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BuoobGpacTaHne KaKk GakTop CHMXEHUS
9 PeKTUBHOCTM TennoobmMeHa

Kang. TexH. Hayk M. J1. TAJIKUH,
00O «Cnektporuiact», e-mail: info@splast.ru

B npouecce sxcnayamauuu cucmemst X0.1000CHAGHCEHUSA € KOH-
mypom npomescymourozo oxaaxcoenus (KI10) 603mooncHo 3ace-
AeHle e20 MUKPOOp2AHUIMAMU, JHCU3HeOesAMmeabHOCHb KOnOpPbIX
CNocoGHAa U3MeHUMb COCMA8 U 6A3K0CHb XAd00HOCUmeas, obpa-
306amb HA 6HYMPEHHUX CHIEeHKAX mpy6 caou Guoobpacmanuii u 6
umoze nogvicums 2udpagauiecKoe U mepmu4ecKoe conpomuee-
Hue men.1000meHH020 060pydosanus. Cmamobs nocesaweHa pac-
4emHoll U IMNUPUHecKoll OUeHKe 6AUAHUS SMUX U3MeHeHUll 1noo
delicmeuem MUKPOOP2AHU3 MO8 HA IiheKmueHocms u cmaodut,-
Hocmb menaooomena ¢ KI10. Ycmarnoeaeno cywecmeoeanue kpu-
muteckoll moawuHsl ca05 6uoobpacmanuii (1 mm), npu npeevi-
uieHuu Komopoli pe3ko pacmem (Ha HeCK0AbKO NOPAOK08) cuopas-
auyeckoe conpomueaerue 6 mpybax. OmmeueHno yxyouieHue men-
aonepedauu npu Haauquu 6uoo6pacmanuil u3-3a UX HU3KOU
menaonpogodnocmu (na 1—2 nopadka menvute, vem y mamepua-
aa mpyo).

Ilpueedenst 603moxucHBIE MEMOOBL NOOOEPIHCAHUA MeMnepamyp-
Hoeo pexcuma KIIO 6 ycaosusax 6uoobpacmanuil, a makice cno-
CO0bl 02pAHUMEHUsl UX He2AMUGHO20 6AUAHUA (cneyudisHble 00-
baesKu 6 x1a00HOCUMeD, €20 pe2yAAPHbLI MOHUMOPUHZ nocie 3—
5 .1em pabomol, pecenepauus uau 3amena XaadoHocumeas).

Karouesvie caosa: xradonocumens, 6uoobpacmanus, 2uopasau -
Yeckoe U mepmu4ecKoe CONPOMUeIeHUs 8 mMeni000MeHHUKe, 813~
KOCmb XaadoHocumens, 3ghghekmueHocms menaoooMena.

BIOLOGICAL DEPOSITIONS AS A FACTOR OF THE
REDUCTION OF HEAT EXCHANGE EFFICIENCY
Galkin M.L., PhD, OOO Spectroplast, E-mail, info2@splast.ru

In the operation process of refrigeration circuit with the contour
of intermediate refrigeration (KPO) 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
KPO, 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 KPO
in the presence of biological depositions, and the methods for limiting
their negative effects are indicated (special 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.
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BbibpaB crucTeMy XoJ10J0CHabXeHUS] C KOHTYPOM
MPOMeXyToYHoro oxnaxaeHus (Kro), 60/bLLnHCTBO
rotpe6uTener xonona paccMaTpuBarT ero Kak
YCTOVYUBBIV, Masio U3MEHSIIOLLMIACS CO BDEMEHEM,
a rnoTomMmy He TpebytoLLni 0cob60ro BHUMaHUS
cerMeHT 060py10BaHUs. 3TO OLLINOGOYHOE MHEHME,
Tak Kak rpakTtuka rnokasasa, 4To npu JIMTesIbHOM
(5 n 6onee nert) akcriyataumm KroO cyLiecTBeHHO
MeHSIeTCSl COCTOSIHME KaK X/1afJOHOCUTEIS, TakK U
CTEHOK 060pYyN0BaHMS.

U3meHeHus cBolicTB xnagoHocuress B KINO
MOryT MPOUCXOANTh N3-3a HAKOIMJIEHUSI B HEM
rpoAyKTOB KOPPO3uM, a Takke MUKPOOPraHu3MoB 1
rpoAyKToB MeTabosin3Ma MUKPOOPraHU3MOoB
(I"TMM), KoTopble MOoBLILLAIOT BI3KOCTb, U3MEHSIIOT
PH v B3anmoaericTByIOT ¢ npucaakamm
xnafgoHocutesis [1], B psae c/iydaeB CHuXasl

3¢ DEKTUBHOCTL 3TUX PYHKLIMOHA/IbHBIX MPUCAaLOK.
N3meHeHMe coCTOosSHUSI CTeHOK 06opyanoBaHUS
006y CJ/I0BJIEHO KOPPO3NOHHLIM BO3AEeiCTBUEM
X/1a[IOHOCUTENIS Y MUKPOOPraHU3MOB Ha MeTall
(rosiBnieHnem $I3B U LLIepPOXOBAaTOCTEMN);
HaKorjieHneM Ha BHYTpeHHel rnosepxHoctu KIMNO
CJI0€B IPOaAYKTOB KOPPO3uun U GroobpacTaHuii.
OT1/10XXEHNST HAKUMy 1 GrioobpacTaHus Ha
BHYTPEHHUX [M0BEPXHOCTSIX Ter/io06MeHHbIX TPy6
PUBOAST K CYXXEHUIO UX MPOIYCKHOro Ce4YeHus,
U3MEeHSIS1 TnapPoANHAMNYECKNE PEXUMbI PaboThl
ob6opynoBaHusi. Kpome Toro, ocanok Ha CTeHKax
TerJioobMeHHNKOB 0O60pYAoBaHWs, KOTOPbLIV MMeeT
CYLLIeCTBEHHO MEHbLLNE 3Ha4eHns KoappuLmeHTa
TernJs0npoBOAHOCTH, YeM TPYOhbl, MPUBOANT K
yxyaLeHuto TersioobmeHa B Kr1O.

B cTatbe oLeHnBaeTcs, Kak 3MeHSIIOTCs o4
BO3[elCTBMEM MUKPOOPraHN3MOB OTAE/IbHbIE
paKkTopsbl, BAVSIOLNE Ha 9P PEKTUBHOCTb
TersioobmeHa B KINO, a UMeHHO: ero
ryapoanHaMmn4eckoe cornpoTuBeHue (npu
U3MeHeHNW BI3KOCTU XJ1aJ0OHOCUTENS U
YMEHbLLEHWN MPOIlyCKHOIo ce4yeHus n3-3a
6roobpacTaHui) U MIHTEHCUBHOCTL TerJloobMeHa
4epes3 CTeHKY TerJjiooOMeHHVKa (Kak QyHKLS OT
TOJILLMHBI U TEMJIOBOro COMNPOTUBJIEHUS
6uoobpacTaHuii), a Takxke paccMmarpuBaeTcs
06001L|eHHOEe BJINSHUE BbILLIENepPeYNCIeHHbIX
GakTopoB Ha TerJioBol 6asiaHC B KOHTYpe.
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M3MeHeHne ruipoIHAMUYECKUX NApaMeTpPoOB rJe |, — IMHAMUYECKast BA3KOCTb XJ1aJOHOCHUTENs Oe3
TeNJI000MEHHHKA MPH HAJIMYUH MUKPOOPraHM3MOB MUKPOOPTaHU3MOB;

CornacHo [4] MHOTHE BUIBI MUKPOOPTaHU3MOB OC- A, — nonpaBouHbIii KO3()OULMEHT, U3MEPEHHBIA B
TaBJISTIOT Ha MTOBepXHOCTU TPYO [IMM — MIOTHBIE CITM-  MPOLIECCE OMBITOB TSI HEKOTOPBIX BUIOB MUKPOOpTa-
3UCTHIC CKOIUICHMSI, OOMagalolrie BRICOKOM MexaHnu-  Hu3MoB u [IMM;

94eCcKOl TTPOYHOCTHIO U HE CMBIBAEMbIEC TTOTOKOM KU/ - C,— KOHLEHTpalMsl B XJIaJOHOCUTENIE MUKPOOPra-
koctu. C pOCTOM TOJIIIVHEI CJIOST OMO000OpACTAHUN TU-  HU3MOB OIPENEICHHOTO BUA.

pOIMHAMUYECKUE YCIIOBUS B TETUIOOOMEHHUKE MOTYT IToBbllIeHUE BSI3KOCTU XJIaJIOHOCUTENS (Iaxe Mpu
MEHSIThCSl U3-32 YMEHBIIIEHUS TIPOITYCKHOTO CEYEHUsI  OTCYTCTBUM CJIOSI OMooOpacTaHuil Ha MOBEPXHOCTH
Tpyo. Tpy0) OKa3bIBaeT OTPUIIATEILHOE BIIMSHUE Ha TUIPAB-

B kauecTBe Momenu ISl pacueTa U3MEHEHMS Ma-  JIMYECKOe COMPOTHUBIIEHUE B TeriooOMeHHUKe. Pe-
paMeTpoB TUIPOIMHAMUYECKUX U TETIJIOBBIX TIPOIIEC-  3YJbTaThl BBIUUCICHUN C MCITOIb30BaHUEM (HOPMYJ
COB M3 cCOOOpakeHU HATJSIHOCTU U TpuMeHumMoc-  Beticbaxa-Jlapcu, Anbriryns [2, 3] u dopmynsr (1)
TU Ha MIPAaKTUKE BIOpaH TEIUIOOOMEHHUK TUIIA «TPY-  IPMBEIEHBI HAa PUC. 2, U3 KOTOPOrO BUAHO, YTO HaU-
6a B TpyOe» (puc. 1) cepun TTOH, BoiltyckaeMblii  Oosiee CUIIbHOE BIMSIHUE Ha TUAPABINIECKOE COMpPO-

mo TY-3612-014-002203302—99. TUBJICHUE IIOTOKA OKA3bIBAET ITOBLIIIEHUE BSI3KOCTU
Poct BI3KOCTH XJTAMOHOCUTENS CBSI3aH ¢ HAKOIUIE-  IIPY JJAMWHAPHOM PEXUME TEUEHUS KUIKOCTH.
HUEM B HEM KaK CaMHX MUKPOOPTaHU3MOB, TaK W Tudpaeauueckoe conpomuenenue h npsamozo yuacmea

ITMM. CornacHo [1, 4] cpeny MHOTUX BUIOB MUKPO-  mpy0Osl (B peXrMax JIJAMUHApHOTO U TypOYJIEHTHOTO

OpraHM3MOB, TTOPAXKAIOIINX CUCTEMbI BOMOCHAOXKEHUsT ~ TEUCHUI TPU TTOCTOSTHHOM BSI3KOCTHU XJIaJJOHOCUTEIISI)

U TeTutoo0MeHa, HanboJsee OBICTPOPACTYIIMMU SIBJISI-  COTJIacHO [2, 3] HAaXOAsIT MO ypaBHEHUIO

foTcs bakTepum poma Pseudomonas m rpudsr poma 5

Aspergillus, a TPOIYKTBI UX XU3HECATEILHOCTH (Te- / (Vz)

TepoToucaxapuibl U OpraHMIecKrue KUCIOThI) CTO- h= §2 FZ—’

COOHBI YBEIMYMBATDH BSIBKOCTh KUAKOCTH B HECKOJb- 2 <8

Ko pa3 [1, 3]. rIe &2 = f(Re) — rumpaBInuecKnii KOO OULIMEHT
Junamuueckas é43x0cmo XAa00HOCUmMeAs |\ TIPU Ha-  TPEHWsI, 3aBUCSLIMIA OT peXuUMa TEYEHUsT KUIKOCTH

muuu B HeM [IMM 3aBucur B ToMm umcie u ot yciao- |2, 3];
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BUI TeUCHMS XJIadOHOCHUTENSI B Tpyde. B pesymbraTe Re — kpurepnii PeitHonbaca;

MPOBEIEHHBIX OMBITOB Ha Tpy0ax pa3HOro auamerpa [ — yIHa yyacTka, Ha KOTOPOM U3MepSIeTcs CONpo-

TIOJTYIeHO YpaBHEHUE 3aBUCUMOCTH SMAUPUYeCcKoll Ou-  TUBJICHUE;

HAMUHMECKOll 8513K0CMU XAAOOHOCUMeAs |1 OT KOHLIEHT- D,=d, .— (d +28,) — ycnoBHblil InameTp npo-

paluvy B HEM MHUKPOOPraHU3MOB U KOJIMYECTBA ITpo-  ITYCKHOI'O CCYCHUSI TpyOBI;

JQYKTOB MX MeTaboIM3Ma: v, = G, /(S,p,) — CPENHAA CKOPOCTh MOTOKA XJIA/I0-
HOCUTEJ,

i 5 n 14[Cl_’ W 52 — TUTOLIAAb IMPOIYCKHOTO CEYEHUS;

- p2 — IJIOTHOCTD XJIAMOHOCHUTEIIA,
i=

[
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Puc. 1. TennooomenHux «mpyba 6 mpyoe»:

a — obwas cxema meni000MeHHUKA; 6 — (hpaemeHm menio000MeHHUKA 8 paspe3e co CXeMoll men1000MeHa:

1 — eHympentas mpyoa ¢ HapyJcHbLM uamempom d,, no KOmopoil uoem 0Xaaxcoaemas HeUoKocmo ¢ maccogvim pacxodom G ;
2 — Hapyacras mpyoa c HapyicHvm duamempom d,, no Komopoi mevem XAadoHocumens ¢ Maccogvim pacxooom G,;

3 — mennonepedarousasi cmeHKa mpyOol MOAUUHOL O, PA30eASIOU4Ast 0XAANCOAEMYIO HCUOKOCHD U XAAOOHOCUMEND;

4 — buoobpacmarus moauuroii 5,
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Puc. 2. Uzmenerue omuocumenvrHo2o eudpasiuveckozo
conpomuenenus h xaadornocumens npu 20 °C &

3a8UCUMOCIU OM OMHOCUMENbHOU 893KOCMU [T U PeNCUMa
meueHus xaadoHocumens ™
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Puc. 3. 3asucumocmv omHocumenvHoeo eUOPABAUHECK020

conpomuenerus xaadonocumens h om moauguHb
obuoobpacmanuil u pexcuma me4eHus npu NOCMOIHHOM
pacxode U paznuvHoOl OMHOCUMEAbHOU 853K0CIU

XaadoHocumens [t

g — K03(DUINMEHT, YUCICHHO PaBHBIN YCKOPEHUIO
cBobonHoro mageHus 9,81 m/c2.

BuyTpenHmit nnameTp HapyxXHOI TpyObI d, . 110
KOTOPOI TeYeT XITaJOHOCUTEh, U TUTOIIAh TIPOITYCK-
HOTO CEYEHUS S, YMEHBINAIOTCS BCIEACTBME HAPOCTa
Ouoobpactanuii (cM. puc. 1):

d =i, —28, —26.; 3)

S,=nl(d,, )—(d+25,)1/4 “)

IIpu 6rooGpacTaHKM MPOUCXOAUT yMEHbIICHUE
TIPOTTYCKHOTO CEYECHUSI, a TAKKE YBEIMUEHUE BSI3KOC-
™ XJagoHocutenst. st pacyeToB TuapoIuHaMuIec-
KOTO COTIPOTUBJICHUSI TPUHUMAIOTCST; HApY>KHbIE Tra-
METPBI TPYO BHYTPEHHE# d, = 25 MM, HapyXHo# d, =
57 MM, ToNIMHA CTEHOK TPYO §_ = 3 MM, MaTepuas —
cranb C120.

B mrepBoM mIpuOIMKEHUM cUMTaeM, 4To Omooopac-
TaHUE TTPOUCXOINT TOIHKO B BAJIE CILIONIHOI paBHOMEp-
HO¥A 110 TOJIIIMHE TUIeHKH Ha TTOBEPXHOCTSIX CTEHOK Ha-
PY>XHOUM U BHYTpeHHElW TpyO, COMpUKACAIOIINXCS C
XJIaioHocuTesieM (cM. puc. 1).

PesynbTathl pacyera OTHOCUTENHLHOTO TUIPABIN-
YeCKOTo COMPOTUBICHUS NaHbl Ha puc. 3. 3HaUueHUe

BHYTP

h pacTeT Npy yBeIUYEHUU BA3KOCTH XJIaJOHOCUTE-
JISL U TOJILMHBI OM0o0OpacTaHUi, MPUYEM BIUSHUE
WX TOJIIUHBI Ha TUIPABINYECKOE COMPOTUBJIEHUE
XJIaJJOHOCUTEJIST TIPOCJIEKMBAETCS CUJIbHEE TIPU Jia-
MUHapHOM pexume TeueHus. M3 puc. 3 BunHo, 4To
YBEJIMUYEHUE TUAPOAUHAMUYECKOTO COMPOTUBIICHUS
IIPOMCXONUT NIPUMEPHO ONVHAKOBO B 00OUX pEXU-
Max TEYEHUS 10 HEKOTOPOM KPUTHYECKON BeJMYMHbI

* 3peck v B gasibHeLLImnx pacyeTax Ncrosb3yTcs BeINYUHbI
rnapameTpoB, OTHECEHHbIE K X 3HAYeHUSM B CJlyyae YncToro
XnagoHocuTens n koHTypa 6e3 obpacTaHuii, T.e. OTHOCUTE/IbHbIE
BSI3KOCTb, MMApaB/MYecKoe CornpoTUBIeHNE U T.A4. ITo HarmsaHO
1 yA0GHO Py OLleHKe BJINSHWS TOro WM MHOro ¢akTopa Ha
npoueccsl B KIMO.

TOJIUHBI 0M000pacTanuii (okoJjo 1 mm). B xone naib-
HEHIIero pocta TOJILIMHBI OMO00pacTaHUIl TIPU yC-
JIOBMM COXPaHEHHUs pacxoa xjaagoHocurend (G, =
const) IPOUCXOAUT 3HAYUTEIbHOE YBEIMYCHUE THI-
PaBJIMYECKOIO COIIPOTUBIICHUSI, CBI3aHHOE C POCTOM
FUAPaBINYECKOTr0 KO3 GUILIMEHTa TPEHUS ITOTOKA
XJIAIOHOCUTEJIS U ¢ YMEHBILIEHUEM IIPOIYCKHOTIO ce-
YeHHUSI.

Yeenuuenue eudpasauveckoeo conpomueneHus, 6vl3-
BAHHOE KAK POCMOM MOAWUHbL OUO0OpACMaHuil, max u
nosvlieHUeM 813Kocmu XAa0oHocumens, eedem K 661~
UM IHEP2O3AMPAMAM HA NEPEKAYKY XAAOOHOCUmMens U
HA2Py3Kam Ha HACOCHOe 000py008arie U e20 YCKOPEeHHO-
MY U3HOCY.
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