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AHAJII3 XAPAKTEPUCTHUK KOXYXOTPYBHOI'O KOHAEHCATOPA 3 METOIO EHEPT'O3BE-

PEXEHHA

Y cmammi npedcmaeneno ananiz ocHo8HUX Xapakmepucmux menio0OMIiHHUX Anapamis Memooom
MIHIMI3ayii 6upoOHUYMEa enmponii 0 eupiuleHHs 3a80aHb eHepao3bepedcenus. Posenanymo ok-
pemi RPUKIAOU AHANI3Y Ol KOHKPEMHO20 KOHCYXOMPYOHO20 KOHOEHCAmMopa 3 Memor OYiHKU 11020
enepeemuunoi eghexmuenocmi. Hageoeno niocymxu meopemuunux 00CriodNcenb 20N06HUX XAPAK-
MePUCMUK KOHOEHCAmopa: 2yCmunu menio8o20 NOMOKY, WeUOKOCmi pyxy menioHocis, 2iopaesii-
4HO20 diamempa i 3iCMABNIeHHsL iX 3 eKCHePUMEHMATbHUMU OaGHUMU.

Knrouosi cnosa: Tennoobminnuii anapam — Boosnuil kondencamop — Xapaxmepucmuku — Memoo
MIHIMIZayil eupobruymea enmponii — Enepeoszbepesicennsi.
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AHAJIN3 XAPAKTEPUCTHUK KOXYXOTPYBHOI'O KOHAEHCATOPA C HEJIBIO DHEPT'OC-

BEPEXEHUA

B cmamve npeocmasnen ananus oCHOBHbIX XAPAKMEPUCTUK MENIO0OMEHHIX aANNAPaAmos Memo-
00M MUHUMU3AYUL NPOUZEOOCEA IHMPORUU OJisl peuwlenust 3a0ay sHepeocoepedicenust. Paccmom-
PEHbL 4aCmHble NPUMEPbL AHANU3A OISl KOHKPEMHO20 KOICYXOMPYOHO020 KOHOCHCAmopa ¢ Yeibio
OyeHKu e20 dHepeemuueckoi dgpexmusnocmu. Ipusoosmes pezyrbmamvl MeopemuyeckKux uc-
C1e008AHULL 2NIAGHBIX XAPAKMEPUCIUK KOHOEHCAmopd: NJIOMHOCIU MENL08020 NOMOKA, CKOPO-
cmu 08UIICEHUsL MENJIOHOCUMENSL U 2UOPAGIULECKO20 OUAMEempPd U COROCMAGIEHUE UX C IKCnepu-
MEHMATLHBIMU OAHHBIMU.

Knrouesvie cnoea: Tennoobmennviii annapam — BoOSHOU KOHOeHCAmop — Xapakmepucmuky —
Memoo munumuzayuu npouzgo0cmsa s3umponuu — Inepeocoepeicenue.

R.K. Nikulshin, L.I. Morosuk, V.V. Sokolovskaya

Odessa National Academy of Food Technologies, 112 Kanatnaja str., Odessa, 65039

ANALYSIS OF THE SHELL-IN-TUBE CONDENSER CHARACTERISTICS FOR ENERGY CON-

SERVATION

In this paper an analysis of the basic characteristics of heat exchangers by the method of the min-
imization entropy generation for energy conservation is presented. The specific examples of anal-
ysis for a real shell-in-tube condenser in order to assess its energy efficiency are studied. The re-
sults of condenser main characteristics theoretical studies: heat flow density, the second refriger-
ant (water) velocity and hydraulic diameter as well as their comparison with experimental data
are showed.

Keywords: Heat exchanger — Water cooled condenser — Characteristics — Method of the minimiza-

tion entropy generation — Energy conversation.
BBEJIEHUE

DHeprocbepexeHne SIBJISIETCS OCHOBHBIM
HalpaBIEHHUEM pEIIeHUs 3HEPreTHYECKUX MpobieM
YkpauHbl. DTO HaIpaBiCHHE BKIIOYaeT B ceOs, B
YaCTHOCTH, pa3pabOTKy HOBBIX U IMPUMCHEHHUE CYIIIe-
CTBYIOIIMX METOJIOB OLCHKH COBEPIICHCTBOBAHUSI
TEIUIOOOMEHHBIX aIapaTOB XOJOAMIbHBIX MAIIWH B
mpoIiecce MPOSKTUPOBAHMUS, C LENBI0 FApAaHTUPOBAHUS
nocJeayromei HaaéxHoH paboTHI anmapara.

3amaun 3HEProcOEpeKEHUs] TOJDKHBI PElIaThCs
KaK Ha CTaauu NPOCKTUPOBAHUA HOBBIX THIIOB TEILIIO-
O6MeHHBIX anmnaparoB XOJIOAWJIBHBIX MalllWH, TaK U
MIPY MOJCPHHU3AIMHU CYIIECTBYOIIUX.

© P.K. HikynbwuH, J1.I. Mopostok, B.B Cokonosckka, 2014

Paznnynble TemooOMeHHbBIE amnmapaThl SBISIOT-
Ccsl OCHOBHBIMHM DJIEMEHTAMH JIFOOOM XOJOAMILHOM
MAaIlIMHBI 1 HAMIPSIMYIO OTNPENETISIOT YJHEPTeTUIeCKue 1
SKOHOMHUUYECKHE MOKA3ATEIN MAIIMHEI B I[EJIOM.

HeoOpaTtumble moOTEpW SHEPTUU B TpOIlEccax,
MPOUCXO/AIIAX B TEIUIOOOMEHHBIX ammaparax, 00y-
CJIOBJIEHBl JBYMsI HCTOYHMKaMU: Iepefauel Teria
NpU KOHEUHOH Pa3sHOCTU TEMIIEpaTyp U IBUKEHHEM
MaTepUAIBHBIX TIOTOKOB B 3aMKHYTHIX 00beMax.

VY4er 3TUX yCIIOBUH MpH NPOEKTUPOBAHUU TEII-
JOOOMEHHBIX amllapaToB BCEr/a COICPKHT 3JICMEHT
HEOTIPEJICICHHOCTH, CBS3aHHBIA C Pa3NIUIHBIMU (aK-
TOpaMH KaK pacdyeTHOTO XapakTepa, Tak W Oymaymmx
9KCILTYyaTallMOHHBIX TapaMeTpOB, YTO BIOCIEACTBUU
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NPUBOAMT K JIONOJHHUTEIbHBIM SHEPreTHYECKUM 3a-
TpaTaM B TEPMOJAMHAMHYECKOM IMKJIC MAlIMHE U TPU
OCYIIECTBIICHAN IHUPKYIALNH Yepe3 TeII00OMEHHHUK
MPOMEXYTOUYHBIX TEIUIO- HIIH XJIaJOHOCHTEINEH.

Kak m3BeCTHO TEOpEeTHYECKHE OCHOBBI HCCIIE0-
BaHMS HJICMEHTOB XOJOIWIBHBIX MAaIINH 0a3upyrOTCs
Ha OCHOBE aHaJIN3a HEOOPAaTHUMBIX MIPOIECCOB, IPOBE-
JEHHOTO METOIAaMH KJIACCHYECKOH TEepMOJMHAMHUKU.
BBuay sTtoro oco0yio axkTyaabHOCTH IpHOOpeTaeT
obecrieueHre MPOEKTUPOBIIMKOB COBPEMEHHBIMHU Me-
TOJaMH TEPMOJUHAMHYECKOTO aHalM3a KaK HHCTPY-
MEHTa, KOTOPbIH ITO3BOJIUT MUHUMH3HPOBATh HEOIpe-
JISTICHHOCTH YK€ Ha paHHEH CTaJuu MpOeKTHPOBAHUS
U CIPOTHO3MPOBATh peajibHbIE YCIOBUS PabOTHI Tell-
JT000MEHHHKA.

U3 pabor [9, 10, 12] m3BecTHO, UTO BCE HCCIE-
JOBaHMS, CBSI3aHHBIC C ONPEACICHHEM PALMOHATIBHBIX
XapaKTEPUCTUK TETIOOOMEHHBIX amlapaToB HAmpas-
JICHBl HA MMHUMH3AIMI0 TEPMUYECKOTO CONPOTHBIIC-
HUS TIPU JOIYCTHMBIX THIAPABINYECKHUX MOTEPAX HIIN
MHWHHUMHU3AITUIO TUAPABINYCCKOTO COIIPOTUBJICHUSA
Ipyu onpeACJICHHOM 3HAYCHUU IIJIOTHOCTHU TCIJIOBOTO
notoka. Ha mpakTHke OTCyTCTBOBAJIM METO[bI, KOTO-
pble OJJHOBPEMEHHO OINpENesUTd Obl palloHaJIbHbIE
TCIJIOBBIE W THUAPABINYCCKUC XapaKTCPUCTHUKHU, oe3
ydeTa CTOMMOCTHBIX ITOKa3aTelNeH.

EnuHCTBEHHBIM METOIOM, C TOMOIIBIO KOTOPOTO
MOXHO OIPEICIUTh PAMOHAIBHBIE XapaKTEPUCTUKU
TEIJIOOOMEHHOTO ammapaTra ¢ OJHOBPEMEHHBIM Y4e-
TOM €ro TEIUIOBBIX M THAPABIMYECKHX IOKa3aTesei
SBJISIETCS METOJl MHHIUMU3AIMN TIPOU3BOCTBA SHTPO-
nuu [16,17]. dauHsliit MeTO]] yHUDUIIUPYET U YMEHbB-
IaeT KOJHMYECTBO IMapaMeTpoB paboyero mporecca
TEIJIOOOMEHHOT0 amnmnapaTta B MPOLECcce MPOEKTHPO-
BaHUs.

Bce paumoHanbHbIE XapakTEpPUCTUKH W I1apa-
METpbI TEIJIOOOMEHHOT'0 armapara, BKIouas reoMeT-
PHIO TEIJIOOOMEHHOM INOBEPXHOCTH, CBOWCTBAa pado-
YMX BEIIECTB M KOHCTPYKLHOHHBIX MaTepHaloB,
YCIIOBUSI IBU)KEHHSI TTOTOKOB, MOTYT OBITH OIpezee-
HBI C TIOMOIIBIO BEJIMYHHBI — OOIIEro NMPOM3BOACTBA
SHTPOIHH.

Teopuss «MHUHHMH3ALMU IIPOU3BOJCTBA JHTPO-
mun» B 70-80-x romax Obula MpemjiokKeHa W pa3BHUTA
npogeccopom A. bexanom (CIIIA) kak ogHO H3
HaIpaBJICHUN B COBPEMEHHOM IPUKIIAHON TEPMOIHU-
Hamuke. B cBere 3T0il TeOpUH, TEPMOAMHAMUYECKUN
aHaM3 JII000r0 TEemI00OMEHHOTO ammapara CTaHo-
BUTCS OCHOBOW (hopMHpOBaHMs OOIIEH TeopHu Ter-
JOOOMEHHBIX amNlapaToB KaK HHCTPYMEHTa COBpe-

MEHHOTO aHajn3a, NPOEKTUPOBAHUS W ONTHMH3A-
uu [16,17].

Il. TEOPETHYECKHUE OCHOBBI AHAJIU3A

W3 Bcero MHOT000Opa3usi COBPEMEHHBIX KOHJICH-
CaTopOB XOJIOJWJIBHBIX MalldH B paboTe paccMOTpeH
TOPHU3OHTAIILHBIM KOXKYXOTpYOHBIH. BbIOOp OocHOBaH
Ha TOM, YTO 3TOT THII KOHJECHCATOPOB IIMHUPOKO MPH-
MEHsIeTCSl B JFOOBIX THITAX XOJOAWIBHBIX MAallWH, U B
TEXHUYECKOH JuTepaType HUMEETCsl MHOTO JKCIEpH-
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MCHTAJbHBIX JAaHHBIX W PA3THYHBIX XapaKTCPHUCTHK,
MMOJyYCHHBIX ITyTEM TCXHHKOPKOHOMHUYECKHX pacde-
TOB M SKCIIEPUMEHTOB.

Apnanrarysi MOJOXKCHUN TCOPHUH MHHUMU3AINU
MPOM3BOJICTBA DHTPONUU K AHAIHM3Y M ONTHMHU3AIINU
KOXXYXOTPYOHOTO TOPH30HTAIBHOTO KOHJIEHCATOpa
u3noXkeHa B pabotax apropos [11, 14].

B BOIsTHOM KOHAEHCATOPE OMPEICISIOIIUME SB-
JSIFOTCSL  XapaKTEePUCTHKU TMOTOKa Bojbl. CoriacHo
TEOPUU MHUHUMHU3AIMH [TPOU3BOICTBA SHTPOITUH MOXK-
HO ONPEICIUTh pallMOHAJIbHBIC XapaKTEPUCTUKU IO-
JOOHOTO KOH/IEHCATOPA, paccMaTpuBasi TOJBKO OAWH
MOTOK, MPU 3TOM MapaMeTpbl KOHACHCHUPYIOLIETOCS
pabodero BemecTBa MOXHO CUYUTATh MMOCTOSHHBIMH,
YTO B CBOIO OYEPEHb SIBJISCTCS 3aJIOTOM CTaOMIBLHON
paboThI 000 XOIOANIHHOMN MAaITHHBL

B Hacrosmieir paboTe aBTOPhI KOHKPETH3HPYIOT
BO3MOXKHOCTH METOJla MUHHMH3AIUU MPOU3BOJICTBA
SHTPONUU HAa MPUMEPE aHAIN3a XapaKTEPUCTUK KO-
KYXOTPYOHOTO KOHJEHCATOpA C IIENbI0 dHeprocoepe-
JKEHUS.

Kpurepuem olieHKH BBIOpaHO 0OIIee MPOU3BO/I-
CTBO DHTPOIUH XOJOAHBIM MOTOKOM (IIOTOKOM BOJIBI).
He3aBUCHUMBIME NIEPEMEHHBIMU BBICTYIIAIOT TPH TJIAB-
HBIC XapaKTePUCTHK KOHIEHCATOpA: IUIOTHOCTh TETl-
JIOBOTO TMOTOKA (], CKOPOCTh IBHMXCHHUS BOIBI W

(xputepuii PeliHonbaca Re) u ruapaBnudeckuil aua-

metp Tpy6sI d 10 KOTOPOI IBMXKETCS BOJA.

2.6H°

Ha ocHoBaHuuM mnepBoro u BTOPOTO 3aKOHOB
TEPMOJWHAMUKH OOIIlee IPOM3BOIACTBO SHTPOIUH B
TETIO0OMEHHOM amIapare SBISICTCS CYMMOM YaCTHBIX
COCTABJISIIOIIMX MPOU3BOJCTBA SHTPONUU: TEpMUUE-
CKOW M MEXaHWYECKOW, U MOXKET OBbITh OTHECEHO K
OIHOM M3 TeMmmepaTyp IOTOKOB B KOHJIEHCATOPE:

oxynaxgaromel Boasl — I’ , 100 KOHIEHCUPYIOLIE-

rocst pabodero BemectBa — 7 . OOmelt Temnepary-
2op

pOﬁ U1 aHajlln3da IIOTOKOB SBJIACTCA TEMIICpaTypa

TeTII000MeHHON cTeHKH — 1 . VIMeHHO 3ToT (akT

cm

MO3BOJISICT OMPEJCIUTh PAlHOHAIBHBIE XapaKTepH-
CTHKM KaXIOr0 IOTOKa B OTHEIBHOCTH, HPHBOIS
NPOU3BOJICTBO DHTPOIMH K TEMIIEpaTrype CTeH-
ku [16,17].

Torma mpuBefcHHAs BENWYMHA IPOU3BOICTBA
SHTPONUK XOJOAHBIM TIOTOKOM MPEACTABISITECS B
Buze [16,17]

- =T | =M
S =S _+S . (D)
xon Xon Xon
_ M ..
rae S,,., S,, — TNPHBEIEHHBIC BEIMYUHBI TEPMHYE-

CKOM M MEXaHUYECKON COCTaBJISAIOIIUX MPOU3BOJICTBA
SHTPONUH XOJIOIHBIM IOTOKOM COOTBETCTBEHHO.

C y4eToM TeII00TAaYr U JBUKCHHS BOJBI B aIl-
mapare Tocje COOTBETCTBYIOIIMX IPEeoOpa3oBaHMIA
[14] monyuaem:
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IZ€ NEPBOE CIaraéMo€ YYMUTHIBACT TEIUIOOTHAYY IIPH
pasHoctn Temneparyp (77 —T ), a BTopoe — pac-
cm Xojn

XOJl MOIIIHOCTH Ha MPUBOJ Hacoca.

Onpenenenre XapaKTePUCTHK KOHJIEHcATopa
TIPOM3BOIUTHCS TSI TOTOBOM KOHCTPYKIIHH TEIII000-
MEHHOTO ammapara. JTO 3HAYUT, YTO BHYTPEHHSII

TEII000MeHHAas TMOBEPXHOCTH F

- » TEOMETpus TpyO-
HOTO Iy4YKa, KOJMYECTBO XOIOB HU3BECTHBI, MaTepHal
TpyO 3azaH. B 3TOM citydae 3amauu 1O ONPEACICHUIO
palMOHAJIBHBIX XapaKTEPUCTHK TEIUIOOOMEHHOIO arl-
napata, KOTOpPbIE COOTBETCTBYIOT MHHHMYMY IIPOH3-
BOJICTBA DHTPOIMH, PELIAIOTCS IPH YCIOBUH: OJHA
XapaKkTepUCTUKa — BeJIMYMHA IEPEMEHHasl, JIBE IpYyTUe
— MOCTOSIHHEIE.

IMokakeM pellIeHHe YacTHBIX 3a/1ad Ha KOHKPEeT-
HBIX TIPUMeEpax.

1. AHAJIN3 XAPAKTEPUCTHUK KOHJIEHCA-
TOPA

Nmeercs KOXyXOTpyOHBIH KOHIEHCATOp THIA

KTPc¢ F,, =2, 50 , UETBIpbMS XoaaMu 1 46 TpyOKa-

6
MH JHaMETPOM d” x0 =16,5%x1,65mm B ogHOM XO-
ay.
3aoaua 1.
BxojiHbIE YCIIOBHS: TeMIleparypa KOHICHCAIUU
- t = 30°C ,  OOBEMHBIN

pacxom  BOABI  —

\Y

60061

=0,00197" /¢, nomyckaemoe ruapaBiIHYe-

cKoe comnpoTuBieHne — Ap =15032 Ila ;

HE3aBUCHUMasl TIePEMEHHAsi — IIOTHOCTh TErIo-
BOIO N0TOKA (|, BT/M?;

onpeaeciiieMas BEJIMYMHA — 0611.166 IIpoOUu3BOA-
CTBO SHTPOIHHA XOJOAHBIM ITOTOKOM Sxo,z .

Pacuer MmIOTHOCTH TEMIOBOTO MOTOKA MPOU3BO-
JUM TpadOoaHATUTHIECKHUM METOJIOM, 0 HPHUHIUITY
KJIACCHYECKUX METOJUK PacdeTOB BOISHBIX KOXYXO-
TpyOHBIX KOHAEHcaTopoB, pucyHok 1. Touka a* xa-
paKTepu3yeT pacueTHYIO IUNIOTHOCTH TEIUIOBOTO MOTO-

Ka (, =9947 Bt1/M2. IIIOTHOCTh TEMIIOBOTO IIOTOKA B

3aBUCUMOCTH OT TEMIIEpaTypHOrO Haropa B ammapare
MpU TMOCTOSHHON TeMIepaType KOHAEHCAUUU M I0-
CTOSIHHOM pacXoJie BOJABI MPEICTaBIsIET cO00i COBO-
KYITHOCTh MapajUIebHBIX NPSIMBIX, & TOYKH aji...a3
COOTBETCTBYIOT Pa3jMYHBIM IUIOTHOCTSIM. [Ipu 3TOM
WU3MEHSETCS TeMIepaTypa CTCHKH, CPEIHSS TeMIlepa-
Typa BOJIBI ¥ TEIJIOBAst Harpy3Ka Ha KOHACHCATOP.
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Pucynox 1 — I'paghoananumuueckuii memoo
onpeoenenus NIOMHOCMU MEeNI08020 NOMOKA

Pe3ynbraThl pacuera cBeieHbI B Ta0OmuIy 1.

Taobnuya 1 — PacueTHble XapaKTEPUCTUKH

Inotsocts | Temmonas Cpenmas
Temneparypa
TCIIJIOBOIO Harpyska Ha Temieparypa
CTCHKH
noToKa, KOHJICHCATOp BOZBI
<] T '
qb’H’ QK ’ Tp:dhz’ o
K
Bm / M2 xkBm K
9947 24,86 297,5 302,3
8520 21,3 298,4 302,45
6630 16,5 299,33 302,55
5000 12,5 300,25 302,65
3750 9,3 302,75 302,75
2813 7,03 302,8 302,8

Tepmudeckasi cocTaBisIonas MPOU3BOJICTBA 3H-
TPOIIHMH OTIPEENIACTCS KaK:

T Q,
S, = @ . 3)

800bl 61

cm—»xoin

MexaHHUEeCKyI0 COCTABISIIOLIYIO MPOM3BOACTBA
SHTPOIMH ONPENEIISIOT KaK:

o _Ap-T,, Y,

xon Tcp (4)
60061 QK
0611166 IPOU3BOACTBO SHTPONHNU:
— =T =M
sxru = Sx(m + sxon * (5)

B rpaduueckoii popme Mpou3BOACTBO IHTPONTUHU
XOJOAHBIM MOTOKOM IPH U3MEHSIOLIEIcS MIOTHOCTU
TEIJIOBOTO ITOTOKA MPE/ICTABICHO Ha PUCYHKE 2.
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Pe3yJ'H>TaTLI pacyeToB CBCACHLI B Ta6n1/1ue 2.

Tabnuya 2 — PacuéTHble XapaKTEPUCTHKU

5, x10°, 5" x10°, s x10°,
6,375 1,21 7,585
5,445 1,409 6,855
4,205 1,814 6,019
3,176 2,388 5,564
2,343 3,184 5,628
1,771 4,212 5,984

§w><103
| 1 | =
- J | ;/ .= L’
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Pucynok 2 — [Ipou3z600cmeo sHmMponuu X0100HbIM
NOMOKOM 8 3A8UCUMOCIU OM NIOMHOCTNU MENL0-
6020 NOMoKa

C POCTOM IUIOTHOCTH TCIJIOBOT'O IMOTOKAa TCPMHU-

=T
4ecKas COCTaBIIAIONIAs MPOU3BOJCTB DHTPONMHU S

on

=M
YBCJINYMBACTCA, a MEXaHUYCCKas Sxm — yMCHbIIACT-

ca. Ilpu sTOM OOIIEe MPOM3BOACTBO BHTPOIMM S, .

MMEeT IKCTpeMalbHOe 3HaueHue (MUHUMYM) TIPH pa-
BEHCTBE TEPMHUYECKOW M MEXaHUYECKOW COCTaBIISIO-
mux. s gaHHOW 3amauM panMoHajdbHas IJIOTHOCTh
Terogoro noroka =45 kBt/M?, npu ckopocTu

w=12 wm/c, U TeMIepaTypHOM Harope B armapare
6, =2,41 rpan. Takuwe ke NaHHBIE, HOIydYECHHBIE

HKCHEPUMEHTAIBHBIM IIyTEM JUIS BOASHBIX KOHJECHCA-
TOPOB, TIPUBE/ICHBI B paboTax [6, 7], u B TeueHue IH-
TEIBHOTO BPEMEHH SIBJISIIOTCSA CIPaBOYHBIM MaTepHa-
JIOM JJIs1 IPOEKTUPOBIIUKOB.

Jnst TTIOATBEPXKICHUSI PealbHOCTH TOJTyYEHHBIX
pe3ynbTaTtoB obpatumcs K pabotam [6, 7].

CrpemiieHME CHHM3WTh BHEIIHIOI HeoOparu-
MOCTh 3HEPronpeoOpasylome CUCTEMBbI IPUBOANUT K
HEOOXOZMMOCTH TNPUMEHEHUS] B €€ amnmaparax He-
OOJIBIINX TEMIIEPATYPHBIX HAIOPOB M COOTBETCTBEH-
HO HEBBICOKMX IUIOTHOCTEH TEMJIOBOTO MOTOKA. JTO
00CTOATENECTBO B COBOKYIIHOCTH C HHM3KHUMH JaBIIe-
HUSIMH KUIIEHUS B UCHIAPUTEISIX, OTHOCHUTENFHO BBICO-
KAMH JIaBJICHUSAMH B KOHJIEHCATOpax M HeOIarompu-
SATHBIMH TEIJIOQU3NYECKUMH CBOWCTBAMH PabOUHX
BEIIECTB MIPUBOANUT K MAaJbIM 3HAYCHHSAM KOd(HHIIH-

40

€HTOB TEIUIOOTAAYM W TEILIONEPENaun B KOHIEHCATO-
pax. B wrore stu ammapartbl pabOTalOT MPH MAJBIX
MIOTHOCTSX Temtosoro notoka (1...10 kBt/m?) [6].

3aoaua 2.

BxonHsle ycnoBus:

TerutoBas Harpyska Ha  KOHJCHCATOp
Qk = 24,86 xBr; TemIepaTypa KOHJICHCAIINU

t, = 30°C ; Temmneparypa crenku 7, = 302,361 K .

HE3aBUCUMas TIEPEMEHHAs — CKOPOCTh JIBIDKCHHUS BO-
Bl W, M/C;
ompenernsieMasi BeIMInHa — 00IIee TPOM3BOICTBO DH-

TPOIHHU XONOAHEIM IIOTOKOM S, KJIK/KT.

PacueTsl npon3BOAATCS aHAIOTMYHO NEPBOM 3a-
Jaye.

Wnnmroctpanust  pacuéra rpadoaHaluTHIECKUM
METOZOM NIPEACTaBIeHa HA PUCYHKE 3.

q CP(TCT)
q W/ | ga(Ter)
W*
W
Ws
a*
|
|
|
|
|
|
|
o
Tcp Tc1 TK
- O ————>
e >
O*; .

Pucynox 3 — Hnniocmpayus epagho-
AHATUMUYECKO20 Memood paciema npu usme-
HeHUlU CKOPOCU OBUICEHUS 800bl

IIpu nOCTOSHHBIX pacy€THON IUIOTHOCTHU TEILIO-
BOIO IIOTOKA ( M Temmeparype crenke 1, Xapakre-

PUCTHKA XOJIOJHOTO [IOTOKA MPHU U3MEHSIOLIENCs CKO-
POCTH ABMIKCHMS TCIUIOHOCHUTEHS W = var 1pen-
cTaBisieT coOoi MY4OK MPSIMBIX C MEHSIOIUMCS yT-

*
JIOM HaKJIOHa, Iepecekaromuxcs B Touke & . Ilpwm
9TOM HU3MEHSTCS TeMIIepaTypHbId Hamop € B amma-

pate ¥ TeTIOBas Harpy3ka Ha ammapat Q , .

B rpaduueckoii ¢opme pesynabTaThl pacueToB
BEIMYUHBI IPOU3BOACTBA SHTPONHUH XOJIOAHBIM IOTO-
KOM MpPEJCTAaBICHO B CUCTEME KOOPIAMHAT «IIPOU3BOJ-
CTBO SHTPONHH — CKOPOCTH JBMXCHUS TEIUIOHOCHUTE-
Js» Ha pUCYHKe.4.
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Pucynok 4 — [Ipouz600cmeo sumponuu xon00-
HbIM HOMOKOM 6 3A6UCUMOCTU 0N CKOPOCTU
08uUdHCEHUS 800bI

C BO3pacTaHMEM CKOPOCTH TepMHYecKas Co-
CTaBIIIONIAs NPOU3BOJACTBA SHTPONHHU YMEHBIIACTCS
§T

xon ?

M
a MexaHudeckas S,  ~— Bospacrtaer. IIpu sToM

oOI1ee MPOU3BOACTBO PHTPOMMU S HMMeEeT JKCTpe-
Xon

MaJIbHOC HCSAPKO BBIPAKCHHOC 3HAYCHUC (MI/IHI/IMyM)
npu COOTHOILICHUHN TepMH‘IeCKOﬁ A MEXaHHYCCKOM

=T
COCTaBJIAOIINX SxOJl

crax w=125..1,4 wm/c, mpu 3TOM TeMIepaTypHbII

/§j;[ﬂ =3,2..3,7 mpu ckopo-

HArop B anmapaTe cocTaBuT — § =1, 5.2,
OmpeneneHue CKOPOCTH —TEIUIOHOCUTENsT HA
MpUMepe KOXKYXOTPyOHOTO KOHAEHCATOpa C TO3UIUMA
TEXHUKO-9KOHOMHUYECKOTO aHaju3a IPEACTABICHO B
padote [6].ITo pe3ynpTatam pacuyera ciaeayeT CUYHUTATh
panroHaIbHOM CKOPOCTh BOIbl W =1,2 wm/c.
Pemum Ty ke 3a7ady, HO MPU YCIOBHH MOCTO-

v v C
AHHOM cpenHeii Temnepatype Boasl 77, u mocrosH-
HOM MJIOTHOCTH TEIUIOBOTO MOTOKa ( = const . Unnto-

CTpanusa peuICHUsA 3a1avu Fpa(l)O&HaJII/ITI/I‘IeCKI/IM MeE-
TOJAOM NPEACTABJICHA HA pncyHKe.S.
PC3yJ'ILTaTBI pacyueToB MPCACTABICHBI COBOKYII-

HOCTBIO TOYCK ...05, JICKAIIUX Ha ICPECCUCHUU

IMy4YKa HOpsAMBIX, BBIXOIAIINUX H3 OI[HOI>'I TOYKH MU Xa-
PAKTCPU3YIOIINUX IUIOTHOCTH TCIUIOBOIO IIOTOKAa CO
CTOPOHBI TEMJIOHOCHUTEII Mpu W = Val u MHOXe-
CTBAa OKBUAMUCTAHTHBIX KPUBBIX, MNPCACTABIAIONIUX
XapaKTCPUCTHUKY IUIOTHOCTU TCEIUIOBOTO IIOTOKA OT
KOHACHCUPYIOLICTOCA pa60qer0 BELICCTBA IIpU IICpe-

. *
MEHHOH TemnepaType KoHaeHcanuu. Ilpu q = const
OyIyT M3MEHAThCS: TEeMIEpaTypHBId Harmop € B ar-

napare, TeMIeparypa CTE€HKH T

em A TCIIJI0Bas1

Harpyska Ha anmapat Q .

Pe3ynbraThl pacyeToB OKa3bIBAIOTCS TAKMMHU XKe,
Kak 1 n3o0OpaxkeHHbIe B rpaduueckoi popme HA pH-
cyHke. 4.

[TonyueHHBIE ONMHAKOBBIE PE3yJIbTATHI IPH pe-
HMIEHUM 3a/1a4d JIByMs CII0CO0aMH MOJTBEPIKICHBI
nHpopManueil, npuBeaéHHON B padbote [4].

3aoaua 3.
BxoaHbIe yCIOBHS B3STHl U3 MPEABIIYNIHX 3a-
Jay.

HezaBucumas nepeMeHHas —FI/IL[paBJ'II/I"ICCKI/Iﬁ

auametp TpyOsI d, ., MM;

onpeaciiaeMas BeJinumnHa - o6111ee MMPpOU3BOJACTBO

SHTPONHUHU XOJOIHBIM IIOTOKOM S

xon "
IIpn >TOM OCTarOTCs MOCTOSIHHBIMH KpUTEpUI
Re = const 1 IIIOTHOCTB TEIJIOBOTO NOTOKA (| = const .

JlamuM HEKOTOphIE TOSICHEHHS K PEIICHHIO 3a-
naun. st moanepskaHns MOCTOSTHHBIM 3HaUCHHE KPH-

TCpUd Re npu N€peMEHHOM 3HAYCHUUN d JOJIDKHa

2.6H
HU3MECHATCA CKOPOCTH ABWIKCHHS IIOTOKA TEMIIOHOCH-
Tens W. YcloBue 3aaayud 6yz[eT BBITIOJIHATHCA MIPpHU
OJHOBPEMEHHOM HW3MEHCHHUU CKOPOCTH OBWIKCHUA
TCIUNIOHOCUTEIA W, W TEMIIEpAType KOHIACHCAIIMH

pabodero Bemecrsa T, . I'padudeckyio mHTeprpera-

IUIO PCHICHHNA 3a1a4y MOBTOPSACT pPUCYHOK 5.

g*=const

for]

Pucynox 5— Humocmpayus epago-anarumu-
Yyecko20 Memooa paciema niOMHOCMY Menio-
6020 NOMOKA NPU NEPEMEHHOU CKOPOCMU O8U-

B rpaduueckoii popme Mpor3BOACTBO IHTPOIIUH
XOJIOAHBIM IIOTOKOM IIPEACTABICHO B CHCTEME KOOp-
JMHAT «IIPOM3BOJCTBO DHTPONHMU — THIPABIHYCSCKUH
JMaMeTp» Ha PHCYHKe 6.

C pocToM THAPaBIMYECKOrO AUAMETpa TePMH-

YCeCKasl COCTABJIANOMIasd MPOU3BOACTBA SHTPONINU §:oz
YBCJIMYMBACTCs, 4 MCXaHUYECCKasl S — YMCHBIIACTC.

I[Ipu sTOoM oOmEE NPOU3BOACTBO SHTPOIUU
HMeEET SKCTPEMATBHOE HESPKO BBIPAKEHHOE 3HAUCHUE

T —
(MuEMMYM) TpH S / sj; =2,5...3, B [uama3oHe
sHadennit d, ~ =10..12mMM, TeMnepaTypHOM Hamope

0
60 =5...6", npu CKOPOCTH IBIKCHUS TEIUIOHOCHUTEIIS
w=12.15 wm/c. [laHHbIe, MOATBEPKIAMOIIUEC pPE-
3yJIbTaThl pacyeTOB, NPUBECHBI B paboTax [9].
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Pucynok 6 — [Ipouzeo0cmeo sumponuu xon00-
HbIM NOMOKOM 8 3A8UCUMOCTU OM 2UOpasuie-
CK020 Quamempa 08UICeHUs MEeNJOHOCUMeNa u

1V. BBIBOJbI

C noMouipo «MeTo1a MUHUMM3ALUK [IPOU3BOI-
CTBa 3HTPOIUU» MOXHO aHAJIU3UPOBATH U ONTUMHU3U-
pOBaTh TEMJIOOOMEHHBIN amnmapaT B OTPHIBE OT BCEW
XOJIOAWIBHOM MAaIlMHBI, a B CAMOM ammapare aHalH-
3MpOBATh JIFO0O0 M3 MOTOKOB HE3aBHCUMO OT JAPYTHUX.
JlexoMmo3unusa oOIIero MpOM3BOACTBA PHTPONHNM Ha
TEPMHUYECKYI0 M MEXaHHUYECKYI0 COCTAaBISIOIINE
o0ecrieynBaeT OINpe/esieHHe KOINYECTBEHHOTO BIIUSA-
HUS THUAPABIUKA M TEIUIOOTAAYM Ha 00IIHe HeoOpa-
TUMOCTH B TEINIOOOMEHOM ammapare. B termooomen-
HOM anmapare CYyIIECTBYIOT PEXHMBI, OTBEYAIOILNE
MUHUMAaJIbHOMY NPOU3BOJACTBY SHTPOMHH, YTO COOT-
BETCTBYET MUHHMAJIBHBIM HEOOPATUMBIM TIOTEPSIM.
Takue pexXuMbI 0TBEYAIOT SHEPTOCOCPEIKEHHIIO B TIPO-
Hecce dKCIUTyaTalluy TeIJIO0OMEHHOTO ammapara, Tak
U XOJOJWIBHOM MallvHbI B LenoM Mcrnosb3oBaHue
METOZa MHHHMMU3AIMK IPOU3BOJCTBA BHTPOIHMHU HC-
KJIFOYaeT Hamboyiee CIOXKHYI0 W HENPOU3BOIUTEINb-
HYIO TIPOLEAYPY B BBIOOpE TEIIOOOMEHHOTO ammapa-
Ta, cHaOXasi MH)KEHepa MHCTPyMEHTapHeM, MPUHIIMII
JIEHCTBUSL KOTOPOTO OCHOBaH Ha HAay4yHOW U HE3aBU-
CUMOM 3KCHepTu3e, MOCTPOEHHOW HAa TEPMOAMHAMM-
yeckux npuHuunax. [Ipumenenue meTona MUHUMU3A-
LMY MPOU3BOJCTBA HHTPONHUU SIBISIETCS albTEPHATH-
BOM T€XHUKO-3KOHOMHUYECKOMY aHaJIM3y U ISl XOJO-
JWIBHBIX MAIIWH SBISETCS MPEIIOYTHTENBHBIM, T.K
He npuberaet K NPUMEHEHHIO CTOUMOCTHBIX KOd(Qdu-
[[HCHTaM.
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ANALYSIS OF THE SHELL-IN-TUBE CONDENSER CHARACTERISTICS FOR ENERGY CON-

SERVATION

In this paper, the authors discuss the analysis of the basic characteristics of the heat exchangers using the meth-
od of the minimization entropy generation. This method has been applied for the refrigeration machines in order
to solve the energy saving problem. Using the data for a real shell-in-tube condenser, the following particular
cases are discussed: density of the heat flow within the condenser, velocity of the second refrigerant (water) and
hydraulic diameter of pipe with the second refrigerant inside. As the results of the theoretical research, the val-
ues of the three above mentioned characteristics were determined that correspond to the minimal irreversibili-
ties within the condenser. The theoretical results are in a good agreement with the available experimental data
for this design of the condenser. The theoretical research proved than the method of the minimization entropy
generation let us: (a) take into the consideration interdependence between the sources of the irreversibilities
(heat transfer and fluid dynamics) and (b) obtain the heat exchanger with high energy effectiveness. The authors
demonstrate that the method of the minimization entropy generation is an alternative method that can be used
for the optimization of heat exchangers. In comparison with the techno-economical method (commonly used for
the refrigeration machines), the minimization entropy generation method (a) required decreased amount of the
data for the analysis and (b) exclude the economic characteristics.

Keywords: Heat exchanger — Water cooled condenser — Characteristics — Method of the minimization entropy
generation — Energy conversation.
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