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MOAEPHU3ALUA Y3NA ANCNEPTMPOBAHUA BO3AYXA
B OKUCJIUTEJIbHbIX KOJTOHHAX NMPOU3BOACTBA BUTYMA

B npouzeoocmee negpmanvix Oumymos ¢ xauecmee peaxmopos 01 OKUCTEHUs Cbl-
pbs 6 Hacmoswee 6peMs WUPOKO UCHONb3YIomcsa bapbomadicubie KOMOHHbI. OCHOBHBIM
KOHCMPYKMUBHBIM 2IAEMEHIMOM MAKUX annapamos A61aemcs y3en OUcnepeuposanus OKuc-
JUmers, 8 Kauecmee KOmopo20 CAYHCUM COHCAmMBbILl 6030YX.

Onvim NpoMbUUAEHHOU IKCHIYamayuu 6bisIGUNL CepbesHble He0OCmAamKy Cyujecm-
BYIOWUX KOHCMPYKYUL dMUX Y3708, KOMOpble He 00ecneyusarom 6biCoKyl0 cmenenb Ouc-
nepauposanUs Ny3vlpbKos 8030yxXa U no08epIceHbl DbICMPOMY 3AKOKCOBbIBAHUIO 8 NPoYec-
ce axcnayamayuu. Mo 6 3HAUUMENbHOU CMeneHU CHUMCAem 2a30co0epicanue u, Kax
crneocmeue, yMeHbuaen noepxXHOCb KOHMAKMA a3z mexcoy 6030YXOM U HCUOKOCHBIO.

Ananuz nocireonux nyonuxayuti nokaszai, 4mo paspadomKu u Uccreo08amus 8
amou obracmu ObiIU HANPABNEHbI 8 OCHOBHOM HA U3YYEeHUe OMOENbHBIX 8ONPOCO8 2UOPO-
OUHamMuKy 08yxX@hazHo2o nOMoKa 8 IMux annapamax, a MakKdlce Ha CO8ePULEHCMBOBANUE
UX KOHCMPYKYUOHHBIX dNleMeHmos8. Bmecme ¢ mem 6 smoii obnacmu umeemcs ewe MHO20
HepeuieHHbIX 3a0aH.

Hna uzyuenusn cuOpoOOUHAMUKY OKUCIUMENbHBIX KOJIOHH Hamu Ovlia paspabomana
VKPYNHEHHAs: NI0CKas Moodenb annapama evicomoti 3,5 m, wupunou 1,0 M u monyunou
0,2 m. CmenKu KonoHHbL ObLIU U320MOGNEHbL U3 NPO3PAYHO20 NONUKAPOOHAMA, Ymo Nno-
360510 GU3YANLHO OYEHUBAMb CIPYKMYPY 2aA304CUOKOCmI020 nomoxa. Onvimbsl npo6o-
OUnOCh 8 08YX pedcumax padomvl KOJOHHbL: 0APOOMANCHOM U KOMOUHUPOBAHHOM 2d3-
augmruo-bapoomasicHoM.

Ioxaszano, umo 6 obviunOM bapbomadxzcHom pedxcume 8 odveme annapama Gopmu-
pyemcs 60abuioe KOIUYECMBO KPYNHBIX, MAK HA3bIGAEMbIX «MPAHCIOPMHbBIXY Ny3blpell
pasmepom 70—100 mm, Komopvle 6bI3bI8AIOM UHMEHCUBHOE NPOOOTIbHOE NepeMeluanue
AHCUOKOCTNU MO 8bICOMeE annapama, ysiekarom 3a cobotl bonee meaKue ny3vipbkKu i coKpa-
waiom ux epems npedbleaHs 6 peaKyuoHHOU 30He.

Pezynemamor usyuenus pabomer mooenu KONOHHGL & 2aA3nUPMHO-0APOOMAHCHOM
pedcume NoKA3aHo, Ymo npu YOeIbHbIX pacxo0ax 6030yXd, OIU3KUX K NPOMBIUIEHHBIM 3HA-
YEHUAM, 3AMEMHO YIVUUAEMCa KA4ecmao aspayuu HeuoOKol @asvl, pe3Ko COKpauaemcs
KOIUYeCmE0 00pasylouuxcs KPYRHbIX Ny3vipell U CHUICAemcs UHMEHCUBHOCb NPOOOIbHO-
20 nepemeuueaHusl.
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Hamu 6vinu gvinonnenst pacuemsl npediazaemozo 2a3iugmuozo ycmpoicmed, pas-
pabomana KOHCMpYKyus U 6b10aHbL pekomendayuu no e2o enedpenuio 6 000 «JTVKOH]I-
Ilepmneghpmeopecunmesy.

Kniouesvie cnosa: nepmanoii bumym, oKucaumenvHas KOJIOHHA, 2A30c00epicatue,
NOBEPXHOCIMb KOHMAKMa pas, 2aznugmuoe ycmpoucmeo.

S.H. Zagidullin, V.L. Dolganov

Perm National Research Polytechnic University,
Perm, Russian Federation

MODERNIZATION OF THE AIR DISPERSE UNIT
IN OXIDATION COLUMNS OF BITUMEN PRODUCTION

Now in production of oil bitumens for oxidation of raw materials bubbling columns
are widely used. The main structural element of such devices is the air dispersion unit.

Experience of industrial operation has revealed serious shortcomings of existing de-
signs that do not provide sufficient dispersion of air bubbles, they are subject to rapid cok-
ing during operation. This reduces the gas content and reduces the contact surface of the
phases between air and liquid.

Analysis of recent publications showed that the development and research in this
area were aimed at studying the hydrodynamics of two-phase flow in these devices, and
improvement of their design. At the same time in this area there are many unresolved tasks.

For the study of hydrodynamics in columns, a flat model 3.5 m high 1.0 m wide and
0.2 m thick was used.

Walls of the column were made of transparent polycarbonate that allowed to
observe structure of the gas-liquid stream visually. Experiences it was carried out in two
operating modes: bubbling and gas-lift and bubbling.

It is shown that in the bubbling mode in volume of the device a much number of
large, "transport" bubbles of 70-100 mm in size are formed. These bubbles carry along
smaller bubbles, that reduce time of stay in the reaction zone.

Results of studying work of a column in the gas-lift and bubbling mode showed that
in this case, aeration of a liquid phase considerably improves, the quantity of the formed
large bubbles is reduced and the intensity of longitudinal mixing decreases.

Calculations of the offered gas-lift device were executed, the design is developed and
recommendations about its introduction in LLC LUKOIL-Permnefteorgsintez are issued.

Keywords: petroleum bitumen, oxidation column, gas content, interfacial surface,
gas-lift device.

B nocnennue roapl B KauecTBE PEAKTOPOB JJIsi OKHCICHHUS OUTyMa
HIMPOKO HMCIIONB3YIOTCSI 0apOOTaKHBIE KOJIOHHBI, 000PYIOBaHHbIE YCTPOU-
CTBaMH JJIsl TOJIBOJIA CHIPBSl M AMCIEPTHPOBAHUS BO3Ayxa. Takue ammapa-
TBl XapaKTEPHU3YIOTCS BBICOKON MPOU3BOAMUTENBHOCTHIO, MPOCTHIM KOHCT-
PYKTOPCKUM O(OpPMIICHHEM M BO3MOXKHOCTBIO CTaOMJIM3AIMH TETJIOBOTO
pexuma paboThl.
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B macrosmee Bpems B 000 «JIYKOMJI-ITepmuedTeopreuaTesy st
MOJIBO/Ia BO3yXa B KOJOHHY OKHCIICHHS OMTyMa MCHONB3YIOT 0apOOTaKHbBIE
ycTpoicTBa. OgHAKO OHM UMEIOT CEpPhEe3HbIE HENOCTaTKU. MMeroimascs KOHCT-
pyKLusi 0apOOTaXKHBIX YCTPOMCTB HE O0ECIEUHBACT BBICOKYIO CTETEHb IHC-
MEprupoBaHus My3bIpbKOB BO3AyXa. KpyrHbie my3sIpu BO31yXa, B CBOIO Oue-
pelb, He 00eCIeYrBalOT TOCTATOYHOTO Ta30COACPKaHMs, YTO B 3HAUUTEILHON
CTETIEHH CHIKAET MeXK(a3HyI0 MOBEPXHOCTh B CUCTEME ra3 — JKUJIKOCTb.

B cBs3u ¢ 3THM mocnenHue pa3paboTKH B 3TOM o0nacTu ObLIM Ha-
NpaBJIeHbl Ha COBEPUICHCTBOBAHME amlMapaTypHOro oGopMIIeHHUs mpolecca
OKHCIICHHS, a TaKXKe Ha U3Y4YCHUE THAPOJUHAMUKHU JBYX(PAa3HOTO ra3oxuia-
KOCTHOTrO noToka [1-11].

Pa3zpaborka 6onee >PGEKTUBHBIX W OJHOBPEMEHHO MPOCTHIX U Ha-
JEKHBIX KOHCTPYKIMHA JUCIEPraTopoB BO3AyXa IS OKUCIUTEIBHBIX KO-
JIOHH SIBJIIETCSI JOCTATOYHO CJIOKHOM MHXKEHEPHOU 3aiaueid. DTO CBA3AHO C
BBICOKOW KOKCYIOIICHCSI CIIOCOOHOCTRIO PEaKIIMOHHOW CpPEeJIbl, HETOCTOSH-
CTBOM TEXHOJIOTUYECKOTO peXrUMa pabOThl OKUCIUTEIBHBIX KOJIOHH M Psi-
JIOM Ipyrux (pakTOpoOB.

JInist TOTIOJTHUTENHFHOTO M3YYEHHUS! THIPOAMHAMUKHU JBYX(Pa3zHOTO II0-
TOKa B OKHCIUTEIbHOH KosoHHE Ha Kadeape OAXII Orina pazpaborana yk-
pYNHEHHas IUIOCKash MOJelb TaKod KoJOHHBI. OOImiasi BHICOTa KOJIOHHBI —
3,5 m; mmpuna — 1,0 M; Tonmmnaa — 0,2 M. /{7151 BU3yallbHOTrO U3y4eHUs TUT-
POIMHAMUYECKHX PEKUMOB CTEHKU KOJIOHHBI OBUIM M3TOTOBJIEHBI U3 BBICO-
KOIIPOYHOI'0 MPOo3payHoro nouukapobonara. [logady Bo3ayxa ocymiecTBiIsuiu
yepe3 pachpeleUTeIbHbId KOJUIEKTOP, CHAOXKEHHBIH peryiupyromuMu
BeHTWIsIMH. M3MepeHne pacxoia Bo3ayXxa OCYHIECTBISIIN C MOMOIIBIO AHa-
¢dparmsl, cHabxkeHHOH U-00pa3HbIM TudGepeHInaaIbHbIM MAHOMETPOM.

Ha nepBom sTtane nccnenoBanus ObUTH U3YYE€HBI OCHOBHBIE THAPOIH-
HAMUYECKHE 3aKOHOMEPHOCTH pabOThl KOJOHHBI ¢ 0apOOTaKHBIMH YCTPOii-
ctBamu. llpu paboTe KOIOHHBI B TAKOM PEXHUME 0Opa3yIOTCS BOCXOMSIINE
ra3oBble MOTOKU, COCTOSIINE MPEUMYIIECTBEHHO U3 KPYMHBIX Ta30BbIX My-
3pIpeit. KpoMe Toro, 6110 3aMeueHO, YTO MHTEHCUBHOE MPOOJIbHOE Tepe-
MEIIMBAaHUE COKpAIAeT BpeMsl MPeObIBAaHMS «CBEXKHUX» My3bIPHKOB BO3/yXa
B pabodyeM oObeMe ammapara. B KOHEUHOM UTOre 3TO BIICYET 3a c000il 1mo-
BBILICHHBIN PacXo/ CKaToro BO3/AyXa U, KakK CJIEICTBHUE, NMOBBIIICHUE TEM-
nepaTypbl OKUCICHHUS CBIPbSL.

B3ameH cymiecTBYOIUX U MOPaJbHO yCTapeBIIMX 0apOoTepoB HAMHU
MPEJIOKEHO UCIOIb30BaTh COBPEMEHHOE M JOCTATOYHO IMPOCTOE YCTPOii-
cTBO raznmuTHOro TUna. OHO MPENCTaBIAET COOOH P Ta3MupTHBIX BEPTH-
KaJbHBIX TPYO, paBHOMEPHO pa3MEIICHHBIX B HUKHEH YaCTH KOJIOHHBI.
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BepxHsist gacTh Kaxn0il TpyObl cHaOkeHa neppOprupOBaHHBIM OTOOHHH-
KOM, IpeJHA3HAYCHHBIM IS TAIICHUSI CKOPOCTH BOCXOJISIIETO Ta30KHIKOCT-
HOTO MOTOKAa M BTOPMYHOTO AMCIEPIHMPOBaHUS Iy3bIphKOB Bo3ayxa. Ha pu-
CYHKE TIOKa3aH MpUMep padoThI KOJIOHHBI € Ta3MU(THHIM YCTPOHCTBOM.

Puc. YkpynHeHHast m1ocKast MOJIENb OKUCIUTENFHOM KOJIOHHBI,
paboTaroras B KOMOMHUPOBAHHOM Ta3IM(THO-0apOOTAKHOM pEKIME

Pe3ynbTaThl Hccae10BaHUs TIOKA3ald, YTO Ta3IH(THOE yCTPOUCTBO MO
CPaBHEHUIO C HUCIOJIb3YEMBIM B HacTosllee BpeMs OapOoTepamu odecredn-
BaeT Oonee d(peKTUBHOE AMCIEPTUPOBAHKME MY3BIPHKOB BO3myxa. OmHO-
BPEMEHHO C 3THM BO3pPacTaeT paBHOMEPHOCTH a’3palliy BCETO PEaKIIMOHHO-
ro 00beMa, a TAaK)KE CHIDKAETCS TPOAOIBHOE MTEPEMEIINBAHUE KUIKOCTH.

C HCnoIbp30BaHUEM IMOTYYEHHBIX SKCIIEPUMEHTAIBHBIX JTaHHBIX OBUIN
BBINOJIHEHBI TEXHOJIOTHYECKUE pacueThl MPOMBILIUIEHHOTO BO3AyXOpacipe-
JeTUTENFHOTO YCTPOHCTBA IS Ta3MU(THBIX TPYO pa3IMuHOTO JHAMETPA.

[Toka3aHo, YTO ONTHUMAJIBHBIE CKOPOCTH BO3AyXa U JKUAKOCTH JOCTH-
ratotes Uit TpyO nuamerpom 200 mm. IlpuBeneHHas cKOpocTh BO3ayXa B
ra3nudTHON TpyOe coctasmsier 5,88 m/c, sxunkoctu — 1,19 m/c. Pacyer ras-
madTHOrO ycTpoiicTBa ¢ Tpydamu amamerpom 200 MM B cpene Mathcad
npeacTaBieH Hiwke [ 12—14].
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Hcxonubie qanHbie 1U1s pacyeTa:
Vo:= 6000 — 0ObeMHBIN pacxojl C’)KaTOro BO3AyXa, CUYMTas Ha HOP-

3
MaJbHbIE YCIOBHS, M~/4;

t:=260 — paGouas TeMnepaTtypa B KojoHHE, °C;

T:= (t+273) — pabouas Temrieparypa B KojoHHe, K;

Py:= 101325 — atmocdepHoe nasnenue, I1a;

po:= 1,293 — NIOTHOCTH BO3/1yXa IIPY HOPMAJIbHBIX YCIIOBMSIX, KI/M;
6:=2210"— MOBEPXHOCTHOE HATSDKEHHUE )KUAKOH (ha3bl B KOJIOHHE, H/M;
p1:= 920 — ITOTHOCTH KUAKO# (a3bl B KOTOHHE, KI/M;

D:= 3,0 — nnameTp KOJOHHBI, M;

d:= 0,2 — BHyTpeHHUI TuaMeTp ra3auTHON TPyObl, M;

dg:= 0,15 — quameTp razonoABoAsLIEH TPYObI, M;

do:= 0,075 — nuameTp OTBEPCTHH IJIsl BHIXOJIA Ta3a, M;

H:= 2,0 — BricoTa ra3nudTHEIX TPYyO, M;

n:= "7 —4UCI0 Ta3IUPTHHIX TPYO;

hy:= 15,0 — BBICOTa CBETIIOTO CIIOS KHUAKOCTH HaJ TOBEPXHOCTHIO Ia3-

TUQTHBIX TPYO, M;

K:= 0,7 — xoadpureHT 3amoTHeHUS KOJIOHHBI )KHJIKOCTHIO;

L:=22,5 — BbicoTa 00€Uaiiki KOJIOHHBI, M;

hq¢:= 0,9 — BBICOTA IHHMIIA, M;

E:=0,2-10" — abcoTioTHas MEepOXOBaTOCTh TPYObl, NMEIOMIC He3HA-

YUTEIbHYI0 KOPPO3HIO, M.
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OO0rm1ast BBICOTa KOJIOHHBI C YYETOM JTHHUIIL
He=L+2hy, Hc=243m.
VY pOBeHB KUIKOCTH B KOJIOHHE
he=K-Hy, h=17,01 m.
AOGCONIOTHOE JaBJIeHUE BO3yXa B 0apOoTepe KOJOHHBI
P:=Pytpr-g-h, P=2,548-10"Ila.
OOBemHBII pacxo]l BO31yXa B pab0uMX YCIOBHUIX

T-P
Va=Vo—=L, Vy=4,659-10° m/u.
T,-P

.
CexyHaHBIN pacxoj BO3ayXa
v

V= —5—, Ve =1,294 m/c.
3600
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[InoTHOCTH BO3MyXa B pabOUYMX YCIOBHSIX MPH TEMIIEPAType >KUJIKO-
CTU B KOJIOHHE
I-P

, pe= 1,655 kr/v'.
T-P, P

Peg-= Po
CkopocTb BO3yXa B Ia3010BoOIs1IEH TpyOe
Ve
W=—=, W=173,26w/c.
F
C yueToM TOro, 4yTo BO3/yX HE YCIEET MPOTrPeThCsl B ra30M0ABOAIICH
TpyO€ 10 Temreparypbl XKUAKOCTH, (PaKTUUeCKas ero CKOpocTh Oy/aeT 3Ha-

YUTEJIbHO MEHBIIE PACYETHOM.
[IpuBenenHass CKOpOCTh BO3yXa B ra3nudTHON TpyOe

L P
—_— = 5,88 m/c.
£ n-d*n £

CKOpOCTL BCIIUIBIBAHUA OAUMHOYHOT'O ITYy3bIPpbKa

0,25
Up:ZI,S(G-gA—ij , U,=0,186 we,
P1

rae A p= pi — pg.
Koaddunment npeiida ckopoctu

Pacuer razocojepkanusi B ra3nu(THON TpyOe U MPHUBEACHHOW CKOPO-
CTH KXKUAKOCTHU NPOU3BOJUM MCTOAOM IMOCJICAOBATCIBHBIX HpH6HH)I(eHPII>'I.
HauanpHoe npubimkeHue:

¢:=0,5 wWi=1,0 B:=20 RE:=10000 A:=0,02
Given

["azoconep:xanue B ra3nudTHON TpyOE

Wg

Wy+W+k-U,

(p:
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KoadduumeHT rupaBin4eckoro TpeHus

0.25
A:0,11(1,16£+£j .
d RE

Kpurepuii Pelinonbaca

RE=Wyd PL,
u

KoadduuueHT conpoTuBieHns HUPKYIALUOHHOTO KOHTYPa

1 H
2+7" 175 ;-
(1-9) (1-¢) "~ -d

CKOpOCTh KHJIKOCTH B Ta3Mu(THOU TpyOe

0.5
Wl=(2'g'h'Ap' ? J ;

B= (1,5+x§j+2+

B-p
X:=Find ((pa Wla B: RE: 7\')9
0,7359
1,1931
X =120,2429
4,0654-10*
0,0213
Q: :Xo W]Z:X1 BIZXZ RE.‘:X3 KZ:X4

0=0736, W,=1,193, B =20,243, RE=4,06510" A=0,021.

Benuuuny rugposarBopa npuHumaem pasHoit 350 mm [13].
CKOopOoCTh Ta3a B OTBEPCTHUSAX Ta30IOABOISAIICH TPYObI

Vv

Woi=4 gzc , Wy=41_844 we.
n-dy-n

Pacxon TpancnopTupyeMoi )KUIKOCTH Yepe3 ra3nudTHoe yCTpoicTBO

d?-n

Vie= Wi , Vie=0262 v c;

V1:=3600-V1., Vi=94320 v’ /u.
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DaKTUYECKHI pacXo] KUJAKOCTH yepe3 ra3mdTHeIe TpyObl OyIeT He-
CKOJIbKO MEHbIIIE PAaCYETHON BEJIMYMHBI H3-3a HAIM4YUsl OTOOMHBIX YCT-
poiictB. Bricota raznudTHbIXx TpyO ObUla MPUHATA U3 KOHCTPYKIHMOHHBIX
COOOpaXEHUI U COCTABIISIET 2 M.

3akiiroueHue.

1. Ha nuioTHOM MOJENM OKUCIWUTEIbHOM KOJIOHHBI MIPOBEIEHBI IKC-
NEPUMEHTATbHBIE UCCIEIOBAHUS THAPOJIMHAMUKU Ta305KHIKOCTHOTO TOTO-
Ka B 6apOOTaXHOM M ra3nuTHO-6apOOTAKHOM PEKUMAX.

2. IlokazaHa 11e1€c000pa3HOCTh HCIIOJIb30BAHMS Ta3MH(THBIX YCT-
POWCTB I MO/IBOJA U JUCTIEPrUPOBAHUS BO3/AyXa B KOJIOHHE.

3. BbIOTHEHBI TEXHOJIOTHYECKHE pacueThl ra3nuTHOTO YCTPOHCTBA
U pa3paboTaHbl PEKOMEHAAINU 10 BHEIPEHHUIO TAaKUX YCTPOMCTB Ha yCTa-
HOBKe okucieHns outyma 000 «JIYKOMJI-ITepmuedTeOpreHHTES.
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