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AEAAA XVII TAPATASEAATEA £EAETNOAE

TACTAxATEA E NTTNTAU TADATASEAATER

[Mpomecc mepemMemMBaHUSA >KUAKOCTEHN OCYIIECTBASIETCS C Iie-
ABIO TIOAYUYEHUSI SMYABCUM, CYCHeH3UU M pacTBOPOB. [Ipu mepeMeIInBaHUU AO-
CTUTaeTCsI paBHOMEPHOe BO BceM OOBeMe paclpepereHUe a3 UAM CMellnBae-
MBIX KOMIIOHEHTOB M O0eCIleuMBaeTCsd UX TeCHOe B3auMopelcTBue. [lepemeniu-
BaHHe IIUPOKO IIPUMEHSIETCS B IIPOLeccax IIPOM3BOACTBA Macep, CMa3oOK, IIpHU-
CaAOK, CMa30YHO-OXAQKAAQIONINX TEXHOAOTMUYECKUX CPEACTB M CHUHTETUYECKUX
SKUPHBIX KHCAOT, OOECCOAVMBAHUSA CBIPOM HeMTH, XAOPHUPOBAHUS YTAEBOAOPO-
AOB, OXAQKAEHMSI NAAKOB U KPAcoOK M T.A.

CMech, NOAy4YeHHasl B pe3yAbTaTe IepeMeIlVBaHUud, SABASETCI KOHEYHBIM
IIPOAYKTOM AMOO 0Opa3yeT CUCTEMY, B AAABHEMIIIEM HCIOAB3YEMYIO B TEXHOAO-
rAYEeCKOM Ipolecce. B psae cAydaeB IepeMellVBaHUE IIPUMEHSETCA A Ooaee
3 PEeKTUBHOI'O IPOTEKAHUA TOW HAM HHOM XWMHUYECKOM peaK[uu, IIPUMepOM
MOXKeT CAYKUTb 00pabOTKa He(PTENIPOAYKTOB I[eAOUbI0 MAU APYTHMHU peareHTa-
Mu. [lepemelinBanue CIOCOOCTBYeT TaKKe Ooaee 3(PHeKTHUBHOMY IPOTEKaHUIO
Macco- U TENAOOOMEHHEIX IIPOIeCCOB.

AAS XapaKTepUCTUKU CIHOCOOOB M aNNapaTypHOTo O(OPMAEHHUS IIpOllec-
COB MCIIOAB3YIOTCS HOHATUA 00 3(P(PEKTUBHOCTH U MHTEHCUBHOCTH IepeMelln-
BaHUA.

ITop 3gppexkmuBHOCIMbIO NnepemewluBaAHUA TIOHUMAIOT TEXHOAOTUUYECKUU d(-
(peKT Ipollecca IepeMelINBaHUd, XapaKTepU3YIOUINUM KadyeCTBO IIPOBEACHUS
nponecca. B 3aBUCMMOCTH OT Ha3HAUeHUd IlepeMellUBaHMuS 3Ty XapaKTepUCTHU-
Ky BBIPDQKAIOT PA3AMYHBIM 00pa3oM. Tak, IpU NOAYyYEHUM CYCIEH3UM WAU
SMYABCUU 3(DPEKTUBHOCTL XAPAKTEPU3YETCSI PABHOMEPHOCTBIO PACIPEACACHUS
AVICTIEPCHOM (pa3bl, IpPU HOPOTEKAaHUU XUMHYECKUX IIPOIIeCCOB — CTeNeHBIo
IIpeBpalleHusa UAM PacXOAOM peareHTa, a IpU UHTeHCHU(UKAINU TEeIAOBLIX UAU
MacCOOOMEeHHEBIX MPOIeCCOB — OTHOIIeHVeM KO3(@UIIUEeHTOB TeIAO- U Mac-
COOTAQUM NIPU IIepeMellBaHuU U Oe3 Hero.

HMrmencuBHOCMBb nepemMewluBaHUA OIPEAEASETCS PACXOAOM 3HEPrUH, IOA-
BOAVMOU B €AMHUITY BPEMEHU K eAUHUIle 00beMa MAU MACChl IepeMellnBaeMOn
KUAKOCTH. THTEHCUBHOCTD IlepeMellluBaHUs CAeAyeT ONPEAEAITh UCXOAS U3 yC-
AOBUM AOCTMXXEHUS MaKCUMAABHOTO TEXHOAOTHMUeCKOro 3ddeKTa npu MUHU-
MaABHBIX 3Hepro3aTpaTax.

HcnoAB3yIOT cAepyIOlIie OCHOBHEIE CIIOCOOBI IIepeMeNINBaHus:

MeXaHW4YeCKoe — o00eCleYrnBaeTCs C IIOMOINBI0 PA3AMYHBIX BPAIAOIIAX
YCTPOMUCTB;

0apOOTa’kHOEe — OCYIIeCTBASIETCS 3a CUeT IIPOITyCKa rasa depes3 CAOU KUA-
KOCTH;

TUAPABAWUYECKOEe — OCYIIEeCTBASIETCSI IPU COBMECTHOM ABIDKEHWH CMeIIH-
BaeMBIX IIOTOKOB B TPYOOIIPOBOAE, HACOCE UAM CIENUAABHBIX CMECUTEAIX.

TAOATEXANETA TADATADEAATEA
ITpyu MeXaHWYeCKOM IepeMeuBAHUE WHTEeHCHBHOCThH ABHIKe-

HUdg Cpep B allllapaTe obecrieunBaeTCs CIIENUAABHBIM IIepeMellnBaloIIuM yCT-
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Puc. XVII-1. KoncTpyknus
SIKOPHOM MeIlaAKH: !

1 — MoTOp-peAyKTop; 2 —
MydTa; 3 — YIAOTHeHUe;
4 — AOK; 5 — KPpBIIIKQ;
6— Ban, 7 — SKOpPHOe
TepeMeluBarolee yCT-

poyicTtBOo; 8 — KOpIYC;
9 — py0amka; 10 — omo-

pa; 11 — Tpyba mnepeaas-

BXOA HCXOAHOU  CDEABL
II — BBIXOA TEIAOHOCH-

AmBaHug. [loToku: I — /

TeAast (xaapareHta); [ —
BXOA TETIAOHOCUTEAS (XAQA-

areHra); IV~ —  BBIXOA
MIPOAYKTa
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POMCTBOM, IIOAYYAIOIINM BpAaIllaTeABHOE HWAU OOAee CAOKHOe ABWJKEHHE OT
BHEIITHETO ITPHUBOAQ, M CBSI3aHa C llepepadeil MeXaHU4YeCKOM dHEPTUH IepeMerTn-
BaeMOU Cpeae.

IIponecc, ocyilecTBAAEeMBIU IIepEMENINBAIOIUMA YCTPOUCTBAMHY, XapaKTe-
pu3syeTca o0TeKaHUEM 3AeMeHTOB 3TOTO YCTPOMCTBA JKUAKON CpPeAOH.

AnmapaTsl A MEXQHUYEeCKOTO INepeMelllMBaHMusA Ha3bIBAIOTCH MeWaAKaMU,
OCHOBHBIMU y3AaMU KOTOPBIX SIBASIOTCS KOPITYC, NPUBOA U IE€peMeITnBarolee
YCTPOUCTBO. AAST OXAQKAECHUSI AU IMOAOTPEBa IlepeMelInBaeMbIX Cpep KOPITyC
MeIllaAKM MOJKeT MMeTh Hapy’KHyI0 PYOallKy (TAQAKOCTEHHYIO HAU U3 IIOAY-
Tpy0), @ BHYTPU MeIlaAKd MOJKeT OBITh pa3MellleH TpyOdaThlM 3MeeBUK. AAd
repMeTH3allii BEIBOAA BaAa M3 KOPIyCa MeIIaAKHd IIPUMEHSIOT THUAPO3aTBODHI,
CaABHUKOBBIE U TOPILIOBBIE YIIAOTHeHHUS. B KauecTBe IPUBOAQ MeIIAAKU HCIIOAB-
3yIOT DAEKTPOABUTATEAL C 3yOUaThLIM PEAYKTOPOM WAM PEMEHHOU INepepadent
UAM CIEIMAaAbHBEIM MOTOpP-pepyKTop. Ha puc. XVII-1 nmpuBepeHa KOHCTPYKIIUSA
SIKOPHOU MEIIaAKH.

[MepeMeruBaroniye yCTPOMUCTBa, IIPUMeHseMble B MelllaAKaX, pa3HooOpas-
HBI 110 KOHCTPYKTHBHOMY O(OPMAEHUIO M YCAOBHO PAa3AEAdIOTCS Ha OBICTPO-
XOAHBIE U THUXOXOAHBIe (puc. XVII-2). [NlepBhle paboTaiOT OpPeuMyIlleCcTBEHHO
Ipy TYPOYAEHTHOM W IIEPEXOAHOM PE’KMMaxX ABMIKEHHS >KUAKOCTU, BTOPHIE —
Ipu AaMHUHApHOM. K OBICTPOXOAHEIM OTHOCATCA AonacTHble (puc. XVII-2 aq, 6),
Typ6unHHBIe OTKpREITOro (puc. XVII-2,4) u 3akpkiroro THUIOB, NpPOIEAAEPHEIE
(puc. XVII-2, §), K TUXOXOAHLIM — siKOpHBIe (puc. XVII-2, &), pamHbie (puc.
XVII-2, e), aenTounble (puc. XVII-2, x) u miHeKoBble (puc. XVII-2, 3) mepeme-
LIWBAIOIIHUe YCTPOMUCTBA.

[To mpeobAaparoIeEMy XapaKTepPy ABUIKEHUS] JKMAKOCTH BBIAGASIOT MeIIaA-
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Puc. XVII-2. IlepememunBaoomue yCTponucTea:
a — 34 — OBbICTPOXOAHBIE; & — 3 — THUXOXOAHBIE; d — AOMACTHOE; 6 — IIIEeCTUAOMACTHOE C
HAKAOHHBIMU AOTIACTSIMM; 4 — TypOMHHOe OTKpBEITOro Tuma; & — mpomearepHoe; & — SIKOPHOE;

€ — pPaMHOe€; K — AEHTOYHOe€; 3 — IIIHEKOBOe
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KM C KPYTOBBIM IIOTOKOM (AOIIQCTHHIE C BEePTUKAABHBIMHM AONACTAMHY, TypOUH-
HBIe OTKPBITOTO THUIIQ, IKOPHEBIE, PAMHEIE), OCEBBIM IIOTOKOM (AONACTHHIE C Ha-
KAOHHBIMHM AOIIACTSIMHU, HIPOIIEAAEPHBIE, A€HTOYHBbIe, IIHEKOBHIE), pPaAUaAbHBIM
IIOTOKOM (TypOMHHBIE 3aKpEBITHIE). [IPpUMEHSIOT Tak>Ke MeIaAKU CO CAOKHBIM
NAAHETapPHBIM ABMJKEHHEeM IIepeMellNBAoIIUX YCTPONUCTB.

OCHOBHBIM 3A€MEHTOM IlepeMellUBaloIlero yCTPOMCTBA AOIACTHOTO THIIA
SABASIETCSI BEPTUKAABHBIM BaA, Ha KOTOPOM MOJKET OBITh YCTAHOBAEHO HECKOAB-
KO AOIacTe¥ BEPTHMKAABHO MAM HAKAOHHO IIOA YIAOM K TOPHU30HTY OT 45 a0 60°.
BepTukarbHBIE AOIIACTH COOOIAIOT KMAKOCTH B OCHOBHOM BpalllaTeAbHOEe ABU-
>KeHMe, a HaKAOHHEBIE CIIOCOOCTBYIOT IlepeMellleHUI0 KUAKOCTH BBepX B BepTHU-
KaAbHOM HalpaBAeHHUH. OKpy’KHas CKOPOCTh Ha KOHIIaX AOIIacTeld OOBIYHO He
peBHIIIaeT 5 M/C.

ITpm BpalleHNM AONACTel Ha IIOBEPXHOCTU JKUAKOCTHM MOJXKET 00pa3oBaTh-
csa BopoHKa (puc. XVII-3), cHmkamomas 3(PpE(eKTUBHOCTL IepeMelIuBaHus
KOHTAKTUpyOIuX ¢a3. AAd pa3pylleHUs BOPOHOK K BHYTPEHHEU CTEeHKe
KOpIlyca KpeIsT OTpa’kaTeAbHble BepTHKaAbHBIE II€PeTOPOAKU IMupuHOM H,
npuMepHo paBHOU 0,1 D. Hucao meperopoprok OOLIYHO paBHO 4. leperopoaku
NPENSTCTBYIOT TOPU3OHTAABHOMY BPAIleHUIO KOABIIA JKUAKOCTH M CIOCOOCTBY-
IOT TEM CaMBIM ee IUPKYASIIUY B BEPTUKAABHOM HAIllPaBAEHUU.

Y TypOMHHBIX MeEIIaAOK IIePeMENINBAIOINIUM yCTPOUCTBOM SBAGIETCA AOIIa-
CTHOE KOAeCO (TypOMHKA), aHAaAOTMYHOe PabouyuM KOoAecaM IIeHTPOOEe>KHBIX Ha-
COCOB C IPSIMBIMHU UAW 3@rHYTBIMU AOHNACTAMHU. TYpOMHKM MOTYT OBIThH OTKPHI-
TBIMU UAM 3aKPBITBIMU. [0 XapakTepy pabOTHl OTKPBITHIE TYpPOMHKU ManO OT-
AMYAIOTCSI OT AOIACTHBIX MEIIAAOK. 3aKpHITEle TYPOUHKY, IIOMelleHHble B KOP-
IIyC, CO3AAI0T OOAee YIOPSAOUEHHYIO ITUPKYAGLUIO KUAKOCTH B MeIIaAKe, OCO-
OeHHO NpPU HAAWYMU HANPABAAIONIETO alNapara, U CIOCOOCTBYIOT TOMY, 4YTO
CTPyH >KUAKOCTH, BCachlBaeMble B IJeHTpe KOpIyca ¥ BbIOpachlBaeMble IIO IIe-
pudepun, AOCTUTIaIOT CaMbIX OTAAAEHHBIX YacTell MellaAKu. lVI3MeHeHue Ha-
IIpaBA€HUS IIOTOKAa C BEPTUKAABHOTIO Ha PAAHAAbHO-TOPU3OHTAABHOE COIIPOBOIXK-
AAeTCsT MUHUMAABHBIMM IIOTEPSIMM KUHETHUYECKOM 3Hepruu. JacToTa BpallleHUS
TypOMHOK AeRUT B nipeperax 400+2000 o6/muH.

AAs oOecnieueHMs MHTEHCHUBHOTIO NepeMelllMBaHUdg BO BCeM OOBeMe alla-
paTa 3a cueT BHYTPeHHeN PelUPKYASIUU IPUMEHSIOT IIPOIEeAAePHBbIe MeIlIaAKH.
[MponearepHble epeMelInBalole YCTPONUCTBA CHAOKEeHBI ABYX-, TPeX- UAU 4e-
TBIPEXAOTIIACTHBIM BUHTOM HMAM IIPOIIeAAePOM. /AONACTU IIPOIIeAAepa MO CBOeH
HINPUHE OOBIYHO CHA4YaAd PACHIUPSAIOTCS, & MOTOM CY’KalOTCs; YTOA MX HaKAOHA
nepeMeHHBIN. [Ipollearephl CO3AQIOT MHTEHCHUBHBIM IIOTOK, HAIPaBA€HHBIN
BAOAB OCH UX BpAIlleHUS; WHOTAQ AAG YIIOPSAOYEHUS IUPKYAILIMU JKUAKOCTH B
KOpIIyCe CMECHUTEeAS IIPOIIEAAED IIOMEIAloT B HANPABAAIOLLYIO TPyOy (auddy-
30p); B TpyOe >KUAKOCTH ABMIKETCSI CBEPXY BHH3, B KOABIIEBOM 3a30pPe MeXAY
TPyOOIM M KOPIIyCOM — CHHU3Yy BBepX HUAU HAOOOpPOT. AuaMeTp IpOIeArepa ua-
mte Bcero paBeH 0,25+0,33 BHyTpeHHero amamMeTpa Koplryca. B 3aBuCHMOCTU OT
pasMepoB IIpONeAAepa dYacToTa ero BpalleHus cocTtaBasgeT oT 200 ao 1500
006/MuH.

[MTpomeanepHBIE MEIIAaAKM OOBIYHO MCIIOAB3YIOT AASL IIepeMelINBaHUS JKUA-
KOCTeM Mano¥ BA3KOCTU. OOAACTh UX IPUMEHEHUs — IIOAYYeHHe 3MYABCUN UAU
cycneH3udl ¢ HeboabmuM (A0 10 %) copep’kaHMEM TBEPABIX YaCTUI], Pa3MepoM
MeHee 250 MKM. B MelIarkax OOABIINX pPa3MepOB CA€AyeT YCTAHOBUTH HECKOAB-
KO CaMOCTOSATEABHBIX IIPOIIEAAEDPOB.

ITpm HeOOXOAMMOCTHM OOECHeUYUThH IIepeMelllMBaHhe >XMUAKOCTH OOABIION
BSI3KOCTH, IIPUMEHSIOT IIepeMelInBalolliye YCTPOUCTBa SKOPHOTO UAM PaMHO-
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Puc. XVII-3. CxeMa NOTOKOB >XHMAKOCTH B alnapare ¢ MelaAKO:
a — 6e3 oTpa’kaTeAbHEBIX IIEPErOPOAOK; 6 — C IeperopopkamMu

rO THIIOB C AOTIACTSIMM, IIOBTOPSIOIIUMU IO CBOUM OYEpPTaHUIM IPO(PUAL KOP-
myca. B 3TUX KOHCTPYKIUSIX 3a30p MeXXAY CTeHKOM KOopIlyca M IlepeMelldBalo-
UMM yCTPOMCTBOM HeBeAmwKk (D/d, = 1,05+1,25). OTo 06CTOATEABCTBO OOYCAOB-
AMBAET OOABIIYIO TYpPOYAEHTHOCTH IIOTOKA Yy CAMOM CTE€HKH, YTO CIOCOOCTBYET
AY‘-IH.IEfI TelaoIepepade depe3 CTeHKY U IIPeIlsiTCTBYeT OTAOKEeHHNIO OCaAKa Ha
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C Puc. XVII-4. CxemMa OAMHOYHOI Aomactu (K pacuery
| @ MOIHOCTH Ha IepeMellnBaHue JXHUAKOCTH)
d,/?

i r dr

CcTeHKe U AHUIIe. [ToaToMy TaKue MeIIaAKHd YaCTO UCIOAB3YIOT NPU IlepeMelln-
BaHUM CYCIEeH3MY, YacCTUIBl KOTOPHIX XapaKTePU3YIOTCS CKAOHHOCTBIO K
HAAMIIAHUIO Ha CTEHKM.

TuxoxopHBIE A€HTOYHBIE U LIHEKOBLIE MEIIaAKH IIPUMEHSIOT AAS [IepeMe-
IIMBAHUSA BBHICOKOBA3KMX HEHBIOTOHOBCKUX JKUAKOCTEH.

OmpepenreHre pacxXopa DHHepPrUM Ha IepeMelllMBaHHe pacCMOTPUM Ha
mpuMepe BpalleHusT OAUHOYHOM mnpsiMou AomacTtu (puc. XVII-3 u XVII-4),
BOKDPYT BaAd C YTAOBOM CKOPOCTBIO ®, IpuyeM d,/2 —AAMHA Aomactd, @ h —
ee mupuHa. Ha paccTOIHUM I OT OCU BpallleHUsI BBIAGAUM 3JAeMeHT AAVMHOU dr,

KOTOPBIN MMeeT OKPY’KHYIO CKOpocTb W, = wr.

Ha ocHoBanuu 3akoHa HBIOTOHAa CONPOTHUBAEHUE CPEABI AAS  ITOTO
IAeMeHTa PaBHO

W2
dp = &p,c(h - dr) =",

rae & = f(Re) — KO3 PUITUEHT COMPOTUBAECHUS.
OAeMeHTapHasi MOIIHOCTh PaBHA IIPOU3BEAEHMIO CUABl Ha NIyTh, MPOUAEH-
HBII €10 3a OAHY CeKYyHAY, W, = wr:

2 2

w r
dN =W, dp =Ep, (h-dr) or
nam
dN = 2% h®r? - dr. (XVIL1)
2

MMupuHa AomacTy h olleHMBAETCSI HEKOTOPOM AoAelr K AuaMeTpa nepeme-
IIMBAIOLIEro yCTPOUCTBE, T.€.

h=Kd,.

ITopcTaBaga aTO BEIpa)keHUe AAd h B ypaBHeHue (XVIL1) u yumTEIBadA, 4TO
® = 27N, TAe I — YHUCAO OOOPOTOB II€PEMEIIMBAIOIIETO YCTPOMCTBA 3a OAHY
CEKYHAY, UMeeM

dN =ap,d, n’r®-dr,

rae a — Kos3(dunueHr.
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[TpouHTEerprpoBaB 3TO BEIpa’keHHWe B Ipeperax oT 0 po d,/2, morydum

N = K,p,n’d’

M
OTKyAQ

Ky=—~ (XVIL2)

3.5
PR dy

BespasmepHblli KOMIAeKC K, HA3BIBAIOT KpumepuemM MOWHOCMU, OH 3a-
BUCUT OT CBOMCTB IE€pPeMEeININBaeMON >KUAKOCTHU (BSI3KOCTb, IIAOTHOCTH), CKO-
pOCTH BpallleHUs NIepeMelInBaoIero YCTPONUCTBAa U pa3MepPOB MEIIaAKH.

B cooTBeTcTBUU C Teopueu MOAOOUMS 3aMlHUINEM 3aBUCUMOCTb AAS OIpPeAe-

AeHusa K, B KpuTepuarbHOU dopme:
Ky = A-RelFr, (XVIL3)

rae Re, = pmndﬁ / g —  MOAU(UIMPOBAHHBIM  KPUTepUU  PelHOABACA;

Fr, = nsz / g — MOAMMUIIMPOBaHHEIN KpuTepuil Opyaa.

iy

KoadduiueHT A u okKaszaTeAu CTEeHU O U [} OIPEAEASIOTCS 3KCIIEPUMEHTAABHO AN Iepe-
MeIMBAIOMIUX YCTPOUCTB AQHHOTO TUla. EcAM IIpu mepeMelInBaHUU BOPOHKA OTCYTCTBYeT HMAM Ma-
AQ, TO CHAOU TSDKECTHM MOXKHO IIpeHeOpeub u Torpa Kpurepuit Opypa w3 ypaBHenus (XVIL3)
HCKAIOYAETCS.

AAST OCHOBHBIX THUIIOB HOPMAaAM30BAHHBIX IIE€PEMENINBAIONIUX YCTPONCTB B
CIIPABOYHOM AWTepaType MMeIOTCsa rpadudeckue 3apucumoctu Ky wu Re,
,YCTAHOBAEHHBIE IO 3KCIIePUMEHTAAbHBIM AQHHBIM.

B MexaHWuecKMX MeIIaAaKaxX pa3AWdaloT ABa peXKuMa IIepeMeIlTnBaHus:
AAMWHAPHLIA U TypOyAeHTHEIN. AaMuHapHBIU pexkuM (Re, < 30) coorBercTByeT
MaAOMHTEHCUBHOMY IIepeMeIINBaHUI0, IIPU KOTOPOM JKUAKOCTH IIA@BHO OOTeKa-
€T AOIAaCTU MelllaAKM, 3aXBaThIBAeTCs U BpalllaeTCsl BMeCcTe C HUMU.

[MTpu yBeAnueHUHU yrcara 060POTOB IepeMelINBalolero yCTpoicTBa BO3pac-
TaeT COIIPOTUBAEHUE CPeAbl BpallleH!I0, BO3HUKAET U NHTeHCU(DUIUPYETCS Typ-
OyAeHTHBIN pexxuM mepememnnBanus (Re, > 100). Tlpu BbicOKO# cTemeHu Typ-

OyaentHocTtH (Re > 10°) xpurepuit MomHOCTHA K, IPAKTUYECKU HE 3aBUCUT OT

Kpurepusd Reu. OTa 00AACTh HA3LIBAETCS GBMOMOgeAbHOﬁ, B ee IIpepenax pac-

XOA DHEPTUU OIIPEAEAsieTCSI TOABKO MHEPIMOHHBIMU CUAAMMU.

YpaBHeHue (XVIL.3) UCHOAB3YeTCS AASL OIIPEAEA€HUsT KPUTepUsl MOIIHOCTH,
IpU HaWAEHHOM 3HAueHHM KOTOporo u3 YypaBHeHus (XVIL2) omnpeaensercs
MOIIHOCTE N, HeoOXopUMas AAG IlepeMelllMBaHug NPU BEIOPaHHOM peXuMe U
KOHCTPYKTUBHBIX ITapaMeTpax MeIIaAKU.

AADATOAZTTA TADATASEAATEA

OToT cnoco® mepeMelIvBaHUs TPUMEHSIOT AAS MaAOBSI3KUX
KupAKocTer. CpaBHUTEABHAS! IPOCTOTA aNIapaToB C 0apOOTa’kKHBLIM IIepeMelln-
BaHUEM ITO3BOASIET MPOEKTUPOBATH UX Ha OOAbIIHE OOBEMBI, AOIMYCKaeT yCTa-
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HOBKY aHTHKOPPO3MOHHON (PYTEPOBKMH M TapaHTUPYET BBICOKYIO HAAEXKHOCTH B
SKCIIAyaTanuu. B KadecTBe IepeMeIINBAIOLIEr0 areHTa HCIOAB3YIOTCS BO3AYX,
BOASHOM Iap M Apyrue rassl. [Ipy HCIOAB30BAHUU ra3a B KauecTBe 0ApOOTHUPY-
IOII[ero areHTa HeOOXOAUMO YUUTHIBATH BO3MOJKHOCTH OOpa30BaHUS B MeIllaAKe
IIPU B3aUMOAEMCTBHUS IlepeMelllMBaeMOro IPOAYKTa € 6apOOTHUPYIOIIUM Tra3oM
B3PBIBOONIACHBIX CMeCel.

B HM>XKHeM yacTH 3TUX alllapaToOB yCTaHaBAeH OapboTrep ! (puc. XVII-5, a),
o0ecneunBaIOINY PAaBHOMEPHOE paclIpeAeAeHHe ra3a UAW Ilapa MO IAOLIAAU
IIOIIEPEYHOr0 CeYeHUs anmnapara. B KagecTBe 6apOoTepa UCHOAB3YIOT HepdOpH-
poBaHHBIE TPYOBI, pa3MellleHHbIe Ha AHe cMecuTeasd. CeueHUe OTBEPCTUM AAG
BBIXOAQA Ta3a AOAKHO OBITH 3HAUUTEABHO MeHbIlle CeYeHUs KOAAEKTOpa, IIOABO-
MAINEro ra3, ¢ TeM 4YTOOBI OOeCIeUWTh PAaBHOMEPHOE paclpeAeAreHMe rasa IIo
BCeM OoTBepcCTUaM. MHOTAA C 3TOM IJeABIO OTBEPCTHSI AAG BBIXOAA rasza u3 0Oap-
0oTepa AEAAIOT PA3AUYHOIO AMAMETPa, YBeAMYMBAasA MX pa3Mep Ha ero KOHIle-
BBIX y4YacTKax. IIpyM MCIIOAB30BaHMUU ammapara ¢ 0apOOTa>kKHBIM IepeMellInBa-
HHEeM B KadeCTBe peaKTopa AAS OTBOAA TellAd XUMUYECKOM peakIuu Kopuyc 2
OCHAIlaeTcs pyOalIKoNW OXAaKAeHUS 3.

[TponyckHast cIOCOOHOCTH ammnapara ¢ 0apOOTa’kKHBIM IepeMellNBaHUeM
AMMUTHPYETCSI CKOPOCTBIO I'a3a, OTHECEHHOM K IAOIIAAU €ro CBOOOAHOTO cede-
HUs, KoTopas oO0rruHO He mpesbimaeT 0,1 m/c. TIpu 60oaee BEICOKUX CKOPOCTIX
ra3a 3HaQUYUTEABHO BO3PAcCTaeT ra3oCoAEp’KaHue B CMECH, YTO IIPU 3aA@HHOM KO-
AndecTBe oOpabaThiBaeMOM JKHAKOCTH IIPUBOAWUT K HEOIPaBAAHHOMY yBeAnde-
HHMIO 00Illero obobeMa amnmnapara. KpoMe TOro, IpH BBICOKHMX CKOPOCTIX Trasa
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Puc. XVII-5. Cxemsbl anmapaToB ¢ 6ap00Ta’KHBIM IepeMelInBaHueM:

a — IIyCTOTeAOTO; 6 — CEeKIMOHUPOBAHHOTO; , — rasaudrHoro; I — 6ap6oTep; 2 — Kopuyc; 3 —
py0alika OXA&KAEHUs; 4 — CEeKIUOHUPYIOIIVe IIePEeropoAKH; 5 — IIUPKYAIIMOHHas Tpyoda.
TToTtoku: I — ncxopHast )KUAKOCTD; II — OTXOASIIIast JKUAKOCTE; Il — oTxoapsamiuu ras3; IV — ras
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BO3HUKAIOT €ro KPYIHOMACIITaOHBIE IIYABCALIMY, IIPUBOAAIINE K BO3HHKHOBe-
HUIO ITyABCAIIUU A@BAEHUSA U BHOpAIUM anmapara.
HeobOxopuMoe paBAeHHME Ta3a Ha BXOAe B 0ap0OOTep p OIpeAeAsieTcs IIO

dopmyre
2
_ prwo,r
P =Py +PxgH + Yy B,

TAe P, — AABAEGHHE Haj CAOeM JKHAKOCTH B amnmapare; H — BBICOTa CAOs
KUAKOCTA  Hap OapborepoM, M; & —  CyMMapHBIA  KO3(pPUIMEHT
COIIPOTUBAEHUS OapboTepa; W,, — CKOpPOCTh rasa Ha BBIXOAe U3 Oapbore-
pa, m/c.

Ammapatel ¢ 6apOOTa*KHBIM TIEPEMEeIINBAaHUEM MOTYT OBITh ITYCTOTEABIMH
VAU CEKIIMOHUPOBAHHBIMHU IO BLICOTE T'OPU30HTAABHBIMU IIeP(OPHUPOBAHHBIMHA
reperopopkaMm 4, KOTOPEIE CAY>KaT ITPOME’KYTOUHBIMHM I'a30PacCIpPEeACAUTEATMU
U YMEHBIIAIOT IPOAOABHYIO IUPKYASAIINUIO JKUAKOCTH (puc. XVII-5, 6).

C 1eAblO YIOPSIAOUEHUS ABUJKEHUS JKUAKOCTEM NIpU IepeMelInBaHuU opra-
HU3YIOT BOCXOAAIINM (HHCXOAAIIWM) IIOTOK B IEeHTPAAbHOM 4YacTU anmapaTa

a

Puc. XVII-6. Cxema ycraHOBKH Aera3anuu cepsl pupMmsl Stork Comprimo SKL GmbH:

a — ofOmul BuA; 6 — 6apOOTa’XHBIM CMECUTEeAb ra3Au@THOro TUNE; I — eMKOCTh;, 2 — 33KeKTOop;
3 — HUPKYASIIUOHHEIM KOpob; 4 — Hacoc; 5 — Oap6orep. [ToToku: I — cepa ¢ ycranoBku Kaayca;
II — nap HM3KOro pAaBAeHUs; IIl — cMech BO3AYXa, CEPOBOAOPOAA U BOAGHOTO mapa; IV — BO3AYX;
V — mpoAyBOUHBIN BO3AYyX; VI — cepa B XpaHUAUIIE
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(puc. XVII-5, 4) 1 HUCXOAANIUH (BOCXOAAIIN) TTIOTOK ¥ €r0 CTEHOK, UYTO MOJKET
OBITH O6ecIiedyeHo, B YaCTHOCTH, 3a CYeT YCTAaHOBKU B II€HTpEe anmapara CIIelu-
AABHOU IIUPKYASIIMOHHOM TPyOBI O, paboTallel II0 NPUHIUIY raziAugma.
IMpu mopaye raza B 3alOAHEHHBIM JKUAKOCTBIO amllapaT B ITUPKYASIMOHHBIX
Tpybax obpas3yeTcss ra30’KUAKOCTHAs CMeCh, IMAOTHOCTb KOTOPOM MeHBIIe OA-
HOPOAHOU >KMAKOCTH, UTO U OOeCIleuuBaeT ee IIUPKYASIHIO.

Ha puc. XVII-6 npuBeaeHa cxeMa yCTaHOBKU AT YaareHUa H,S m3 >KUAKOM
Cepsl, OCHOBHBIM 3AEMEHTOM KOTOPOU fABAdeTCd OapOOTa>KHBIM CMECHUTEAb

ra3sau(THOrO THIIA.

B3banTEIBaHME NP 3aKadyKe MAW BO BpPeMS TPAHCIOPTUPOBKU W (MAM) ITOHMWI)KEHHe TeMIlepa-
TypHl IPUBOASAT K BBICBOOOJKAEHUIO U3 HEAETa3MPOBAHHOM CepHI CEPOBOAOPOAA, KOTOPHIN cobupa-
eTCsl B IIPOCTPAHCTBE Hap JKUAKOM CepOoM M KOHIEHTpPAIUsi KOTOPOTO MOJKET AETKO IIPEeBHEICHTH
HIDKHUU Ipepen B3peiBaeMocTu H,S B Bo3ayxe (okoao 3,5 % 00.). Aerasaius cepbl OCYyIIeCTBASIET-
CsI B HENIPEPBIBHOM PE’KMME B CIIEI[MaABHOM eMKOCTH | MAM Ha ydYaCTKe Aera3allid KOAAEKTOpa ce-
pel yctaHoBKU Kaayca. CoOOCTBEHHO Aerasalus UAET B 0apOOTa)KHOM CMeCHTeAe Ta3Au(THOIO THIa
3. TIOCKOABKY IMPKYASIIMOHHBIN KOPOO 5 CMecuTeAs OTKPBIT CHH3Yy M CBepXy, IIUPKYAHpYOIlas B
HeM cepa IIOAHOCTBIO II€PEMEINBAETCSI C COAEPIKUMBIM €MKOCTH. BO3AyX, copepsKalllui BBEICBO-
OO’KAEHHEIN CEPOBOAOPOA, BMECTe C AOIOAHUTEABHBEIM KOAMYECTBOM IIPOAYBOYHOTO BO3AyXa YAAAS-
IOT M3 €MKOCTH C IIOMOIIBIO 3’KeKTopa 2 M, KaK IIPaBUAO, HAIIPABASIIOT B IleYb AOJKHIa. Aerasmpo-
BaHHAsI Ccepa CTeKaeT Yepe3 CAUBHYIO IIEDETOPOAKY B HACOCHOE OTAeAeHHe U IlepeKaunBaeTcs
HacocoM 4 B XpaHUAUIIE.

AEADAAEEXANEEA NTTNTAU TADATASEAATER
Ilpm ruppaBAMYECKOM CHIOCOOe IIepeMelINBAaHUS NPUMEHSIOT
CTaTU4YeCKHEe U NUPKYAIIIUOHHEIE CMECUTEAU.
CraTnyecKre CMeCHTEAH IINPOKO HUCIOAB3YIOTCA IIPU IepepaboTKe HedTH
U ra3a, B HehTeXUMUH, NIPU IPOU3BOACTBE U IlepepaboTKe IIAACTMACC, OYUCTKE
OTXOASAIIUX Ta30B, MUTHEBOM U CTOYHBIX BOA, B IIPOM3BOACTBE CHHTETHYECKUX
BOAOKOH U T.A. BbicOKasi 3(p(peKTUBHOCTL CMeIlleHUsI, HU3Kue KaluTaAbHble U
SKCIIAYaTAallMOHHBIE 3aTPATHl, Maroe NOTpeOAeHNWe 3Hepruy, HeOOABIINe pa3Me-
PBI, OTCYTCTBHE ABHJKYIIUXCS A€TAA€ld — BCE 3TO BBITOAHO OTAMYAET CTATH4YecC-
KUe CMeCUTeAU OT APYTUX CIIOCOOOB IlepeMeIInBaHUsl.
Ha puc. XVII-7 1oKa3aH CTaTUYEeCKUMN CMECUTEAb A pPeKUMa AAaMUHAPHO-



Puc. XVII-7. CtaTudeckuii cMmecuteab ¢pupmsl Sulzer 1151 JaMHHAPHOTO PeKMMA TeUeHHUsI:
a — KOpILyC CMECHUTeNs; 6 — IepeMellBaloliee yCTPoicTBO



ro TeYeHUs, HAIIpUMED AN CMeIlleHUs BBICOKOBA3KHX CPep UAU CPep C CUABHO
pasanyaromencs BA3KOCThI0. CMeCuTeAb COCTOMUT U3 Koporyca (puc. XVII-7, a),
BHYTPU KOTOPOT'O YCTAHOBAEHO IlepeMellnBarllee yCTpoicTBo (puc. XVII-7, 0),
NIpPeACTaBAdIOIlee COOOM HECKOABKHUX IIOBTOPSIOIMIUXCAI MOAYAEM, IOBEPHYTHIX
APYT OTHOCHTEABLHO Apyra Ha yroa 90°. KasKABIE MOAYAB 06Pa30oBaH U3 OTAEAB-
HBIX IepeKpeluBaroIInXCcs IIOAOC, COEAMHEHHBIX TOYeYyHOU cBapkou. lupuHa
IIOAOC, YTOA UX HAKAOHA M KOAWUYECTBO MOAYAEM IIO0 AAMHE IIOTOKA ONIPEAEASTIOT-
cs1 He0OOXOAUMMOM CTeNeHbI0 OAHOPOAHOCTH IIOTOKA Ha BBIXOAE U3 CMECHUTEA.

CraTu4ecKuM CMeCHUTeAb, IPEACTaBA€HHBIN Ha puc. XVII-8, mcmoab3yercsd
TA@BHBIM 00pa3oM AAS pe’XuMa TYpPOyA€HTHOI'O TeUeHUd, HAllpUMep AAS CMeIIH-
BaHUY HU3KOBA3KUX JKUMAKOCTEM WAW AMCIEPIMPOBAHUSA HECMEIINBAIOIIUXCS
XUAKOCTeN. Takue CMeCUTEeAW C YCIIeXOM IIPUMEHAIOTCA IIPU 00eCCOAUMBAHUU
CBIpOM HedTU IPU CMEUIMBAaHUU ee C MeHee MUHEPAAW30BAHHOM IIpeCHOM BO-
AOM.

AAsT 0OpabOTKU NHUTHEBOM U CTOYHBIX BOA INPHUMEHIIOTCS CMECUTEeAU, B
KOTOPHEIX HANpPaBAJIOIIME IIEPETOPOAKHM He KacaloTcd APYr Apyra U CO BCeX
CTOPOH OTKPBITHL NOTOKY (puc. XVII-9). B 3aBUCMMOCTM OT HUCTOYHHUKA BOABI U
MAAABHEUIIIEr0 ee MCIIOAB30BAHUS HEOOXOAUMO AOOABAITH B Hee HEKOTOpOoe
KOAWYECTBO KUCAOTHI UAU IleAoun. [Ipy HeMTpaAru3aluu BOABI MOJKeT IIPOUC-
XOAUTH OOpa30BaHHWE TOHKOAWCIIEPCHBIX CYCIIEH3WM THAPOKCHAOB METAAAOB,
KOTOPBIE C TPYAOM BBIAEASIOTCSA U3 BOABL. C IIeABIO OCa’KAEHUS YaCTUI] M3 3TUX
CYCIIEH3UM B CTOKU OOBIUHO AOOQBAGIOT XUMUYeCKUe (PAOKyAsHmBL. [Ipu 3TOM
PACXOABI CMEIINBAEMBIX IIOTOKOB 3HAUUTEABHO PA3AWYAIOTCSI MEXXAY COOOH, 4TO
TpeOyeT NpUMeHeHUsA 3PPEKTUBHOIO CMECUTEAS, KOTOPBIUM TaKXke He AOAKEH
3acopsaThcd. Kak mpaBUAO, B TAKHUX CAyYasiX HUCIOAB3YIOT CMECHTEAU, U3TOTOB-
A€HHBIEe M3 NAACTMAcC (IOAUIPONUAEHa, (PTOPOIAACTA).



Puc. XVII-8. CraTndecknii cmecutenb ¢pupmsbl Sulzer 1uisi TypOyJEHTHOTO Pe:KMMA Te4eHUsI.



Puc. XVII-9. CtaTuyeckne cMecutean ¢pupmsl Sulzer s nepeMelIMBaHUSA CPe/l ¢ BO3MOKHBIM OTJI0KEHHEM
0caJIKa, M3roTOBJIEHHbIE U3 MOJUIPONHIeHA



Y

Puc. XVII-10. CmecuTteab-peakTop ¢pupmbl Sulzer:

1 — kopmyc; 2 — CTaTHYeCKUN CMECUTeAb, BBIIIOAHEHHBIM M3 TENAOOOMEHHHIX Tpyo;, 3 —
pacnpepeAuTeAbHast KaMepa; 4 — meperopoaka. [Totoku: I — BXopA TenAOHOCUTeAS; [I — mcxopHOe
ceIpbe; III — BBIXOA TEHNAOHOCHUTeAS; IV — NPOAYKTEl PeaKIuu



[Tepexop OT NEepUOAVMUYECKOTO IIpollecca CMeIleHus B €eMKOCTH C
MeIIaAKOM K HENPEePBEIBHOMY HPOIECCY C MCIOAB30BaHUEM CTAaTUUYECKOIO CMe-
CUTEeAd-PeaKTOpa IO3BOASET IOBBICUTH 0Oe30NIaCHOCTb IIPOU3BOACTBA, CYIIECT-
BEHHO YMEHBIIUTL rabapUTHBIEe pa3Mephl peakTopa U CHU3UTH IIOTpebOAeHUE
sHepruu. Ha puc. XVII-10 cMecuTeAb-peakTOp IIOKa3aH B MOMEHT YCTAHOBKM
cTaTuueckoro cMecuteAad. CTaTUuecKHe CMECUTEAN B TaKUX peaKTopax WrpaioT
POAB TEIAOOOMEHHBIX ITOBEPXHOCTEN U BHIIOAHEHHI M3 TPYO, BHYTPU KOTOPHIX
IUPKYAUPYET TENAOHOCUTEAB. [TOAOOHBEIM 00pa3oM YAAETCSI Pearu30BaTh peak-
TOPHI BBITECHEHUS C 3apaHee 3aAaHHBIM NIPO(UAEM TeMIepaTyphl II0 AAUHE all-
rmapara.

CMecHuTeAn HUPKYASIUOHHOTO Tuna. IIIupokoe pacnpocTpaHeHUe IIOAYUYU-
AW CMECUTEeAU IUPKYAIIMOHHOIO TUII4, COCTOAIINE M3 eMKOCTH [ U IIeHTPO-
Oe>XKHOTro Hacoca 3, KOTOPHIM 3abupaeT >KUAKOCTh U3 HUJKHUX CAOEB U IIOAQEeT
ee Ha CBOOOAHYIO IIOBEPXHOCTh uUepe3 pa3OpBI3THUBATEAb 2, OCYIIECTBASASI 3aMK-
HyTy10 DUpkKyadanuio (puc. XVII-11, a). Apa ycuaenus TypOyAmsupyromiero sd-
deKTa B eMKOCTb MHOTI'AA IIOMEIal0OT pelleTKy UAM IepdOpHPOBAHHLIN TpPyOO-
IIPOBOA, UTO obeclieuyrBaeT OOAee paBHOMEPHOE pacIpepereHNe JKUAKOCTH IO
CeueHMNI0 eMKOCTH.

B uwacTHOCTH, Takol cHocob IepeMelINBaHUg WCIOAB3YIOT IIPU ITPOM3BOA-
CTBE TOBAPHOTO He(MTenmpoAyKTa IIyTeM KOMIIAYHAUPOBAHUSA BXOAMAIIUX B €rO
COCTaB KOMIIOHEHTOB.

Boree UWHTEHCHMBHO IIPOUCXOAUWT IIepeMeIlBaHMe IIPU MCIOAB30BaHUU
IUPKYASIIMOHHOTO HAacoCa B COYeTaHMHU C 3KeKTopoM (puc. XVII-11, 6). 7Kua-
KOCThb M3 BepxXHel YaCTV eMKOCTH HarHeTaeTCs B COIAO 3)KeKTopa. BeIXopdIui
U3 COIAA IIOTOK YBAEKAET OKPY KAlOUIYIO 3KEeKTOP JKUAKOCTH, CMEIINBAETCH C

a

/

A

A 7 7@3—

3 3

Puc. XVII-11. CxeMbl BMPKYASIIHOHHBIX CMeCHTeAel:
a — CMEeCHTeAb C IUPKYASIMOHHBIM HAacoCOM; 6 — CMECHTeAb C IUPKYASIHOHHBIM HAacOCOM W
35KeKTOpoM; I — eMKOCThb; 2 — pa30pbI3TUBaTeAb; 3 — IUPKYAIIMOHHBIM Hacoc; 4 — 3’KeKTOp
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Hel, u oOpa3sylollasics cMech BHIOpAcHIBaeTCs BBepX. TakuM o0pa3oM, BHYTPU
00BeMa JKUAKOCTH, 3aIIOAHSIONIEN eMKOCTb, B AOTIOAHEHUE K BHEITHEeMY ITUPKY-
ASIIIMOHHOMY KOHTYPY, CO3AaBaeMOMY HAaCOCOM, BO3HHUKAIOT BHYTPEHHUE ITUPKY-
ASITUOHHBIE TOKM, 4YTO oOecneunBaeT Ooaee 3((PeKTUBHOE IepeMelIrnBaHue

cMecHu.



