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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. Adsorption-type devices are widely used for drying and purifying
natural gas. The adsorption process occurs effectively if the contact surface of the
gas and liquid phases is larger. In this regard, adsorbents made of highly porous
materials are used. The hydraulic resistance of an adsorber with a regular nozzle is
considered. The main features of the operation of this attachment are determined.
A decrease in the porosity of the nozzle and an increase in the length of the path
of gas flow compared to a fixed adsorbent layer have been established. These
features of the nozzle are taken into account when deriving equations to determine
the hydraulic resistance of an adsorber with a regular nozzle. The heat and mass
transfer characteristics of a regular packing were assessed. Results. Calculations
of the hydraulic resistance of an adsorber with a regular packing show that the
porosity of a regular packing is reduced by 3%, and the length of the gas movement
path and, accordingly, hydraulic resistance of the packing layer increases by
11.8% due to the presence of bodies of rotation in the layer. All this leads to a
more efficient process of heat and mass transfer, uniform distribution of gas flow
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in the cross section of the adsorber. Scientific novelty. As a result of the conducted
research, calculated dependence of hydraulic resistance was obtained, which leads
to significant changes in the flow dynamics. Practical value. The results of the
study can be used to develop efficient adsorbers, which will lead to a reduction in
operating costs and an increase in productivity.

Keywords: adsorber, process, heat and mass transfer apparatus, nozzle,
hydraulic resistance, gas.
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AnHoTauus. TaOUFH ra3mbl KEMITiIPY XKOHE Ta3apTy YIIIiH aICOPOITUSIIBIK THITTET]
KYPBUIFBIIap KeHIHEH KOJMaHbUTanbl. ['a3 skoHe CYHBIK (ha3anmapasiH xaHACy OeTi
YIKeHIpeKk Oojca, agcopoums mporieci THiMai xypeni. Oceiran OailIaHBICTBHI 6Te
KEyeKTI MaTepHalIapIaH acajaraH aAcopOCHTTEp KOMaHbLIambl. AmcopOepmiH
PETTi canTaMachIHBIH THAPABIUKAIBIK Kemeprici KapacTeIpsuiasl. OCHl capanTama
JKYMBICBIHBIH ~ €pEKINENTKTepi  aHBIKTanApl.  Ko3FaaMalTeiH — agcopOeHTKe
KaparaHaa canraMa KeYeKTUIITIHIH KEeMHUTIHI KoHE OHJa KO3FAIaThIH Ta3/IbIH
XKYPY JKOJNBI y3apaTbIHbl aHBIKTAIJbl. Byl epeKmienikrep perTi canTamMaHbIH
THUAPABIUKAJBIK KEACPTICIH eCerTeyre apHalraH TCHIACYIl KOPBITYIa €CKEepii.
PetTi canramaHbBIH KBLUTy Macca anmMacy MiHesnemenepi Oaramannbl. HoTmkenepi.
AncopOepiH peTTi canTaMaHbIH THAPABINKAIBIK KeACPTICIHIH ecenTeyIepi peTTi
canTaMaHbIH KeyeKTimiri 3%-Fa a3asijipl, ajl ra3 KO3FaIbIChl JKOJIBIHBIH Y3BIHIBIFBI
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JKOHE COWKeciHIIe opay KaOaThIHBIH THAPABIHUKAIBIK Keaeprici kabarra aliHay
neHenepinig 6omysiHaH 11,8%-ra apragel. by omerreri kantama KaOaThIHIAFsl
ra3/blH 3U3arThl KO3FAJbIChIHA OaimaHpIcThl. Bynm Ke3Ze ra3 arbIHBIHBIH
TypOUIHM3aIUS TOPEXKECi KOFAPBIIAW/IBI, Ta3 aFblHBl YIIIH TOKBIpAy aliMaKTapbl
KOUBIIAIBI, aacopOEHTTIH Oipilik KeJeMiHIH aacopOunusIIbIK KaOijleTi apTajbl.
MyHbBIH 0opi KBUTy MEH Macca ajMacydblH THIMII TpoIeciHe, aacopOepliH
KOJIICHEH KHUMACBIHA Ta3 arbIHBIHBIH OIpKenKi TapanyblHa okenemi. FvuibiMu
JKaHATBIFBL. JKypri3iireH 3epTreynep HOTHIKECIH/IC aFblH JUHAMUKACBIHBIH €JIeYITi
e3repicTepiHe OKeNeTiH THIPABIUKAIBIK KEISPTiHIH eCeNTelreH ToyeIiIiri
anpiHAbl.  ['a3  aFbIHBIHBIH  TypOYJCHTTITIHIH — aJCOPOIUSIIBIK — MpoIecTepre
ocepi ajcopOepiepaiH KYMBICHIH OHTaWJIaHIBIPY KOHE OJapiAbIH THIMIUIITIH
ApTTBIPYIBIH MaHBI3/IbI ACMEKTiCI OOMBIN TaObUTAABI. [IpaKTHKANBIK KYH/BUIBIK.
3epTTey HOTHXKEIEPIH THIMAI afcopOepiepai a3ipiey YuIiH naiinananyra Oomasl,
Oyl maiilanaHy MIBIFBIHAAPIBI a3aiTyFa JKOHE OHIMIIUTIKTI apTThIpyFa OKeJelli.
Ecenteynep mnporecTiH »aimbl THIMAUITIH apTTBIPyFa, arbIHHBIH TapayblH
KakcapTyra, aJcopOIuns KbUIIAMIBIFBIH apTTRIPYFa, afcOPOCHTTI MaiaanaHy/ bl
OHTAMIaHIBIPYFa KOHE OHJICY YaKBITHIH KbICKAPTYFa MYMKIHIIK Oepeti.

Tyitin ce3nep: agcopbOep, mpolecc, KbUTy KOHE Macca aiMacy armaparhl,
canrama, THAPaBIUKAIIBIK KeAepri, ras.
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AHHOTanusl. AAnmaparsl agcOpOLMOHHOTO THIA MIHPOKO IMPUMEHSIOTCS
JUIL OCYIIKM M OYMCTKM IpupoxHoro rasa. IIpomecc ancopOuuu MpoMCXOAMT
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a¢dexTuBHO, eciau OyIeT TOBEPXHOCTh KOHTAKTa Ta30BOW W KUIKOH (a3 OombIire.
B cBsi3M ¢ 3THM TPUMEHSIOTCS aACOPOCHTHI M3 BBICOKOIIOPHCTHIX MAaTEpPHAIOB.
PaccmoTpeHo ruapaBiaMdeckoe CONMPOTHBICHHE ancopOepa C  peryispHOU
Hacagkod. OmnpezaeneHsl OCHOBHBbIE OCOOCHHOCTHM paboThl 3TOH  HAacaIKH.
VYcraHOBIEHBI YMEHBIICHHUE MOPO3HOCTH HACAJIKU U YBEJIWYEHHE UIMHBI MyTH
JBIKEHHS TOTOKAa ra3a I0 CPaBHEHUIO C HEMOIBIDKHBIM CIIOEM aJcOpOeHTa.
3TN 0COOEHHOCTH HACaJKM YYTEHBI TPH BBIBOAE YPAaBHEHUM IJISi ONpEACICHUs
THIPaBINYECKOTO COMPOTHUBICHUS axcopOepa ¢ peryasipHoi Hacankol. OneHeHb!
TEIJIOMaCOOOMEHHBIE ~ XapaKTePUCTUKU PETYISpHOW Hacaaku. Pesymbrarhl.
PacdeTsl rHIpaBINYECKOTO CONMPOTUBIICHUS ancopOepa ¢ peryaspHON Hacamakou
MOKAa3bIBAIOT, YTO MOPO3HOCTh PETrYJSIPHON Hacaaku cHukaercst Ha 3%, a miuHa
NyTH JBWKEHHS Ta3a M, COOTBETCTBEHHO, THMIPABIMYECCKOE COIPOTHBICHHE
cilos Hacaaku yBenumumBaercs Ha 11,8% 3a cuer Hammuus Tesl BpallleHHUS B
cioe. OIHOBPEMEHHO YBEJIMYMBACTCA CTENEHb TypOMJIM3alMM MOTOKA Tasa,
YCTPaHSIOTCS 3aCTOWHBIC 30HBI JUISl IOTOKA ras3a, YBEIHMYMBACTCS aJCOPOIIMOHHAS
CIIOCOOHOCTh EAMHHUIIEI o0beMa ajncopOeHTa. Bce 310 mpuBomutr Kk Oornee
s dexTHBHOMY TpoLEecCy TEIIoMaccooOMeHa, PaBHOMEPHOMY paclpelelICHUI0
MIOTOKA ra3a B MONIEPEYHOM ceueHuH agcopOepa. Hayunas HoBusHa. B pesynbrare
MPOBE/ICHHBIX HCCIICIOBAaHUH MTOTy4eHa pacueTHast 3aBUCHMOCTh THJIPABINYECKOTO
COTPOTHBIICHHS, KOTOpasi MPUBOIUT K 3HAYUTEIHHBIM M3MEHEHHSM B THHAMHKE
noToka. BiusHue TypOyaM3auy ra3oBoro moToka Ha aJIcOpOIMOHHBIE TTPOIECCHI
SIBJISIETCS BYKHBIM aCIIEKTOM JIJTsl ONTUMH3AIN PaOOTHI aJIcCOPOSPOB M MOBBIIICHHS
ux apdexruBHOCTH. [IpakTHYecKast 3SHAUMMOCTB. Pe3ynbrarhl HeclieJOBaHUS MOTYT
OBITh UCTIONB30BaHBI ISl Pa3pabOTKU APPEKTUBHBIX aJICOPOEPOB, UTO MPHUBEIET
K CHI)KEHHIO DKCIUTYyaTal[HOHHBIX 3aTpaT M YBEJIUYCHHIO MPOU3BOAUTEIBHOCTH.
PacdeTsl MO3BONIAIOT yBENMYUTH OOLIYI0 3((PEKTUBHOCTH TPOIEcca, YITydIIaroT
pacnpeneneHue I0TOKa, ITOBBIIAIOT CKOPOCTh aJCOPOLUH, ONTHMHU3UPYIOT
UCIIOIb30BaHUE a/ICOPOCHTA, CHIKAIOT BpeMst 00pabOTKH.

KaroueBble ciaoBa: ajcopOep, mpolecc, TEMIOMAacCOOOMEHHBIN —ammapar,
Hacajka, THIPaBINYeCKOe CONPOTHBICHHE, ras3.

Introduction. Adsorption-type devices are widely used for drying and purifying
natural gas. The adsorption process occurs effectively if the contact surface of the
gas and liquid phases is larger. In this regard, adsorbents made of highly porous
materials are used. Adsorbents come in the form of grains of various diameters. The
most common are zeolites. Adsorption devices can be periodic (vertical, horizontal,
ring, etc.) or continuous. Each device has its own advantages and disadvantages.
Their merits are assessed by the degree of purification of the substances. The design
of adsorbers is selected based on the main characteristics of the medium to be
dried (Kabibullin, et.el., 2023; Orymbetov, et.el., 2022; Sarilov, 2015; Shumetskiy,
2005).

At operating heat and mass transfer devices, in particular adsorbers, one of the
main indicators of their operation is the hydraulic resistance of the contact (packed)
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layer. It determines the energy costs for carrying out the heat and mass transfer
process, and accordingly, the economic efficiency of the entire technological
process (Orymbetov, et.al. 2021; Sunil Jayant Kulkarni, 2016; Toth Jozsef, 2019).

Currently, there are many methods of capturing and neutralizing vapor and
gaseous substances from the air. In practice, the following methods of gas purification
are used: absorption, adsorption, catalytic, thermal, etc. Adsorption is a process
that involves extracting polluting components from a gas mixture, which makes it
possible to carry out deep cleaning of gases. Adsorption methods of separation and
purification have found wide application in environmental protection, where other
methods are not effective enough (Vetoshkin, 2006)

One of the ways to remove adsorbed pollutants is to completely replace the
adsorbent with the waste material being sent to waste. This method is possible
in cases where the amount of adsorbate is small or the replacement process is
performed quite rarely (Keltsev, 1984).

Methods for calculating the hydraulic resistance of a dust collector are proposed,
taking into account the resistance of the jet section, the filter partition, and the
increase in resistance when dust accumulates in the granular layer (Samokhvalov,
et.al., 2019).

Adsorbents used in exhaust gas cleaning systems must meet the following
requirements: have high adsorption capacity when absorbing components at
low concentrations in gas mixtures, have high selectivity, have high mechanical
strength, have the ability to regenerate and have a low cost (Vetoshkin, 2006).

The object of the study is the investigation of hydraulic resistance in an
adsorber with regular nozzle.

Materials and methods

In work (Orymbetov, et.al, 2024), we developed a new adsorber with a regular
packing (Fig. 1). It contains a cylindrical housing 1 with a lid and a bottom,
interconnected by flanges, fittings 2 and 3, for the input and output of the purified
gas or for the output and input of regeneration gas, respectively, lower and upper
support grids 4 and 5, rotating bodies with sharp vertices top and bottom 7 with wire
6, with the help of which bodies of rotation are connected to each other vertically,
as well as between the upper and lower support grids, adsorbent 8 loaded into
zigzag channels formed between bodies of rotation with sharp tops suspended on
wires. The bodies of revolution have equal height and width ranging from 40 to 80
mm. Moreover, adjacent bodies of rotation horizontally and vertically are shifted
by the width and height of these bodies. Thus, these bodies of rotation inside the
adsorber body form zigzag channels in which the adsorbent is laid. The bodies of
rotation are suspended on vertical wires that come out of them and are connected
to each other by hooks. The wires at the top and bottom of the nozzle are attached
to the support grids.

The adsorbent layer in the adsorber is in a stationary state. Then the flow of
adsorbed gas penetrates the adsorbent layer with ascending (descending) small
flows.
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The hydraulic resistance of such a packed layer, based on the internal problem
of hydrodynamics, can be defined as pressure loss due to friction in pipelines

H-a:pgwi
— = M

AP =2
where A - overall resistance coefficient, taking into account frictional resistance
and local resistance that arises when gas moves inside curved channels formed
by voids and pores between the elements of the packed layer and the flow around
individual elements of the layer; H — height of the packed layer, m; a — specific
surface area of packed elements, m*m?; p_— gas density, kg/m?; W, — average gas
velocity over the cross section of the packed layer, m/s; € — porosity of packed layer

: 3 11

1 —housing; 2,3 - ittings for input and output of purified gas or for output and input of
regeneration gas, respectively; 4,5 - support grids; 6 — wires with the help of which bodies of
rotation are connected to each other vertically, also between the upper support grid and lower

support grid; 7 - bodies of revolution with sharp vertices up and down; 8 — adsorbent.
Figure 1. Adsorber with regular nozzle.

The resistance coefficient A can be expressed by the two-term formula (Aerov,
et.al., 1979)

!

a "
A—a‘l'a, 2)

where a’, a’’ — constants, which are determined by processing experimental
data. The first term of equation (2) determines the resistance in the laminar region
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of the gas flow, and the second term of equation (2) determines the resistance
in the turbulent region of the gas flow. The Reynolds criterion in equation (2) is
determined through the diameter of a ball from the same surface as the middle
particle of the layer.

Based on the processing of extensive experimental data from various authors on
the hydraulic resistance of a stationary granular layer, Ergan’s two-term formula
was obtained (Ergun, et.al., 1949)

AP _ L (1-e)® gwy L A-9) pgw§ 3
= =150~ —2 +1.75 =~ 3)

Ergan’s formula can be reduced to the form of the equation (2)

33.36

A= Req + 0.58. @)

Results and Discussion

In our case, the gas flow moves through the tortuous channels of the adsorbent
layer and at the same time through zigzag channels formed by bodies of rotation.
Therefore, we introduce two amendments to Ergan’s formula (3): 1) the porosity
of the packed layer decreases due to the presence of bodies of rotation in the
adsorbent layer; 2) due to the presence of bodies of rotation in the adsorbent layer,
the adsorbed gas moves along a zigzag channel.

To calculate the porosity of an adsorber with a regular nozzle, we take into
account the volume of bodies of revolution. As a first approximation, we assume
that the body of rotation is formed from two cone-shaped bodies connected by their
bases. Their curvilinear generators are described by a quadratic equation of the form

y = 0.1x + 0.88x2.

Then the volume of the body of revolution is equal to
V, = 2m f,""°(0.1x + 0.88x2)?dx = 25.26 - 107 m.

Regular nozzle volume

2 . 2
Vog = "o H =222 48 = 1.97 M2,

Volume of bodies of rotation

V=V-n-b=2526-10"%-76-30 = 0.0576 m>.

where n = 76 — number of bodies of rotation in one row; b = 30 — number of
rows of bodies of rotation in the nozzle layer. Volume occupied by the adsorbent
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Vogs = Vo, —V = 1.97 — 0.0576 = 1.91 m3.

Let us take the porosity of the adsorbent € = 0.4, then the porosity of the adsorber
with regular nozzle will be

_ Vagse _ 1.91:0.4
ETLZ - -
Vnz 1.97

= 0.388 ()

In the calculations it was assumed that the height of the regular nozzle H = 4.8
M, nozzle layer diameter D = 0.72 m, dimensions body of rotation: height h =0.16
M, diameter d = 0.08 M.

In our regular packing, due to the movement of the adsorbed gas through zigzag
channels, the path length of the processed gas increases. This can be determined
from the following considerations. The bodies of revolution in the adsorbent layer
are arranged in a checkerboard pattern (Fig. 1). The gas trajectory deviates from
the vertical by half the width of the body of rotation and moves along an inclined
line to the height of the body of rotation. Thus, the gas trajectory passes along the
hypotenuse of triangle ¢ (Fig. 2) on each row of bodies of revolution, i.e.

c=.a?+a?/4 =a/5/2. (6)

0.5a

B e
T—r —————— T

|

|

|
al | c

|

|

|

|

|

|
A

Figure 2. Gas trajectory
The increase in the path of gas movement is in a regular nozzle.

Hon _c_ 25 _ 1118
H a 2a

where H.j, - length of zigzag channels in a regular nozzle.
Taking into account the amendments given above, we write Ergan’s formula (3)

for determining the hydraulic resistance of a regular nozzle (Fig. 1) in the following
form: decreases
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AP  (—enz)® Hg'Sg (1-£nz)?  pgW§
1118H 150 = z T 1.75 &, a’ (7)
where d = *[%% _ diameter of equivalent ball with nozzle particle;

T

V.- volume of nozzle particle (adsorbent).

Calculations of the hydraulic resistance of an adsorber with a regular packing
show that the porosity of a regular packing is reduced by 3%, and the length of the
gas movement path and, accordingly, the hydraulic resistance of the packing layer
increases by 11.8% due to the presence of bodies of rotation in the layer. This is due
to the zigzag movement of gas in a layer of regular packing.

Conclusions: As a result of the conducted research, a calculated dependence of
hydraulic resistance was obtained, which leads to significant changes in the flow
dynamics. At the same time, the degree of gas flow turbulence increases, stagnant
zones of the gas flow are eliminated, and the adsorption capacity of a unit volume
of the adsorbent increases. All this leads to a more efficient heat and mass exchange
process, uniform distribution of the gas flow across the adsorber cross-section.
The obtained calculations allow increasing the overall efficiency of the process,
improving flow distribution, increasing the adsorption rate, optimizing the use of
the adsorbent, and reducing the processing time.
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