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! BOpOHEKCKHMIT TOCYIaPCTBEHHBINA YHUBEPCUTET MHXKEHEPHBIX TEXHOJIOTHH, Ip-T Pepomonuu, 19, r. Boponex, 394036, Poccust
Pedepar. PazpaboTka 3)(eKTUBHBIX CXEM pa3zieleHUs IPOLYKTOB HepepaboTKu HedTH sBILETCS aKTyalbHOU 3ajadeil /Ui COBpPEMEHHOM
HPOMBIIUICHHOCTH. YHCThIC M CBEPXYHCTBIC MAaTEPUAJIbl OCHOBHOE TpeOOBaHHE COBPEMEHHBIX IPOM3BOACTB. OCYLIECTBICHHE COBPEMEHHBIX
TEXHOJIOTHYECKAX MPOLECCOB B HE(PTEXUMHUYECKOM U HedrenepepabaThIBaromel MPOMBIIUICHHOCTH TpeOyeT BBICOKOI((hEeKTHBHEIC
anmaparbl, K KOTOPBIM HPEIbSIBISIIOTCS BBHICOKHE TPEOOBAHUS IO SPrOHOMHYHOCTH, YKOHOMHYHOCTH, TEXHOJIOTHYHOCTH M HAJEKHOCTH.
D¢ dexkTHBHOCTH pabOTH MACCOOOMEHHBIX aMIapaToB 3aBHCHT U OT YCIOBUIT IPOBEACHHUS TEXHOJIIOIHUECKOTO Hporiecca, PU3NUECKUX CBOHCTB
KOHTaKTHBIX (ha3, YUUTBIBasI MPUPOLY M KOJUYECTBO MEXaHUYECKUX IPHUMecel, HUPKYIUPYIOLIHX B 3Toi cucteme. [loaToMy oneHuBanue
3¢ deKTUBHOCTH pabOTH MACCOOOMEHHBIX aIIapaToOB C Pa3IMYHbIMH TUIIAMU KOHTAKTHBIX YCTPOWUCTB, C LENbIO BBISBICHHUS HX ONTUMAIIBHBIX
TEXHOJOTHYECKUX M KOHCTPYKTUBHBIX TApaMETPOB — CIIOXKHAsI IPaKTH4YecKast 3a1a4a. [[puMeHeHre MaTeMaTHIeCKOro KOMIUIEKCa JUTsl OLCHKH
3¢ deKkTHBHOCTU PabOTHl MacCOOOMEHHBIX aIIapaToB IIO3BOJACT ITOAOOPATh ONTHMAIBHBIC PEXKUMBI PAOOTHl U KOHCTPYKIHUIO KOJOHHOTO
TapenpYaToro ammapara Heo0xoaumoro Iy 3G deKTHBHOro paszieneHus cMecy. [IpencTaBieHsl 3aBHCUMOCTH K03 (QUIEHTOB MacCOOT a9l
B ra3oBoii dasze u KI1J] cutuaToii Tapenku no Mepdpu B 3aBHCUMOCTH OT I'PaJMEHTA IPH PA3JIMYHBIX CKOPOCTSX ra3a B KOJIOHHOM armnapaTe
JUISL CUTYATOM Tapeiku. YBEIWYeHHE CKOPOCTH ra3a YMEHBIIACT BIHMSHHE HEPAaBHOMEPHOCTH pPAaCIpeleseHHs JKUIKOCTH M rasa (mapa)
Ha K03(QHUIIeHT MaccooTaa4n B ra3oBoi dase, a mpu ckopoct rasa 1,0 M/c u Beime — orcyrcTByer. CHukeHne Ha 40% ko3 dunueHta
MaccooTaauH B ra3oBoii (ase Habmomaercs npu ckopoctu 0,2 m/c, a ipu 1,0 M/c — Ha 1%. YBenuueHue rpaiueHTa yBEIMUYUBACT ATO BIUSHHE.
CHmxenne 3(p(EeKTHBHOCTH TapelbyaThiX MacCOOOMEHHBIX ammapatoB Ha 5-35%, mpuMeHseMbIX B HE()TEXHMMHUECKOM HpPOU3BOJICTBE,
00YCIJIOBJICHO IPAIUCHTOM YPOBHS JKUAKOCTH, 8 TAKXKE THIOM KOHTAKTHOIO YCTPOWCTBA M CKOPOCTBIO Tasa.
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Determination of the efficiency of the plate-type mass transfer
apparatus used in petrochemical production
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Summary. The development of effective separation schemes for oil refining products is an urgent task for modern industry. Clean and super
pure materials are the main requirement of modern productions. The implementation of modern technological processes in the petrochemical
and oil refining industry requires highly efficient devices, to which high demands are placed on ergonomics, economy, manufacturability and
reliability. The effectiveness of the mass-exchange apparatus depends on the conditions of the technological process, the physical properties
of the contact phases, taking into account the nature and amount of mechanical impurities circulating in this system. Therefore, the evaluation
of the efficiency of mass-exchange devices with different types of contact devices, in order to identify their optimal technological and design
parameters, is quite a difficult practical task. The application of a mathematical complex for the evaluation of the efficiency of mass exchanging
apparatuses makes it possible to select the optimal operating modes and the design of a column disk apparatus necessary for efficient separation
of the mixture. Dependences of the mass transfer coefficients in the gas phase and the efficiency of the Murphy sieve plate are presented,
depending on the gradient at different gas velocities in a columnar apparatus for a sieve tray. An increase in the gas velocity reduces the effect
of the uneven distribution of the liquid and gas (vapor) on the mass transfer coefficient in the gas phase, and at a gas velocity of 1 m/s and
higher, there is no. A 40% reduction in the mass transfer coefficient in the gas phase is observed at a speed of 0.2 m/s, and at 1 m/s - by 1%.
Increasing the gradient increases this effect. The decrease in the efficiency of the plate-type mass transfer apparatus by 5-35% used in
petrochemical production is due to the gradient of the liquid level, as well as the type of contact device and the gas velocity

Keywords: products of oil refining, mass transfer devices, efficiency, operating modes

BBenenne

Bricokmii cripoc Ha MPOXYKTHI HedTenepepa-
0OTKM 32 TIOCIISTHHAE TOJBI MPUBET K MHTCHCUBHOMY
pocty HedTernepepadaThIBAIOIICH TPOMBIIICHHOCTH.
B mporiecce nepepaboTku HehTH TOMYYatoT HPOIYKTEI
HedTenepepadOTKH, KOTOPHIC WIPAIOT OIPOMHYIO
POJIb B Pa3BUTHH BCEX OTPACIICH MPOMBIILICHHOCTH.

IlJ'Iﬂ TUTUPOBAHUSA

PewienneM 3TUX BOIPOCOB SIBISIETCS MOAEP-
HU3aIUs CYIIECTBYIONUX U pa3paboTKa Hanbosee
3(PEKTUBHBIX CXEM pa3IeNeHUs UCXOIHON CMecH
Ha COCTABJISIIONTHE, CO3/TAHNE HOBBIX IEPCIIEKTUBHBIX
TUIMOB KOHTAKTHBIX YCTPOMCTB, NEHUCTBYIOLIETO
TEXHOJIOTMYECKOr0 000PY/IOBAaHUS U MPOMBIIIIICHHBIX
TEXHOJIOTH.
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[ToBeimierre TpeOOBaHUN K HANAECKHOCTH U
a¢dexTuBHOCTH PabOTHI MACCOOOMEHHBIX aIlapaToB,
CHIDKCHHE WX METaJUNIOEMKOCTH W TadapuToB
MIPUBOJNT K MOCTOSSHHOMY YCOBEPIIIEHCTBOBAHUIO
KOHCTPYKLIMH KOHTAKTHBIX YCTPOHCTB. DddeKxTus-
HOCTH PabOThI PEKTU(PHUKAIIOHHBIX KOJIOHH BIIHISET
Ha KayecTBO NPOM3BOAMMBIX MPOAYKTOB Iepepa-
OOTKM W TEXHHUKO-PKOHOMHYECKUE TMOKa3aTesn
OKCIUTyaTaIlii YCTAHOBOK M 3aBOJIOB B 1iesioM [1-3].

Yuctble 1 0c000 YHCTBIE MaTepralIbl OCHOBHOE
TpeOOBaHKE COBPEMEHHOMN MPOMBIILIEHHOCTH. B pe-
3yJbTaTE 3TOTO TepepaboTKa MaTepUaioB CTAHOBUTCS
emre Ooyiee Ba)KHOM, CIIOKHOW M JOPOTOCTOSIICH,
a TEXHOJIOTHSI TIO pa3/eJICHHIO BEIIECTB M OUYMCTKE
OT TIpuMecel TpeOyeT OOJBIIeT0 BHUMAaHUS.

Ocy1iecTBieHHE COBPEMEHHBIX TEXHOJIOTH-
YECKHX IMPOIIECCOB B HEPTEXMMHUIECCKON 1 HedTe-
nepepadaThIBaloONIeil MPOMBIIIJIEHHOCTH TpedyeT
BBICOKOA()(EKTHBHEIC aIapaThl, K KOTOPHIM TPE/Tb-
SIBJIIOTCS BBICOKHE TPEOOBAHKSI TT0 3pTOHOMUYHOCTH,
SKOHOMUYHOCTH, TEXHOJIOTMMHOCTH 1 HAIeXKHOCTH [4-8].

OddexTHBHOCTL PabOThl MacCOOOMEHHBIX
anmapaToB 3aBUCUT U OT YCIIOBUI TPOBEACHUA
TEXHOJIOTMYECKOro mpotecca, (H3MIECKUX CBOKCTB
KOHTAKTHBIX (Da3, yUWTBIBasI MIPUPOIY U KOIMYECTBO
MEXaHMYECKUX TPUMECeH, LMPKYIMPYIOLIMX B 3TOH
cucreme. IloaToMy onennBanue 3QpQPeKTUBHOCTH
paboThl MaccOOOMEHHBIX amnmnapaTtoB C pPa3IHy-
HBIMHU THIIAMH KOHTAKTHBIX YCTPOUCTB, C IEIBIO
BBISIBJICHHUSA WX OINTHUMAJIBHBIX TEXHOJIOTHYECCKUX
A KOHCTPYKTHMBHBIX I1apaMETPOB — CIIOXKHas
MpaKkTUYeCKas 3a/1a4a.

[IpuMeHeHnEe MaTEeMaTHYECKOTO KOMILIEKCa
MO3BOJIAET MONO0paTh ONTHUMAILHBIE PEXKHMBI
paboTbl M KOHCTPYKLMIO KOJIOHHOTO Tapesib4aToro
anmapara Heo0XoauMmoro s 3(PQPEKTHBHOIO
pa3zeneHus CMecH.

OO1en3BeCTHOE YPaBHEHNE MaTeMaTHICCKON
MOJIEIH TI0 JKHIKOM (pase It KaKmoi i-0f ceKium
BBITJISITUT CIEAYIOMINAM 00pa3oM:

X, — X . .
uiT: (ka)i(xi =X )' 1=123..n (1)

rae X — KOHICHTpalus KOMIIOHCHTA B )KHZ[KOﬁ

¢aze; X, — paBHOBECHAsl KOHLIEHTPALUS KHUJIKOCTU

K KOHUEHTpalMu mapa B cekuuu X, = f(Y,),
Ali — rabapur ceKkIMH B MPOJOIBHOM CEUYEHUH,
N — KOJIMYECTBO CEKITHi; Ui — CpEeIHSIST CKOPOCTh
JIBHOKEHUS KHIKOCTH B CEKIIUH, M/C.

CpeHIOI0 CKOPOCTh JBMIKEHUS KUIKOCTH
B CEKIIMM MOXHO HAWTH, YYHTHIBasS TPaIACHT
YPOBHS KHUIKOCTH, TIPH STOM TIPUHIMAS pacrpeierie-
HHE OT IIPUEMHOMU 10 CTUBHOM ITAaHKHU 32 JIMHEUHOE.

L
u=——-———
I po/c(hcm + Al)ét (2)

rae L — MaccoBbI pacxom JKUIKOCTH HA CUTYATOMN
Tapenke, Kr/c; px — IMIOTHOCTh KUIKOCTH, KI/MS;
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her — CpemHsis BBICOTA CTATHYECKOTO CTONOA YKHIKO-
CcTH, M; Ai — TPaJUEHT YPOBHS KUIKOCTH B KaXI0M
i-oii sueiike.

KoHienrparysi mapa, MOKHIAOMIas i-10
AYeiiKy, HaXOOUTCS O YPaBHEHHUIO MaTepHallb-
HOTO OaytaHca:

Gi(yi _yn)z(xi—l_xi)' (3)

C y4eToMm TIOJTHOTO TMEepeMENTUBaHUS Iapa
B MEXTapelb4aToM MPOCTPAHCTBE KOJOHHEI, ypaB-
HeHwue (3) T Bcero KOHTAaKTHOTO YCTPOUCTBA OyIeT
HMMETh CJIEAYIOIINI BUI:

Gi(yk - y,,) = L(X,, - Xk)' (4)

[Ipodune KOHUEHTpaLWH B XHUIKOH (aze

10 JUTMHE MacCOOOMEHHOTO YCTPOWCTBA M 3HAUYCHHUE

KOHIICHTpAIMI Ha BBIXOZE — (X, Yx) HAXOMATCS pellie-

HHUEM CHCTeM ypaBHeHHH (1—4) ¢ y4eToM H3BECTHBIX

3HaYCHUI HaYaIbHOW KOHIEHTPAaUH B Iape
Y JKUAKOCTH (Y, Xu) HA BXOJIE CUTYATOH TapeNKH.

U3 ypaBuenuit (1) u (2), yuurtsiBas, 4To

X' =y/m HaiileM KOHIEHTpPAIMIO B KaXJOM
OTIpeIeIIEHHOM i-0ii sueiike:

xi+b¥+b|'x—"_*1
X, = m__GM j_123.n (5
{brﬁ+1+b|‘}
G
_ (ka), 4l

rme b , M — KO3 PHUIMEHT pacipeeycHusI.
1

[Tony4yeHHOE BBIpRXXEHHE B SIBHOM BHJIEC
JIaeT BO3MOYKHOCTH OIPEICIHTh KOHICHTPAIIUIO
B KHUAKOH (ase mo BceMy MYyTH JKHIKOCTH Ha
CHTYATOH Tapelike.

[To Bepaxkenusm (6) u (7) nHaiinem >dpdek-
THBHOCTH Pa3/ICICHUS CMECH Ha CUTYATOH Tapeyke
(KIT mo Mepdpn):

B XKHUJIKOH (pa3e

_ xH — xK
= x, —x* (6)
B IIapoBoii aze
_Y. Y.
Ty, ()

OreHnM BIHSTHIE PEXIMOB M KOHCTPYKTUBHBIX
XapaKTEePHUCTUK HA TPOLIECC PA3ZENIeHHs CMECH C yde-
TOM NPUBEJCHHOM BbIILIE MATEMATUYECKON MOJIEIH.

B BblIENCEHHOM CEKIIMK TUIPaBINYECKOE
COTIPOTHBIICHHE CUTYATON TapeNIKH CBA3AaHO C TIPO-
(ueM CKOPOCTH MapoBOro (ra3zoBOro) MoTOKa B
TMONEPEYHOM CECHYCHHNM KOJIOHHBI. MeHrliree 3HaYeHNE
CKOPOCTH Tapa OyIeT HaOJIFOIaThCs B CEKIMH Y TIPH-
E€MHOH TUTAaHKW H3-3a BBICOKOTO 3HAYCHHS CTOJI0a
JKUITKOCTH, 2 MAKCUMAaJIbHAS CKOPOCTH TIapa B CEKITHN
y CIIMBHOM IJIAaHKHU IIPOCIICKUBACTCA TaM, I'’/IC MU-
HUMAJIBHBII CTOJIO J>KUAKOCTH. MaKCHMaJIbHOE
3HAYCHHE 3TUX HEPOBHOCTEU HAOJIOMACTCS IMPH
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0OJIBIIIOM TPAUCHTE YPOBHS XKHUIKOCTH Ha CHTYA-
TOM Tapenku. MOHTaXX KOHTAKTHOIO YCTPOMCTBa
BBITIOJIHEHHBI C HAapyIICHHEM TakXKe MOXKET
BBI3BIBATH MIEPEPACTIPECIICHIE TAPOBOro MOTOKA.

Ha pucynkax 1, 2 mpencraBieHbI 3aBUCUMOCTH
K03 purmeHToB MaccooTnaur B ra3oBoit ¢aze u KI1/]
cUT4aTON Tapenku 1mo Mepppu B 3aBUCHMOCTH
OT TpaJlieHTa NpU Pa3IUYHBIX CKOPOCTIX Tasza
B KOJIOHHOM amnmapare Jyisi CUT4aToi Tapesiku. Takum
)K€ 00pa3oM aHaJOTUYHO BIUSHUE YBEIWYCHUS
rpagueHTa YpOBHS KHUIKOCTH Ha Kod(hduImeHT
MacCOOT/Ia4yH B XKUJIKOM (haze.

U3 rpaduka, npeacTaBieHHOro Ha pucyHke 1
JUTSL CUTYATBIX TAPEJIOK CIIEYeT, YTO CO CHIDKEHHEM
CKOpPOCTH Ta3a, YBEIMUYMWBACTCS BIUSHHE HEPABHO-
MEPHOCTH pacHpe/ieNieHHs JKHAKOCTU U Tapa (rasa)
Ha KO3(}HUIMEHT MaccooTAa4yu B ra3oBoil dase.
VBenuueHne CKOPOCTH Ta3a yYMEHbBIIAeT BIIMSHUE
HEPaBHOMEPHOCTH PACIIpe/IeIICHHS )KUIKOCTH H ra3a
(mapa) Ha KO3((HUIMEHT MAacCOOTIAYd B Ta30BOM
¢aze, a npu ckopoctu raza 1,0 M/c u Bblle —
orcytctByeT. CHmxenne Ha 40% koadduumenrta
MaccooTAa4yn B Ta3oBoi (ase Habmromaercs mpu
ckopoctu 0,2 M/c, aipu 1,0 M/c —Ha 1%. YBenuueHue
rpaayucHTa YBCJINUNBACT 3TO BJIMAHUC.

AL
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10 / — A=0 m1 mm
: /// —— A=
» ———N=20 mm mm

Pucynok 1. 3aBucuMocTh K03 puimeHTa MaccoOTaau1 B Ta30BOH (haze OT rpaiieHTa YPOBHS KUIKOCTH IIPH Pa3IMIHBIX

CKOPOCTAX ra3a Ha cuT4aTOM TapeJIKe

Figure 1. Dependence of the mass-transfer coefficient in the gas phase on the liquid-level gradient at various gas velocities

on a perforated plate

Ha pucyHke 2 mpuBe/ieHa 3aBUCHMOCTh
YBEJIMUCHHUS TpajiieHTa ypoBHs kujkocTy Ha KIT/]
Tapenku 1o Mepdpu A CHUTYATHIX Tapeliok.
U3 rpaduka cremyet, 9TO0 yMEHbBIIEHHE CKOPOCTH
raza ot 1,0 mo 0,2 m/c camxaer KIIJ[ Tapenku

o Mepdpu Ha 1-15%, a yBenmueHue rpaaueHTa
(or 10 mo 20 MM) yBenMYHMBACT 3TO BIHUSHHE.
[Ipu ckopoctu rasa Beie yeM 1,0 M/c OTCyTCTBYeET
BIMSHUE  HEPAaBHOMEPHOCTH  pPacHpeleseHUs
KHUIKOCTH ¥ napa (rasa) [3].
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Pucynok 2. 3aBucumocts KIIJ curyaroii Tapenku mo Mepdpu OT rpamueHTa YPOBHS JKHAKOCTH IPH PA3TAUHBIX

CKOpPOCTAX raza

Figure 2. Dependence of Murphy's sieve plate efficiency on the liquid level gradient at different gas velocities

3akiroueHue

CHmxenne 3((HEKTUBHOCTH Tapeib4aThix
MaccOOOMEHHBIX aImapaToB Ha 5—3 5%, MpIMEHsIEeMbIX
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B He(pTEXMMHUUECKOM MPOU3BOJICTBE, OOYCIOBICHO
TPaAMEHTOM YPOBHS >KHIKOCTH, a TAKXe THUIIOM
KOHTAaKTHOI'O YCTPONCTBA U CKOPOCTBIO Ia3a.
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