  [3].  OpHako, MakcUMyM — KOO(QQHIMEHTa  TEeTUIOOTAaYH
JOCTHUTaeTCs MPH CYIIECTBEHHO MEHBIINX aMIUIUTYIaX, YTO CBSI3aHO C IOPOXKICHUEM
KPYTTHOMACIITaOHBIX TypOYJIEHTHBIX BUXpEW BBICTyMaM# rodp, KOTOpbIE OKa3bIBaIOT
Ha TIOTOK BIUSHHE, AaHAJIOTUYHOE IIOPOTY, YCTAaHOBIEHHOMY Ha JHE W
COBEpIIAIOIIeMy BO3BpPaTHO-TIOCTyMAaTeNbHOE [BIKEHHE B OJIHOM HAMpaBIeHUH C
notokoM. B To Bpemsi Kak, B TIJaJKOCTEHHBIX TEIUIOOOMEHHHUKAaX MEXaHU3M
(dbopMupoBaHus TypOyJIeHTHBIX BUXpEl Opyroi, KpymHOMacTabHbele TypOyIeHTHbIe
BUXpU (OPMUPYIOTCSI B BS3KOM TMOACIOE, TMPH 3TOM TMpHJIETalole K CTEeHKe
CPaBHHUTEIBHO KpyHHBbIE OOBEMBI JKHUAKOCTH HMEIOT HHU3KYI0  CKOPOCTD,
MIepUOJINYECKN OTPHIBAIOTCS OT CTEHKU M YHOCSTCS B IIyOb moTtoka. s yckopeHus
JaHHOTO OTpbIBa TpeOyeTcs CyIIeCTBEHHO OOJbIIMe aMIUIMTYAbl KojeOaHui, B TO
BpeMsl KaK MpH BHOpalMU BBICTYIIOB, PACIONIOXEHHBIX IOMNEepeK MOTOKa, y)Xe IMpH
HE3HAYUTENbHBIX KOJNEeOaHUSX TOPOXKAAIOTCI HMHTEHCUBHBIE KpyMHOMACIITaOHBIE
BUXPH, TaK KaK IpU JIBUKEHUU HABCTpeUy IMOTOKY rodpbl MPOUCXOIUT IepecTporika
CTPYKTYPBI MOTOKA, HAUMHAETCS OTTOK XXUAKOCTA OT CTEHKH B IIyOb MOTOKa, MpHU
3TOM OmmKaiime K roppe CIoW 3aMeINISIOTCs, a IBHKYIIMECS 32 HUMH CIIOH
MpHOOPETAIOT MOMEPEYHYI0 COCTABISIONIYI0 CKOPOCTH, HAMIPaBIEHHYIO OT CTeHKU. B
CIIEAYIOIIN MOMEHT BpeMeHHW rodpa IBUXKETCS B OOpaTHOM HaNpaBlIeHUH, B
o0yacTb Mexay roppod M 3aMeIJICHHBIMU CIOSMU YCTPEMIISIeTCS JKMIKOCTh Hal
rogppoii. B pesynprare TOro, 4ro >KUIAKOCTh 3a TOQpO ABMKETCS K CTEHKe, a Ha
3HAYUTENIbHOM PacCTOSHUU OT rodpbl B SIAPO MOTOKA, 0Opa3yrOTCS MHTEHCHBHBIE
TypOyJleHTHBIE BUXpH, KOTOpble M TPUBOAAT K HHTEHCHUBHOMY IepeMelInBaHHIO
MOTOKa J>KUIKOCTH. YeM Oosnblle aMmmiuTyga KojebaHwii, TeM OOJblle pa3Mepsl
JaHHBIX BHUXPEBBIX O0pa3oBaHMil M, ClIeAOBaTelbHO, TeM Oomblne Ko3(hdUIueHT
TEIUIOOTIauH.

Kospdunment rterootnauyd JOCTUTaeT MaKCUMyMa TIpU  aMIUIATY[e
KojeOaHui, TpU KOTOPOH TOpOXKIaeMmble KpylHOMAacIiTabHble TypOyleHTHBIE
BUXpeoOpazoBaHMs He B3aMMOACUCTBYIOT IPYT € JPYyroM BOJM3U CTEHKH, a YHOCSTCS
BIUIyOb TOTOKa M TaM BBI3BIBAIOT WHTEHCHBHBIE IepemelnrBanusa. Kak Tonbko
aMILTUTYAa KoJeOaHHii MPEeBBICUT NpelelbHOe 3HaUeHHe U, ClIe0BAaTeNIbHO, pa3Mephl
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BUXpEeH MOCTUTHYT TaKWX BEJWYHH, YTO BUXPH, 00pa3oBaHHBIC HA CMEXHBIX rodpax,
OyIyT cTakuBaThCsl APYT C JIPYTroM BOJM3U CTEHKH W, KaK CIEACTBUE, APOOUTHCH,
TepSITh YHEPTHI0, TO YHECEHHBIC B IIyOb MOTOKA, 00pa30BaHHbBIE W3-32 APOOJICHMUS,
Majble BHUXpEeBble TypOyJIeHTHbIe OO0pa30BaHWS HE B COCTOSHUU BHI3BATH
WHTCHCUBHOIO TepEeMEIINBaHUsS ¥ WHTCHCHBHOCThH TEIUIOOOMEHA CHWXKAeTCs, 4TO
MTOATBEPIKIAETCS MTOBeJIeHNEM KpruBOi Ha puc.l.

Ha puc.2 npencraBned rpaduk 3aBUCUMOCTA KOIPOUIIMEHTA TETUIOOTIAYHA OT
YacTOTHI KoJieOaHMI Iperolell MOBEPXHOCTH B IMpoIlecce HarpeBa 00e3KHUPEHHOTO
MOJIOKa B BUOPAIIMOHHOM TOJIOTpeBaTelIe.

Y, 3
B/ P
(Mm2/K)

4500

4000

3500

3000

2500

2000
14 32 S50 68 1/c

Puc. 2

AHalIM3 3aBUCUMOCTH TpoBeeH isa: X; = 3,25mM, X3 = 3 MM, X4 = 2 MM
(kpuBas 1), Xy= 2,5mm (kpuBas 2); X3 = 1,75mMm, X3= 2 MM, X4= 1,5Mmm (kpuBas
3); X1=2,5MmM, X3=2,5mMm, X4=2MMm (kpuBas 4).

Kak BumHO W3 puiCyHKa, ¢ BO3pacTaHWEM YacTOTHl HaOIt0IaeTcss MOHOTOHHOE
yBeJIMYeHHe Kod(DPUIIMEeHTa TeIIOOTIa4uH. MMPU JTOCTHKEHUU YaCTOTOU MPeIeTbHOTO
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3HAYeHHsI, PaBHOTO 4, KO3 OUIMEHT TEIIOOTAaYM JOCTUTAET MaKCHMAaJIbHOTO
3HAYeHWs, ¥ TP JaJlbHEWIIIeM BO3PAaCTaHUM YacTOThI KOJIeOaHWN HAOIOIaeTCsl ero
MOHOTOHHOE yObIBaHMe. /[aHHas KpHBas KaueCTBEHHO COIJIACYeTCS C pe3yJIbTaTaMH
DKCIIEPUMEHTAIILHBIX WCCIIeIOBAaHUN IIJIsi TypOYJICHTHBIX CTPYH, B KOTOPBIX TaKXKe
OTMEYEHO, YTO HU3KOYACTOTHBIE KOJIeOQHMUS  MOBBIIMIAIOT HWHTEHCUBHOCTH
TypOyJNeHTHBIX TyJbCallWii, B TO BpeMs KaK BBICOKOYACTOTHBIE KOJIeOaHUs
YMEHBIIAIOT HWHTEHCUBHOCTh TYPOYJECHTHOCTH W IIEpeMEIIMBaHUE JKHUIKOCTH.
VYBenuuenne Kod(PQUIIMEHTAa TEIUIOOTIAYM CBS3aHO C yBEJIMYCHWEM 4YHucia
MOPOXKIaeMbIX B EIAWHHILY BpeMEHU TypOYJIEHTHBIX BHXPEBBIX OOpa30BaHHMH W,
clieoBaTeNbHO, C MHTEHCU(UKAIIUEH MTPOIIeCCOB IMepeMelTnBaHUsI IIOTOKA.

[Ipn mepexome dYacTOTBI 4Yepe3 KPUTHUYECKOE 3HAYEHHWE Ha IEePBOM JTalle
CHUXKeHue Kod(dduimeHTa TEIUIOOTAaYrd CBS3aHO C TOPOXKIACHHUEM TaKoro
KOJIMYecTBa TypOYJIEHTHBIX BHXpeH, YTO 3HAYMTENbHAs JOJs WX CTaJIKHUBaeTCs
MeXJy Cco0Oil BONM3M CTEHKH, JPOOUTCS Ha MeJKhe BUXPU U MPOIECC
NepeMeIlIMBaHusl IOTOKA CTAaHOBHTCS MeHee MHTEeHCHBHBIM. OpHako, TIpH
TanbHEHIIeM BO3pacTaHWM YacTOThI, JO HYacTOT, Ooipmux 68 ¢!, B MexaHuzMe
CHUKEHUS TEIJIO00MEeHa HaYMHAET MPeBaIMPOBaTh APYroi hakTop, a UMEHHO, BpeMsI
KojebaHusi TOQp CTAHOBHUTCS MEHBINIE XapaKTepPHOTO BpPEeMEHU W3MEHCHHUS
THIPOJIMHAMHYECKUX TIPOIECCOB M KPYITHOMACIITAOHbIe BUXpPEBbIe 00pa30oBaHUs HE
ycrmeBaloT pa3BuThes. CHadana WX HMHTEHCHMBHOCTh CTAHOBHTCS MEHbBINE, a MpHU
JaJbHEHNIIIEM POCTE YaCTOTBI OHU BOOOIIE HE POPMHUPYIOTCS.

Ha pwuc.3 npencrasieH rpaduk 3aBUCUMOCTH KOA(DPHUITMEHTA TEIUIOOTIAYH OT
I1ara BBICTYTIOB MPOGUJIS Tperoleli MOBEPXHOCTH.

Amnanu3 poBegieH 1. Xy = 3,25mMm, X, = 68 1£, X4 = 2,5Mmm (kpuBas 1); X, =
1,75mm, X,= 68 1, X4= 2,5mm (kpuBast 2); X1 = 3,25mm, X, = 32 1, X4= 2,5Mm
(kpuBas 3); X1 = 1,75mm, X, = 32 1£, X4= 1,5mm (kpuBas 4).

VYBenuuenne kodhdUIMEHTa TEIUIOOTAAaYd C YBEJIWYEHHWEM Iara BBICTYIIOB
MpoQwIsl TPEroIel MOBEPXHOCTH CBS3aHO C YBEJIWYEHUEM PACCTOSHHS MEXITY
BBICTYITaMHM TO(p, YTO TMPHBOJUT K CO3JAHUIO KPYITHOMACIITAOHBIX TYpPOYJEHTHBIX
Buxpeil. [locme mocTrkeHMs] pacCTOSHUS MEXIy TohpaMu KpPUTHYECKOTO pa3Mepa
BeJIMYMHA TypOYyJICHTHBIX BUXPEH C POCTOM PACCTOSHUSA MEXIy rodppamMu He pacTerT,
TaK KaK BIHMsSHHWE BBICTyNa (rodpbl) Ha TeYeHHE JKUIKOCTH BBEPX IO MOTOKY,
3aBUCAIIEE OT BBICOTHI BBHICTYIIA M pagdyca KPUBU3HBI, JOCTHTaeT CBOETro
MpeeIbHOTO 3Ha4YeHWs. Tak Kak ¢ pOCTOM pacCTOSHUS MeXIy Todpamu dYucio
BUXPEBBIX OOpa30BaHW Ha EJWHHMIE JJIUHBI TEIIOOOMEHHHMKA yMEHBIIaeTcs W,
clieloBaTebHO, TIpOIlecC TIepeMelInBaHUsl CTAHOBHUTCS MeHee WHTCHCUBHBIM,
K03 DHUIIMEHT TEITOOTIa4YH TIaIaeT.



B/
(M2/K]

a3ooL—" 1 : ~ 4

e _'_'_,.ﬂ- -
___,..--"" _d_'_'_,__,-o-"""'f - | 2
3?004;,xﬁ .
L |3
3100
. P
2500, .
1.5 2.0 2.5 Ll

Puc. 3

Ha puc.4 npencrasnen rpaduk 3aBUCUMOCTA KOI(PPUIIMEHTA TETUIOOTAAYHA OT
paanyca 3aKpyriieHus] PO TPEIOIeil MOBEPXHOCTH. AHAIIN3 TIPOBEACH ISt X;
= 1wmm, X;=50 1k, X3=1,5mm (kpuBasg 1); X; = 1 mm, X, = 68 1E, X3= 2 MMm
(kpuBas 2); X1 = 1mm, Xo= 68 1£, X3= 2,5mMm (kpuBas 3).

KoaddurmeHnTt Temmootaaun MOHOTOHHO BO3pacTaeT A0 pajuyca 3aKpyrieHus,
paBHOM 1,5MM, a 3aTeM MOHOTOHHO YObIBaeT.

Crnemyer OTMETHTh, YTO OTPBHIB TypOYJCHTHBIX BHUXpel, O0Opa30BaHHBIX BO
BIAJMHAX MEXIy rodpamMu, U YHOC UX B IIyOWHY IMOTOKA WTpaeT OCHOBHYIO POJIb B
HarpeBe KUJIKOCTH, TaK KaK 00pa3yrolIrecs: BUXPH 3a 3TO BPeMsI HAXOXKICHUS MEXTy
roppamu  (Mexay Tpems CTEHKaMM) HarpeBalOTCs HECKOJBKO OoJble, dYeM
OCTAJIbHOHM TOTOK, W 3aTeM HarpeThlii BUXPh YHOCUTCS B IIyOb TOTOKA, TepenaBast
eMy CBOE TeIlIO.



1 1.5 2.0 2.5 MM



Cnucok Jurepatypbl

1.

ABtopckoe cBuuetenbectBo CCCP Ne 1429361,A 23 L 3/22.Cnoco06 Harpesa
MoustouHbIX poaykToB [Tekct]/ Hemunos C.®., Cementok B.H., Mapteiros H0.B.,
Hy6unckuit  JI.LP.. Bcecoro3Hblli  Hay4HO-UCCIIEIOBATEIbCKUI  MHCTUTYT
KOMIUICKCHOTO ~ WCIIOJIb30BAaHUS MOJIOYHOTO ChIphs W MHCTUTYT mpoGiem

MexaHuku AH CCCP- Ne4166429/28-133as81. 24.12.869ny6:1. 08.06.88, — 4.

. ABtopckoe cBumetenbetBo CCCP Ne 1600675,A 23 C 3/03. YcrpoiicTBo st

nactepuzanuu Mojoka “Buxpp’[ Tekct]/ MonounukoB B.B., Jlemunos C.D.,
Cementok B.H., Manaxosa T.A.: 3asButens Ceepo-KaBkazckuii dunuan
BCECOIO3HOTO  HAYYHO-UCCIENOBATENbCKOTO  MHCTUTYTa  MAacloAelIbHOM U

ChIposieNibHOM npombilieHHocTH U UHctutyT npobinem mexannku AH CCCP. -
Ne3720884/28-133as81. 18.04.8491ny6m. 23.10.90br051. Ne39. — 4c.

. Tanuneiickuit B.W., PeikoB 10.A., Axym B.B.TemnoBele u rugpoanHaMrUyecKue

MpoIriecchl B Kojebmomuxcs moTokax. M.,”"Mammraoctpoerne”. — 1977. — 25@.

Dependence of heat transfer coefficient from milk heated
in avibrating reheater on design parameters

Voronenko B.A., Demidov S.F., Demidov A.S., Polyal&V.

Saint-Petersburg State University of Refrigeration
and Food Engineering

In the process of heating milk in a vibrating reheater there has been determined

the dependence of heat transfer coefficient on amplitude and frequency vibrations,
projection spacing and profile curve radius of the heating surface.

Keywords: heat transfer coefficient, vibrating retez, heating, milk, amplitude

and frequency vibrations, projection spacing, cuagus.



