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Summary. The paper deals with high-performance computing technologies of modeling and
identification of adsorption in nanoporous systems with feedbacks for gas purification. Analytical solutions to the
problem of non-isothermal adsorption and desorption are based on Heaviside’s operational method and Laplace
integral transform, but the development of calculations is quite original. Experimental and modeling distributions
of moisture and temperatures of gas at the inlet and outlet of the silica beds for each adsorption — desorption
phase at different times are presented. The distribution of moisture within the beds for the full dehydration —
regeneration cycle is determined.
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Introduction. The main anthropogenic sources of atmospheric pollutants are the
processes by which energy is generated for transport and industry. It has been demonstrated
that the transport sector is the emission source that contributes the most to global warming at
present, and it will probably remain so in the immediate future [1]. Natural gas is an important
source of primary energy. Its use as a motor fuel for transport and other sectors of industry
saves liquid petroleum products, significantly improves the atmosphere of cities and slows the
process of global warming. This must be in accordance with European Union specifications
governing the security and safety of such technical equipment’s [2, 3]. Extensive literature is
available on common gas dehydration systems including solid and liquid desiccant and
refrigeration-based systems [4, 5]. Currently, adsorption-based processes rely on a technology,
which uses high temperatures for the regeneration of the adsorbent [6, 7]. The main purpose of
this study is to specify all the processes along the columns during non-isothermal adsorption
and desorption. For the modeling and identification of adsorption systems we have used the
Heaviside operational method which is high-performance computing treatment.

Mathematical model of non-isothermic adsorption and desorption in nanoporous
solids The modeling of the kinetics of gas adsorption on a microporous adsorbent and the
corresponding regeneration is based on our approach [7, 8] using a mathematical model that
includes mass balance and heat.
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Methodology of analytical solutions of the adsorption-desorption model. The
solution of the system (1)—(6) was obtained using Heaviside's operational method [9]. Applying
the Laplace transformation to eq. (1)—(6) one obtains:
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c'(p,z) = Tc(t,z)ep‘dt =L[c], a"(p,Z) = Ta(t,z)ep‘dt =L[a], T"(p,2) = TT(t,z)ep‘dt = L[T]

where p is a complex-value parameter of the Laplace transformation [9].
The solution of eq. (7) with conditions (9), (10) is [7, 8]:
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Calculating the Laplace originals in eq. (127), we obtain:

W, ~oy(p)z
c (t,z)=c0LL’1 1 & s ! (e, —c)e? LY 2 +
K+l | p] K+1 |p+p(K+1) D

1 e_wl(p)z ﬂz
en A Lo
p+A(K+1) p

where Laplace original L_{e”’“’”z} after the calculation of the Bromwich integral is [7, 9]:
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Substituting eq. (14) in eq. (13) we obtain the analytical solution of eq. (1)—(6) which
describe the concentration of moisture in the gas phase and adsorbed on the solid:
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Similarly, the analytical solution of (1)—(6) which describes the temperature distribution
in the adsorbent is [7, 9]:
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Analysis and simulation. The experimental conditions of the system are presented
in [7]. Moisture concentrations of the gas that enters the drying adsorbent column (adsorption
phase) during a dehydration cycle are presented in Fig. 1. These variations are due to the minor
fluctuations of the gas pressure in the network. The corresponding average moisture at the inlet,
0.175 g/m?, is used for the simulations.
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Figure 1. Experimental concentration of gas moisture
at inlet of adsorbent column during the adsorption phase

Fig. 2 displays the moisture variations against time of dehydrated gas at the outlet of the
adsorbent column. Adsorbent regeneration (desorption phase) is carried out with a small
fraction of the dehydrated gas (10% in our experiments) heated at 125-130°C. Fig. 3 shows the
variation of the temperature near the inlet Tin (T1,72) and outlet Tout (T3,T4) of the column during
the desorption phase.

142 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (95), 2019 https://doi.org/10.33108/visnyk_tntu2019.03


https://doi.org/10.33108/visnyk_tntu2019.0

Mykhaylo Petryk, Oleksandr Khimich

, Dmytro Mykhalyk, Igor Boyko, Vasil Kovbashyn

W, g/m?
. T T T T
Eb.
Bem,

7-10-5 | ‘\‘_‘EI 'E!_- -
6-10-5 | T -
. =
10-5 | & e Y S S - BN
5-10 '\ ek -G ED‘ET go i -'El-.E

1 Tt 1 1
0 50 100 150 200
t, min

Figure 2. Moisture content of dehydrated gas at the outlet of the adsorbent column
(blue square points — experiment; dotted red line — model)
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Figure 3. The temperature of gas near the inlet Tin

(T1, T2) and at the outlet Tout (T3, T4)

of the column of regeneration (squares — experiment, dotted line — model)
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Figure 4. Moisture of the gas at the outlet of the column during the regeneration of the adsorbent
during 240 minutes (square red points — experiment, dotted blue line — model)
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The variation of the moisture of the gas at the outlet of the column of regeneration
(Fig. 4) shows the kinetics of the internal desorption of the moisture during 240 minutes. Fig. 3
and 4 show that the regeneration process is characterized by two specific periods: the heating
of the adsorbent, corresponding roughly to the first 90 minutes (Fig. 4, curves T1 and Ts, Fig. 5,
curve wi) and the regeneration period (Fig. 3, curves T, and Ts, Fig. 4, curve wy). Further there
is a higher and stable temperature Tin~ 120—125 °C and Tout increases continuously.
Conclusion. Our studies have confirmed the effectiveness of the «adsorption-
desorption» technology for the purification of natural gas used as fuel in extreme climates.
After each drying cycle, the residual moisture content of the gas is lower than the maximum
allowable value of 0.009 g/m3. The solution of the proposed mathematical model for the gas
adsorption process on porous solid and its regeneration is based on an original algorithm using
the Heaviside operational method and the Laplace transform. These high-performance
computing technologies of modeling and identification of adsorption in nanoporous systems
with feedbacks can serve as a model for many applications relating to this type of process for
the purification of confined atmospheres.
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BUCOKOIPOJIYKTUBHI KOMIT'IOTEPHI TEXHOJIOT'Ti
MOJIEJTIOBAHHS TA IIEHTU®IKALII AJICOPBIII B
HAHOINOPUCTUX CUCTEMAX 31 3BOPOTHUMM 3B’SI3KAMM
JUISI OYNIIEHHS TA3IB

Muxaiiso Ierpuk!; Onexcanap Ximiu?; Imutpo Muxanuk?;
Irop Boiiko'; Bacuias Kopoamun!

Y Tepuoninocoruii nayionanvruii mexniunuil ynieepcumem imeni lsana Ilynios,
Tepnonins, Ykpaina
2Iucmumym ribepnemuxu iveni B. M. I'mywikosa HAH Ykpainu, Kuis, Ykpaina

Pe3tome. Poszensanymo eucoxkoepekmugui oouucio8aivbhi mexHonozii mooenosants ma ioenmughikayii
aocopbyii' 6 HAHONOPUCMUX cCUCMeMAax 3i 360POMHUMU 36'a3Kamu OJia ouuwjenns 2asy. MooenioeanHs KinemuKu
aocopbyii 2azy 6 MIKponopucmomy aodcopOeHmi ma 6iOnosiOHOI peceHepayii onupacmovcs Ha GUKOPUCHAHHSL
MamemamuyHoi Mooeni, wo eKuo4ae baianc macu 1 menid. AHAIIMUYHI po36 A3Ku npobaemu Hei30mepMiuHOT
aocopbyii ma decopbyii Tpynmyromsca Ha onepayiiinomy memooi I esicatioa i iHmMezpanbHUX nepemeopeHHIX
Jlannaca, ane 3anpononoeana memoouxa obuucieHs € Hoeow. IIpedcmasneno excnepumMeHmanbhi ma MoOenbHi
PO3N00iNU 800U I MeMnepamypu 2a3y Ha 6x00i ma 8uxooi wapy aocopbenma st KOJHCHOI (azu adcopoyii —
Odecopbyii 6 pisHi uacosi inmepsanu. Busmaueno posnodin eonocu 6 medcax wiapy O07s HOBHO20 YUKTLY
3He800HeHHsT — pezenepayil. TIpoeedeni 00cnioxicenHs NIOMEepouiu ehexmusHicmbs MexHON02l «adcopoyis-
Oecopbyiay ONa OYUWEHHA NPUPOOHO20 2a3y, WO GUKOPUCHOBYEMbCA 6 AKOCMI NANUEA 6 eKCMPEeMAlbHUX
Kaimamuynux ymogax. ITicist KoJHCHO20 YUKTY CYUWIHHA 3ATUWKOBUL 6MICI 801102U 6 2A3] HUICYE MAKCUMATBHO
oonycmumozo 3Hauenns. Bapiiosannsa eonocu 2azy ma 6uxodi 3 KonoHu pezenepayii 6i0obpadicae Kinemuky
SHYMPIWHbOI decopbyii 6o102U Ma 6KA3ye, WO NPoyec peceHepayii Xxapakxmepuszyemocsi 080Ma CneyugivHumu
nepiodamu: HaepiaHHAM adcopbenma U pezenepayieto nepiody. /lani cnocmepicacmvcs suwa i cmabitbHiwa
memnepamypa, AKa NOCMitiHO nioHiMaemuvcs. Po3é’azox 3anpononosanoi mamemamuunoi mooeni npoyecy
aocopoyii 2azy Ha nopucmomy meepoomy miii ma o020 pesenepayii 6a3zyemMvcs HA OPUSTHATILHOMY ANCOPUMMI,
PO3POOIEHOMY 3 BUKOPUCMAHHAM Onepayiinozo memody I 'esicatioa ma inmezpanvhux nepemsopens Jlanaaca. L]
BUCOKOCDEKMUBHA 0OUUCTIOBATILHA MEXHON02IA MOOeno8ants U ioeHmugixayii adcopoyii 6 Hanonopucmux
cucmemax 3i 360pOMHUMU 36 A3KAMU MOJICE CLY2Y8amu OCHOG0I0 014 6a2amvox 3acmocy6ams, Wo CMoCylOmbCs
nOOIOHO020 MUNy NPoyecie OYUUeHHsl 8 0OMeNCEHOMY CepeOOsUlL.

Knruosi cnosa: sucokoeghexmusni 064uco8anibHi mexHor02il, HAaHONOPUCMI CUCMeMU 3i 360POMHUMU
38'a3xamu, aocopoyicio ma odecopbyicio; moodeniosanns 2azie; onepayivnuil memoo I egicatioa; inmezpanbHi
nepemeopenns Jlannaca.
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