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B npouecce sxcnayamayuu cucmemot x04000cHabycenust ¢ KoH-
mypom npomedxcymo4nozo oxaaxcoenus (KII0O) eozmoxncrno 3ace-
A€HUe e20 MUKPOOP2AHUIMAMU, HCUZHEOesIMeAbHOCHIb KOMOpbIX
CNOCOOHA UMEHUMb COCIAB U 6A3KOCHIb XAdJOHOCUmes, 00paszo-
6AMb HA GHYMPEHHUX CHEHKax mpy6 ciou 6uoobpacmanuil u 6 umo-
2e NoGbICUMb 2UdpasAUMeCKoe U MepMU1ecKoe COnpomueieHue men-
A1000menno20 060pydosanus. Cmamos nocesiuiena pacuemtou u sm-
NUpU1ecKoll OUeHKe GAUSHUS IMUX USMEHEHUL 00 OelicnmeuemM MUK-
POOP2aHUZMO6 HA IDDeKmuUGHOCHb U CMAOUILHOCb Men1000MeHa
6 KII0. Ycemanoeaeno cywecmeosanue Kkpumu4eckou moauwjunsl
ca0s 6uoobpacmanuit (1. mm), npu npesviuienuu Komopoi pesKo pa-
cmem (Ha HeCK04bKO NOPsI0K0G) 2U0pasauecKoe conpomugierue 6
mpy6ax. Ommeueno yxyowenue menaonepeoaqu npu Haiu4uu 6uo-
obpacmanuii uz-3a ux HU3KoU menaonposéoonocmu (na 1—2 nopso-
Ka MeHbue, vem y mamepuaaia mpyo).

Ilpusedenvt 6o3moncrole Memoodst noddepicanuss memnepamyp-
Hozo pexcuma KI10 ¢ ycaosusx 6uoobpacmanuil, a maksice cnoco-
0bl 02panuMenHus UX He2amueHo20 ausHus (ououudnvie 0obasku 6
XAA00HOCUMEeb, €20 pe2yipHblil MOHUMOopuHe nocae 3—5 aem pa-
Oomvl, pezenepauus uau 3amMeHa X1400HOCUNest).

Karouesvte caosa: xaadonocumens, 6uoobpacmanus, euopaeiu-
ueckoe U mepmuieckKoe conpomugieHus 6 meniooOMeHHUKe, 653~
Kocmb xaadoHocumens, dppeKmugHocms menio0oMeHa.

BIOLOGICAL DEPOSITIONS AS A FACTOR OF HEAT
EXCHANGE EFFICIENCY DECREASE
Galkin M. L., PhD, OOO Spectroplast, E-mail, info@splast.ru

In the operation process of refrigeration circuit with the contour
of intermediate refrigeration (CIR) during operation can be
inhabited by microorganisms, the vital activities of which can alter
the composition and viscosity of the coolant, form the layers of
accumulated biological depositions on equipment and finally increase
hydraulic and thermal resistances of heat exchange equipment. The
paper is devoted to the calculation and empirical assessment of the
effects of these alterations caused by microorganisms on efficiency
and stability of heat exchange in CIR. The critical thickness of
biological layer — 1 mm — was determined, in the case of increasing
of which hydraulic resistance in tubes increases sharply (by some
orders). The worsening of heat transfer was found in the presence of
biological depositions because of their low thermal conductivity (less
by 1-2orders) than of the materials of the tubes.

Possible methods for maintaining temperature conditions of CIR
in the presence of biological depositions, and the methods for limiting
their negative effects are indicated (biocide additives to the coolant,
regular monitoring of the coolant after 3-5 years of operation) ;
change and recovery of the coolant is possible.

Key words: coolant, biological depositions, hydraulic and thermal
resistances in heat exchangers, viscosity of coolant, efficiency of heat
exchanger.

* OkoHyaHue. Hayano cm. «XonoaunbHas TexHuka» Ne 5/2011.
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B nepBovi 4acTu cTatbyl OblJ10 PACCMOTPEHO BIINSIHUE
Haan4us MUMKpPOOPraHU3MoB B XKoLV cpene
(xnagoHocuTene) Ha U3MeHeHue rviapaBn4yecKoro
COMpOTUBIIEHUS] B TEMI00OMEHHbIX arraparax.
Janee 6ynet oLleHeHo BINSHUE MUKPOOPraHU3MOoB B
X/1afloHOCcUTE e Ha Tern1I000MeH B anrnaparax Tuina
«Tpyb6a B Tpybe» U rnpeasioxeHbl Mepb!

ro ctabunnsaumm Tern1006MeHa v roBbILLIEHWIO
BHEepProa®@eKkTUBOCT KOHTYPa MPOMEXYTOYHOIro
OX/1aXX[AEeHUS B YCIIOBUSIX BEPOSITHOrO 06CeMeHEHUS
MUIKpOOpraHnaMamu.

M3meHenne mapaMeTpoB TeNJI000MeHHBIX MPOIECCOB
NPH HAINYNH MEKPOOPraHM3MOB

Hanuune 6uoobpactanmii, MMEIOIINX HU3KYIO TeT-
JIONIPOBOJHOCTh, Ha TTOBEPXHOCTU TEILUIOOOMEHHUKA
3aTpyIHSIET TTPOLIECCHI TEIIIOOOMEHA MEXIY XJIaJOHO-
CUTEJIeM 1 OXJIaxKIaeMOM XKUIKOCThIO. JITs pacueTa aTo-
TO BJIMSTHUSI MCTIOJIB30BATY TETIJIOBO# OalaHC TeTi000-
MEHa 4epe3 CTeHKY TpyObI TerutoooMeHHUKa [1, 3]. B
TIEPBOM TTPUOIVKEHUU TIPU pacueTax He YUUTHIBAIUCH
TOTEPU TETUIa B OKPYKAIOIIYIO CPey.

TemnnoBoii moTok Q Yepe3 NMINHAPUIECKYIO CTEHKY
B TEIUIOOOMEHHMKE THMa «Tpyda B TpyOe» Mpu MpoTh-
BOTOYHOM T€UEHUU U TETUIOU30JMPOBAHHOM BHEIITHE
TpyOe paBeH:

Q = Knlb = Glcpl(TIH - ’TlK) = G2cp2( ’TZK - 7—'21-1)’ (5)

rae K — IuHeHbIi KoahGULKUEeHT Terionepeaadn;

[ — nyiviHa TpyObI;

0 — cpenHuil TeMIepaTypHbIA HAIop;

G,, G,— MaccoBbl€ PaCXOJIbl OXJIAXIAEMOM KUIKO-
CTU U XJIAIOHOCUTEJISI COOTBETCTBEHHO;

¢, ¢, — TCIUIOGMKOCTH OX/IaX1aeMOM KUIKOCTH 1
XJIAMOHOCUTEJISI COOTBETCTBEHHO;

I uT, ,T, nT, —HayaabHblc ¥ KOHEYHBIE TEMIIE-
paTyphl OXJIaXAaeMON KUIKOCTU U XJIATOHOCUTEIS
COOTBETCTBEHHO.

Jluneitnbrit kKoadduimeHT Teronepenaun K sBisi-
ercd pyHKIMEN MHOIMX MapaMeTpoB: KO3 duLmreH-
TOB TEIUIOOTAAYU XJIAAOHOCUTEIIS U OXJIaXKaeMOM XU~
KOCTH, TOJIIIMHBI CTEHOK TEIJIOOOMEHHHUKA, a TakXKe
TOJIIIMHBI U TETLIOTIPOBOHOCTU OMO0OpACTaHUIA.

[1pu onpenesleHNY TETUIOIIPOBOTHOCTH 011000 pacTa-
HMI A ICXOIWJIM U3 TOTO, YTO CIIOi G1ooGpacTaHuit
MOXET paccMaTpUBATLCS MPUOIU3UTEIBHO KaK CIION
CTosTYEl BOMBI O€3 KOHBEKIIUU BHYTPU €105 (JIMOO0 Kak
CJI0i TIOJTMMEPHOTO MaTepuaja BHYTpH TpyObl). buo-
obpactanus B cpenHeM Ha 90 % obbema cocTosIT U3
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Puc. 4. Hzmenenue omHocumenbnozo mepmuecko2o
conpomuenenus menaonepedauu R & 3asucumocmu om
moAuuHbL OuooOpacmanuil 8, u pexcuma meenus
0XAaHCOAeMoll HCUOKOCMU U XAAOOHOCUMENS

BOJIbI, TETIONPOBOAHOCTL KoTopoii A, = 0,56 Br/(m°K),
u Ha 10 % u3 cyxoii OGMOTBI, COCTOSIIICH, HAIPUMED,
JUTst XKese3o0akTepuii Ha 90 % 13 OKUCIIEHHOTO XeJle-
3a B Buzie runpokcuna Fe(OH), ¢ renonpoBoaHocTsio
kFe(OHn: 1,2 Br/(m'K) [2]. TerionpoBogHOCTh 61O-
ob0pacTaHuii, TT0 HAIlIM OLIEHKaM U COTJIacHo [5], mpu
20 °C paBna npubausuteabHo 0,6 Br/(m-K), uto Ha 1—
2 TIopsIIKa MEeHbIIIe TETJIONPOBOIHOCTH KOHCTPYKIIN-
OHHBIX MaTepHaioB CTeHKM Tpyos! [mig cramu Ct20,
Hanpumep, A, = 51,7 Br/(m'K)].

OO0111e€ TEPMUYECKOE COMTPOTUBIICHHUE TeTUTOTIepea-
g R =1/K[1]. Ha puc. 4" npencTaBieHbl 3aBUCUMOC-

TH OTHOCHTEJILHOTO TePMIIECKOTO COIPOTHBICHMST R
OT TOJILIMHBI GMOOOpacTaHMil 8 NP Pa3HBIX PEXU-
Max TEeUeHWs.

BunHo, uto npu TypOyJIeHTHOM peXXrMe TeUeH st 00-
111ee OTHOCUTETbHOE TEPMUUYECKOE COTIPOTUBIICHUE TO-
pasno YyBCTBUTENIbHEE K MUBMEHEHUSIM TOIIIMHBI O1O0-
obpacTanuii, yem rpu jamuHapHoM. [Ipu stom cre-
JIyeT 3aMETUTh, UTO B aOCOJTIOTHBIX 3HaYeHUsIX R mpu
JTAMUHAPHOM PEXWME TeUeHUs] 3HAUUTETHHO BHIIIIE,
9eM TIpU TypOyJICHTHOM.

O000meHHoe BiIMSHHE 010()aKTOPOB HA TEILIOBOIA
oananc KITO

Ha mpaktuke nsmeHeHUs BI3KOCTH XJIaIOHOCUTE-
Jist, TOJMIMHBI OMo00pacTaHUil U TEPMUIECKOTO CO-
TIPOTUBJIEHNS TEIJIOTIEpeNadyu BIUSIOT Ha paboTy
KIIO, xak nmpaBujio, OMHOBPEMEHHO U C pa3HOU MH-
TEHCUBHOCTHIO. [[71sT coxpaHeHUsT B TEMII00OMEHHU-
K€ HY>XHOTO TeMITepaTypHOTO peXrMa OXJIaXICHUS
SKUAKOCTU MPU HAJTUYMU B XJIaJJOHOCUTEJIE MUKPOOP-
TaHU3MOB CJICYET:

® HTEHCU(DUIIMPOBATH TETIJIOOOMEH, YBEININBAs Mac-
COBBIIA PacXoll XJIaIOHOCUTENA G, ¥ COXpaHsisl TOCTOSIH-
HBIM Pacxoji oxJIaxnaeMoi xunkoctu G,. [1pu aTom Ko-
3bdULKEHT Teronepenayu BbIPacTeT 10 TpeOyeMoro
3Ha4YeHus1 O61arogaps MOBBILIEHUIO KO hULIMEHTA TeM-
JIOOTAAYU XJTAMOHOCUTENISI M CHU3UTCSI HETATUBHOE BIM-

* Hymepaums pycyHKoB ckBo3Hasi /15 o6eunx yacter cTatbu.

XFNe 5

SIHME COMPOTURJIEHHSI Ha TETUIOOOMEH CO CTOPOHBI OMO-
oOpacTaHuii, CBI3aHHOE C MX HU3KOW TeTUIOIPOBOIHOC-
TbIO, YMEHBILIEHUEM TPOITYCKHOTO CEYEHUS U C TTOBbI-
LIEHUEM BSI3KOCTH XJ1aoHocuTesd. OmHaKko yBeJTmdeH1e
pacxofia XJIaJOHOCUTENISI HETATUBHO CKAXKETCS Ha 3HEp-
rozarpaTax U M3Hoce 00OpyIOBaHNSI;

© YMEHBIIUTb MAaCCOBBIN PACXOJ1 OXJIaXK1aeMOW KU~
KOCTU (|, COXpaHsisl TOCTOSAHHBIM PACXOJl XJIaJIOHOCH -
tend G,. [Ipu aToM cHIkeHMe Koo duumeHTa Temio-
nepegayu KOMIEHCUPYETCS YMEHbIIEHUEM OOIIETO
TeIuT10BOro nmotoka. OMHaKO TaKoi ITOIXO COKpaIlaeT
BBIXOJl OXJIAXKIAEMOM XUJIKOCTH C 3aJaHHOW TeMIiepa-
Typoii (IMTpOU3BOAUTEIbLHOCTb) U BPSII JIM OKaXeTcs
MpUeEMJIEMBIM ISl TOTpebuTesieit xononaa.

B kauecTBe oxyaxkmaeMoil JKUAKOCTH TIPH pacdeTax
paccMaTpuBaJIoCh MMBO, B KAYECTBE XJIaJOHOCUTE S —
5%-HbIil BOTHBIN pacTBOp (ITO0 Macce) MPOIMJICHIIM-
Kkons1. TepMomuHaMUYecKHe XapaKTepUCTUKNA 00eHX
JKMIKOCTE paccuMTaHbl C UCIOJb30BAHUEM JaHHBIX
u3 [4].

Bbrut0 paccunTaHo M3MeHEeHNE OTHOCUTEIBHOTO pac-

XoJa XJIagJOHOCHUTECIIA 62 . HeoOXxoauMoe ISt noaacp-

SKaHUST TEMIIEpaATyPHOTO PeXXUMa IMPU CHIKECHU U TeM-
nepaTypbl oxinaxaaemoit xunkoct Ha 1 °C (¢ +3 o
+2°C) u G, =const, B 3aBUCUMOCTH OT TOJILIUHBI CJIOSI
OuoobpacTaHuil MPpU OMHOBPEMEHHOM M3MEHEHUU
BSI3KOCTU XJIQIOHOCUTENISI U TEPMUIECKOTO COTIPOTUB-
JeHus. PacueT mpoBoauics 11s1 TEIIO0OMEHHUKA C Typ-
OYJICHTHBIM U JIAMUHAPHBIM peXUMaMK TeUEeHUs XJ1a-
JIOHOCHUTEJIS.

[TonyueHHBIE pe3yIbTaThl TOBOPSAT O TOM, UTO IS
COXpaHEeHUSsI TeMITepaTypHOTO pekruMa B TeTTIO0OMeH -
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Puc. 5. Heobxodumoe 1 noddepicarnus meniooomena
U3MeHeHue OMHOCUMenbHo20 pacxoda xaadoHocumens G,
6 3a6UCUMOCIU OM MOAUUHDL OUoOOpacmanuii 8. npu
nocmosHHOM pacxode oxaaxcoaemot seuokocmu (G, =

= const), ee oxaaxcoeruu Ha 1 °C u cymmapHom eausHuu
8CEX NAPAMEmpO8: yseauueHul 653Kocmu 6 2 pasa;
VMEHbULeHUU NPONYCKHO20 CeYeHUs (paccuumoleaemcs);
U MepMUYECK020 COnPOMUBAeHUs (paccuumoleaemcs)
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HMKE IIPY HAJIMYUK OMO0OpacTaHUii Ha €ro CTEHKaX U
C Yy4ETOM BceX (haKTOpOB, BIMSIOLIMX Ha TEIUIOOOMEH,
TpeOyeTcs yBeJIUUYEeHNE pacxoja XJaJOHOCUTENST U
MOIITHOCTH HACOCOB IS €TO MEePEeKayKHy.

BsizkocTh xstamoHocuTenst, Haaure 6roodpacTaHuit
1 BbI3bIBAEMOE VMU MOBBILICHUE TMIPABINYECKOTO U
TEPMUYECKOTO COIIPOTUBJICHMS B TEILIOOOMEHHOM 000-
PYIOBaHUU MPOSIBISIOT CUHEPIU3M, 3aTPYIHsIS 3D deK-
TUBHOCTH TetioooMeHa u paboty KITO B tiesiom.

J1ist McripaB/ieHUsI BO3HUKIIMX ITPOOJIEM MOLYT I10-
TpeOOBaThCSl BpeMEHHAsI OCTAHOBKA TEILJIOOOMEHHOIO
00opynoBaHMsI, YacTUYHAsI €ro pa3dopKa M OYUCTKA.
BeeneHue B cocTaB xJ1afioHOCKTEIS OMOLIMIHBIX 100a-
BOK, KaK ITOKa3ajl Halll IPaKTUYECKUI OIIBbIT, MOXET
CYLUECTBEHHO CHU3UTD PUCK 3arpsi3HEHUSI €T0 MUKPO-
opranusmamu 1 [IMM u, Kax ciencTBue, CTaOMIN3M -
poBaTh TEIIOOOMEHHBIE IIPOLIECCH B CUCTEME XOJIO-
JOCHAOXEHUSI TIPEANIPUITHIA.

Takum obpazom:

v’ BiusitHyre MUKpPOOPTaHM3MOB M IIPOIYKTOB MX Me-
Ttabonm3Mma B xsmagoHocutene B KITO Ha acddexTus-
HOCTb ¥ CTa0WJIBHOCTD TEIJIOOOMEHA MOXET OKa3aTh-
cs cymecTBeHHBIM. [Ipu TonmuHe 6uoobpacTaHmii
Oosiee 1 MM Takoe BIUSTHUE CTAHOBUTCS KPUTUIECKUM.

v Ilpu pacyeTe mapaMeTpoB TETIOOOMEHA B TETLIO-
OOMEHHUKe TUIa «Tpyda B TpyOe» Ha MOIEIbHBIX Cpe-
JlaX YCTaHOBJICHO, YTO:

© TIOBBILLIEHNE BSI3KOCTH XJIA[IOHOCUTEISI BCIIEICTBIE
3arpsI3HeHUs ero MuKpoopranusmamu u [IMM cyme-
CTBEHHO CKa3bIBaeTCS Ha POCTE TMAPABINIECKOTO CO-
MPOTUBJIEHUS XJIAMOHOCUTEIS B TpyOe (0COOEHHO Mpu
JTaMAHApHOM peXMMe TeUCHUsT) U B MEHbIIIC cTerie-
HU BJIMSIET HA TETUIOOOMEH;

e yBeJIMUCHUE TOJIIMHBI CJI0s GMoodpacTaHuil Ha
MTOBEPXHOCTH TPYO MOBBIIIIAET TMAPABINIECKOE COTIPO-

tusnenue KITO. [pu TonmuHe cnost MuUKpoopraHus-
MOB OoJsiee | MM TMIpaBINIECKOE COMPOTUBICHUE MO-
JKET YBEJIMUMTHCSI Ha HECKOJIBKO IMOPSIIKOB, 0COOEHHO
npy TypOYJIEHTHOM pEXUME TCUCHUS;

e IS COXpaHeHUsI TemIiepaTypHoro pexxuma B KITO
MpU HaIUYMKM OMooOpacTaHUii Ha TTOBEPXHOCTU TPYyO
TpeOyeTcst 3HAUMTETbHOE (B pa3bl) yBEIMUEHUE pacxoaa
XJIAIOHOCUTEISI, UYTO BEJAET K PE3KOMY POCTY HEPTro-
MOTPEOJICHNST M YCKOPEHHOMY M3HOCY 000pYIOBaHUSI.

v' [l cTabuamM3aiy TerIo00MeHa M TTOBBIIEHUST
sHeproaddextuBHoctu KI10, Haxoas1erocs B ycio-
BUSIX BEPOSITHOTO 00CEMEHEHMST MUKPOOpPTaHU3MaMu,
XJIAIOHOCUTEJTN B HEM JIOJKHBI COJIEPKaTh B CBOEM CO-
craBe a(pPeKTUBHbBIE OMOLIMIHBIE TOOABKU, HE JOIyC-
Kalollie pocTa MUKPOOPTAaHN3MOB 10 KPUTUUECKOU
Macchl. [Tocie 3—5 net akcruryarannu KITO tpeOyert-
¢s1 MUKPOOMOJIOTUYECKUIT MOHUTOPUHT XJTaJOHOCUTE-
Jisl, a P HEOOXOAMMOCTH €0 3aMEHa WM pereHepa-
1151, @ TAKKEe OYMCTKA KOHTYpa OT OrooOpacTaHUii.
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