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The article presents the results of a study of the dust collection efficiency in a regular packing layer
of a rotoclone-type hybrid apparatus on the particle inertia index in the presence of phase transition
processes. The effect of phase transitions on the efficiency of gas purification processes under in-
phase turbulence conditions is considered. Based on the conditions of stability of the in-phase vortex
formation regime of the gas phase in a regular packing layer, the dominant influence of turbulent
diffusion mechanisms on the intensity of phase transition processes and, as a consequence, on the
dust collection efficiency has been established. In this case, the predominant influence is in the area
of highly dispersed and finely dispersed dust fractions. The results of the experimental studying the
patterns of dust collection efficiency depending on the patrticle inertia index in the presence of phase
transition processes are presented.

The studies were carried out for three phase transition modes: condensation of vaporsfrom
a vapour-gas mixture, evaporation of a spraying liquid as well as a neutral mode. Using A.N.
Kolmogorov’s hypothesis,the basic equations and results of calculating the numerical values of local
characteristics of a turbulent gas flow in a reqular packing layer are presented under the assumption
of isotropic turbulence realized in a layer of a regular packing, whose local characteristics do not
depend on coordinates and direction.

KEY WORDS: gas, purification, apparatus,dust, absorption, rot clone, packing, turbulence, in-
phase, phase transition.
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M. ©YE30B ATbIHOAFbI OHTYCTIK KASAKCTAH YHUBEPCUTETI,
KasakctaH Pecnybnukackl, 160012, LLbIMKEHT K., Toyke xaH AaHfbinbl, 5

Makanada ¢hazanbik aybicy npouyecmepiHoe benwekmepdiH uHepyus kepcemkiwi 6olbiHWa
pomoknoH munmi 2ubpudmi annapammsiH @0emmeeai monmeipy KabamsiHOa waH XuHayoblH
muimdinieiH 3epmmey Hemuxxenepi kenmipineeH. @a3ansiK aybicynapObiH Xairbi cha3arnbiK myp-
b6yneHmmirnik xardalibiHOa 2a30bl ma3apmy npouyecmepiHiH muimdinigiHe acepi Kapacmbipbiidbi.
Typakmbl mbirbi30ay kKabambiHOarbl 2a3 ¢hasachiHbIH ¢hasaaparbik KyUbiH PEXUMIHIH mypakmbliblK
XarOalinapbiHa cytieHe ombipbir, mypbyrneHmmi Oughy3us mexaHu3mMOepiHiH gha3arnbiK aybiCy
rnpouyecmepiHiH KapKbIHObIbIFbIHA XXOHEe HomuXXeciHOe waH xuHay muimoinieiHe backiM acepi
aHbIKmanobl. byn xardatida xofapbl Oucriepcmi xoHe ycak ducriepcmi waH gopakyusnapbIHbIiH
alivarbiHa bacbim acep emedi. @a3zarnbik aybicy npoyecmepi bonraH ke3de benwekmepdiH uHep-
yusi kepcemkiwiHe 6alinaHbicmbl WaH XuHay muimOinieiHiH 3aHObITbIKMapbIH IKCePUMEHMMIK
3epmmey Homuxernepi ycbiHblFaH. 3epmmeynep ¢hasarnbik aybiCyOblH YW pPexxumMi YWiH Xypaisin-
0i: by-2a3 KocracbiHaH bynap0obiH KOHOeHcayusichl, OYpIKKiw CyUbiKmbiKmbIH 6ynaHybl, coHOal-aK
b6elimapan pexum. A.H.KonmozoposmeiH 2unome3achkiH KoridaHa omblpbin, mypakmel carnmama
KkabambiHOarbl mypbyneHmmi 2a3 afbIHbIHbIH Xepainikmi cunammamanapbiHbiH CaHObIK MOHOEPIH
ecenmeydiH Hezisei meHOeynepi MeH Homuxernepi mypakmabi canmama KabamsiHOa Xy3e2e acbl-
pblambiH u3omponmbsl mypbyneHmminik myparbsl 6omkamoa KermipineeH, OHbIH Xepainikmi cu-
nammamarnapbl KoopOuHammap MeH barbimka mayendi emec.

TYVﬂHﬂI CO3/[EP: 2a3, masanay, arnnapam, waH, CiHipy,POMOKII0OH,canmama, mypbyneHm-
mirniK, xannsl ¢ha3ansiK, pasasnbik aybiCy.

S®OEKTUBHOCTbD MNbIJIEYJIABJINBAHUA B YCJTOBUAX
CUH®A3HOUW TYPBYJIEHTHOCTU MNMPU HAJINYUAN
®A30BbIX MEPEXOAOB

IE. TUNEYOB, ct. npenogaBarens, gamidulla_nca@mail.ru
M.3. ECKEHAUPOB, fokTop TexHu4ecknx Hayk, npodeccop, mares@inbox.ru

FOXKHO-KASAXCTAHCKUWY YHUBEPCUTET M. M. AY330BA,
Pecnybnuka Kasaxctan, 160012, r. LLbiMkeHT, np-T Tayke xaHa, 5

lpedcmaeneHbl pe3yrnbmamasi Uccriedo8aHus 3ghcheKmusHOCMU rbieynasnugaHusi 8 00bIYHOM
HabugoyHoOM croe 2ubpudHO20 arinapama poMmMOK/I0HHO20 muria o f1oKa3amerso UHepyuu Yacmuy,
npu Hanuyuu rnpoyeccos ¢ha3osoeo nepexoda. PaccMompeHo enusiHue ¢ha3osbix nepexodos Ha
aghchekmusHOCMb NMPOUECCO8 OYUCMKU 2a3a 8 yCri08usix CuHghazHol mypbyneHmHocmu. Mcxods
u3 ycnosuti cmabunbHOCMU pexuma 8Hympughaloeoeo suxpeobpal3osaHusi 2a3080U ha3sbi 8 pe-
2yNsAPHOM Yr/I0OMHUMEIbHOM CJi0€e, ycmaHo8/1eHo O0OMUHUPYWee 8/IUSSHUE MexaHU3Mo8 mypby-
nieHmHouU Oughgpy3uu Ha UHMeEeHCUBHOCMb rpoueccos (ha3osozo repexoda u, Kak criedcmesue, Ha
aghghekmusHocmb rblnieynasnueaHus. B amom crnyyae npeobnadaroujee enusHue npuxodumcs
Ha obracmb 8bICOKOOUCMEPCHbIX U MESIKOOUCMEePCHbIX MblesbiX ¢hpakyudl.

lMpedcmaeneHbl pe3ynbmamabi 3KCepuMeHmarnbHO20 U3yHYeHUs1 3aKoHOMepHocmeu aghghek-
mueHoCMu MblrieynaenueaHusi 8 3a8UCUMOCMU OM MoKa3amerssi UHepyuu Yacmuy, npu Hanu4uu

HE®Tb 1 TA3 &> 2024 1 (139) 129



JOBbIYA

npoyeccos ¢gpazosoeo nepexoda. MccriedosaHus npogoounucs 071 mpex pexumos ¢a3oeoeo
rnepexoda: KoOHOeHcayuu napos U3 napo2a3osoli CMecu, ucrnapeHusi pacrbiisemol Xudkocmu, a
makxe HelmparnbHO20 pexxuma.

Ucnonbsysa eunomedy A.H. Konimoeoposa, npedcmasrneHbl OCHO8HbIE ypasHeHUs U pe3yrib-
mambl pacyema YUC/IeHHbIX 3Ha4eHUU JTOKalbHbIX Xapakmepucmuk mypbyneHmHo20 2a308020
rmomoka 8 crioe pezyrnspHol HacadKu & rpednonoxeHuu o6 usomponHol mypbyrneHmHocmu, pe-
anusyemol 8 crioe peayrnsapHoU HacalKu, /1I0KallbHble XapakmepucmuKu Komopou He 3a8ucsim
om KoopOuHam u HarnpasneHus.

KITKOYEBBIE CJIOBA: 2a3, o4ucmka, annapam, fblib, no20WeHue, POMoKIIoH, Hacadka,
mypbyneHmHocmsb, cuHgha3HOCMb, (ha3o8bil nepexoo.

petrochemical, paint and varnish, coke, oil, gas, food ones, etc.

Thus, the production of various products is accompanied by formation of
technological gases containing by-product gas components (pollutants) and aerosols (dusts,
fumes, mists). These impurities must be removed in special gas purification systems [1,2].

One of the simplest and most effective methods for purifying industrial gases from
gas impurities and suspended particles that meets the above requirements is a “wet”
purification method [3].

Recently, hybrid impact-inertial apparatuses with a regular movable packing [4,5],
operating in conditions of intense turbulence of a gas flow, have become widespread.
However, the insufficiently high efficiency of purifying industrial gases from poorly soluble
gases and finely dispersed aerosols limits their use. Increasing their operating efficiency is
possible with the use of condensation effects (Stephan flow, thermophoresis and diffusion
phoresis) [6]. At the same time, the influence of phase transitions on the efficiency of gas
purification processes under in-phase turbulence conditions [7] has not yet been studied.

Experimenta Imethods. Works [8] indicate that the nature of the interaction of
particles with turbulent pulsations of a continuous flow can be assessed using the inertia
index wz,, where w is the frequency of medium pulsations; 7, is the particle relaxation
time. Moreover, if wrt,> 1, then the inertial deposition mechanism predominates, but if
w1, < 1, then the diffusion deposition mechanism takes place. In this connection, studying
the dependence of dust collection efficiency on the particle inertia index in the presence
of phase transition processes is of great interest.

The experimental scheme and measurement technique are presented in [9]. The
results of the study of the collection efficiency — particle inertia index dependence are
shown in Figure 1.

The studies were carried out for three phase transition modes: condensation of vapors
from a vapor-gas mixture, evaporation of the spraying liquidand a neutral mode. In this
case, the vapour pressure drop was calculated using the formula:

ntroduction. Gas purification processes underlie many technologies — chemical,

AP:PSAV'(Td)_Pp(Tg) (1)
Where P,,.(T,) — the saturated vapour pressure at the temperature of the spraying

liquid’s drops; P,(T,) — the partial vapour pressure in a vapour-gas mixture at a given
temperature.
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The maximum pressure drop AP was: =—5.78-10° Pa for the condensation mode;
AP =4.45-10° Pa for the evaporation mode; AP = —400+-+400 Pa for the neutral mode.

The curve (Figure 1) shows that a significant effect of the phase transition process on
the catching efficiency is in the area of diffusion deposition. In the case of condensation,
the main increase in the efficiency relates to wz.<l1, and for wz,~ 0.01 it is 57%, and when
wt,>2, the effect of condensation on the increasing the efficiency decreases exponentially.
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Figure 1— The dustcatching efficiency - particle inertia index curve

Particle inertia index wr,. Experimental conditions: W, = 15 m/s, L = 50 m*/m*-h,
H,, =1m, ds=0,47um.

When the experimental setup operates in the spraying liquid evaporation mode, the
catching efficiency decreases to zero in the region of wz.< 1, and in a case of wz,~ 1 the
decrease was 77%. For wz,. >10, in the area of the inertial deposition mechanism, the
evaporation process no longer has such a significant effect.

Governing equations. Assuming the isotropic turbulence, realized in a layer of a
regular packing, whose local characteristics do not depend on the coordinates and direction
(such turbulence is formed at Re>10*+10° in the flow core, far from the interface), A.N.
Kolmogorov’s hypothesis is valid, which allows us to obtain a number of useful theoretical
relationships using the dimensional method.

For the internal scale of the turbulence, [10] is valid:

NZ
Iy = [VE] )

Where v — the kinematic viscosity coefficient; E — dissipation energy.
In this case, the maximum rate of small-scale pulsations is determined by the
expression
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And the turbulen ceintensity can be calculated using the formula

1:

ﬂ ;lRe’l/4
u, 4

Here Re is the Re ynoldscriterion.
The lower limit of the turbulent pulsations’frequency corresponds to large-scale
vortices with size of L~b, where b is the size of the regular packing element, and it can
be foundas:

Where S! — the Strouhal number; #,— the average gas rate.

w, ~ Sl -, /b,

3)

4

(&)

Accordingly, the upper limit of the frequency of small-scale pulsations with size of
10 is determined by the formula:

' | (E 12
Wy *Ug ]0“1' v

(6)

Then the dissipation rate of turbulent energy can be calculated using the formula:

Here B is the experimental correction coefficient.

—3 —3
ug _ u

E~x-%=B.-=%

b b

(7

Results and discussion. The results of calculating the numerical values of the local
characteristics of a turbulent gas flow in a layer of a regular packing using the above
formulas are presented in Table 1.

Table 1— Calculated values of the local characteristics of the gas flow turbulence

in a layer of a regular packing

Gas flow Numerical values of the gas flow characteristics
rate il E-10°%, I, W, ,
¢’ | Re-10* 1105, ' b W10+,
m/s b Wrkg 'm Uy, m/s % o Os i
5 4,03 0,63 1,56 0,25 1,76 62,5 1,59
7 5,64 1,72 1,21 0,32 1,62 87,5 2,63
9 7,26 3,65 1,01 0,39 1,52 112,5 3,83
11 8,87 6,66 0,87 0,45 1,45 137,5 5,18
15 12,1 16,9 0,69 0,57 1,34 187,5 8,25
20 16,1 40,2 0,55 0,7 1,25 250 12,7

In Table 1, the gas flow rate is defined as the gas rate in the free section of the
apparatus without spraying. The calculations were carried out using the true gas rate
at the free section of a horizontal row of a regular packing S;=0.5 m?/m? and spraying

density L=50 m*/m?*-h.

Now, knowing the characteristics of the medium’sturbulence, we can calculate the
inertia index of aerosol particles wr,. It should be taken into account that the pulsations
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with a frequency of w,~w, , characteristic of the turbulent flow core in the volume of a
cell of a regular packing, completely entrain highly dispersed and finely dispersed aerosol
fractions and ensure a constant concentration of the particles at the phase boundary surface.
And the pulsations with a frequency of w,~w,, that occur in the interphase boundary
layer, have a dominant effect on the diffusion deposition of highly dispersed and finely
dispersed aerosol particles. Thus, the catching efficiency depends on the particle inertia
index in the region of small-scale pulsations, which will be defined as wz,.

The relaxation time for highly dispersed and finely dispersed particles is calculated
using the following equation [6,8]: 0, - d?

_Fuy y
7, =P ®)
18- 1

For particles whose diameter varies within 0.2+10 pum, the relaxation time under
normal conditions varies within 10%+3-10s.

Conclusion. Based on the above, we can conclude that the phase transition processes
have a significant impact on the deposition efficiency in the range of action of the turbulent
and molecular diffusion mechanisms (wz.< 1), i.e. the predominant influence is in the
region of highly dispersed aerosol fractions.

It should be noted that when the experimental setup operates in the condensation
mode, the phase transition can occur not only on drops of the spraying liquid, but also on
the aerosol particles. However, in contrast to the temperature of the spraying liquid, the
temperature of the aerosol particles corresponded to the temperature of the carrier gas-
vapour flow and, as a result, the vapour pressure drop, determined by equation (1), relative
to the aerosol particles was equal to zero (AP=0). Therefore, it can be unambiguously
stated that of the two possible mechanisms, one of which consists in the capture of aerosol
particles by thevapour flow diffusing to the colder surface of the spraying liquid, and the
other — in the enlargement of aerosol particles due to the condensation of the vapour on
them, the first mechanism is of dominant importance. €
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