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TIpaoupnu obvluHO ucnonv3yiomcs 01 0meoda Mmenia Om HPOMBIUIEHHbIX annapamos. Booa oxaascdaemcs 6
2padupHe 3a Ccuem COYEMAaHus NPOYeccos Menio-u maccoobomena. IIpumeHenue HACAOOK CO CRUPATbHBIMU
neMeHmam nogviuaenm IPHeKmueHoOCsb BCeti CUCEMbL, MeM CAMbIM 3HAUUMENbHO CHUNCAA NOMpedaeHue SHepeuU

u yeeaudueas np0u360()umeﬂbnocmb npoyecca.
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Cooling towers are commonly used to dissipate heat from industrial devices. A cooling tower cools water by a
combination of heat and mass transfer. Application decks with spiral elements increases the efficiency of the entire
system, thereby reducing energy use significantly and increasing process output.

Tennenmn MOTPeOICHUS BOJIBI
MPOMBIIIIEHHBIM ceKTopoM Poccuiickoit denepaunn Ha
HYXIbl  IPOMU3BOJACTBA  CETOJHA  TAaKOBBL,  4TO

UCIIOJB30BaHHE OOOPOTHOM BOJIBI COCTABIIIET MPUMEPHO
ot 60 o 80% ot obiero norpebienus Boasl [1]. Takum
00pazoM, IJIaBHOHM COCTaBIISAIONIEH CXEM PalloOHaIbHOTO
U 3((DEeKTUBHOrO HCMOJIb30BAaHKUS BOJIHBIX PECYpPCOB
SBISIFOTCSL TPajypHH, padoTaronie B BOZOOOOPOTHBIX
OXJIOKJAIONIMX CHCTEMaX, 4YTO JaeT BO3MOXKHOCTb
MOBBICHTh YKOHOMUYECKHE MOKA3aTeN MPOMbIIUICHHBIX
npeanpusTai [2].

I'pamupust  mpencraBisier co0Oif  OCHOBHOE
obopymoBaHne Ui OXJAXICHHUS OOOPOTHON BOJIBI
MPOMBIIIJIEHHBIX W JHEPTeTUYECKUX  TPEIIPHITHH.

Cornacio nanHbM [3] rpagupHu kinaccupuuupyror: 1)
0 CTIOCO0Y Iepeadu Teria aTMOCGepHOMY BO3IyXy Ha:
HUCIapUTECIIbHBIC, B KOTOPBLIX TCILUIONCPEaa4a OT BOJbI K
BO3/1yXY MPOMCXOMUT, MPEXIE BCETo, 32 CUET UCIIAPEHHUS;
panuaropHele, HMHa4e CyXue, B HHUX TeIulonepeaaya
OpraHM3yeTcsi uepe3 CTEHKY paJuaTopoB 3a CYeT
TEIUIONPOBOJIHOCTH M KOHBEKINH; CMEIIaHHBIE — B HUX
UCTIOJIB3YyEeTCS Terionepeiada UCTIapeHHEM,
TEIUIOTIPOBOAHOCTRIO ¥ KOHBEKIHWEH; 2) Mo crmocody
MepeMeNIeHls] BO3AyXa dYepe3 KOHTAKTHBIE YCTPOHCTBA
TPaAMpPHU: BEHTWIATOPHBIE, Yepe3 KOTOpBIE BO3AYX
MepeKavrBaeTCs MPHU TOMOIIM BEHTWIATOPA; OalleHHEIE,
B KOTOPBIX TATa BO3AyXa OPTaHU3OBHIBACTCA 3a CUET
mo100pa HeOOXOAMMOM BBICOTHI OAIHU; OTKPBITHIC, HIIH
aTMoctl)eprle, B KOTOpBIX [UIA BO3JAyXa JIBHIKETCA
6ﬂar0uapﬂ €CTCCTBCHHBIM BO3YHUIHBIM IMOTOKaM — BETECP
W OTYACTH €CTECTBEHHAst KOHBEKIHS.

B paguatopHBIX IpaupHSX HUXKHEH IpaHULEn

TEMIIEpaTypbl ~ OXJIAKJCHHOH BOABI  MOXET  OBITh
Temreparypa arMoc(epHOro Bo3ayXa IO CyXOMY
TEPMOMETPY, a B HCIAPUTENbHBIX TPagUpHIX —
TEMIIepaTypa BO3IyXa IO BIAKHOMY TEpMOMETpY,

KOTOpasi, Kak U3BECTHO, MOXKET OBbITh HUXKE TeMIIepaTypbl
MO0 CyXOMy TEPMOMETPY Ha HECKOJIBKO TIPaJyCoB.
HcnaputenbHple  rpamiupHH  OpraHu3yloT  OoJjee
3G GEKTUBHOE OXJAXKICHAE BOJIBI IO CPaBHEHUIO C
panuaTopHBIMM M MOTYT OBITh HM3TOTOBJIEHBI M3 OoJiee
JICIIEBBIX U HE CTOJb NCUIMTHBIX MaTepruayioB [3].
OxJnaxxJeHHe BO3AyXa B CYXHX TPAJAAPHIX
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obmagaeT OJHHUM U3 HEJNOCTATKOB — JTO TO YTO
MIPOU3BOAUTENHEHOCTh 1o OXJIQKIEHHOM BOJIE
CYIIECTBEHHO 3aBHCHUT OT TeMIIEpaTypbl aTMOC(HEPHOTO
BO3[yXa, KOTOpas, K COXKaJCeHHIO, HECTaOWibHa B
TEYEHHUE rojla, 1a ¥ Ha NPOTsHKEHHH CYTOK. C IEJbio

opraHMzaiyM  HMx  Oojee  yCTOWYMBOH  PabOTEHI
HEOOXOMUMO O00ECIEUUTh IOCTOSHHYIO TEIUIOBYIO
HArpy3Ky, a TpH XOJOTHOM Hapy>XKHOM BO3IyXe B

ocobenHocTH. Bo Bpemsi paboOTBHl TNPOMBIIIIEHHBIX
MPEANPUATHA M TapOTYpPOMHHBIX YCTaHOBOK TOI]
BO3MOKHA CYIIECTBEHHAs HECTaOWIBHOCTH OTOOpa U
MoJa4uy TeIjIa Ha CyXHe TPaJupHHU, YTO BIICUET 3a COOO0M
OTPOMHBI PHCK 3aMep3aHHs M BBIXOJA U3 CTPOS
JOPOTOTO  TEIUIOMACCOOOMEHHOTO  000pyIOBaHMS.
Cyxue rpafupHH HE CTOJIBKO LIMPOKO NPUMEHSIOTCS B
MIPOU3BOACTBE, KaK HCIAPUTENbHBIE, 3TO CBA33aHO C HX
JIOPOTOBHU3HOW, HEOOJBLION NPOU3BOIUTENFHOCTBIO U
3HAYUTEIbHBIM SHEPronoTpedICHUEM. Lena
panuaropHoii rpagupHu Oojiee 4yeM B 5 pa3 MpeBbIlIaeT
CTOMMOCTh TPAJUPHU MHCHAPHUTEIBHOTO THIA IIPH
paBHOM TeroBoM Harpyske [4].

I'pamupan  Tarke  KIACCUQULIUPYIOT — TI0
KOHCTPYKTHBHBIM THIIAM OPOCHTENBHBIX YCTPOHCTB H
croco0y  IOCTIDKEHHS HamOONbIIeH TOBEPXHOCTH
KOHTaKTa BOJBI C BO3AYXOM, TaK pa3lNyaroT I'pajiupHU
IUICHOYHBbIE, KamlenbHble U  Opbl3raibHble.  Bee
MIPEACTABJICHHBIE THUIBI T'PAJUPEH MOTYT OTIMYATHCS
BECbMa PpAa3/IMYHOM KOHCTPYKLMEH, KAaK OTHEJIbHBIX
9JIEMEHTOB  OPOCHTENBHOTO  YCTPOMCTBA, Tak U
THIIOPa3MEPHBIM PSZIOM M PACCTOSIHHEM MEXIy HHMH,
TaKXKe OHM MOTYT OBITH M3TOTOBJICHBI M3 PAa3HOOOPAa3HBIX
MarepuaiioB. [Ist OTKPBITBIX aTMOC(EpPHBIX TIpaavpeH
yaenbHas TUApaBIMYEcKas Harpy3ka IO pPacyeTHBIM
JTAHHBIM HE JIOJDKHA TMPEBOCXOAUTH OT 3 1O 5 M3/(M2-q).
BrmsiHMe cuitbl M HampaBiIeHHsT BETPa HA OXJIAXKJAIOILYIO
CIIOCOOHOCTH OTKPBITHIX I'PAJUPEH Cy’KaeT YCIOBHS HX
npuMeHeHus [3].

I'pamupan  GamieHHOTO THIIA  OPraHU3YIOT
HEMaIyl0 IUIOUIafb MCHAPEHUS] M HMX PEHTA0EIbHO
MIPUMEHATH NIPU OXJIAKAECHUN BOJBI B KOINYECTBE Ooliee
6000 M3 B wac. 3abop BO3Ayxa M €ro mojada B
OalllcHHBIC TPaJUPHU MPOUCXOTUT O€3  MOMOIIH
BEHTWJISITOPOB, @ OCYLIECTBIISIETCS  BETPOM  HJIH



ecTecTBeHHOM Taroi. Hemamas miomanb, 3aHUMaemas
TaKUMH TPAJAUPHSAMH, a TakkKe OOJbIIas CTOUMOCTD
SABIAKOTCA HX HECOMHCHHBIM HCEIOCTATKOM. O}IHaKO K

nmpeuMynieCTBam MOXHO OTHECTH IIpOCTOTY B
9KCIUTyaTallu¥d, 3KOHOMHWYHOCTbH pa6OTbI, BO3MOXHOCTb
pasMelICHUA B HCHOCpeHCTBCHHOﬁ Oonu3ocTH K

NIPOMBIIIVICHHOMY OOBEKTY 3a CYET OTBOAA BIIAXKHOIO
BO3/lyXa Ha BHYIIUTEIbHOU BBICOTE [5].
[lpm penieHMM OpPUTHHAIBHBIX TEXHUYECKHX

3amadq MIPUMEHSIOT BEHTWJIATOPHBIE TpajiupHH.
Ucnonp30BaHne  NpUHYIWUTENbHOM  TATM  BO3JyXa
Oonpleli MOIIHOCTH COBMECTHO C IPHUMEHEHHEM

COBPEMEHHBIX KOMOHHHPOBAaHHBIX CHCTEM OpOLICHUS,
JaéT  BO3MOXKHOCTH ~ J00UTBCs — Oonee  riryOOKOro
OXJIAXKICHUSA BOABI IIpU 60.]'[])1110[\/11 IJIOTHOCTU OPOLICHUA,
YTO IIO3BOJIACT 3HAYHUTCIIBbHO CHU3UTH KAaIIUTAaJIOBJIOXKCHUSA

HAa CTPOUTEIBCTBO JKEJIC300CTOHHBIX OacCCHHOB U
KCIIOJIb30BaTh  TrOpa3fo  MEHbIIME IUIOWAaAd  MOJ
BO3BEJICHUE CHCTEM OXJIAXKIEHUS [6]. IIpu

HCTIOJIh30BaHUH BEHTWISTOPHBIX TPAJAUPCH, B OTIIMYHE OT
OameHHBIX, TpPeOYIOTCS MEHee MOIIHBIE HAaCOCH T.K.
3[IeCh BBICOTHBIH YpPOBEHb IOJAaYM BOABI HIKE Ha 2-3
MeTpa, 4TO Mpu OONBIUX 00BEMAX OXJIAKIAEMOUN BOIBI
naét  OonbpIIOW  dKOHOMHUYeCKHWid  3(dekT. Bpems
BO3BEICHUS BEHTWIATOPHBIX TPAJAUPEH HECPABHUMO
MeHblIe, YeM MOoCTpoika OameHHbIX. [lomumo 3ToTO,
BCHTUJIATOPHBIC I'paJUPHU MOKHO 3aITyCKaTb O4YCpECHsiM,
HE JOXHIAsiCh IIOCTPOMKH BCEr0 KOMIUIEKCA B LIEJIOM.
IMom cTpOWTENhCTBO BEHTHISITOPHBIX TPAJAUPEH MOXKHO
HCTOJB30BaTh HEMEPCICKTUBHBIC TUTOMANKH  (Y3KHE
YYaCTKH 3eMITH HEIIPUTOTHBIC JUTSI BO3BEICHHUS OAIICHHBIX
TpagupeH) - BeHTWIATOPHBIE TPATUPHU MOKHO BO3BOJIUTH
B pailoHaX C ceilicMOOmacHOi OOCTAaHOBKOH, Tae
BO3BEICHNE OAIICHHBIX T'PAIHPEH MPOCTO HEBO3MOXKHO.
[Tpumenenne B BEHTHIATOPHBIX TpaIHpHSIX
COBPEMEHHBIX BOJIOYJIOBUTEIBHBIX CHCTEM IIO3BOJISET
3HAYUTCJIbHO CHHU3UTHb MNOTEPpHU BOABLI IIPU KallCJIbHOM
YHOCE, a 3HaYUT COKpaliaer o0bEM HCIOIb3YEMOH BOJIBI
Ha TIOJIMTUTKY CUCTEMBI [7].

B HacTosmiee Bpemss BCE dalle BO3HHKACT
mpobiiemMa Tepe]| CIeHUAIMCTAMH MPEIIPUSTHA Pa3HBIX
oTpaciieii IPOMEBIIUICHHOCTH, CBSI3aHHAS ¢ OOHOBJICHUEM
U PEMOHTOM CYIIECTBYIOIINX I'paaupeH. HeoTbeMieMbM
TpeOOBaHWEM  TpW  IUIAHUPOBAHUM  JANbHEHIIEro
pa3BUTHSA MPOM3BOJICTBA  OCTaeTCS  IOBBIIICHUE
HA/ICKHOCTH OXJIAXKICHHUS 000POTHOI BOJIBI TPaTUPHIMH,
MOCKOJIBKY OT TOTO, Ha CKOJNBKO CTaOWIBHO W
a¢hdexTrBHO paboTaeT TpaJupHs B CUCTEME OOOPOTHOTO
BOJIOCHA0XKEHHUS 3aBHUCHT Mepa peanuzanyu
cOeperarommx TEXHOJIOTUH B TEXHUYECKOM,
HKOHOMHYECKOM M IKOJIOTUUECKOM IIJIaHe: KOJIMYECTBO U
CTOMMOCTh TOTPEOJICHUsI ¥  PAcXOIOBAaHUS  BOJEI,
TOINIMBA, JJEKTpodHeprun u celppst [8]. He crour
3a0BIBaTh, YTO HEPENKO KAIMUTAIBHBIH PEMOHT TpaIupeH
OUYeHb JOporocTOSsIIUi, ero crommocts Ha 20-40%
MPEBHIIACT  PacXoga Ha  CTPOUTEIBCTBO  HOBOM
MPOMBINITIEHHON TrpagupHu. Ilpu 3TOM 3arpaThl Ipu
9KCIUTyaTallH CYIIECTBYIOUIEH CHCTEMBI OXJIAXKICHHS 3a
BECh CpPOK CIYXOBI B HECKOJNBKO pa3 MPEBOCXOIAT
KanmuTajgbHble  3aTpatbl Ha e€  co3manue  [9].
HcnapurenpHple  I'paJupHU  BEHTHISATOPHOIO  THIIA,
obecrieunBasi CTaOMIBHOCTh OXJIXKAEHHS O00OPOTHOU
BOJIBI, UMCIOT HAaMOOJNBIINIA TIepena TeMIIePaTyphl BOIBI
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1 MAaKCHUMAJbHYIO YAENbHYIO TEIUIOBYIO HAarpy3Ky, 4eM
amnmnapaTsl U OXJIaXJICHUS BOABI APYTMX THUIOB. Tem
HEe MEHee M3BECTHBIC HCIapUTENIbHbIE TPATUPHU UMEIOT
CYLIECTBEHHBIE HEJOCTaTKM, a MMEHHO, IIIoXas
CMauMBaeMOCTb HaCaJJOYHBIX 3JIEMEHTOB,
HEJOCTATOYHBIE PABHOMEPHOCTb PACHpPEAEICHUs BOIbI,
Manas IOBEPXHOCTb KOHTAKTa B3aMMOAEHUCTBYIOLINX

¢a3, Oonplmue OKCIUTyaTAI[MOHHBIE 3aTpaThl  Ha
MepeKaynBaHue BOJBI W TIOTOKA BO3AyXa. B cBszu ¢
9TUM, BEeCbMa  akTyaJlbHOM  3ajayeil  sBisieTcs

pa3paboTka TEXHOJOTHYECKOTO IMPOIEcca OXJIaXICHUS
00OpOTHOM BOJIBI M €TO aNIaAPaTyPHOTO O(POPMIICHHUS.
[MpumeHeHne HacajoK CO  CHHPaJbHBIMHU
9JIEMEHTaMHU TI03BOJISIET OCYLIECTBISITH A(PPEKTUBHBIH
MPOLIECC OXTAXAECHHS BOABI IMPH PA3IMYHBIX CKOPOCTIX

MIOTOKAa  BO3QyXa Ha BXoJe. DBHemHuil  Bupg
pa3paboTaHHON HacaJKy NpeacTasieH Ha puc. 1 [10].
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Puc. 1 - Kanan Hacaakum co cCHHPaJbHBIM

37eMeHTOM: 1 — CTeHKH KaHaja; 2 — CHUPAJIbHbI
3JIEMEHT; 3 — cTep:KeHb

Hacanka pabGotaer crnenyrommM 0o0OpazoM.
XKunkocte 4epe3 OpOCHTENBHOE YCTPOHCTBO IOAAIOT
CBEpXy, M OHAa PpaBHOMEPHO paCHpeneNsieTcs 1o
CEUCHHUIO HAcaAKU. ['a3 MoJaoT CHU3Yy paBHOMEPHO MO/
HacagkKy. 3a CYeT YCTAaHOBJIEHHOTO B KakJJOM KaHaje
BEPTUKAJIBHOTO CTEPXKHS 2, BOKPYT KOTOPOTO IO BCEi

BBICOTE€ 3aKpeljieH CIMpalbHBIA 3JeMeHT 3, Tra3
MIPUOOPETAET OKPYKHYIO KOMIIOHEHTY ~CKOPOCTH.
Crexaromas BHU3 JKUKOCTb PaBHOMEPHO

pacmpenensieTcss o MepUMETPy KaHajda B BUJE TUICHKU
U KOHTAKTUPYET C BOCXOJSIIMM MOTOKOM Ta3a.
Jocturasi TOYEK COMPUKOCHOBEHHS BHEIIHUX KpacB
CHMPAJIBHOTO JJIEMEHTa 3 CO CTCHKAMH KaHala,
JKHUIKOCTh IBFDKETCS 10 MOBEPXHOCTH CIHMPAId 3, 9TO
CYIIECTBEHHO YBEIMYMBAET IUIONIA/b KOHTAKTa ra3a W
KUAKOCTH. [IpU 3TOM CpBIBAIOMIHECS C MOBEPXHOCTH
TUICHKU KaIUIH JKUIKOCTH 32 CYET LEHTPOOSIKHOM CHIIBI,

co3aaBaemMoi ra3oMm, CHOBa BO3BpallaroTCAa K
BHYTPCHHHUM CTCHKAM KaHaja, 6o OCCoarT Ha
MOBCPXHOCTU PacCIOJI0KEHHBIX BBIIIC BUTKOB

CIIUPAIILHOTO 3JIEMEHTA 3, YTO MPAKTUYECKH MOJTHOCTHIO
HCKIFOYaeT YHOC KUAKOCTH U3 KaHaJa.

Jns mccnemoBaHus TIpoliecca BBUIETA Karleib
W3 TUICHKH >KHOKOCTH Ha CTEHKAaX KaHaJoOB, Oblia
CIPOEKTHPOBAaHA  JKCIIEPHMEHTANbHAs  YCTaHOBKA,
MIPECTaBICHHAS HA PHCYHKE 2.

Bopma mupkynupyer B KaHaie | mpu momormu
Hacoca 8. HaganbpHasg cKOpPOCTh KaIuld, Tak e Kak U ee
HalpaBlIeHUe, 3aJaeTCsl YCTPOHCTBOM JUIl CO3JaHMA
KpPaTKOBPEMEHHOI'0 IIOTOKAa Bo3ayXxa 4.

Ha ocHoBe JaHHBbIX, MOJYUCHHBIX  IIpU
HCII0JIb30BaHUNU BUACOKAMEPhbI 2, OIpEACIACTCA
CKOpPOCTh KaIlIn TIEPEA KOHTAKTOM C IUICHKOM.

JlycriepcHOCTh Kamellb U X KOJUYECTBO OTIPENeNsIeTCs
TIPH TTOMOIIIN BHIEOKAMEPHI 5.



VYcrpoiicTtBo ¢dbopmupyromme Karum 3
MPECTaBISET COOON IIMPHUIl C UTIION. Yepe3 yCTpoHcTBO
dhopmupyrorire KaIlli 3 MOXET [101aBaThCS
MOIKpaleHHas KUJKOCTb, JUTST WCCIIeIOBAHUS
pacTBOpEHUS KaIlIH MPHU COYIapEHHUH C TUIEHKOU.

HeoOxomuMass aisi HAyYHBIX —HCCIIETOBaHHA

HayajbHas TeMIieparypa BOJBI co3JaeTcs i
MOAJIEP>)KUBAETCS.  HArpeBaTEeNbHBIM  djieMeHToM 1.
HeoOxomuMmerii  pacxom BOABI CO3MAeTCsA  3alOPHOM

apmarypoi 7.

Puc. 2 — Cxema 3xcnepuMeHTAJbHOI ycTaHOBKHU: 1 —
KaHal; 2, 5 — BHAeoKaMepbl; 3 — YCTpONCTBO
(opmupyromme kaniu; 4 — yCTpoHCTBO IJIs1 CO3AAHUS
KPaTKOBPeMEeHHOT0  TMOTOKa  BO3Ayxa; 6  —
nepgopupoBaHHasi Ieperopoaka; 7 — 3amnopHas
apmartypa; 8 — Hacoc

IIpn MIPOBEJCHNUHT 9KCIIEPUMEHTOB
ONMpenessiIoTcd  CIEAYyIOIMe  MapaMeTpbl:  Pacxon
xkuakoctu Ha Bxone B kanan (F1) wusmepsercs
poTameTpoM; TeMmIeparypa HupKyiaupyomei Boast (T1)
n3MepsuIach HU(PPOBEIM TEPMOMETPOM.

Crnenyer OTMETUTb, YTO CIPOEKTUPOBAHHAsS
YCTAHOBKAa HE HYXXIACTCS B KAHAJIHM3ALUH WU MOCTOSHHON

MIOJIUTKHU BOJBL.

B oTnuune OT KOHCTpYKUMM, IPEICTaBICHHON
B pabote [11], mocTOsSHHBINA IpollecC CpbIBa Karejb
JKUJIKOCTH ¥ IIOCJIEIYIOIEro MX BO3BpaTa K CTEHKaM
YBEIMYHMBAIOT 3(PPEKTUBHOCTH TEINIOMAacCOOOMeHa 3a
CUET YBEJIMYEHHOW IMOBEPXHOCTH KOHTAKTA JKHJIKOCTH H
raza. Kpome Toro, kameibHas Bilara HE YHOCHTCS C
ra3oBbIM ITOTOKOM W3 HACaJKH, a OCeJaeT Ha CTEHKax
CIHPAJIBHOTO 3JIEMEHTa, YTO TIO3BOJIAET COKPATUTh
MOTEPH JKUJIKOCTH..
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