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THE MODELING OF A FLOW IN FLAT AND RADIAL
CONTACT UNITS WITH A STILL GRANULAR LAYER.
THE SOLVING OF THE PROBLEM IN II DOMAIN
(THE COLLECTING MANIFOLD). (PART- 2)

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.

— 135 ——



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

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 [11-
16] 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.

Let us consider the calculating of flow parameters in the collecting manifold on a boundary between
Il and 11 domains. Let the outside collector consists of two sub-domains 4 and B (fig. 1). The B domain is
a semi-restricted pipe of R, radius. The 4 domain is a semi-restricted coaxial domain with an outer radius
Ran and the inner radius R,. A boundary between a working zone and the outer collector is denoted as I
and the boundary between 4 and B is denoted as [';. Deviations of a real geometry from the selected
scheme cannot lead to a significant change of the velocity flow near the I'> boundary at distances much
more than the collector width Ra, — Ro.

The problem of finding the flow in the collecting manifold can be divided into three parts:

1) the finding of the flow in the 4 domain upon the velocity normal component specified at ', and
I'; boundaries;

2) the finding of the flow in the B domain upon the velocity normal component specified at '3
boundary;

3) the finding of the velocity normal component at I'3 upon a condition of the velocity tangential
component continuity at the boundary.

The solution of the problem 2 is accomplished like the solution of the problem for the distribution
manifold since the B domain is the semi-restricted pipe, too. To solve the problem 3 it is necessary to
parameterize the velocity normal component v, with N parameters Cy:

vr(Z)ng, = Eg=1 Caon(2), (1)
where ¢n(z) are some specified functions. The solutions of 1 and 2 problems allow find the velocity
tangential components UEAB ) in 4 and B domains that will be linear functions of C,due to a linearity of the
task:

o1, = 0" (@) + Z-1 CaprV (),
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v P, = IV P (). )

A free term (péA) is related to a flow that enters in the 4 domain through I'; boundary. Equating the

tangential components UEA) and UiB ) at some N points of I'; boundary, we obtain the system of linear

equations for the determination of the velocity normal component parameters. A numerical solution of a
linear equation system is a well-known task and is conducted via standard computer programs that do not
need many computing time. The most consuming part of solving the problem of finding the flow in the
outer collector is the problem 1, i.e. the determination of the flow in the 4 domain.

Green’s function of a coaxial pipe

To solve the problem of finding the flow of the incompressible liquid in a semi-restricted coaxial
domain with a porous inner boundary Green’s functions were used [17]. Using modified Green’s and
Hankel’s functions [18-21] and expressing the solution as a Fourier integral we have obtained:

v(r,z) = [ (vl(R) (r, Z)CDER)UZ(R) (r, Z)CDER)) dk 3)
O and ® " coefficients are defined from the conditions that the normal component of the velocity

equals to zero on the outer boundary at r = Ra, and or (R2, z) equals to the specified vn(z) function on the
inner boundary.
After transformations the desired expression for the velocity looks like:

v(r,z) = [ . G(r,z — 2) - v, (2)dz, 4)

where G(r, z) = {G(r, z), GAr, z)} is Green’s function of an unbounded coaxial domain.

Since Green’s function must be real a real part of the integrand in the formula for G: is an even
function of £, and an imaginary one is odd while in the formula for G, this is backwards: the real part is
odd and the imaginary part is even. At this reason we rewrite expressions for Green’s function without
imaginary values:

_l 0 ]1(kRan)Kl(kr)_jl(kr)Kl(kRan) .
Gr(T',Z) B Pfo J1(kRan)Ko(kR2)—Jo(kR2)K1 (kRay) coskzdk,

_ 1 oo Ji(kRan)Ko(kT)—Jo(kT)K1(KRan) . .
Gz(r2) = pfO J1(KRan)K1(KR2)—J1 (kR2)K1 (KRan) sinkzdk. )

To find the flow in the semi-restricted domain let us extend it to the unbounded one by a reflection
relative to a z = 0 plane.

In this unbounded domain the solution is defined by (4), where VU, (Z) is a symmetrical function of z.
Hence,

v(r,2) = [ G(r,z— Dv(Ddz + [ G(r,z — Dvy(2)dz,
Replacing Z by —Z we obtain that in the Z < 0 domain the solution looks like
v(r,2) = [ _{G(r,z — 2) + G(r,z — 2)} - v, (2 d% (6)

Equations (5) and (6) are the solutions of the problem of finding the flow in a semi-restricted coaxial
pipe.

The analytic expression (5) for Green’s function is valid in any coaxial domain. But a procedure of
the numerical calculating of integrals (5) for a narrow coaxial domain has some features. They deal with
the fact that the geometry of a narrow domain is characterized by two sharply different sizes: R, radius and
a width A = R,—R» and A << R,. To calculate integrals (5) with a proper accuracy we should choose the

upper limit of the integration k>>1/A (for example, k=10/A ).
The integration step Ak should be so tiny that Ak << 1/R, (for example, Ak = 1/10R,). Then a net will

consists of N = Aik = 1OZR2 points and N = 10? at % =10. Since the integral should be calculated at
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different » and z, in each net point the special functions must be calculated and the time for finding
Green’s functions becomes extremely large. Moreover an argument value of special functions kR,

reaches 10R»/A = 100, and as special functions grow exponentially their values exceed maximum allowed
ones and integrals (5) cannot be calculated at all.
To avoid these difficulties the integration domain [0; +oo] should be divided into three parts: from

zero to l?l, from 1;1 to l:z and from l:z to the infinity. The full integral will be a sum of integrals over

these domains
G=6W+6? +6® @)

The k, value is chosen so that k, >> R;' (but k, may be less then A™). For calculating G we will
use the following:

(1) — Rl ]1(kRan)K1(kr) Il(kr)Kl(kRan) .
G (rz) = pfo T2 (KRon) Ko (KR)—Jo (kRp) Ky (kRyr)  COSKZAK (®)

¢Y) _ 1 o Ji(KRap)Ko(kr)—Jo(KD)K1(KRan) .
G (1 2) = 0o T GeRomica (Rp)—hs (R (kR ~ STk

At k — 0 terms under integrals contain an indeterminate form 0/0 that should be evaluated
analytically. Since

3 0,Ky(3) > In3, K (3) > 3_1,;'0(3) -1,,j;3) ==

then at k = 0 the term under the integral for Gil) equals to:

Gr('l) . R an - TZ)[ T(R T )]]_1,

and for G'" equals to:

6" = (—2zR,)(R%, — R3)™L.

At k> l;l Bessel functions are much more than 1 and asymptotic expansions are valid [19]:

1 :
Jo(@lsm = ez (14 257 ),
1 B
J1(®lsno0 = = €(1 =537 + ), ©)
B oagy Roca o
Ko@)y > [B-e2(1 =357 4,
. 3 .-
K (3)ss00 = J;-e (1 +33 Ly, (10)
Correspondingly the expression for G will be
@ _2 Ll iR . 2t 2 — e~ *k(Ru~7) . L -
6 [B e 1 3 ] e 14 3
—E]}D'l - cos kzdk
r (11)
(2) — _l & Ez k(Ran E _k(Ran_r) . i i
Gz pN T J}fl {e 8k - r)] RIS [1 +8k (Rm =
+1]}D‘1 - sin kzdk
= (12)
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where

D = okRuRy). [1 a % (é . Riz)] _ o—k(Ru*Ry) . [1 + 3_3;{(% _ Riz)]

Taking into account two terms of asymptotic expansions is necessary so that even at 77 = IFIR1 ~10

the accuracy was about (lz' 1R 2)_2 ~ 1%.
Green’s function is a flow that forms in the infinite coaxial domain at vn(z) equaled to &(z) — the
Dirac delta function, that is if the finite liquid flow equaled to 2nR; enters the domain through an infinitely

narrow ring slot set at z = 0. It is obvious that at moving away from the slot the flow should level off and r

component of the velocity must turn into zero and z component tends to a constant. It is explicitly from the
physics and numerical calculations confirm that this aligning should occur at distances comparable with
the width of the domain, i.e. at |z| ~ A. Therefore the only characteristic size — A — enters the integral
(12) and in its calculating the net should be chosen so that Ak << A (but Ak may be more than 1/R>).

The necessity of the third integration domain from R,, to o« deals with the fact that at r — R, the
terms under integral approach zero very slowly and at r = R, they don’t reach zero at all and become
oscillating. Thus a numerical determination of these integrals is not possible and it is necessary to make an

analytic evaluation. This is not difficult if 1;2 >>1/A. Then the number of terms with ™ is much less

then the number of terms with e ** and may be neglected. After that the analytic integration is made by
standard techniques. We have:

c® 1) Ry & -r, (" —Ry)coskyz —zsink,z TR,
T p T (T — R)Z + 22 Razn

R, — r)cosl?zz — zsinl}zz
(2Ran — Ry —71)?

—ky (2R —R,~-1) | (2Ran —

e

(13)

Ry KRy . (r — Ry)sink,z + zcosk,z N TR,

20 .
r (r —R)?+ 22 RZ,

(2R, — R, — 1)sink,z + zcosk,z
(2Ran =R, - r)2

-k,(2R,;—R,-7) .

‘e

Note that G contains all singularities that appear in the flow at r — Ryand z — 0. Denoting r — Ry =
£>0 we have thatatz — 0, £ — 0:

1
G' r — Ty & —
Y (T Z) “ p o2 4 72 |e | ,E[(Z) (14)

z 1

1
G (71,2) > —————|esp =
r( ) p e2+22|e 0 pz

The numerical finding of Green’s function was carried out for the outer manifold of Nizhnekamsk
reactor for the styrene production. Results are presented in the fig. 2. One of the qualitative conclusions is
that at z = Ran — R2 = 4 the flow may be considered as homogeneous with 10% accuracy that is the
influence of a disturbance on the manifold boundary spreads out the distance about 4.
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Let us analyze the spreading of the flow leaving the collecting manifold. Consider that the normal
component of the velocity has rectangular profile at the boundary between the working zone and the outer
manifold (I", boundary, fig. 1).

A parameterization of the normal component of the velocity on the boundary I'; is carried out under
the following reasons:

v (Dlr, = e (ag + a1z + ayz® + - )+
+e_z/13(b0+blz+b222 —}—), (15)

where I3 is the boundary between 4 and B domains; /; and /, are the characteristic sizes of the task (/,
< b), z € (0; w). Parameters ao, ai, ... bo, b1... are defined under the condition of the continuity of the
tangential component on the boundary I'; and the conservation of the full flow. The last condition is the
following:

Jp, vrdz = —RRy7 (16)

h

. . . —z/ . ..
or taking into account that integrals from e ~ " - z" are taken in explicit form

1,69 — 11126, + 2! 3a, — 3!ifas + - +
+l,by — 1! 13by + 2!13b, — -+ = —R,R32. (17)

The eq. (15) provides the continuity of the tangential component at x — oo.

At numerical finding parameters of normal component of the velocity on the boundary we used
requirements of the continuity of the normal component at z = 0 and z = 4/2 in addition to eq. (15). Under
these three conditions parameters ao, a1 and by were obtained by solving the system of linear equations.

Figure 1 - The outer manifold
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Figure 2 - The universal Green’s function for various R values
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Figure 3 - The profile of the normal component of the relative velocity
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ll IZ

Dimensionless coefficients c, = A and ¢, =— were determined under the condition that the
2
parameterization provides the continuity of the tangential component of the velocity in average on the
boundary the best way. We made a functional equaled to the average square of a jump of the tangential
component of the velocity on the boundary

— A By 2
F(cy,65) = fl_3 (vi - vE)%dz (18)
and parameters ¢; and ¢; were defined under the condition of the F functional minimum. It results in
€1 =0,69 and ¢ =0,31 (19)

Parameters ao, a; and by were
ag=—0,70,a; = —2,79 and by = —0,53 20)

(a normalization of these coefficients is determined by an amplitude of the normal component of the
velocity on the boundary I'; and may be considered arbitrary). At these parameter values the calculation
error of the tangential component was about 5%. A profile of the normal component of the velocity is
shown in the fig. 3. The fig. 3 shows that the profile of the normal component of the velocity on the
boundary I'; (i.e. in the output hole of the outer manifold) is mainly determined by the characterized size 4
and therefore the disturbance related to a sudden widening has the size of the same order. The part of the
profile that has the characterized size R, has an amplitude less or about 5%, if exists at all.

B.H. Koaeckun!, A.A. IOnycos?, A.A. IOnycosa?, ILT. IllTepn’,
A.B. JlykbsanoBa'!, M.A. Amanabikos?, K. Kymagymiaes 3

'OBIOY «Peceif YKBIM K. JI. Y IIHHCKHI aTBIHIAFb] SIpocnasib
MEMJICKETTIK [eIarOTUKAIIBIK YHUBEPCUTETI», SIpocnasisk, Peceit;
2 KaszakcTaH MHKEHEPTi-TIeIarOTUKAIBIK, XadbIKTap TOCTHIFE yHHBepCHTETI, IbMKkenT, Kazakcran;
3M.Oyes30B atbmgarsl OHTYCTiK KazakcTan MemnekeTTik yausepcuTeTi, IlsvkenT, Kazakcran

AFBIHJIBI KO3FAJIMANTBIH TYHIPIIIKTI KABATBI BAP 'KA3BIK
"KOHE PAJJUAJIJIbI BAMJIAHBIC ATIITAPATTAPJA MO/JIEJILJIEY.
11 CATAJAFBI ECENTEP/I IHEINY GKUHAYIIBI KOJUIEKTOP). (2 Goutim)

AHHOTauMsl. XUMUAIBIK TEXHOJIOTHSHBIH MaHBI3IBI JJEMEHTTEPiHIH Oipi KaTamu3aTOPIOBIH KO3FaIMAWTHIH
KabaTel Oap akcHambAi HEMece paguaifbl TYpAeTi peakTopiiapla icKe achIPBUIATBIH T€TePOTeH/II KaTaTUTHKAIBIK
mporectep Oonbim TaOBUIamel. FampiMmap MeH eHIIpYIIUIEpAiH Ha3apblHAa OCHIHAAN OaimaHBIC KYpBUIFBLIAPHIH
3epTTey MeH KoJjlaHyFa OipkaTap apThIKUIBLIbIKTap cebern OosraH: (asanap OeniMiHIH JKOFapbl aMblFaH OeTi,
aFbIHJAPIBIH JKOFAphl IKbULIAMIBIKTAPbIH KaMTaMachl3 €Ty MYMKIHIIT, JAeMeK, rabapurrep MEH Marepual
CBIMBIMIIBUIBIFBIH  a3alTy, KOHCTPYKIMSHBIH KapanaibIMIbUIBIFBl MeNaiajgaHyaarsl CceHimuinik. baiigansic
amnmapaTTapblHbIH ~ JKYMBICBIH — KaKCapTyFa  KOJIJIAHBICTAFbl  TEXHOJOTHSUIAPIBI  JKSTULAIPY  JKOHE  JKaHa
TEXHOJIOTHSUIAP/IbI, KaTalu3aTopiap MEH IUCICPCUSUIBIK JKYHENepiH KYpbUIBIMIAPBIH Kypy eceOiHeH KOJ
KETKI3LTyl MYMKiH. Auaiija, Oipkarap >KkarjailapJa anmaparTbhlH OJKYMbIC aiiMarblHOa ipi  MacmralOThl
TUIPOJMHAMUKAIBIK OIPTEKTI eMECTIKTEpAiH O0Iybl XUMHSIIBIK, JKbLUTy-Macca ajiMacy JKoHe 0acka J1a MpoIecTepIiH
TUIMIUIITIH apTTHIPY OOMBIHINA iC-9PEKETTI KOKKA IIbIFapabl. I HIpoanHaMUKaIBIK O1pTEKTI eMec KYObUIBICTapAbIH
maiina Oomy ceOenTepiH aHBIKTAy TYHIPIIKTI Kabarrapja CYWBIKTBIK II€H Ta3[blH KO3FAIlbIC (DH3UKACHIHBIH
EpEeKIIENIKTEePiH 3ePTTEYAl Tajlam eTei. XUMHUIBIK peakTopIapabl Maiaaaany ToKiprOeci OHepKICINTIK MPOIeCcTiH
TEXHUKAJBIK-OKOHOMHKAJIBIK KOPCETKIIMTepi, OHETTe, OCHI TPOLECTi X00ajmay CcaTHICBIHAA AalbIHFAH ECEMNTIK
MOHJIep/IeH TOMEH eKEH/ITiH KyanaHabIpansl. Kas3ipri yakeiTTa peakTOpIsIH OHIMIUIITIHE ocep €TETiH ceOenTep iy
Oipi TYHIPHIIKTI KaTaJu3aTOPIbIH KaOaThIHIAFbl PEArCHTTEDP aFbIHBIHBIH OIPTEKTI eMeCTLTIri OOJIBIT TaObLIATHIHBI
JIONeNIGHreH ien caHayra Oousiaabl. JKyMbIC KO3FajIMalThIH TYHIpIIIKTI KaOaThl 0ap »a3blK JKOHE pauaijibl
KOHTAKTLII anmaparrapia KbIChUIMAHThIH CYHBIKTHIKTBIH aFbIHBIH MATEMATHKAJIBIK MOJCIICYTe )KOHE OCBI MOJIEIIbII
CaHIBIK ICKE achIpy OJICTEPIH KypyFa apHayiFaH. YII O6NIKTeH TYpPaThlH HAKThl PEAKTOPIBbIH MO OOMBIHIIA
KYMBIC LMKl YCHIHBULABL: TapaTyIlbl KOJUIEKTOP, JXHHANTHIH KOJUIEKTOP J>KOHE TYMIPIIIKTI KaTajlu3aTOpIbIH
KO3FaJIMAMTHIH Ka0aThI )KYKTEIICTIH XKYMBIC aliMarbl. ['a3 aFbIHBIH MOJICIIBI'e SHTI3Y JKOHE IIbIFapy Z - OeiHerni cxema
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OOMBIHIIIA JKY3€re achIpblaambl. PeakTopaslH opOip ailMarblHAarel MPOILECTEP MEH OJapIblii CHIATTANHTHIH
TEHJACYNEp i erKel-Ter kel KapacThIpalbIK.

Tyiiin ce3jep: XUMHSUIBIK pEakTop, KO3FAJIMAaWTBIH TYHIpIIKTI Kabar, Karamusatop, OpraH 3aHbl, TOK
(yHKUMSICBI, TYHIPIIIKTI OpTaHbIH Kenaepri ¢gaktopsl, ['puH (YHKIMACH, KBICBIM Opici, KbUIIAMIBIK epici, Kabar
KeJeprici.

B.H. Konecknn', A.A. IOnycos 2, A.A. IOnycosa?, ILI. Illtepn’,
A.B. Jlykbsanosa!, M.A. Amanabikos?, JI.K. Kymanyanaes
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2YVuusepcuret Jpyx6b1 HapomoB uMenn akagemuka A Kyar6exora, [lsmvkent, Kazaxcran;
3I0sH0-KaszaxcTaHckuil rocynapcTBeHHbli yHuBepcuTeT uM.M.Ays308Ba, [llbiMkenT, Kazaxcran

MOJEJIUPOBAHUE TEYEHUSA B IIVIOCKHUX U PAIUAJIBHBIX
KOHTAKTHBIX AIIMAPATAX C HEHOABUKHBIM 3EPHUCTBIM CJIOEM.
PEIHIEHHE 3AJAYH B OBJIACTH 11 (COBUPAIOIINUA KOJIJIEKTOP). (Yacts 2)

AnHoTanusi. OZHUMH W3 B@KHEHIINX 3JIEMEHTOB XUMWYECKOW TEXHOJOTHH SBIISIOTCA TI'eTEPOTCHHBIC
KaTaJIMTUYECKUE IIPOLECCHI, PEaTu3yeMble B PEAKTOPAaX aKCHAJBHOIO WM PaJHaIbHOTO THUIA C HENOJIBHUKHBIM
CIIOEM KaTanu3aTopa. BHHUMaHHMIO Y4EHBIX M IPOU3BOJICTBEHHUKOB K HCCIENOBAHUIO W IPUMEHEHHIO TaKHX
KOHTaKTHBIX YCTPOMCTB OOYCJIOBJIEHO PSZAOM IPEUMYILECTB: BBICOKOPA3BUTOM NOBEPXHOCThIO paznena a3,
BO3MOXXHOCTBIO OO€CreueHHsT BBICOKMX CKOPOCTEH IIOTOKOB M, CJI€[IOBATENIbHO, YMEHBILIEHUS Tab0apuTOB U
MaTePUAIOEMKOCTH, IPOCTOTON KOHCTPYKIIMU M HAAEKHOCTHIO B IKCIUTyaTalMU. YIIydllICHUE PaOOThl KOHTAKTHBIX
anrnapaToB MOXKET OBITh JOCTUTHYTO 3a CYET YCOBEPLICHCTBOBAHUS CYLIECTBYIOIINX U CO3/IaHHSI HOBBIX TEXHOJIOTHH,
KaTaJlM3aToOpOB M CTPYKTYp JHUCHEpCHBIX cucteM. OpHaKo, B psle CIydyaeB HaJMYUe KPYHMHOMACIITaOHBIX
THIPOJMHAMUYECKUX HEOAHOPOJHOCTEH B paboueil 30HE ammapara CBOAWT Ha HET YCHJIMSA IO IIOBBIICHHIO
3Q(PEKTUBHOCTH XMMHUYECKHX, TEIIO-MaCCOOOMEHHBIX M APYTHX MpoleccoB. BhIsICHEHnEe MPUYUH BO3HHUKHOBEHUS
THIPOJMHAMHYECKUX HEOJHOPOIHOCTEH TpeOyeT M3ydeHHs 0COOEHHOCTEH (M3WKM IBIKEHUS >KUAKOCTU W Tasa B
3€pHUCTHIX CJI0AX. OIBIT JKCIUIyaTalMd XHMHUYECKHX PEaKTOPOB CBHICTENBCTBYET O TOM, 4YTO TEXHHUKO-
HSKOHOMHMYECKHUE TIOKA3aTENN ITPOMBIIIIEHHOTO MPOLECCa KaK IMPAaBUIIO HIKE PACYETHBIX 3HAYEHUH, TIONY4YEHHBIX Ha
CTaJuy NMPOEKTUPOBAHM STOrO Ipolecca. B HacTosIIee BpeMsi MOKHO CUUTATh JOKAa3aHHBIM, YTO OJHOW U3 IIPUYHH,
BIMAIOIINX HAa IMPOM3BOJUTEIBHOCTh PEAKTOPA, SBIAETCS HEOJHOPOJHOCTh NMOTOKA PEAreHTOB B CIIOE€ 3E€PHUCTOTO
Katanuzaropa. PaboTa mocBsieHa MaTeMaTHuecKOMY MOJICITUPOBAHHUIO TEUYEHHsT HEC)KHMMAEeMOW JKHJIKOCTH B
IJIOCKUX M paJuajibHBIX KOHTAKTHBLIX ammnaparax € HEIMOJABWKHBIM 3CPHUCTBIM CJIOEM H IMOCTPOCHHUIO METOAOB
YHCJIEHHOH peanu3auuu 3Tod Mojenu. [IpeanoxkeH kI pabOT MO MOJEIH PEabHOTO PEaKTopa, COCTOSIIEro U3
TpeX dYacTei: pa3/alollero KOJJIEKTOpa, COOMPAOLIEro KOJUIEKTOp M paboyel 30HBI B KOTOPYIO 3arpykaercs
HETOJBIDKHBIA CJIOH 3€pHUCTOrO KaTanu3aTopa. BBoa M BBIBOJ ra3oBOro MOTOKAa B MOJENIU OCYLIECTBIEH IO
Z-o06pa3Hoii cxeme. PaccMoTprM 1o1poOHO MpOIecChl U OMUCHIBAEMbIE X YPABHEHHMS B KaXI01 30HE peakTopa.

KiroueBble cj10Ba: XMMHUYCCKHHA PEAKTOp, HETOABIDKHBIN 3EPHUCTHIN CIIOW, KaTaln3aTop, 3aKOH JpraHa,
(yHKIHESA TOKa, (aKTOp COMPOTHBIICHUS 3EpHHUCTOW cpenbl, ¢yHKuus ['puHa, mMoile MaBIEHUH, TONEe CKOPOCTEH,
COIPOTHUBIICHUE CIIOSI.
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