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Growing interest in the use of contact stages of vortex type is due to their high efficiency. Using vortex
and highly turbulent flows allow the reduction of size and amount of workspace of an apparatus due to in-
tensification of heat-mass transfer processes. Latest analysis research in the field of design improvement
of contact devices shows that in modern technologies drying and purification of natural gas are increasing-
ly using mass transfer vortex trays with different ways of creating swirling flows (on canvas tray and other
elements). Use of vortex contact devices significantly reduces the amount of liquid entrainment, decreases
the flow resistance and increases the surface of contact phases.

In this work the method of the optimization calculation of heat and mass transfer- separation element
(HMTSE) of vortex trays is examined. Criteria of selecting optimal designs of tray elements for gas clean-
ing are shown. A computer program for calculating the optimal design of the vortex stage gas cleaning is
presented.

Research object — vortex tray with HMTSE for gas cleaning processes. Research subject — hydrodynam-
ic and technological conditions for the functioning of the vortex tray with HMTSE.

To the base of program «Vortex tray» the mathematical model, considering the influence on the size of
the HMTSE of technological parameters of the columnar apparatus, is put. .

The hydrodynamics influence of the gas flow and physicochemical properties of the liquid on the size of
HMTSE is investigated. On the basis of analytical relationships optimization design calculation of vortex
tray with HMTSE is held. Results of the graphic dependences, based on computer calculations, which allow
the influence of the liquid amount, its velocity, thickness and other characteristics on the size of HMTSE
are obtained.

Computer simulation results is allowed for designing of the vortex tray with optimal design and de-
termining the range of the effective work in different hydrodynamic regimes without expensive physical
experiment.

Prospects for further research are: study of separation and heat-mass transfer characteristics of the
vortex tray with HMTSE for gas cleaning.

Key words: vortex tray, heat-mass transfer separation element (HMTSE), computer simulation,
optimization.

1. INTRODUCTION

Growing interest in the use of contact stages of vor-
tex type is due to their high efficiency. Using vortex
and highly turbulent flows allows the reduction of size
and amount of workspace of an apparatus due to inten-
sification of heat and mass transfer processes. Latest
analysis research in the field of design improvement of
contact devices [1 — 4] shows that in modern technolo-
gies drying and purification of natural gas are increas-
ingly using mass transfer vortex trays with different
ways of creating swirling flows (on canvas tray and
other elements). Use of vortex contact devices signifi-
cantly reduces the amount of liquid entrainment, de-
creases the flow resistance and increases the surface of
contact phases [5 — 7].

A considerable amount of work, extensive experi-
mental data is devoted to the study on hydrodynamic
vortex contact devices . But to the problems of analysis
and design of vortex contact devices not much attention

is given. Till now it does not exist a universal algorithm
of calculation of vortex contact devices, which would
allow to predict accurately and optimize the settings for
different modes of mass transfer and separation pro-
cesses.

Research object — vortex tray with HMTSE for gas
cleaning processes. Research subject — hydrodynamic
and technological conditions for the functioning of the
vortex tray with HMTSE.

2. METHODOLOGY

For optimal diameter and height of the HMTSE of
vortex contact stage the following conditions should be
satisfied: a uniform distribution of the liquid film on
the inner surface of the element; uniform contact of the
gas stream with a liquid film; minimum entrainment
from contact stage.

Optimization calculation of design of the HMTSE
with using computer simulation allows getting optimal
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size without expensive physical experiment.

To the base of program «Vortex tray» (Figs. 1, 2) the
mathematical model considering the influence on the
size of the HMTSE of technological parameters of the
columnar apparatus is put [8].

For a software implementation, the results of math-
ematical modeling are used:

— height of the HMTSE (Fig. 3):

— liquid film thickness, rising through the inner wall of
contact tube (Fig. 3):
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where W, — angular speed of component of the lig-

uid film, m/s; R — the radius of the contact tube, m
s W2 (Fig. 3); g — acceleration of gravity, m/s%, C — the
=2, . .
L *a R 1 amount of liquid per unit volume of the contact tube,
kg/m3; p, —liquid density in kg/m?3.
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Fig. 1. The interface of program «Vortex tray»

Formula (1) and (2) were obtained by analyzing the
effect of external forces on the liquid film in the contact
tube. Optimum radius R should provide maximum val-
ue of upward velocity component of the gas stream,
which performs balance of forces.

3. RESULTS AND DISCUSSION

The results of computer simulation under various
conditions are shown in Figs. 4-8.

The graphic dependences, based on computer cal-
culation result, are shown in Figs. 9-15. We carry out
analysis. With increasing angular velocity of the gas
flow at a constant value of liquid film thickness mono-
tonic increase in the height of the tube occurs (Fig. 9).
Increasing the value of force, that pushes the liquid
film to the wall, the intensity of its spin increases. This
requires a greater height of tube to avoid unwanted
entrainment with contact stage. Increasing swirl of gas
stream liquid will be distributed along the inner sur-
face of the tube at regular intervals. Decreasing the
tube radius, growth in height of tube runs with a large
increase. Decreasing the section of tube it occurs in-
crement in the speed of gas flow and in the buoyant
forces, which leads to a more intense entrainment.

The graphic dependences, based on computer calcu-
lation result, are shown in Figs. 9-15. We carry out
analysis. With increasing angular velocity of the gas
flow at a constant value of liquid film thickness mono-
tonic increase in the height of the tube occurs (Fig. 9).

Increasing the value of force, that pushes the liquid
film to the wall, increases the intensity of its spin.

Fig. 2. A window with an explanation of the device and
the operating principle of heat and mass transfer-
separating element

Fig. 3. Heat and mass transfer-separation element of contact
trays
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This requires a greater height of tube to avoid un-
wanted entrainment with contact stage. Increasing
swirl of gas stream liquid will be distributed along the
inner surface of the tube at regular intervals. Decreas-
ing the tube radius, growth in height of tube runs with
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buoyant forces, which leads to a more intense entrain-
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Fig. 9. Dependence of the tube height from angular speed in the liquid film at a constant film thickness

Increasing angular speed of gas flow at a constant
radius of the contact tube it occurs monotonic increase
in tube height (Fig. 10). Increasing load on the liquid
phase and increased swirl gas stream of liquid film
thickness increases the entrainment (occurs film layer
separation from the wall). It is necessary to increase
the height of the contact tube for preventing increased
entrainment. The growth rate in height of the contact
tube with the liquid film thickness shows increased
amount of liquid that can be imposed from outside of
contact stage.

Increasing the contact tube radius at constant an-
gular speed of the liquid film, the liquid film thickness
reduction in the height of the contact tube occurs
(Fig. 11). This is due to the increase of centrifugal force
and decrease of the buoyant forces on the liquid film.

Increasing the angular speed of the film contributes
to a uniform distribution of liquid over the inner sur-
face of the contact tube and reduces the ablation with a
contact stage.

Liquid film thickness at constant value and increas-
ing angular velocity of film leads to monotonic decrease
in the tube height (Fig. 12). This is due to the increase
in force, which pushes the liquid film to the inner sur-
face of the contact tube and prevents the increased en-
trainment.

Increasing the thickness of the liquid film at a con-
stant tube radius, angular speed of the liquid film leads
to the increase in the tube height (Fig. 13). An increase
in angular speed and in the thickness of liquid film
results in an intense swirling of gas flow and in en-
trainment. To reduce the entrainment it is necessary to
increase the height of the tube.

With an increase in volume, which holds the liquid
inside the tube increases the film thickness (Figs. 14,
15). With an increase in volume of the contact tube (at
quadratic dependence from the contact tube radius)
growth in inner surface extends linearly from the radi-
us, with increasing the volume of liquid in the tube the
liquid film thickness increases.

4. CONCLUSIONS

The hydrodynamics influence of the gas flow and
physicochemical properties of the liquid on the size of
HMTSE was investigated. On the basis of analytical
relationships optimization design calculation of vortex
tray with HMTSE was held. Based on computer calcu-
lation results the graphic dependences, which allows
the influence of the liquid amount, its velocity, thick-
ness and other characteristics on the size of HMTSE
were obtained.
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Computer simulation results allowing to design the
vortex tray with optimal design and determining the
range of the effective work in different hydrodynamic re-
gimes without expensive physical experiment were given.

Prospects for further research — study of separation
and heat-mass transfer characteristics of the vortex
tray with HMTSE for gas cleaning.

Results of computer simulation allow creating the vor-
tex tray with optimal design of HMTSE and determining
its effective work in different hydrodynamic regimes.
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Pacyer onTuMaIbHOrO TEMJIIOMAaCCOOOMEHHO-CEIIAPAIMOHHOTO JJIEMEHTA
BHUXPEBOM TapeJKu

A. E. Aptioxos?), A. :xaBaug?
1.2 Cymckuii eocydapcmaerubiii yHusepcumem, yai. Pumckoeo-Kopcarosa, 2, 40007, Cymot, YVrpauna
B pa60Te paccMoTpeHa MeTOJUKa OIITHMHU3AaITMOHHOI'0O pactléTa TeHJIOMaCCOOGMeHHO-CeHapaHHOHHOFO

dJIeMeHTa BHXpeBOfI TapeJIKu. HpHBeHeHbI Kpurepuu BbIﬁOpa OIITUMAJILHOM KOHCTPYKIIUH 3JIEMEHTOB Ta-
PeJIKu OJid O4YHUCTKH TIas30B. HpeHCTaBJIeHa KOMIIBIOTEpHAsI IIporpamma IJisd pacqéTa ONITUMAJIbHON KOH-
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CTPYKIIUU BUXPEBOM CTyIeHW oyucTky rasda. OOBeKT MCCieOBAHUSA — BUXPEBAs TapesKa ¢ TeIrioMaccood-
MeHHO-cemaparoHueiMu aemeHnTamu (TMCDO) mis mporieccoB oumcrkm rasa. Ilpemmer mcciiemoBammss —
THIPOIMHAMAYECKNE U TeXHOJIOTHYEeCKHe YCJIOBUS paboThl Buxpesoit Tapenaku ¢ TMC3. Mccenemosano Bians-
HUe THUIPOAMHAMHUKH Ta30BOr0 IIOTOKA M (DU3WKO-XMMHYECKHX CBOMCTB KUAKOCTH Ha pasmepsr TMCO.
Breperie HA OCHOBAHUYU aHATIUTUYECKUX 3ABHUCUMOCTEMN IIPOBEJIEH OITHMU3AIMOHHBIA PACYET KOHCTPYKIII
Buxpesoil Tapesiku ¢ TMCO. Ha ocHoBe pe3ysibTaTOB KOMITBIOTEPHOI'O pacUéTa IMOJIyYeHBI IpaduyecKue 3a-
BUCHMOCTH, KOTOPBIE YUUTHIBAIOT BJIUSHIE KOJIUYECTBA JKUIKOCTH, CKOPOCTH €6 IBUKEHUsI, TOJIIUHEI ILIEH-
KM U IPYrux XapakrepucTuk Ha pasmepsl TMCD. PesybraThl KOMIBIOTEPHOTO MOIEIMPOBAHUSA TIO3BOJISIOT
CIIPOEKTUPOBATH BUXPEBYIO TAPEJIKY C OIMTUMAJIBHON KOHCTPYKIIMEN W ONpefesuTh NUanas3on eé apdertus-
HOM paboTHl B PA3IUYHBIX THAPOJAHAMUYECKAX PERUMAX 0e3 MIPUMEHEHUs JIOPOrOCTOSAIIEro (PU3NIECKOro
akcrrepuMenTa. [lepcnekTrBEl JaIbHERIUX UCCIENOBAHUN - UCCIIEIOBAHNE CEITaPAIIMOHHBIX W TEIJIOMACCO-
00MEHHBIX XapaKTePUCTUK BUXpeBoi Tapenkn ¢ TMCD nisa ouncTku ras3os.

Kirouessie ciosa: BHXpeBad TapeJika, TeHJIOMaCCOO6MeHHO-CeHapaHHOHHLIfI 9JIEMEHT, KOMIIBIOTEPpHOE MO-

JAeJIMpOBaHNe, OIITUMU3aIlnud.

CIINCOK HCITIOJIB3OBAHHLIX NCTOYHUKOB

1. Voinov N. A. Hydrodynamics and mass exchange in vortex
rectifying column / N. A. Voinov, N. A. Nikolaev, A. V. Kustov
/I Russian Journal of Applied Chemistry. — 2009. — Vol. 82. —
Issue 4. — P. 730-735.

2. TIlerpos B. 1. Paspaborka u mcciemoBanne BUXPEBHIX KOH-
TAKTHBIX YCTPOMCTB C AKTUBHBIM TEIJIOOOMEHOM B 30HE KOH-
Taxra ¢as / B. U. Ilerpos, A. C. Banbicepaun, 1. A. MaxoTkua
/I Bectaur KasaHCKOro TeXHOJIOTMUYECKOTr0 YHUBEPCUTETA. —
2006. — No 5. — C. 52-56.

3. Artyukhov A. Y. Conditions of counterflow motion phases
on mass transfer and separation trays for distillation and
absorption columns / A.Y. Artyukhov, O. O. Liaposhchenko //
Journal of Hydrocarbons Mines and Environmental Research.
—2009. — Vol. 5(1). — P. 21-27.

4. Voynov N. A. Vikhrevyye kontaktnyye stupeni dlya rektif-
ikatsii / [Voynov N. A., Nikolaev N. A., Kustov A. V., Niko-
laev A. N., Tarovatyu D. V.] // Vortex contact stages for rectifi-
cation. Khimiya rastitel'nogo syr'ya. Chemistry of plant raw
materials. — 2009. — Vol. 3. — P. 173-184.

REFERENCES

1. Voinov N. A., Nikolaev N. A., Kustov A. V. (2009). Russian
Journal of Applied Chemistry, Vol. 82, Issue 4, pp. 730-735.

2. Petrov V.I1., Balyberdin A. S., Makhotkin I. A. (2006).
Vestnik Kazanskogo tekhnologicheskogo universiteta, Vol. 5,
pp. 52-56. [in Russian].

3. Artyukhov A. Y., Liaposhchenko O. O. (2009). Journal of
Hydrocarbons Mines and Environmental Research, Vol. 5(1),
pp. 21-27.

4. Voynov N. A., Nikolaev N. A., Kustov A. V., Niko-
laev A. N., Tarovatyu D. V. (2009). Vortex contact stages for
rectification. Khimiya rastitelnogo syriya. Chemistry of plant
raw materials, Vol. 3, pp. 173—-184.

5. Usmanova R. R. Hydrodynamic and mass transfer in vor-
tical-type devices / R. R. Usmanova, A. K. Panov, G. E. Zaikov.
/I Nova Science Pub. — New York, 2008. — P. 10-15.

6. Voinov N. A. Mass transfer in gas-liquid layer on vortex
contact stages / Voinov N. A., Zhukova O. P., Lednik S. A.,
Nikolaev N. A. // Theoretical Foundations of Chemical Engi-
neering. — 2013. — Vol. 47 (1). — P. 62-67.

7. Zibert G. K. Investigation of mass transfer direct-
flow/centrifugal elements / G. K. Zibert, I. E. Ibragimov //
Khimicheskoe i Neftyanoe Mashinostroenie. — Chemical and
Petroleum Engineering. — 2013. — Vol. 6. —P. 2-5.

8. Artyukhov A. Y. Optimization of mass transfer separation
elements of columnar equipment for natural gas preparation /
A.Y. Artyukhov // Chemical and Petroleum Engineeringio —
2014. — Vol. 49. — Ne 11-12. — pp. 736-740.

5. Usmanova R. R., Panov A. K., Zaikov G. E. (2008). Nova
Science Pub, pp. 10-15.

6. Voinov N. A., Zhukova O. P., Lednik S. A., Nikolaev N. A.
(2013). Theoretical Foundations of Chemical Engineering,
Vol. 47 (1), pp. 62-67.

7. Zibert G. K., Ibragimov I. E. (2013). Chemical and Petro-
leum Engineering, Vol. 6, — pp. 2-5.

8. Artyukhov A.Y. (2014). Chemical and Petroleum Engi-
neering, Vol. 49, Ne 11-12, pp. 736-740.

B7 Hocmigsxenus podo4ux NpoieciB y MmamuHax Ta anaparax


http://link.springer.com/journal/10556
http://link.springer.com/journal/10556
http://link.springer.com/article/10.1007/s10556-014-9827-8
http://link.springer.com/article/10.1007/s10556-014-9827-8
http://link.springer.com/journal/10556
http://link.springer.com/journal/10556
http://link.springer.com/journal/10556
http://link.springer.com/journal/10556
http://link.springer.com/journal/10556

