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SCALE-UP UNDER CALCULATING A WORKING ZONE
OF CHEMICAL APPARATUSES WITH ACCOUNTING
TO THE DISTRIBUTION OF PHASES

Abstract. In this work, the new approach to modelling the scale factor under the calculation of an efficiency of
mass transfer in the reactors has been submitted. The approach is based on the dividing the apparatus work volume
into zones with different ratios between interacting phases streams. The expressions obtainedcan be applied to the
design of chemicalreactors with allowance for the scaling phenomena.
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Introduction. Numerous experimental studies and experience of industrial exploitation show that
when calculating devices of large unit capacity from experimental data obtained from small-scale expe-
rimental installations, it is primarily to ensure the calculated efficiency of their operation. It is established
that this efficiency tends to decrease with an increase in the sizes of the apparatus [1, 2]. This phenomenon
has been called the scale effect and has recently become the subject of research by many scientists [1-3].

The presence of stagnant zones, recirculation sites and arcas with a complex hydrodynamical struc-
ture in the apparatus volume creates major problems in the development of mathematical models. Ho-
wever, even a workable model is not always correctly used in the design of an industrial device due to the
noted problem of a scale transition, since the structure of the streams can change with a change in the
overall sizes of the apparatus and its power [4, 5].

This paper deals with an approach to this problem, based on some ideas proposed in [2], which
makes it possible to give a fairly simple technique for estimating the influence of the scale factor on the
mass transfer efficiency, suitable for use in engineering calculation methods.

The approach is based on the idea that the entire volume of the apparatus has divided into zones with
different ratios of interacting flows. It is assumed that the structure of the streams in the isolated small
volume cell of the reactor corresponds to the structure of flows in the laboratory apparatus with the same
flux ratio and uniform phase distribution [2].

Mathematical model. In order to take into account the uneven distribution of flows, it is assumed
that each volume element can be associated with the local value of the bulk mass transfer coefficient
obtained on laboratory installations of small size with a known flow structure [6, 7].

The equations for the interaction of phases in elementary volumes are as follows:
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where X, Y are the dimensionless concentrations of the reacting reagents; K, — volumetric mass trans-
fer coefficient; z — longitudinal coordinate; » - radial coordinate; ¢ — degree of conversion; V' — volu-

me of the reactor; L is the ratio of the fluxes of the interacting phases.
In the linear approximation, we can put:

o kx-v, 3)
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where &, 1s the rate constant.

Then system (1), (2) can be reduced to the following
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The effective diffusion coefficient reads [4]:
D(z,r)= onK,), K,(A-1), )
Oz
where X is the mass transfer factor [2]:
A=k, (6)

Since the average value A does not depend on the distribution of fluxes and the one is constant along
the length of the reactor, the average value of the mass transfer coefficients can be calculated from the
formula:

R, == [ ™
f

After some rearrangements, we obtain the equation of the process line of the mass transfer in the
apparatus
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The formula for calculating the degree of conversion of substances in the reactor when there are »
successive sections in the apparatus with different phase flow structures can be derived as follows:
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An analysis of the mathematical model for the distribution of the dispersed liquid phase in the reactor
shows [4, 5] that there is a certain characteristic radius R, at which the average intensity of the liquid flow

is stabilized, and this radius is set at a certain distance H ; from the reactor inlet cross-section.
The following estimates are obtained for the indicated radius and average intensity:

R, = @m(@j , (10)
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Thus, in carrying out the estimated calculations, the entire volume of the apparatus can be
conditionally divided into two zones: a zone of stabilization in height H ¢, within which the region of in-

tensive mass transfer occupies only a certain part of the volume of the working zone of the apparatus, and
a zone of steady-state mass transfer in which the local mass-transfer coefficients reach, on average,
optimal values in the entire volume of the reactor.

In this case, in the first zone the so-called mass transfer loss coefficienty , equal to the ratio of the

mass-transfer coefficient in this zone to the optimal one according to experimental data [1, 2], can be
introduced.

For the minimum local intensity of the flow of the disperse liquid phase, we obtain the estimate
based on the stochastic walk model:

i =—. 12
min do ( )
exp| ——~
P 4a
Here, the initial distribution of the disperse phase has characterized by some conventional step
between point sources of irrigation d o and a characteristic longitudinal size d of the reactor's elementary
volume (for example, the size of the packing element) has been introduced.

The graph of the dependence on the ratio d,, / a of the minimum local flux density to the total initial
irrigation density 7, /1 is shown in figure 1.
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Figure 1 — Graph of solutions of equation (12)

Methods of calculation and discussion of the results. Based on the above models, the calculated
ratios for the degree of conversion of substances in the reactor, taking into account the presence of zones
in the reactor with a different distribution of phase flows in the zones have been obtained:
for L =1:
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For A =1:
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In ratios (13), (14), F isthe total cross-section of the apparatus, G is the intensity of the flux of the
continuous phase (gas).

If the idea of the height of the unit of mass transfer will be used to estimate the efficiency of the
apparatus with accounting to the uneven distribution of flows in the volume [8, 9], then the calculation of
the corresponding characteristic can be performed using the formulas

h=h"+M, (15)
A = (I_Y)HS i (16)
N
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where A" is the height of the unit of transfer for a uniform distribution of fluxes (according to expe-
rimental studies on a laboratory bench).
Then it is possible to introduce the integral factor of the scale effect in the form:

A-1 &=
cD:Q—FZI:Kg(,.)H,. (18)
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Factor (18) links the following physicochemical characteristics: (A1), mass-transfer indicators of
intensity (X, ), as well as scale indicators of the process, namely: geometric characteristics (£ and H))
and load value (Q,).

Then the expression for calculating the total degree of absorption in the countercurrent of the
contacting phases acquires a compact form:

. = exp(®)-1  BC exp(®)-1
N T RO
Aexp(®)-1 C, Aexp(®)-1

(19)

And for concurrent flows the conversion degree reads:

_ exp(CD)—l pCY exp(CD)—l 20
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Figures 2 and 3 show some results of numerical experiments.

In accordance with the method described above and with the numerical experiment, the height of the
calculated section in the packed column is related to the main geometric parameters of the packed column,
namely: with the diameter of the column and the characteristic dimensions of the packing bodies, and also
with the conventional number of irrigation points by the ratio [4]:

DZ
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where
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Figure 2 — The degree of extraction at three conditional parts of the column
with changing along the height an average mass transfer coefficient. Countercurrent case.
Countercurrent case. Irrigation densities, m/s: 1 — 0.5-10%,2-1.25-10>; 3-2.0-10>; 4 -2.75-10%: 5-3.5-10°
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Figure 3 — The degree of extraction at three conditional parts of the column
with changing along the height an average mass transfer coefficient.
Concurrent case, m/s: 1 —0.5-107; 2 - 1.25:10%; 3-2.0-107; 4-2.75:10%; 5-3.5-10°

From here, the inverse problem was solved, from which an expression for calculating the conditional
number of irrigation points necessary for achieving uniform irrigation at a given height has been obtained:

2
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where I is the dimensionless complex geometric parameter of the packed column:
_Ha’
hD?

Further, according to the described method and dividing the height of the column into three
conventional sections described, the change in the total conversion rate was calculated as a function of the
integral factor (18). At the same time, the dependence of the degree of extraction on the regime parameter,
namely, on the volume density of irrigation per unit cross-section of the apparatus (figures 2 and 3) was
studied.

Figure 4 compares the results of the application of the developed scaling methodology to the

calculation of the efficiency of the capture of ammonia and carbon dioxide (i.e., the important impurity
biogas components) and experimental data obtained earlier in columns with chordal packing [4].
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Figure 4 — Comparison of calculations for the model and generalized experimental data
for the processes of ammonia capture by water and carbon dioxide capture by NaOH-H,O system [4].
The average density of irrigation: A — 0.25 m*h; — 0.75m?h; —1.25 m’/h. Solid lines — calculated values

The known experimental results [4] show that the effect of the uneven distribution of the liquid phase
on the efficiency of the absorption process is very strong. This is especially true for higher irrigation
densities and in the case of concurrent liquid and gas phases.

At the same time, at lower irrigation densities, an increase in the conditional number of irrigation
points leads to decrease in irrigation densities in many areas of the column packed section. This pheno-
menon and the increase in the degree of uniformity of irrigation are two competing factors.

A numerical experiment shows that improving the uniformity of irrigation leads to an increase in the
degree of conversion. This effect will be most pronounced in the case of highly soluble gases [9, 10]. In
this case the contact surface of the phases plays a decisive role, and the influence of the integral factor of
the scale effect manifests itself more sharply [2, 11, 12].

Conclusion. The main aspects of the problem of large-scale transition in the design of flowing
chemical apparatus have been scientifically substantiated. It is shown that the nature of the scale effect in
this case is of a complex nature, having both regime technological aspects and hydrodynamic causes.

The developed approach makes it possible to use the results of laboratory studies on small-sized
installations and the relationships obtained by mathematical modeling of the distribution of phases in the
volume of the apparatus and on their basis to calculate the industrial apparatus.
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9. C. Myparos, I'. E. Caxmerosa, JI. T. Tomimos, A. M. Bpenep
M. Oyesos arerHAarsl OKMY, HsmvkenT, Kazakcran

PA3AHBIH KOJIEM/I BOJIIHYIH ECKEPE OTBIPBII AFBIH/IBI XUMHWSAIBIK
KYPBUITBLIAPABIH ) KXYMBIC AUMAYBIH ECENITEY KE3IHAEIT AYKBIM/IbI AYBICY

Annotamus, Makamana peakTopiapaa Macca TaChIMAIIAYIBIH THIMAUIITIH €CeNTEYAC ayKBIMIBI 9CepIi MO-
JCNBACYTEC JKAHA OIC CHIATTAIFAH. By omiC KYpBIIFBIHBIH OAPIIBIK KYMBIC KOJICMIH €3apa opeKeTTeCeTiH (pazamap
aFbIHIAPBIHBIH 9P TYPJIl KaTrblHACTaphl Oap aWMakTapra OeyiHE HETI3ACHTeH. AJBIHFAH OPHEKTEPAl XHUMESIIIBIK
KYPBUFBLIAPIbBI €CENTEY MPAKTHKACBIHAA KOJAAHYFa OO IbL.

Tyiiin ce3aep: ayKbIMIbI 9cep, XAMISUIBIK KYPBUTFBL, CallTaMa, MIBIFAPy JOPSKeci, MAacca TaChIMAIIay.

A. C. Myparos, I'. E. CaxmeroBa, JI. T. Tammmos, A. M. Bpenep
FOKTY M. M. Ayesona, [llemvkeHT, Kazaxcraun

MACIITABHbII MEPEXO/I ITIPH PACYETE PABOUENM 30HbBI MPOTOUYHBIX
XUMHUYECKHX AIIITAPATOB C YYETOM OBBbEMHOT'O PACIIPEAEJIEHUSA ®A3

Amnnoramus. B padore ommcan HOBBIH MOAX0A K MOACTHPOBAHHIO MacmTaOHOTO 3(dekta mpu pacuere 3pPek-
THBHOCTH MACCOOIICPCHOCA B PCAKTOPAX. DTOT MOAXOT OCHOBAH HA JACJICHUH BCETO padouero o0vpeMa ammapaTta Ha
30HbI C PA3THYHBIME COOTHOIICHHUSMH MOTOKOB B3aUMOACHCTBYOMHX (pa3. [10TyuCHHBIC BBHIPAKCHHSI MOTYT HAWTH
MPUMCHCHHE B MPAKTHUKE PACUCTa XUMHUYCCKUX aMMNapaTos.

KmoueBnie ciioBa: MacmraOHb 3Q(EKT, XUMAUCCKHH ammapar, HACAAKA, CTCICHb H3BJICUCHHA, MAaCCOIIC-
pcHOC.
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