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MOJIEJIb PABOYEI'O TPOHECCA 3PJIN®TA C YYHETOM
CTPYKTYPBI T'A30)KHJIKOCTHBIX OBPA3OBAHUM
CHAPAJHOI'O BOAOBO3AYIIHOI'O IIOTOKA

Pa3zpaboTana MaTemaTHuecKkas MOJENb pabodero mporecca paudra co CHapsIHOH CTPYKTYpol BOmO-
BO3/IYIIHOTO [OTOKA B MOJABEMHON TPyOe C y4ETOM CTPYKTYpBI Fa30)KHIKOCTHBIX 00pa30BaHHH, O3B0~
JISTFOIIAsT OMPEAEIIATH KaK KOMMYECTBEHHBIC THAPOJUMHAMHYECKUE TapaMeTpsl JByX(asHoH cMecH, Tak 1
pacueTHBIC XapaKTEPUCTHKH IMOAbEMHHUKA. [loATBepxJaeHa aJeKBaTHOCTh MaTEeMaTHYECKOH MonenH
JTAaHHBIMH 9KCTICPHMEHTAIIBHBIX HCCIIEIOBaHUN paboThI SpIHdTa.

KuaodeBble cioBa: >paudT, nojgseMHas Tpyba, BOJOBO3AYNIHAS CMECh, T10a4Ya, PACX0J BO3JLY-
Xa, Ta30Co/IePIKAHNE, JABICHHC, MOIIIHOCTb.

Beenenue. BoicokorhdexkTuBHas paboTa MHEBMOTHIPABINYECKUX MALIMH H
annapaToB OCHOBBIBAETCS HA aJEKBATHOM MaTeMaTHYECKOM ONMCAHUM UX pabouux
MIPOIIECCOB, TMPEIIIOJIATAIOIEM IIyOOKOe MOHUMAHHE MPOHMCXOMSAIINX B IPOTOY-
HBIX 9aCTSX 3THX MAIIWH 1 alapaToB IMAPOINHAMHYECKUX SBICHHUH.

Hawubonee sueproagGpektuBHO paboTaroT 3piau@Thl, KaKk MTHEBMOTHIpaBINye-
CKHE armaparbl, IpH 0OECIIeYeHUH CHApPSAHOW CTPYKTYpPhI BOJOBO3IYIIHOTO ITO-
TOKa B UX MOABEMHBIX TpyOax [l — 2]. OgHaKo CyIecTByIOIMEe MaTeMaTHIECKHe
MOJeNnH pPadOYMX IPOILECCOB OOIENPOMBIIIICHHBIX 3PIU(TOB HE YYUTHIBAIOT
CTPYKTYpPY CHApsAAHOI'O IMOTOKA, B YaCTHOCTHU, OTHOCUTEJIbHBIC JIJIMHBI (BI)I‘{I/ICJ'IHC-
MBbI€ OTHOCHUTEIILHO BHYTPEHHHX JTHaMETPOB TPYO) KUIKOCTHBIX POOOK.

ITosTOoMy MaTemaTHdeckoe omnvcanue paboyero mporecca 3paudra ¢ yueTom
CTPYKTYPBI T'a30)KHAKOCTHBIX 00pa30BaHUN CHAPSAHOTO BOJOBO3IYILIHOTO TTOTOKA
ABJIAECTCS aKTyaJIbHOM HAay4HOH 3aJauel, UMEIOIEH CYIECTBEHHOE IIPAKTUYECKOE
MIPUIIOKEHHE.

AHanau3 uccjenoBanuii u myoaukanuii. OCHOBOWM MaTeMaTHYeCKOro MOJe-
JIMPOBaHMS TA30XKUIKOCTHBIX CHApSIHBIX TIOTOKOB SIBIISIIOTCS TPYAbl MHOTUX BH[-
HBIX YYeHBIX-TuapoauHaMukoB Kymamenaose C.C., Huemamynuna P.H., Yonnu-
cal’, Xeroumm J]. u Op., IBISIOMUXCS 0000IIEHNEM TEOPeTHIeCKuX [3 — 5] 1 9K~
CIEpUMEHTANbHBIX [6 — 7] uccienoBanHuil.

[MoaTBepxkeHHEM BO3MOMKHOCTH a/IEKBATHOTO MOJIEITUPOBAHMS CHApSIHBIX
TEUCHHH SBIISIOTCS pa3pabOTKH JUIsi MHOXKECTBA YCIOBUH MPUMEHEHHS — Ta3IuT-
HBIX CKBAXHH [8 — 9], TOpH30HTANBHBIX TPyOOIIpoBo10B [10], mapoBOASHBIX TOTO-
KOB B KOTEJBHBIX ycTaHOBKax [11 —12] u nmp.

Pa3paborana anekBaTHasi MateMaTH4yecKass MOJIENb M JUISl OIMCaHMsl pabo4yero
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nporiecca OOIIETTPOMBIIUIEHHOTO 3pIU(Ta CO CHAPSAHON CTPYKTYpOW BOIOBO3IYII-
HOI cMecu [13 — 15], omHAaKko OHa He TO3BOJISIET YCTAaHOBUTH BIMSIHUE Ha SHEProdd-
(EKTUBHOCTh PabOTHI Ta30)KUIKOCTHOTO MOJBEMHUKA OTHOCHTEIBHOM IUTHHBI JKHJI-
KOCTHBIX IIPOOOK CHAPSIIHOTO IOTOKA,
YTO MOXET OBbITh 3HAYUTEIBHBIM
pesepBom moBbimeHust  KITJ  Bceit
SpIU(THON yCTaHOBKY.

IMocTanoBka 3amaun. TpeOyercs
YCOBEPIIICHCTBOBATh ~ CYIIECTBYIOLIYIO
MaTeMaTH4YecKyl0 Mojieib padouero
mporiecca  IpaudTa CO  CHAPSIAHOM
CTPYKTYpOH BOJIOBO3/IYIIIHOM CMecH 3a
CU€T YCTAHOBJICHUSI aHATUTHYCCKOM
3aBUCUMOCTH JUIsl BIMSIHMSL HA DHEp-
ro3¢hPpeKTHBHOCTD paboTHI
Ta30’KHAKOCTHOTO MOTEMHHKA
OTHOCHUTCTIFHOM JUTMHBI  SKHIKOCTHBIX
TPOOOK CHAPSAHOTO TTOTOKA.

MaremaTuyeckast Moeb.

CHapsimHasi ~ CTPYKTypa  BOJIOBO3-

_ ! JIYIIHOTO TIOTOKa B JpiudTe Xa-
Wik 4 J{F pakTepusyercs 0UEPENIHOCTEIO
n MPOXOKIACHUSI B TOABEMHON TpyOe
AEX ! JKUIKOCTHBIX NPOOOK UIMHOM Lg U

= | ra3oBbIX  My3blpedl  mmuHoM L
L Al (em.puc. 1).  Mexny — ra3oBbIMH
"-.'J My3bIPSIMA U CTEHKOM TpyObl MMeeT
i MECTO HHUCXOJILEe JIBIDKEHUE
JKUJIKOCTHOW IuieHku [3 — 5; 16].
HctuHHAsT CKOPOCTD  KHIKOCTHBIX
1pobok — w'(z) ), Ta30BBIX ITy3BIpei

Puc. 1 — Cxema spiudra co cHapsIHOM — w'"(z), npuBeNeHHas CKOPOCTb
CTPYKTYPOH BOJOBO3/IYIIHOTO MOTOKA: BOTOBO3AYIIHOH cMecH — W, (2),
UCTUHHAsS | U yCpeaHEHHas 2 SI0PbI ) /
JaBJICHUs B mogbeMHOU TpyOe (D u d — CKOpPOCTh HHMCXOZSIICTO  TBMDKCHUS
JIMAMETPHI IOIBEMHON U MOAK0NIEN TPYO; MKUIKOCTHOH IUTeHKH W, '(z) .
H — BbicoTa nogabema; h — MaTeMaTHaeckoe

reOMETPHUUYCCKOE IOTPYKECHUE CMECUTEIIA,

~ MOJICITMPOBAaHHE PAOOYMX TIPOIECCOB
Lg — nnvHa >KMAKOCTHOM npoOku, L — P P

TUIPONHEBMATHYECKAX ~ MALIMH U
arnmaparoB, K KOTOPBIM OTHOCUTCS H
apudr, Oasupyercst Ha
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UCIIOJIBb30BaHUH (DYHIAMEHTAIIBHBIX VPAGHEHUL COXPAHEHUs: — MAcChl M KOJINYECTBa
nBrkenus [3 —5; 16 —17].

[TpyMEHUTENEHO K BEPTUKAJIBHOMY BOCXOISIIEMY Ta30)KHIKOCTHOMY CHa-
PAIHOMY IIOTOKY JABYXKOMIIOHEHTHOW MOJENH (IIPU HM3BECTHBIX JOIYLICHHSX)
YpaBHEHHSI COXPaHEHHSI MOTYT OBITH NIPEICTABICHBI B cleayromeM Buae [17 — 18]:
— YpaBHEHHE COXPAHEHUs MacChl

0 0
E(Rlpl +R2P2)+()_Z(R1P1W1 +Rypywy ) =0, (1)

rae R, — oTHOcUTeNbHAs 4acTh IUIOIIAAU IIOIEPEUHOTO CEUeHUs! BEPTUKAIbHON
TpyOBl @, 3aHMMaeMas (asoif k; w, — KOMIIOHEHTa BEKTOpa CKOPOCTH V; IO
BEPTUKAIBHOM OCU z; p;, U V, — INIOTHOCT U BEKTOP CKOPOCTH (ha3bl
k(k=1;2); t —Bpems;

— YPaBHECHHE COXPAaHECHU KOJINIECTBA NBHIKCHU L

0 0 B
E(Rlplwl + Ropyw ) +E(R191W12 + Rypywi ) —(Rip; + Ryp, ) F. +a—§ =

1 dc
=—Z J nz~(nk~rk)—, 2)
@ k=120 (z.) ny Ny
rae F, — npoeknus eIUHUYHOM MacCOBOM CHIIBI Ha OCh Z ; — JIaBJICHUE, @ —
V4

miomaab nonepeyHoro CCYCHUs1 pr6BI; n, — GZ[I/IHI/I‘IHHﬁ BCKTOP IIO HAIIpaBJIC-

z
HHUIO OCH Z ; M, — €JVWHUYHBIA BEKTOP HOPMAJIM B 3aJaHHOW TOYKE IIOBEPXHOCTH;
n,. — €IUHUYHBIA BEKTOp, PACIOJIOXKEHHBII B INIOCKOCTU MONEPEYHOr0 CEYEeHHs
@ (2,¢) W HaIpaBJIEHHBIN OT (a3bl k& B TOUKE IEpeceUeHNs IIOBEPXHOCTH pa3aena
®;(2,t) ¥ IIIOCKOCTU TIONEPEYHOro ceueHus wy (z,t); w,(z,t) — 3aHuMaeMas Qa-
3001 k dYacTh MiOIIaaM MONEPEYHOro cedeHus TpyObl @ ; @;(z,t) — MOBEPXHOCTb
pasnena ¢as; T, — TEH30p BS3KOCTHBIX HANpsHKEHWH; ¢(z,f) — IpaHULa MEXILY
(a3aMu B OIEPEYHOM CEUEeHHU TPYObl @ ; ¢;(z,¢) — TpaHUIBI Mexay da3aMu U

CTEHKOU TPYyObI B IONIEPEYHOM CEUYECHHU @ .

lopusoHTaNbHAS JIMHUS HAJ WHTErpajioM W3 IIPaBOW 4acTH ypaBHEHHS (2)
O3HAYaeT ONepaTop OCPEIHEHHS 10 BPEMEHH.

JIByXKOMITIOHEHTHAs] MOJENIb CHAPSIIHOTO T'a30)KUAKOCTHOTO MTOTOKA IPEJIIO-
JlaraeT KOJIMYECTBEHHYIO OLIEHKY ra30COoepKaHUs uepe3 ero UCTHHHOE 3HadeHUe
¢, a IOTepb Ha TPEHUE — Uepe3 KacaTeIbHOE HANpPsDKEHHE Ha BHYTPEHHEH CTCHKE

HOABEMHOM TPYOHI 7, .

YhpolieHHbIe ypaBHEHUsSI COXPAaHEHUs Ul ABYXKOMIIOHEHTHONH MOJAENH IO-
JIY4UM U3 ypaBHeHHH Juis AByX(asHoi cmecu (1) u (2) [17 — 18]. s aToro npu-
MeM R, =1-¢, R, =¢ (unzpekc | oTHOCUTCS K XKHUAKOH da3e, HHAEKC 2 — K Ta30-

obpasHoit). Enunuynas mMaccoBas cujla B pacCMaTpUBAaeMbIX YCIOBUAX F, =-—g,
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I7ie g — yCKOpeHHe CBOOOTHOro najieHus. Bennuuny U3 npaBoi yacTu ypaBHEHUS
(2), BBIpaXAIOUIYIO MOTEPU JABJICHHS HE NPEOJOJICHHE CHI TPEHHs, 0003HAYUM
(-x-t,/®),r0€ ¥ — NepuMETp NOIEPEYHOIrO CEUEHHs TPYOBI

Torma ypaBHEHHE HEPa3pBIBHOCTU ABWKEHUS JUIS CHAPSIIHOM CTPYKTYPBI
HNpUMET BH]

0 0
SLU=e)oi+op, J+——[(1=p)pwi +ppym; ] =0, 3)
a JUIs yCTAHOBHMBIIIErOCS TIOTOKA —
(I-@)pyw +@pyw, =G = const 4)

rae G — npuBeIeHHas MaccoBasi CKOPOCTh BOJOBO3IYIIIHON CMECH.
3anuiieM ypaBHEHHE KOJMYECTBA JBMXKEHUS JUIsI CMECH B YCTaHOBUBLIMXCS
YCIIOBHSIX YCTAHOBUBIIETOCS TCUCHUS:

d d
d—§= —%m —Z[(l—qo)plwlz +¢pzw22]—[(1—co)p1 +9p, |g. (5

U3 (5) BugHO, YTO MONHBIE TIOTEPH JAABICHUS dp/ dz CKJIanBIBarOTCSA U3 CO-

CTABISIOIMX TOTEpb Ha TpeHue (dp/dz) —, MHEPHHOHHOI (alp/a’z)yc

mp , 1 TAIpo-

CTaTUIECKON (dp/ dz)g COCTaBJIAOIICH, TO €CTh ypaBHEHHE (5) MOXKHO TIpe/cTa-

BUTH B BHJIE
dp/dz = (dp/dz)mp +(a’p/dz)ym +(a’p/dz)g . (6)

WnterpupoBanune ypaBHeHUs (6) BBITOIHSETCSA B Mpenenax JJIHHBI HOIbeM-
HoW TpyObI spiudra 0<z< H +h .

Ucnonb3ys ypaBHeHHe HepaspblBHOCTH (3) wiu (4) (B paccMaTpuBaeMOM
cirydae — (4)) u KonmuuecTBa OBIKEHUS (5), MOXKHO TTOJTyYUTh ypaBHEHHE CTalno-
HapHOTO BOCXOJISIIETO ABMKEHHS BOJOBO3IYIIHOM CMECH B BEPTHKAIBHON TpyOe
JUTA IBYXKOMITOHEHTHOTO T€UeHHs B Buae [3 — 5]:

)AL ) (e o)

+G'(z)-w’(z)-[l—(p(z)]}+pCM(Z)-g, 7
rae D — auamerp noxbeMHol Tpy6sl; G'(z) u G"(z) — MaccoBbie CKOPOCTH
COOTBETCTBEHHO JKHKOCTH U 1a3a; P, (Z) — IIOTHOCTB BOIOBO3YINHOI CMECH.

[Jamee GyneM yduTHIBaTh U3BECTHBIE 3aBUCUMOCTH [13], onmceIBaromue cie-
JYIOILME MapaMeTphl:
— MacCOBbIE CKOPOCTH Ta3000pasHoii G”(z) n xuakocTHol G'(z) da3
” ’
. G-x . G-(1-x
G”(Z): QB Po — , G,(Z): Q3 14 — ( )’
co-(p(z) (p(z) m-[l—(p(z)] 1—(p(z)
rae O, — oObeMHBIil pacxos BO3lyXa IIPU HOPMAIbHBIX yclnoBusx; O, — o0beM-
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Hasi mozjaya paudTa; Py — IIOTHOCTH BO3IYyXa MPU HOPMAIBHBIX YCIOBHAX; P —

IUIOTHOCTD BOJIbI; X — MAaCCOBO€ paCXOJHOC ra3oCoACPKaHUueC,
— IINIOTHOCTH BOZ[OBO3Z[yHJHOI>i CMECH:

Pev (2)=0(2) p"(2)+[1-0(2)] P
rae p"(z) — IIOTHOCTE BO3/yXa B CCUCHHH Z |
— AEUCTBUTEIBHBIE CKOPOCTH (a3 B IOIbEMHOU TpyOe:
BOJIBI w'(z)zQJ[m{l—(p(z)ﬂ;
BO3IyXa w'(z)=0, (z)/[cowp(z)};

— a0CoOII0THOE JaBJICHUC B CCUCHUU Z HO,I['BGMHOﬁ pr6BI (HpI/I JAONYHICHUH JIN-
HEHHOCTH M3MEHEHMS JaBJICHUA I10 BBICOTC pr6bl):

Da (z) =Po+ Pent '|:1—Z/(H+h):| s
rae p, — atMocdepHoe OaBleHHe; p., — U30BITOYHOE NABICHHE B CMECHTENE
(mpu z =0 abCOIIOTHOE JABIEHUE B CMECUTENE P, o\, = Po + Pon )
— 00BEMHBIN PacXo/l BO3/AyXa B Z-OM CEUYCHHHU MOBEMHOI TPYObI IPU U30TEPMH-
YECKOM TPOIIECCe H3MEHEHUS COCTOSHHS Ta30BOH (asbl:
0,(2)=0s-po/Pal(2).
Toraa nociie uaTerpupoBanust (7) MOKHO MONYUYHTH:

Zj

o= e (pe 4 G Lo () (1) w )T +
cef o107 (2) [1-0(2)) e ®

AHaNMU3UPYs pAX U3BECTHBIX 3aBUCUMOCTEH JUIS ONpeieNIeHUsI HCTUHHOTO ra-
3ocomepxanust @(z) [5 — 7, 10, 16], mis perraeMoii 3aaqn ero Ienecoodpa3Ho

OTIPENICITUTH TI0 BBIPAKEHHUIO [5]

] 0,(2)
") e 0.0 ]+ G (5] ®

rre C; u C, xoapdunuentsr; C, =12; C, =1+ 8¢ LOSL/D opu Re_, >8000;

Ls /D — oTHOCUTENbHAS JUIMHA KMIKOCTHOH IPOOKH.

BeIpaskeHue 11 KacaTelnbHOTO HANPsDKEHUS] Ha BHYTPEHHEH CTEHKE MOJbEM-
HOU TpyOBI [5] B KauecTBe OJHOTO W3 APTYMEHTOB COAEPXKHUT MCTHHHOE Ia30Co-
Jepxanue @(z), ompenesieMoe ¢ Y4eTOM B3aMMOBIIMSHUS TA305KHIKOCTHBIX 00-

pa3oBaHMIl CHAPSIAHOM CTPYKTYpPHI BOJOBO3AYIIHOTO MOTOKA

0, (2)=[1-0(2)]- 4(2)- 0’ [war ()T 8. (10)

rae
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0,25
68

Re,, (2)
— k03(UIMEHT ruApaBInYecKoro TpeHus [19], 3nech A, — SKBHBaJeHTHas LIepo-

A
A(z)=0,11] =2
(:)=0.11) 24

x0BatocTh; Regy, (2)=We, (2) D+ Py (2)/ ey — KpuTepuii Peifronpaca msyxdas-
HOM cmecH; Wy, (z)= [Qa +0, (z)] / @ — TIPHBEJCHHAS CKOPOCTh BOJOBO3IYIIHON
CMECH; How —  JMHAMHYECKas BSI3KOCTD nByxdasHoit CMecH,
g =1/ 1"+ (1 - x) / M’ ' — muHAMHYECKast BI3KOCTh BOIBI, 4" — THHAMHYCCKAs

BSI3KOCTB BO3/IyXa.
Takum 00pazoM, BeMHUCIEHHBIE 110 (9) UCTHHHOE ra3ocoiepkaHue @(z) W 110

(10) kacarenbpHOE HampsHKEHHUE rw(z) 3aBUCSAT, B TOM YHUCIE, U OT OTHOCUTEIHHOMN
IUTAHBI KUIKOCTHOH MPoOKH Lg / D . DTO MO3BOIUT YCTaHOBUTH BIIHSHHE ITapaMeTpa
Lg /D Ha 30bdekTHBHOCTS paboThI 3paudTa U ONPEIENUTh PAlHOHANBHBIN AHANa30H
3HaueHHM Lg /D 171 MCCrmemyeMoro Kiacca ra3oXUIKOCTHBIX TMOABEMHHUKOB (IHa-

MetpoB D u H +h [nvH MOTBEMHBIX TPYO, TOTPYKEHHI CMeCUTeNe / ).

AleKBaTHOCTHL MAaTeMATHYeCKOH Mojaeau. ANIEKBaTHOCTh pa3paboTaHHON
MaTeMaTHIeCKOi MoJienn pabodero mporecca 3piaudTa ¢ yIeTOM CTPYKTYpPhI CHa-
PAIHOTO BOJOBO3AYIIHOTO MOTOKA IMOATBEPXKAACTCA YIOBIETBOPUTENIBLHON CXO-
JUMOCTBIO PACYETHBIX 3HAUEHUN THIAPOAVMHAMMUYECKUX I1apaMETPOB C 3KCIEpPHU-
MEHTAILHBIMU TAHHBIMHE (CM. pHC. 2).

Q1, Qi
i

69,44

55,56

41,67

27,78

13,89

oool oo

i 2 ] 4 [ ] 10 12 14 Qp i

0,000 0033 1 0087 0,100 0,135 0,167 0,200 V0233 Qpie

Puc. 2 — DkcnepumenTainbhast 1 [20] u pacueTHast 2 XapaKTepPUCTUKH dpiudra
D=250 mm, H+h=11,45 M, d =150 mm, h=8 ™, Lg/D=2.
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IlepcnexkTuBBI JanbHEHIIUX HccaenoBaHuidl. JlJi1 BO3MOXXHOCTH aHalln3a
sHepreTudeckoi 3¢ GeKTUBHOCTH paboThl IpiaudTa HEOOXOAMMO 3HATH 3aTPaTHbIC
COCTABIISIIOIIME ABJIEHUA M MOIIHOCTEN Ta30)KUIKOCTHOIO MOTOKA B MOIBEMHOU
TpyOe, Ul 4ero BOCIIOIb3yeMcsl CIIeTYIONIMMH 3aBUcUMocTsimMH [13].

CyMMapHbIil epena] JaBlIeHHs Ha y4acTKe IOAbEMHON TpyObl JUIMHOH z;

Psi = Pacn — Pa (Zi) = Pen Zi/(H+h)’
WY
Psi :pri+pyCKi+pgi’ (11)
rae p,, — Meperaj NaBieHHsS Ha YYacTKe IMOJBEMHOH TPyObl JUIHHOH z;, 00Y-

CIIOBIICHHBIM TPECHHUCM,

47
pri =BITW (Z)dz;
0
Pyexi — TIEPETIAJ] IABIIEHUS HA YHACTKE MOTBEMHOMN TPyObl JUTHHOH Z;, 0GycCIIoB-
JIEHHBIHA YCKOPEHHEM,
1

" ’
Pyoi = G-Lxew" (2)+ (1=x)-w'(2) ]
Dg; — llepenaj 1aBICHMs Ha Y4aCTKe MOXbEMHOI TPYObl JUIMHON Zz;, 00YCIOBIICH-

z:

>

HBIH CHIION TSKECTH

Pgi = gT {(P(Z)~p"(2)+[l—(p(z)]~p’}dz _

Cpennuii 00bEMHBIH pacXo BOJOBO3IYIIHON CMECH Ha Y4acTKe MMOIbEMHOM
TpyOB! JUIMHOK Z;:

Zj Zj Zj
Qcpl:i-jQ(z)dz:i- Go dz:G“’-j e
Zi o Zi 9 Pex (2) Zi o Pew (z)
CyMMapHa;{ MOIIHOCTB, HeO6XOHI/IMaﬂ JUI1 KOMIICHCAllUM IMOTEPh HA TPECHUEC, yC-
KOpPCHUC (I/IHepHI/IOHHaH COCTaBﬂHIOIHaH) u I‘paBHTaHPIOHHOﬁ COCTaB.TDHOIlIeﬁ npu

JBIKCHUH BOJOBO3YIIHOIO [IOTOKA CO CPEAHUM OOBEMHBIM pacxonoM Q. 110 yda-
CTKY BEpPTHKaJIbHON ObeMHOMN TPYObI JUIMHOH z; :
z
G-o [ dz
NEi:pZi'Qcpi:pcm'H h‘[ 5
+h P (2)

nnm

Ns; :NTp[ +Nym +Ngi; (12)

31ech N,,; — MOIIHOCTb, HEOOXOMMAst [T KOMIICHCAIWH TI0TePh Ha TPEHHE Ha y4a-

CTKE NOABEMHOM TPYyOB! JTIMHOH Z;

4.G.0 G T dz
N 1pi — Prpi 'Qcpi :TZ[«"[TW (Z)dz.'([m;
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N yCki

y4acTKe IOAbeMHON TpyOBb! JUIMHOH Z;

— MOIIHOCTS, HeO6XOZ[I/IMaH U KOMIICHCAllMU NOTEPb Ha YCKOPCHHC Ha

G o b d
_ _ " ’ z; .
Nycxi_pycxi'Qcpi_[x'w (Z)+(1—)C)-W(Z):| 0" _[ >
Zj 0 Pen (Z)
N, — MOIIIHOCTD, HeO6XOZ[I/IMaH JJIA TIPCOAOJICHUS CHUJIBI TSKECTHU IPU IBUKCHUU

gi
BOAOBO3AYHIHOTO IIOTOKAa CO CPpEAHUM 00BEMHBIM pacxoaomMm Qcpi Ha Y4YacCTKC

HOABEMHOI TPYOBI ATUHOM Zz;

Go { 1 dz
N gi~ Pgi 'Qcpi = g'_'_[pcm (Z)dZJ.— .
Zi 0 0 Peu (Z)
MorHOCTb, OABEICHHAS HA YUaCTKe TPYOBI INTHHOW Zz; IIOTOKOM CKAaTOTO BO3IYXa
Psi T Do
N'=p, -0, - In 20
Po

Mo1HoCTb, TOIBEICHHAS K TOABEMHOM TPyOe MOTOKOM BOJIB,

N'=p'g-h-0,.
MoLHOCTD, O/IBEICHHAsT HA y4acTKe IOABEMHOM TpyObl MIHHOH z; BOMO-

BO3/LYLIHBIM TOTOKOM, N, = N/+N'.
MorHocTs, HeoOXoauMasi sl KOMIICHCALUN [OTEPh HAa CKOIbXKEHHE (a3
TIPH ABIKEHHU BOJOBO3LYIIHOTO IIOTOKA HA YIaCTKe TPYObI [UIMHOM z;,

chi:Nnoui_NZi' (13)
Pemenne pa3paboTaHHON MaTeMaTHUECKOM MOJIETHN pabodero mpoiecca 3piud-
ta (ypaBuenus (8), (11) — (13)) uncnenHsiM MeTOZIOM C UcTionb3oBanueM [19BM rmo-

3BOJIAET OLPEAEIIATh, B TOM YUCIE, ofady spiudTa O, , 1aBlIeHus p
’ "

N NgiﬂchiﬂNﬂNﬂNnoui

OT OTHOCHTENBHON [IIMHBI XKUIKOCTHOM MPoOKu Lg /D B MOIBEMHOI TpyOE, TO €CTh

YCTaHOBUTH BIMSHHE CTPYKTYPbI TA30)KHAKOCTHBIX OOpa30BaHMI CHapSIHOTO BOJIO-
BO3IYIITHOTO ITOTOKA Ha 3Q(PEKTHBHOCTH pabOTHI Fa30’KUIKOCTHOTO ITOTbEMHUKA.

50 pri’ pyCKi’

Dgi» M MomHocTH Ny, N B 3aBUCUMOCTH

TpI * YCKi ?

BeiBonbl. Pa3paborana monenb pabodero mporecca Spiudra, OTIMYAOIIAsCs
YYETOM CTPYKTYPbI CHapsiIHOrO BOAOBO3IYIIHOTO TIOTOKA B MOJBEMHON TpyOe, Mo-
3BOJIAIOINAST yCTAHOBUTB BIMSHUE OTHOCHUTEIIBHOMN JUTHHBI KU/IKOH MPOOKU B MOABEM-
HOI TpyOe Ha 3 (eKTUBHOCTH PaOOTHI ra30’KUAKOCTHOTO MoAbeMHIKa. [lomydeHHbIe
aQHAIMTHYECKHE Pe3yJIbTaThl OY/IyT SIBISATHCS OCHOBOHM COBEPIICHCTBOBAHUS OIpE/ie-
JICHHOTO KJ1acca 3piAu(THBIX yCTAHOBOK.
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Moaeas padoyero npouecca 3pJaudTa ¢ y4eToM CTPYKTYPbI I'a305KHAKOCTHBIX 00pa30BaHMii
CHapsiIHOro BoAOBO3AYHIHOro moroka / A.Il. Kononenko, B.B. Kanuunyenko // Bicauk HTY
«XIIl». Cepisi: MaremaTHaHe MOJICIIIOBAHHS B TEXHiIl Ta TexHonoriax. — Xapkis: HTY «XIII», 2013. —
Ne5 (979). — C. 110-118. Bi6miorp.: 20 Ha3B.

Po3pobiieHo MaTemMaTuuHy MOJeNb pOoOOUYOro mpouecy epiidra 3i CHapAIHOI CTPYKTYPOIO BO-
JIOTIOBITPSHOTO MOTOKY B MiAWOMHINM TPyOi 3 ypaXyBaHHSM CTPYKTYPHU Ta30piAMHHUX YTBOPEHb, IO
JI03BOJISIE BU3HAYATH SIK KiJBKICHI TiJpOAMHAMIYHI mapaMeTpH JBoda3HOI CyMili, Tak i po3paxyHKOBI
XapaKTEePUCTHKY MigHoMHHKa. IlinTBep/keHa aJeKBaTHICTh MAaTEMAaTHYHO! MOJENI TaHUMHU EKCIepH-
MEHTaJILHUX JIOCHIIKEHb po00TH epiidra.

Kurouosi ciioBa: eprnidr, nigiioMmHa TpyOa, BOAONOBITPsHA CyMilll, TI0/1a4a, BUTpATa MOBITPS, Ta-
30BMICT, TUCK, HOTY>KHICTb.

The mathematical model of operating process of the airlift is worked out with the projectile
structure of the water-air stream in a lifting pipe taking into account the structure of the gas-liquid for-
mations, that allows to define both the quantitative hydrodynamic parameters of the two-phase mixture
and calculation descriptions of lift. Adequacy of mathematical model is confirmed by data of experi-
mental researches of work of the airlift .

Keywords: airlift , lifting pipe, water-air mixture, serve, expense of air, gas content, pressure,
power.

118 ISSN 2222-0631. Bicnux HTY «XI1I». 2013. N5 (979)



