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THE MODELING OF A FLOW IN FLAT AND RADIAL
CONTACT UNITS WITH A STILL GRANULAR LAYER.
EVALUATIONS OF A CYLINDRICAL REACTOR WITH
A RADIAL GAS INPUT AND A FREE OUTPUT (PART 1)

Abstract. Heterogeneous catalytic processes conducted in axial or radial type reactors with a still catalytic layer
are some of the most important elements of the chemical technology. The attention of scientists and manufacturers to
the investigation and application of these contact units deals with the following advantages: a highly developed
surface of a phase separation, a possibility to provide a high flow velocity and hence to decrease sizes and a material
consumption, a construction simplicity and a reliability of an exploit. Improving an operation of contact units may be
achieved by refining present technologies, catalysts, disperse system structures and by creating new ones.
Nevertheless, in some cases large scale hydrodynamic heterogeneities in a working zone of the unit cancel out efforts
to increase an efficiency of chemical, heat/mass transfer and other processes. The exploration of reasons of the
hydrodynamic heterogeneities formation requires an investigation of liquid and gas motion physics features in
granular layers. A practice of a chemical reactors exploitation reveals that technical and economical indicators of an
industrial process are as a rule lower than the calculated ones, derived on a stage of the process design. Now it can be
considered proven that one of the reasons affecting the reactor output is the heterogeneity of a reagents flow in a
granular catalyst layer. The article deals with a mathematical modeling of an incompressible liquid flow in flat and
radial contact units with the still granular layer and a creation of numerical realization methods for the model

We propose a cycle of articles dealt with a model of a real reactor that consists of three parts: a distributing
manifold, a collecting manifold and a working zone, where the still layer of a granular catalyst is loaded. An input
and an output are made with a Z-shaped scheme. We consider processes and their equations in each reactor zone in
detail.

Keywords: chemical reactor, still granular layer, catalyst, Ergun law, stream function, granular layer resistance
factor, Green's function, pressure field, velocity field, layer resistance.

The vast amounts of works are dealt with revealing the equations of an incompressible liquid motion
in the still granular layer. These equations are constructed by phenomenological and statistical methods
[1-4]. In the first case equations are written down phenomenologically and an interpretation of some parts
is conducted using the averaging of a microscopic model [1-2]. The statistical method is based on time,
ensemble and space ways of averaging correspondent micro-equations, that describe a continuous one-
phase medium motion and the motion of several one-phase media with account for boundary conditions
on inter-phase surfaces [3- 4]. For deriving the averaging equations the kinetic theory of a disperse media
and Vokker-Planck differential equation were applied. As a result of these approaches there were obtained
either different modifications of Darcy and Ergun equations or, as in a turbulence theory, non-closed
systems of equations that may be closed with account for a structure and physical properties of phases in
the mixture [5-7]. This is the main problem in modeling heterogeneous media.
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Contact units of a radial type with the still granular material are widely used in technological
processes of different industries. A chemical reactor with the still layer of a tableted catalyst that is used in
a large-capacity petrochemical industry can be mentioned as an example. One of the reasons that
decreases the efficiency of such units is a heterogeneity of a reagents flow in a reactor working zone. It is
known that the appearance of heterogeneities in a steam and raw mixture flow is caused by two factors.
The first factor is the heterogeneity of the catalyst layer structure, for example, its porosity (or density)
that appears during the process of a layer making (in filling the unit) [8-10] and during the further
operation as a result of packing by gravity, vibration, breaking catalyst granules and so on. The second one
is a bad choice of a ratio between geometrical and hydraulic parameters of a unit during its design.

It is considered that the heterogeneity of the reagents flow in the reactor working zone sufficiently
influences process indicators only if a chemical reaction takes place either near the catalyst surface or on
it. Indeed, at these conditions the velocity of reacting products directly defines the time of a contact with
the catalyst. Main characteristic parameters of the reaction depend on this time. If the reaction takes place
inside a porous space of catalyst granules then the contact time is defined by a diffusive reagents velocity
and does not depend on a flow velocity near the granule. In the case it is assumed that the flow
heterogeneity does not influence the chemical reaction kinetics.

Indeed that is not so. The majority of practically using reactions are accompanied by heat
consumption or emission, so they are endothermic or exothermic. Hence if the reaction takes place in an
interdiffusive area then some heat should be brought in or out, because the efficiency of the reaction often
depends upon a temperature. To hold the specified temperature regime of the catalyst layer a neutral heat
carrier, for example an overheated steam, is added to source reactants. It is well known that the flow
heterogeneity of such steam-raw mixture causes an inhomogeneous temperature field and therefore leads
to an appearance of overcooled or overheated parts in the catalyst layer. In addition to decreasing the
output of a target product that results in sintering the catalyst or losing its catalytic properties.

Heterogeneities in the catalyst layer structure may be removed by using special ways of loading [10-
11] or by an application a modular catalyst, where it is possible. By now these ways of loading and the
technology of the catalyst module production have been already invented and continue to be developed.
The flow nonuniformity that is caused by the reactor construction may be investigated and removed on the
base of hydroaerodynamic calculations which allow to define the velocity and pressure fields in the unit in
dependence on its geometrical and hydraulic parameters [12-13].

The reactor model and the problem setting

Let us produce a scheme of a real reactor as a model that consists of three parts (figure 1). The
distribution manifold / is a cylindrical pipe of R; radius with a blind end and a perforated side surface. The
collecting manifold /7 is made by a cylindrical perforated shell of R, radius and an outer wall of the unit.
The working zone /I is the still layer of the granular catalyst placed between two perforated coaxial
cylindrical surfaces. At PJSC "Nizhnekamskneftekhim" Z-shaped reactors are used for obtaining a
styrene, so an input and an output of a gas stream in the model is realized according to Z-shaped scheme.

The pressure drop in radial reactors is not large and it is about some tenth parts of an atmosphere, as a
rule. The velocity of the steam-raw mixture is about 1 m/s and Mach number M << 1, therefore the gas
passing the reactor is considered as incompressible.

divv=0 1)

A stream energy change in / and // domains on account the gas outflow and inflow through perforated
surfaces considerably exceeds energy dissipation due to a viscous friction [14]. Hence the flow in / and //
domains is supposed to be potential:

rotv=0 ()

Since gas velocities are about 1 m/s we assume a correctness of Ergun’s square law and write it down
in an invariant form:

gradp =—f|v|v 3)
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Figure 1 - The unit scheme with the radial gas input

We assume that the flow in units under consideration as axisymmetric, choose the origin and
directions of coordinate axis as it is shown in the fig.1 and write down equations (1) — (3) in cylindrical

coordinates: the continuity equation

0 0
Lo, o @)
r or 0Oz
the rotor of the velocity vector
0 0
LR (5)
oz oOr
Ergun’s law:
9%
—=—fvlv
o S,
0
L——fuly (©)
0z
In 7 and /I domains the pressure is defined according to Bernoulli's principle:
2
p; + p = const 7

In these equations:
vrand v, are the radial and axis components of the velocity correspondingly; p is a gas density;

_175p(1-¢)
/= de’
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is a factor of the granular medium resistance; d is an effective diameter of a granule; ¢ is a medium
porosity.
Let ¥ be a flow function, so we write the solution of the equation (1.4) as

1 oY
Vr =— 00—
r 0oz
1 oY
Vv =——e— 8
: r or ®)
by virtue of the pressure mixed derivatives equality and in case of = const we derive from eq. (6):
Y WV 62 v2 o'y A
I+5)+ 1+ —=+2v=0 9
0z* ( v ) 7+ 6r62 v ©

At I'y and I'; boundaries (see fig. 1) between I — Il and /Il — II domains correspondingly the
continuity conditions for normal components of velocities and pressure are obeyed:
vV =V vV, =V
3

n 3 r

p® = Ap, + pUD | pUD = pUID _ Ay - (10)

where Ap;; is a pressure jump on perforated walls of distributing and collecting manifolds, i.e. on I'; and
I'> boundaries, that equals

Apyp = 671,2'7721,2 . (11)

According to [15-20] the resistance coefficient ¢ that corresponds to a midrange flow rate through the
side surface v, may be expressed by a free section ¢ 2:

O, = §[¢1_21 (1- ¢1,2 +

where 1 and 2 indexes are for I'; and I'; boundaries.

If the normal velocity component on I'; and I', boundaries is set then the full determination of the
flow parameters can be conducted for all three domains separately and comes down the solution of
elliptical equations like (5) and (9) for the flow function in each domain. The determination of the velocity
normal component at I'; and I'; boundaries are made due to the continuity condition for pressure (10) in
passing the boundaries. To accomplish this condition at specified velocity normal components a target
function is constructed that equals to the mean-square pressure jump at boundaries:

¢12

)7, (12)

D(v,v,) = j (P" — P — AP dr +— jP”’” P — AP, dz, (13)

I

where L is a length of I'; and I'; (the unit height). The procedure of v and v, determination comes down to
minimization of the target function ®.
On eq. (7):

PV =P ’D(Vrl+vzl)

6blX

P =p —5(va +v2) (1.14)

where pin and pou are the full pressure at entering / domain and at leaving I/ domain, correspondingly, at
v12 = 0. Since the pressure is recovered up to a constant po, the constant should be entered in the number
of the target function parameters and po should be determined from the minimum condition, assuming that

pUD = py + . (15)
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We select the units of the pressure and velocity measurements so that

Pex — Peoix = 1
v, = 2(Psy — Pasix -1 (16)
\/ P
and set the value
q1 = Pin — Po (17)

and rewrite eq. (13) in account for (11), (14) and (15— 17) as
(D(vﬁ,vrz)z%l‘[ [13+(1+&1)vr21+v221—q1]2dx+
‘ (18)
%Ij [(p+(1-6,)v2 +v2 —q,+1] dz

20,,

where 0,, = ~— is a dimensionless coefficient of a perforation resistance, that in general case may be

a function of z.
Results. So, the problem solution method is a searching for v, and v, that make a minimum of the

functional (18). The solution of the direct task in / domain (the distribution manifold) is shown in [17] and
looks like:

+lz.+[h (Z—E)

z+h —\2
1.%”.] (z—2)

+ oy (2)dz =— . 7 =
7 AN +(z-2) 2(2) T 0 2N +(z-z2)
(19)
+%.avl’2;
T oz T

This equation allows to reach an accuracy O(h*) in the determination of the velocity tangential
component and pressure on boundaries of /, /// and /11, /I domains.

B.H. Koaeckun!, A.A. IOnycon?, A.A. IOnycosa?, ILT. llltepn!, A.B. Jlykpsnosa', JI.K. Kymanyaiaes?

IOBIOY «Peceii JKBFM K.JI.YImMHCKH aThIHAAFEL SIpOCIABIb MEMIIEKETTIK
TIeTarOTUKAJIBIK, YHUBEPCUTETI», SIpocnasik, Pecei;
2 KazakcTaH HWHXEHEPIIi-TIeJarOTUKAIBIK XalbIKTap AOCTHIFE yHUBepcuteTi, LIIsiMkenT, Ka3akcran;
3M.Oyes30B atbmgarsl OHTYCTiK KazakcTan MemiiekeTTik yausepcuTeTi, IlsvkenT, Kazakcran

AFBIH/IbI KO3FAJIMAMUTHIH TYAIPIIIKTI KABATBI BAP JKA3BIK JKOHE PATAAJIJIbI
BAWJIAHBIC AIIITAPATTAPIA MOJEJIBJIEY. I'A31bI PAJIUAJIABI EHI'I3YMEH
K9HE EPKIH HIBIFAPYMEH HWJINHAPJIK PEAKTOPAbI ECEIITEY (1-5OJIIM)

AnHOTanusi. XMMUSUIBIK TEXHOJIOTHSIHBIH MaHBI3/II JIEMEHTTEPiHIH Oipl KaTalu3aTOpAbIH KO3FalIMaiThIH
KabaTbl 0ap akcHaJIbAl HEMEecCe pajMaibl TYpJAEri peakTopiapla iCKe achIpbUIATBIH T'€TePOTreH/li KaTalnTHKAJIBIK
npouectep Oombinn Tabbutaabl. FambiMmap MeH eHIIpyHIUIepAiH Ha3apblHa OCHIHAAN OaiyaHbIC KYpBUIFBUIAPBIH
3epTTey MEH KOJNJaHyfa OipKaTap apTHIKIIBUTBIKTAap cedenm OonraH: Qaszamap OeiMiHIH KOFapel JaMBIFaH O€Ti,
aFBIHAAP/IBIH JKOFAPHI JKbUIJAMIBIKTAPBIH KAMTaMachkl3 €Ty MYMKIHIIT, IeMeK, rabapuTTep MEH MaTepHall ChIHbIM-
IBUIBIFBIH a3aliTy, KOHCTPYKIHSHBIH KapamalbIMIBUIBIFBI MeTaiiaiaHynarel ceHiMaimik. balmaHeic ammapatra-
PBIHBIH KYMBICHIH JKaKcapTyFa KOJJAHBICTAFbl TEXHOJOTHSIApABl KETUINIPY JKOHE jKaHa TEXHOJOTHUsUIapIbl,
KaTanu3aTopiiap MeH ANUCIEPCHUSUIBIK JKYHEeNep/iH KYPbUIBIMAAPBIH Kypy eceOiHeH KOJ XKeTKI3inyl MyMKiH. Anaiija,
Oipkarap jkarmaiyiapa annapaTThiH KYMBIC aiMarblHOa ipi MacIuTaOTBI THAPOIUHAMUKAJIBIK OIPTEKTI €MECTIiK-
TepIiH 00Jybl XUMHSIIBIK, JKbLUTy-Macca aaMacy *oHe Oacka Ja MPOLECTePAiH THUIMIUIITIH apTThIpy OOMBIHINIA ic-
OPEKeTTi JKOKKa IIbIFapaabl. [ uapoauHaMuKaibIK OIpTeKTi eMec KYObUIBICTap/IbIH Maiaa 00y ceOenTepiH aHbIKTay
TYWIpLIIKTI KabaTTapia CYHBIKTHIK IEH Ta3JblH KO3FAJIbIC (PU3MKACHIHBIH €pPEKILIENIKTepiH 3epTTey/li Tajlal eTell.
XUMHSIIBIK peakTopIiapAbl Maijanany ToXipnoeci @HepKaCINTIK MPOLECTIH TeXHUKAIBIK-OKOHOMHUKAJIBIK KOPCETKIII-
100
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Tepi, 9AETTe, OChI MPOLECTI K00ajgay CaThIChIH/A aJbIHFAH €CeNTIK MOHAEPJICH TOMEH EKEHIITH KyoJlaHIbIPabl.
Kasipri yakpITTa peakTop/iblH OHIMIUIIriHE dcep eTeTiH cebenTepaiy Oipi TYHipIIIKTI KaTaau3aTopAblH KabaThIHIaFbl
peareHTTEp AaFbIHBIHBIH OIPTEKTI eMeCTLTiri OOJbI TaOBUIATHIHBI JIOJICIACHICH el caHayra Oomyambl. JKymbic
KO3FaJIMaiTBhIH TYHIPIIIKTI Ka0daThl Oap jKa3blK XKoOHE pauaiibl KOHTAKTLI anmaparTapia KbICbUIMalThIH CYHBIKTBIK-
TBHIH aFbIHBIH MaTEMATHKAJIBIK MOJICIICYTE JKOHE OChI MOJICIIBl CAHIBIK ICKE achIpy 9MIICTEPIH KypyFa apHaiFaH. Y1l
0eiKTeH TYpaTblH HAKThl PEAKTOPABIH MoOJeNi OOMBIHINA >KYMBIC LMK YCBIHBUIABL TapaTyILbl KOJUIEKTOP,
JKMHAUTBIH KOJUIEKTOP JKOHE TYHIPLIIKTI KaTaau3aTOPAbIH KO3FaIMaiThiH KaOaThl )KYKTEIETIH )KYMBIC aiiMarbl. ['a3
aFbIHBIH MOJICNIbIe €HTi3y JKOHEe IIbIFapy Z - OcliHenmi cxema OOMBIHINA JKY3ere achpbUiajibl. PeakTopisiH opoip
alfMareIHIAaFBI IPOIIECTEP MEH OJIApBIH CHIIATTAHTHIH TEHACYIIEPIi eTKeH-Ter kel KapacThIpalbIK.

Tyllin ce3gep: XHMUSUIBIK PEaKTOp, KO3FAIMANTHIH TYHIpHIiKTI KabaT, Karaam3aTtop, ODpraH 3aHBI, TOK
(OYHKIHSACH, TYHIPIIIKTI OpTaHBIH Keaepri ¢akTopsl, ['puH QYHKIUACH, KBICBIM €pici, XBUITaMIBIK opici, KadaT
Kezeprici.

B.H. Koaeckun!, A.A. IOnycor?, A.A. IOnycora?,
ILT. IlTepn!, A.B. JIykbsinosal, 1.K. Kymagyniaes®

'®BI'OY «SpociaBckuii rocy1apCTBEHHBIHN IIEAArOTHIECKHI YHUBEPCUTET
mM. K. /1. Ymmackoro MunBsimo6pHayku Poccum» Spocnasns, Poccus;
2VuusepcureT JIpy:x06b1 HaponoB uMeHt akanemuka A Kyar6exosa, Illsivkent, Kazaxcran;
3l0sH0-KaszaxcTaHckuil rocynapcTBeHHbli yHuBepcuteT uM.M.Ays308Ba, [llbiMkenT, Kazaxcran

MOJIEJIUPOBAHUE TEUEHUA B IIVIOCKUX U PAJIMAJIBHBIX KOHTAKTHBIX AIIITAPATAX
C HEIOABMNKHBIM 3EPHUCTBIM CJIOEM. PACUET IMWJINMHAPUYECKOT'O PEAKTOPA
C PAIJMAJIBHBIM BBOJIOM I'A3A U CBOBO/IHBIM BBIXO/JIOM (HACTD 1)

AnHoTauus. OJHUMH M3 BaXKHEUIIMX JIIEMEHTOB XHUMHUYECKOM TEXHOJOTHH SIBJISIIOTCS TE€TePOreHHbIE
KaTaJIUTUYECKHE MPOLIECCHl, pealu3yeMble B PEaKTOpax aKCHaJbHOTO WM PagUallbHOTO THUIA C HEMOJBUXKHBIM
cloeM KaTanmu3aTopa. BHHMaHHIO YYEHBIX W TPOU3BOJICTBCHHHKOB K HCCIICOBAHUIO W MPUMEHEHHIO TaKHUX
KOHTAKTHBIX YCTPOMCTB 0OYCIOBICHO pAJOM MPEUMYIIECTB: BBICOKOPA3BUTOW MOBEPXHOCTBIO pasnena ¢as,
BO3MOKHOCTBIO OOECIIEYCHHsI BBICOKHX CKOPOCTEH IIOTOKOB U, CIIEIOBATEIbHO, YMEHBIICHHS TabapuTOB U
MaTepHATIOEMKOCTH, TIPOCTOTON KOHCTPYKIMHU M HAAEKHOCTHIO B IKCIUTyaTallMU. YIIydlleHHe paOOTHl KOHTAKTHBIX
amnmapaToB MOXeET OBITh JOCTUTHYTO 32 CYET yCOBEPIICHCTBOBAHMUS CYIIECTBYIONINX M CO3JaHNS HOBBIX TEXHOJIOTHH,
KaTaluM3aTopoB M CTPYKTyp AMCHEpCHBIX cucTteM. OgHaKO B psAAe CIOy4yaeB HAJIMYHE KPYHMHOMAcCIITaOHBIX
TUIPOAMHAMHYCCKUX HEOJHOPOMAHOCTEH B pabodyeil 30HE ammapata CBOJAMT HA HET YCHWIMS IO MOBBIIICHUIO
3G GEKTUBHOCTH XUMHUYECKUX, TEIUIO-MACCOOOMEHHBIX M JPYTHX IMPOICCCOB. BhIACHEHHE MPUYUH BO3HUKHOBEHUS
THIPOAMHAMHYECKUX HEOIHOPOTHOCTEH TPeOyeT M3y4eHHUs 0COOCHHOCTEH (DM3UKHU IBMIKCHHS JKUAIKOCTH U Ta3a B
3€pHUCTBIX cJosiX. ONBIT 3KCIUTyaTallid XUMHYECKHX PEaKTOPOB CBUIETEILCTBYET O TOM, YTO TEXHHKO-
9KOHOMHUYECKHE [TOKA3aTEeIN MPOMBIIIIEHHOTO MPOLIECCa, KaK MPaBUIIo, HUXKE PaCYETHBIX 3HAUEHUH, MOTYYEHHbIX Ha
CTaJUH MPOESKTUPOBAHUS ITOTO Npouecca. B HacTosiee BpeMs MOXKHO CUUTATh JOKAa3aHHBIM, YTO OJHOW U3 MPUYHH,
BIHSIOIINAX Ha TPOM3BOTUTEIBHOCTh PEAaKTOpa, SBJISETCS HEOMHOPOTHOCTh MOTOKA PEarceHTOB B CIIOE€ 3E€PHUCTOTO
Karanmzaropa. PaboTa mOCBANICHa MaTEMAaTHYSCKOMY MOJCIUPOBAHHUIO TEUCHHSI HEC)KUMAeMOH KHUIKOCTH B
IUIOCKUX M PaJUaNbHBIX KOHTAKTHBIX amllapaTrax C HEMOABIXKHBIM 3€pHUCTBIM CJIOEM U TIOCTPOCHHIO METOOB
YHCICHHOW peanu3anuu 3Toil Momenu. [IpemioskeH MUK paboT MO0 MOAETH PEaTbHOTO PEeaKTopa, COCTOSIIETO M3
TpeX YacTei: pa3maromero KOJUIEKTOpa, COOMpPAomIero KOJUIEKTOp M pabodel 30HBI, B KOTOPYIO 3arpyKaercs
HETOJIBIKHBIM CJIOW 3€pHUCTOTO KaTaiu3aTtopa. BBoa M BBIBOJ ra30BOro MOTOKAa B MOJENU OCYIIECTBIEH MO Z -
o0pazHoli cxeme. PaccMoTpuM 1o jpoGHO MPOLECCH U ONKChIBAEMBIE X YPABHEHHUS B KaXKJJOM 30HE peakTopa.

KioueBble c10Ba: XMMHUYECKUN PEAKTOp, HEMOJBIKHBIM 3€PHUCTBIN CIIOH, KaTanu3atop, 3aKOH Jprasa,
(yHKIHS TOKa, (DaKTOp CONMPOTUBIICHUS 3EpPHUCTOW cpenbl, GyHKuus ['puHa, Moyie MaBICHUH, MOJNEe CKOPOCTEH,
CONPOTHUBJICHUE CIIOSL.

Information about authors:

Yunusov Anarbay Aulbekovich — Candidate of Physical and Mathematical Sciences, assistant professor, Kazakhstan
Engineering and Pedagogical University of Peoples’ Friendship, Shymkent, Kazakhstan, e-mail: yunusov1951@mail.ru,
https://orcid.org/0000-0002-0647-6558;

Yunusova Altynai Anarbaevna — Candidate of Technical Sciences, assistant professor, Kazakhstan Engineering and
Pedagogical University of Peoples’ Friendship, Shymkent, Kazakhstan, e-mail: altyn 79@mail.ru, https://orcid.org/0000-0002-
4215-4062;

Shtern Pavel Gennadevich — Doctor of Technical Sciences, Professor, Yaroslavl State Pedagogical University named after
K.D.Ushinsky, Yaroslavl, Russia, https://orcid.org/0000-0002-5513-3068;

— 101 ——



News of the National Academy of sciences of the Republic of Kazakhstan

Lukyanova Antonina Vladimirovna — Candidate of Physical and Mathematical Sciences, Yaroslavl State Pedagogical
University named after K.D.Ushinsky, Yaroslavl, Russia, https://orcid.org/0000-0002-7647-4910;

Koleskin Vladimir Nikolaevich — Candidate of Technical Sciences, assistant professor, Yaroslavl State Pedagogical
University named after K.D.Ushinsky, Yaroslavl, Russia, https://orcid.org/0000-0003-2426-2817,

Zhumadullayev Daulet Koshkarovich — PhD, senior teacher of the Department of Technological Machines and Equipment,
M.Auezov South Kazakhstan State University, e-mail:daulet_ospl@mail.ru, https://orcid.org/0000-0002-6552-2817

REFERENCS

[1] Slattery J. (1978) Theory of the impulse, mass and energy transfer in continuous medium [Teoriya perenosa impul’sa,
energii i massy w sploshnykh sredakh]. Energiya, Moscow (in Russian).

[2] Sedow L.I. (1970) Mechanics of the continuous medium [Mekhanika sploshnykh sred]. Nauka, Moscow (in Russian).

[3] Goldshtik M.A. (1984) Transfer processes in a granular layer [process perenosa w zernistoms sloe]. Institute of
thermophysics SO AN USSR, Novosibirsk (in Russian).

[4] Nesterowich M.I. (1979) Equations for a turbulent motion of heterogeneous mixtures [Urawneniya turbulentnogo
dwizheniya geterogennykh smesej]. Novosibirsk, Preprint ITPM SO AN USSR Ne 8 (in Russian).

[S] Berdichewskij V.L. (1987) Variational principles of a continuous medium mechanics [Varaitsionnye printsypy
mekhaniki sploshnykh sred]. P. 447—461, Nauka, Moscow (in Russian).

[6] Sergeev S.P. (1990) Radial catalytic reactors with a still granular layer : thesis for the Ph. D. degree in technical science
[Radial’nye katalitichescie reaktora s nepodwizhnym zernistym sloem: diss. ... dokt. tekhn. nauk]. NIFKHI by LY Karpov,
Moscow (in Russian).

[7] Koleskin V.N. (1992) The structure and organization of a still granular layer in in cylindrical devices : thesis for the Ph.
D. degree in technical science [Struktura I organizatsiya nepodvizhnogo zernistogo sloya v tsilindricheskikh apparatakh : diss. ...
kand. techn. nauk]. IONH RAN, Moscow (in Russian).

[8] Koleskin V.N. (2018) Methods of investigating and obtaining a homogeneous structure of granular layer [Metody
izucheniya i polucheniya odnirodnoj struktury zernistogo sloya]. Eurasian Union of scientists (EUS), 7(52), p.15-19.

[9] Shtern P.G., Koleskin V.N. (2018) Hydrodynamics and evaluation of chemical reactors with a still layer of granular
catalyst [Gidrodinamika i raschet khimicheskikh reaktorov s nepodvizhnym sloem zernistogo katalizatora]. Monograph: YSPU,
Yaroslavl (in Russian).

[10] Koleskin V.N., et al (1982) Influence of bounding surfaces on a porosity distribution in a granular medium [Vliyanie
ogranichivayuschikh poverkhnostej na raspredelenie poroznosti v zernistoj srede]. Journal of Engineering Physics [Inzhenerno-
fizicheskij journal]. V. 42, Ne 4, p. 578-581 (in Russian).

[11] Koleskin V.N., et al. (1992) Structural and hydrodynamical heterogeneities of a still granular layer in axial units
[Strukturnye i gidrodinamicheskie heodnorodnosti nepodvizhnogo zernistogo sloya v aksial’nykh apparatakh] / Theoretical
Foundations of Chemical Engineering [ Teoreticheskie osnovy khimicheskoj tekhnologii]. V. 26, Ne 6, p. 800-811 (in Russian).

[12] Shtern P.G., et al. (1989) The isothermal axisymmetric flow of an incompressible liquid in contact units of a radial type
[Izotermicheskoe techenie neszhimaemoj zhidkosti v kontaktnykh apparatakh radial’nogo tipa]. Journal of Engineering Physics
[Inzhenerno-fizicheskij journal]. V. 56, Ne 1, p. 555 (in Russian).

[13] Luk’yanenko I.S. (1995) Mathematical model of processes taking place in radial reactors [Matematicheskaya model’
protsessov, protekayuschikh v radial’nykh reaktorakh]. Chemical Industry [Khimicheskaya promyshlennost’], 31, p. 72 (in
Russian).

[14] Dil’man V.V., et al. (1971) Description of a flow in a channel with porous walls upon an energy equation [Opisanie
potoka v kanale s pronitsaemymi stenkami na osnove uravnenuya energii]. Theoretical Foundations of Chemical Engineering
[Teoreticheskie osnovy khimicheskoj tekhnologii]. V. 5, Ne 4, p. 564-571 (in Russian).

[15] Nazarov A.S. (1981) Flow distribution in perforated channels with a porous end [Raspredelenie potokow w
perforirowannykh kanalakh s pronichaemym tortsem]. Journal of Engineering Physics [Inzhenerno-fizicheskij journal]. V. 41,
Ne 6, p. 1009—1016 (in Russian).

[16] Idel’chik I.K. (1975) Reference book of hydraulic resistances [Sprawochnik po gidrawlicheskim soprotiwleniyam].
Mashinostroenie, Moscow (in Russian).

[17] Shtern P.G. (1995) Development of evaluation methods for industrial chemical reactors: thesis for the Ph. D. degree in
technical science [Postroenie metodow rascheta promyshlennykh khimicheskikh reaktorow: diss. ... dokt. tekhn. nauk] NIFKHI
by LY Karpov, Moscow (in Russian).

[17] Shtern P.G. (1995) Development of evaluation methods for industrial chemical reactors: thesis for the Ph. D. degree in
technical science [Postroenie metodow rascheta promyshlennykh khimicheskikh reaktorow: diss.... dokt. tekhn. nauk] NIFKHI by
LY Karpov, Moscow (in Russian).

[18] Korn T. (1968) Mathematics reference book for scientists and engineers [Sprawochnik po matematike dlya nauchnykh
sotrudnikow i ingenerow]. Nauka, Moscow (in Russian).

[19] Bateman H., et al. (1966) Higher transcendental functions. Bessel’s functions, functions of a parabolic cylinder,
orthogonal polynomials [Wyschie transtsendentnye funktsii. Funktsii Besselya, funktsii parabolicheskogo tsilindra, ortogonal nye
mnogochleny]. V.2. Nauka, Moscow (in Russian).

[20] Godunov S.K., et al. (1973) Difference schemes [Raznostnye schemy]. Nauka, Moscow (in Russian).

[21] Zhohov A.L., et. al. (2019) The possibility of creating learning situations and learning tasks in learning mathematics at
school // NEWS of the national academy of sciences of the Republic of Kazakhstan Physico-mathematical series. Ne1(323), -2019,
P. 22-27. https://doi.org/10.32014/2019.2518-1726.5 (in English).

— 102 ——



News of the National Academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

(ITpaBmna oopmiieHHS CTaThH AJIs MTyOJIMKAIIMN B KypHAJIe CMOTPETh Ha CalTax:

www:nauka-nanrk.kz
http://physics-mathematics.kz/index.php/en/archive

ISSN 2518-1726 (Online), ISSN 1991-346X (Print)

Penaxroper: M. C. Axmemosa, I b. Xaruoynnaesa, /. C. Anenog
Bepctka Ha komnbrotepe A.M. Kynveunbaesoii

IMoamucano B megats 05.04.2020.
dopmat 60x881/8. Bymara ocetnas. [leuars — puzorpad.
11 m.n. Tupax 300. 3akas 2.

Hayuonanenas axaoemus nayx PK
050010, Armamu, ya. [llesuenxo, 28, m. 272-13-18, 272-13-19

— 178 ——



