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AnHotanus. Marencudukanus npomecca TeruiooOMeHa HrpaeT KIIIOUEBYIO pOJIb B COBPEMEHHOI MPOMBIIIICHHOCTH.
D¢ dexTuBHBI TEUIOOOMEH MO3BOJISIET COKPATHTh MOTPEOJCHHE TOIUIMBA W DICKTPOIHEPrHH, HEOOXOAMUMBIX JUIs
MOJIep>KaHuUs 3aJaHHBIX TEXHOJIOTHUECKUX PEeXKMMOB. UeM OBICTpee OCYLIEeCTBISIETCS Iepefada Tella, TeM MEHbIIe
BpPEMEHH W YHEPTHU TPATUTCS HA HarPEeB MM OXJIAXJCHUE CHIPbS, IIPOAYKTOB U 000pynoBaHus. bonee MHTEHCHBHBIH
TEIIOOOMEH COKpAlIaeT MPOAODKUTENIBHOCTh OTIEIBHBIX CTaAWil TEXHOJOTMYECKOro IMKJIA, MO3BOJISS YCKOPUTH
MIPOM3BOJICTBO M BEIITYCKAaTh OOJIBIIE MPOAYKIUH 3a €IUHUIY BPEMEHH, KpOME TOTO, PABHOMEPHBIH M OBICTPHIN Tell-
J1000MeH MUHHAMH3HPYET PUCKH NOSBIEHHS Ne(hEeKTOB M3/CIHi, BEI3BAaHHBIX HEPAaBHOMEPHBIM pacIpe/elIcHHEeM TeM-
nepaTypbl. B ycrnoBusix Mopckoil 00BN YIIIEBOJOPOJOB MPOLECCHl KATETOPHYHON MOJEPHHU3ALUH CYLIECTBYIOLIETO
000pyIOBaHUS WM BHEIPEHHS HOBOTO NIPOOJIEMATHUYHEI B BHAY OTPAaHMYCHHOHN IUIOIAI IDIAT(OpPMBI, BBHICOKOH
IUTOTHOCTH Pa3MEIIeHNs yCTAHOBOK, CJIOKHOCTH TPAHCHOPTHPOBKH HOBOBBOJMMBIX 2JIEMEHTOB, A TAKOKE HX MOHTaXKa.
NHTeHcuduumpoBath npouecce TeioooMeHa B 000pyJ0BaHUH MOKHO HCIIOJIb30BaHUEM YNPYTHX KoneGaHui 3BYKO-
BBIX BOJIH, MEXaHHYECKUX KojeOaHui 00BbeKTa, BO3ICHCTBUS HA IOTOK 3IEKTPUUCCKU 3apsDKEHHBIX YacTHUII, OBBIIIE-
HHEM TeMIIepaTypHOTO Ieperaaa TeINIOBBIX HOCUTENeH NN H3MEHEHHEM IT'eOMETPUIECKHX XapaKTePUCTHK KOHCTPYK-
THUBHBIX 3JIEMEHTOB TEIIOOOMEHHOro 000pynoBaHus. [t onpeneneHus METoa MOBBILICHHUS TEII000MeHa He00Xo-
MO YYMTHIBaTh Ha3HAUCHHUE amllapara, ero KOHCTPYKTOPCKHE OCOOEHHOCTH, IapaMeTphl TEIIOBBIX HOCHUTENCH
u apyrue daxropsl. [Ipn ananmmse cioco60B MHTEHCH(DUKALUK TIPOIECCOB TEINIOOOMEHA B TEXHOJIOTHYECKOM 000py-
JIOBaHHMH BBISBIEHO, YTO OJHHM U3 CaMbIX MPOCTBIX U 3P(EKTUBHBIX CHOCOOOB yBEIMYEHHUS TEIUIOOTAAYN SBISCTCS
KOJIbLIEBOE MTPOQHUINPOBAHNE TOBEPXHOCTEH pabodHX JIeMeHTOB 000pyoBaHuUs. B cpene mporpaMMHOTO KOMILIEKCa
Kompas Flow Vision npousBeneHo MoAenInpoBaHHe IIporecca TEII000MeHa ¢ HCIIOIb30BaHUEM TJIAJKOTO IPOQHIIST
TPpyOKH U TPYOKH C KOJILIEBBIM NMPOMHINPOBAHHEM. TE€XHOJIIOIHYECKHE apaMeTphl 3aJaHbl Ha OCHOBE aHAJIN3a TeX-
HOJIOTHYECKOM CXeMbI IOAroTOBKH He(TH Ha MecTopoxkaenusx CesepHoro Kacnus. Berasieno, uto npoduianposa-
HHEe pabodero »JIeMeHTa NMPUBOAUT K YBEIMYEHHIO Kod(duimenTta nepenoca Tema Ha cTeHKy. OnpeneneHsl onTH-
MaJIbHbIE TEOMETPHYECKHUE XapaKTEPUCTUKU TPYOKH.
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Abstract. The intensification of the heat exchange process plays a key role in modern industry. Efficient heat exchange
reduces the consumption of fuel and electricity needed to maintain the specified technological modes. The faster the heat
transfer is carried out, the less time and energy is spent on heating or cooling raw materials, products and equipment.
More intensive heat exchange reduces the duration of individual stages of the technological cycle, allowing faster produc-
tion and more production per unit time, in addition, uniform and rapid heat exchange minimizes the risks of product de-
fects caused by uneven temperature distribution. In conditions of offshore hydrocarbon production, the processes of cate-
gorical modernization of existing equipment or the introduction of new ones are problematic due to the limited platform
area, high density of installations, the complexity of transporting newly constructed elements, as well as their installation.
It is possible to intensify the heat exchange process in equipment using elastic vibrations of sound waves, mechanical vi-
brations of an object, effects on the flow of electrically charged particles, an increase in the temperature difference of
thermal carriers or a change in the geometric characteristics of the structural elements of heat exchange equipment. To de-
termine the method of increasing heat transfer, it is necessary to take into account the purpose of the device, its design
features, parameters of thermal media and other factors. When analyzing the methods of intensifying heat exchange pro-
cesses in technological equipment, it was revealed that one of the simplest and most effective ways to increase heat trans-
fer is annular profiling of the surfaces of the working elements of the equipment. The simulation of the heat exchange
process using a smooth tube profile and a tube with annular profiling was performed in the environment of the Kompas
Flow Vision software package. The technological parameters are set based on the analysis of the technological scheme of
oil treatment in the fields of the Northern Caspian Sea. It is revealed that profiling of the working element leads to an in-
crease in the coefficient of heat transfer to the wall. Optimal geometric characteristics of the tube have been determined.
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Beenenue

K coBpeMeHHBIM TEII00OMEHHUKAM NIPEIbSABIACT-
csi OOJIBIIOE KOJMYECTBO TEXHUYECKHX W TEXHOJIOTH-
yeckux TpeOoBaHui. OIHUM N3 OCHOBHBIX SIBIISETCS
obecrieueHne mnepegayn TpedyeMoro KoJMuecTBa Tell-
Jla OT OJIHOW CpeJibl K JIPYroi C Mojy4eHHeM HeoOXo-
JMMBIX KOHEYHBIX TEMIIEpaTyp NpH HanOOoJIbIICH MH-
TEHCUBHOCTH TEIUIOOOMEHa W HAWMEHBIINMH Me-
TaJIIOEMKOCTBIO M TabapuTaMu.

Pe3yabTarhl HccIe10BaHUS

OCHOBHBIE METOABI MHTEHCU(HUKAIIUN TEMI000Me-
Ha CBOJSTCS K YBEJIMUEHHIO MOBEPXHOCTH TEIIIOOOMe-
HA, THAPOJAUHAMHYCCKOMY, MEXaHHYCCKOMY, IIICKTPH-
YECKOMY WJIM MarHUTHOMY BO3JICHCTBHIO Ha MOTOK. Ha
CETOJIHAIIHUAN JICHh HAau0O0JIee TEXHOJOTHYHBIM U (-
(EKTUBHBIM METOJOM HWHTCHCHU(UKAIIMK Ipolecca
TEIUIOOOMEHA SIBIISIOTCS MPOQUINPOBAHHBIC TOBEPX-
Hoctu. CyTh METO/a 3aKIF0OYACTCS B HAHCCCHUU PEllb-
edoB pazmuuHON (HOPMBI, HATPUMEDP BBHIEMOK HJIU BBI-

CTYIOB, & TaKXKe 3TO MOTYT ObITh 3JEMEHTHI IPOBO-
JIOYHBIX WJIM IPOYMX BCTaBOK (puc. 1, 2).

Puc. 1. I[IpodunupoBanHbie TPyObI CO CIMPATIBbHOM
WJIM KOJIbLIEBOM HAKATKOMN

Fig. 1. Profiled pipes with spiral or annular knurling
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Puc. 2. [IInexoBble MHTEHCU(UKATOPBI  BHELIHSSA POBOJIOYHAS HABMBKA Ha TPYOax TEINIOOOMEHHBIX alNapaToB

Fig. 2. Screw intensifiers and external wire winding on pipes of heat exchangers

B macrosmee BpemMs OJHMM W3 CaMbIX HPOCTHIX
" 3PPEKTUBHBIX CIMOCOOOB MHTEHCU(UKAIMU TETUIOOT-
Jla4u TIpU TypOYJICHTHOW KOHBEKLMH SIBIISIETCS| HUCIOJIb-
30BaHue NpoQuIIMpoBaHHbIX MoBepxHocTei [1-3]. Hamu-
YHMe 3THX JJIEMEHTOB CIOCOOCTBYET PaspyLICHHIO HIIN
BO3MYILCHHUIO BSI3KOTO MOJCIOSI TYpOYJICHTHOTO HOrpa-
HUYHOTO CJIOSI TIOTOKA, YTO NPHUBOAUT K MOBBILICHUIO
TerrooTaayr. CymiecTByeT OOJNBIIOE KOJIMIESCTBO BO3-
MOXXHBIX TEOMETPHUYCCKHX KOH(HTypamuii 3JIeMEHTOB
PO IITUPOBAHKS IOBEPXHOCTH [4, 5].

CpaBHUTENBHBIN aHATN3 TETIIOOOMEHHBIX XapaKTe-

PHCTHK TIAAKON W HpOodMIMpOBaHHON TPYOOK TEIio-
0OMEHHUKA TIPOM3BOIMICS C TOMOIIBIO BH3YaJIM3aLUI
MIOTOKOB CpeA B NPOrpaMMHOM KoMmiulekce Kompas
Flow Vision. PacuerHast ceTka NMpoTOYHON 4acTH Terl-
JIOOOMEHHHMKA CTPOWJIaCh Ha OCHOBE TBEp/OTEIIbHON
TeOMETPUYECKOH  MOJENH, HMHUTHPYIOIEH o00beMm,
BHYTPH KOTOPOTO MPOMCXOIMT HCCIIEAYEMOE TEUEHHE.
3HaueHWe HavaJbHON pacuyeTHOW CETKH 3a/1aBajoch IO
20 sgeex Ha KaXIyI0 IJIOCKOCTb, C IIaroM IO BpeMEHH
1o 15 cexynn (puc. 3).

Puc. 3. PacuerHas ceTka TpyOKH ¢ KOJIBIIEBBIM HPO(IIINPOBaHUEM

Fig. 3. The design grid of the tube with annular profiling

TexHomoruveckue mMapamMeTpbl 3aJaHbl HA OCHOBE
aHaJIM3a TEXHOJOTHYECKOM CXEeMbl MOArOTOBKH HE(TH
Ha MectopoxneHussx Ceeproro Kacrust [6-8]. Temme-
parypa XOJIOJIHOTO areHTa Ha BXOJie B TPYOHBIH My4OK
TeroooMeHHoro ammapara cocrapisier 40 °C, macco-
BBIH pacxox — 0,3 kr/m’-c. [opstumii areHT UMeeT TeMIte-
parypy Ha BXojie B MeXTpyOHoe mpoctpancTBo 80 °C.
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B kauecTBe KOHTPOJIMPYEMbIX MapaMeTpOB BBICTYIIAIN
CpenHsisl TeMIlepaTypa B CEYeHHUH pacyeTHOU ceTKH (10
LEHTPY TPYOOK), CpeIHsSI TEMIepaTypa Ha IIOBEPXHOCTH
TEermooOMeHa, CKOPOCTh PACIPEACIICHHUs TOTOKA areHTa.
PesynbTaThl pacmpenesieHusi CKOPOCTH MOTOKA areHTa
B IVIAIKMX TPYOKax MpeACTaBlIeHHI Ha pucC. 4, B TpyOKax
C KOJIBIICBBIM PO IITMPOBAHUEM — HA PHC. 5.
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Puc. 4. PactipenienieHust CKOPOCTEH MOTOKA KHIKOCTH B MOMEHT BPEMEHH B IJIaIKOW TpyOKe:
a — B HaYJILHEI MOMEHT BpeMeHH; 6 — yepe3 120 c; 6 —gepe3 300 ¢
Fig. 4. Distribution of fluid flow rates at a time in a smooth tube:
a — at the initial time; 6 — after 120 s; 6 — after 300 s
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Puc. 5. Pactipenenenust ckopocTeii IOTOKa )XUIKOCTH B MOMEHT BPEMEHH B TPYOKe KOJIbLIEBBIM MPOGIIMPOBAHUEM:
a — B Ha4aJIbHBI MOMEHT BpeMeHH; 6 — yepe3 120 c: 6 — yepe3 300 ¢

Fig. 5. Distribution of fluid flow rates at a time in the tube by annular profiling:
a — at the initial moment of time; 6 — after 120 s: ¢ — after 300 s
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Kak BumHO u3 puc. 4 u 5, npoduiupoBaHue mo-
BEPXHOCTH YBEJIMYMBAECT CKOPOCTH IIOTOKA JKHIKOCTH
B TpyOKe TEII00OMEHHUKA. DTO MPOUCXOIUT 33 CHET
JIOTIOJTHUTENEHONW TypOyNM3alMy TNPHCTEHHBIX CIIOCB
JKUJIKOCTH, YTO YBEIUYUBACT KOIPDUIMEHT MepeHoca

TeTIa Ha CTEHKY U, CIIE0BATEEHO, CKOPOCTh MOTOKA.

Ha puc. 6 u 7 nmpencraBieHb! OIS pacTpeIeeHus
CPeINHUX 3HAYEHUH TEMIeparyp B NOTOKE TPYOHOTO
NPOCTPaHCTBA TJaJKOW TPYOKM W C KOJIBLEBBIM
npoduIMpoBaHUEM.

0
Puc. 6. Ilons pacupenenenus cpeAHUX 3HAYCHUH TeMIIEpaTyp B IMIAAKOH TpyOKe;
a —4epe3 120 ¢; 6 —uepe3 300 ¢
Fig. 6. Distribution fields of average temperatures in a smooth tube;
a — after 120 c; 6 — after 300 ¢
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Puc. 7. Ionst pactpenenenus CpeHUX 3HAYEHUH TeMIlepaTyp B TPYOKe KOJIBIEBBIM MPoQmInpoBaHueM:
a —uepe3 120 ¢; 6 —aepe3 300 ¢

Fig. 7. Fields of distribution of average temperatures in the tube by annular profiling:
a — after 120 c; 6 — after 300 ¢

[poduirpoBanre NPUBOIUT K YMEHBIICHUIO TOJI-
[IMHBI TOTPAHUYHOTO CJIOS 32 CYET MyJbCAllui CKOPO-
CTH B JJAMHHAPHOM IMOTPAHUYHOM CJIOC HA MOBEPXHO-
CTH TPYOKH, 4TO BIUSICT HA M3MCHCHHE KO3 uIneHTa
TEIUIOOT/IaYH B CPaBHEHHH C IJ1a Ko TpyOkoii. Ha mo-
BEPXHOCTH TEIUIOOOMEHA TEMIIEPaTypa YBEINIHBACTCS
3HAYUTEIBHO ObICTpee B TPyOKe C KOJbLEBBIM Npodu-
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neM. U3 puc. 6, 7 BUIHO, YTO TEIUIOOOMEH B TpyOKe
C KOJIBLIEBBIM NMPOQUIIEM U Ha €€ MOBEPXHOCTH MPOHC-
XOIUT HHTCHCUBHEE.

IIpu MoxenmmpoBanuM mponeccos B cpene Kompas
Flow npoBoiiocs BapbUpOBaHUE TEOMETPHUUYESCKHX Ma-
pPaMeTpOB KOJIBLEBBIX BBICTYNOB. OCHOBHBIC T€OMETPH-
YECKHE MapaMeTphl IPE/ICTaBICHEI Ha PUC. 8.

juawdinba [eor3o[ouyoa} ur $s3001d 93ULYIXA 18IY SY} JO UONBIISUSIU] *J "N BUINIOPIWEIA Y “H BUD[YDI[],
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Puc. 8. [IpononsHEI pa3pe3 TEII000MEHHOH TPYOBI C KOJBIIEBHIMU BBICTYIIAMH:
D — BHyTpeHHHI1 auametp TpyObl; /i — BBICOTa BHICTYIOB; d — IMaMeTp OTBepcTHs Aquadparm (1o BepIIMHAM BBICTYIOB);
t — paccTostHUsI Mex Iy nuadparmMaMu (BbICTYyHaMu); s — HpUHa quadparm (BHICTYIIOB);
R — pamuyc 3akpyrieHus nuadparm (BBICTYIIOB)

Fig. 8. Longitudinal section of a heat exchange pipe with annular projections:
D is the inner diameter of the pipe; / is the height of the projections; d is the diameter
of the orifice of the diaphragms (along the tops of the projections);
t is the distance between the diaphragms (projections); s is the width of the diaphragms (projections);
R is the radius of rounding of the diaphragms (protrusions)

3HaYUTEIIbHOE BIIMSHUC HA TEIJIOOTAATY U THAPOCO- IO BBICOTHI. Hpe,Z[HO)KeHHBIC ONTHUMAJIbHBIC 3HAYCHUSA

NPOTHBIICHHE TPYO C KOJBLEBBIMU BBICTYIIaMH OKa3bl-
BaOT BBICOTAa M (pOpMa BBICTYIIA, a TAKXKE Iar KOJbLe-
BBIX BBICTYNOB. BBIsIBIIEHO, YTO yBenuueHue Kodhpuim-
eHTa TemooTnauu B 1,2-2.2 pa3a, a mpupocT TUIpoco-
nporusneHus B 1,05-10,5 pa3sa, mo cpaBHEHHIO C Tnaj-
KOW TpyOOii IIPOUCXOINUT B TPYOE C NMPUMEHEHUEM IIPO-
¢mmmpoBanus. Takke UL JOCTIKEHUS! 3HAYUTENIBHBIX
3p}EeKTOoB 0T HCKYCCTBEHHOH TypOynaHM3amy IOTOKa
B 00JIacTH TepexXOAHBIX uncen PeifHombaca cremyer uc-
TI0JIb30BaTh KOJBIIEBBIC BBICTYIBI CPAaBHUTEIHHO OOIb-

0e3pa3MepHBIX MAPAMETPOB BBICTYIIOB PEKOMEHIYIOTCS
B quanasonax: d / D =0,96-0,92, ¢t/ D = 0,36-0,9.
PesynbraThl MccaenoBaHUN TEIUIOTHIPABIMYCCKUX
XapaKTePUCTHK TEIIOOOMEHHOro ammapara (puc. 9)
MMOKA3bIBAIOT, YTO MpPH HKCIOJB30BAHUM B KAYCCTBE
WHTCHCU(UKATOPOB TEINIOOOMEHA KOJIBIIEBOTO IIPO-
¢uns Ha BHENIHEW MMOBEPXHOCTH TETUIOOOMEHHBIX
TpyO MPOMCXOIUT YBEIWUYCHUS! MOTEPh JAABJICHHS IO
CPaBHEHHIO ¢ TIaaAKuMu Tpybamu 1o 17 %.
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Puc. 9. 3aBucumocts noteps AaBiieHus ot unucia PeliHonbaca

Fig. 9. Dependence of pressure losses on the Reynolds number
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3akJiouenune

VYBeNnu4YeHUe MOTEeph NABJICHUS NPHU TEIUIOOOMEHE
MOXET HMMETh KaK MOJOXHTEIbHBIC, TAK U OTpHUIA-
TEJNbHBIC TIOCJIEICTBAS B 3aBHCUMOCTH OT KOHKPETHOM
curyaruid. C OJHOW CTOPOHBI, YBEITHYEHHE MOTEPh
JABJICHUS TIPUBOJUT K BO3PACTAaHHUIO TEIUIOOOMEHA,
C APYTOil — POCT JABICHUS U U3MEHEHHE CKOPOCTH TETl-
JIOHOCHTEJIS B CHCTEMaX TEeIJIOOOMEHa BEZIET K Ipekae-
BPEMEHHOMY HW3HOCY BCero 00OpymoBaHHWs (3alOpHOMN
apMaTyphbl, HACOCOB, TPYO U T. 1.).

KomnblieBoe mpoduIpoBaHUE YBEIMYMBACT TEILIO-
00MEH B MEKTPYOHOM MPOCTPAHCTBE MPUMEPHO B 2 pasa
3a cyeT TypOy/lIM3aluK MMOTOKA B MOTPAHUYHOM CJIOE.

Juis mpoduinupoBaHMS Ha HAPYXHYIO IOBEPXHOCTH
TpyOBl HAKATKOW HAHOCSTCS MEPUOJMYCCKH PACIIONO-
JKCHHBIC KOJIBIICBBIC KaHABKH. [IpW 3TOM Ha BHYTPCH-
HEell cTopoHe TpyObl 00pa3yroTcs KOJbIeBbIe nuadpar-
MBI C TIaBHOW KoHQuryparmen. KonbiieBsie nuadpar-
Mbl M KaHaBKH TypOYJIHM3UPYIOT MOTOK B MPHCTCHHOM
cioe U 00ecTieynBaIOT HHTEHCU(PHUKAINIO TeTIO0OMeHa
CHapyXu u BHyTpHU TpyO. IIpu 3TOM He yBenmuyuBaeTCs
MX HAPYXKHBIH JUAMETp, YTO TO3BOJISIET MCIIOJIb30BATH
JTAHHBIC TPYOBI B TECHBIX MYYKaX U HE MCHATH CYIIE-
CTBYIOILICH  TEXHOJNOTHMH COOpPKH  TEINIOOOMECHHBIX
anmaparos.
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