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SIMULATION HEATING PROCESS FOR WEAKLY
REACTIVE COAL IN THE HORIZONTAL REACTOR.

In this study results of the active medium parameters influence
formed by hot air on the thermal heating process of weakly reactive coal
from the formation «Maikubensk 3B» for the extraction of additional heat
are represented. In the course of the research the regularities of the
hygroscopic moisture and volatile combustible substances release for the
obtaining additional heat have been determined. Optimal temperature
ranges of the stage heating taking into account thermal destruction of
coal in the temperature range from 20 °C to 600 °C, the main steps of the
insulated heating process, the moisture content gradient propagation
lines and dependence of the heat transfer and mass transfer coefficients
on the temperature and the humidity during the thermal heating process
in the horizontal coal heating reactor. The results show that it is possible
to release volatile combustible gases with a gradual increase of

temperatures in the obtained mode. The heating mode comprises a pre-
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heating stage with hydroscopic moisture release, in the temperature
range from 20 C to 105 <C, the stage of isothermal heating in the
temperature range from 105 °C to 400 °C and the phase of flame-free
combustion in the temperature range from 400 °C to 600 C with the
temperature rise above the set value. Process simulation was carried out
in the Comsol Multiphisics software environment for the weakly reactive
coal real-world heating conditions.

Keywords: coal heating, weakly reactive coal, isothermal heating,
step-by-step heating, Lagrange method, non-liner equation, non-
stationary process.

Introduction

The necessity to improve fuel combustion efficiency has been identified,
first of all, by developing clean coal technologies with the possibility of obtaining
additional heat while increasing fuel combustion and reducing toxic emissions.
[1, p. 22]. Such conditions are set by the global trend towards zero carbon
emissions and the Strategy for the development of the Republic of Kazakhstan
until 2060 [2, p. 43 — 44]. The world Clean Coal Development Direction has
three main pathways, such as the design and adjustment of the coal-using plants
geometry, the use of coal-additives, modifiers, activators, etc., and the
introduction of flexible fuel combustion technologies, including preheating.
Preheating is well established in such devices as low-power long-term
combustion boilers, synthesis gas generation installations, coke installations and
volatile fuel gas emission devices for the replacement of high-calorific fuel oil
[3, p. 3 — 5]. However, such installations mainly use prepared high calorific
coking or long-flame coals and have required for the implementation of the above
technologies significant thermal voltage of flue volume, according to which high
temperature ranges [4, p. 48], [5, p. 12]. In conditions of the weakly reactive fuels
preheating it is possible to provide the carbon recharge zones with hot CO, while
increasing the thermal voltage of the flue volume due to the flame-free burning
of the released combustible gases [6, p. 4 — 5]. In addition, preheating process
do not required the preparing of the fuels, therefore it is economic process.
However, the development of such technologies requires flexibility in the using
of weakly reactive coals in the heating mode, active medium type, stages, taking
into account the temperature impact and the emitted components from the
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thermal destruction during the thermal heating process [7, p. 226 — 228], [8. — p.
5-6].

Materials and methods

The method of reproduction and analysis of finite elements for the process
of heating weakly reactive coal in the Comsol Multipfisics application software.
Lagrangian variation method for non-stationary heat exchanging, where the main
unknown is the displacement point of the discrete system, defined by the volume
of coal contained in a rectangular container with dimensions represented in the
Tabl. 1.
Table 1 — Container parameters

Ne Name Designation | Unit Amount
1 Height of the container L1 [m] 1.2
2 Width of the container L, [m] 0.9
3 Depth of the container Ls [m] 1.0
4 Container wall thickness ) [m] 0.05
5 Maximum filling height of | Hi [m] 0.8
coal
6 Actual filling coal H, [m] 0.7
height

Time dependent coefficient from partial differential equation of the
Lagrange shape function in the heat transfer through the steel wall of the
container and inside of coal:

2 1)
eag+aaal+V~(—cVT—aT +7)+p-VT+al = f

ot ot
where:

V{a,a,a}
oX oy oz
¢ — diffusion coefficient[W m.C ];

— mass coefficient ;
€, [W /m? -c]

( — absorption coeff|C|ent[kg /m-s-C] :
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f — source term

(,0 'g)coal [W/msj;

d - damping coefficient

a (,0 'c)coal [J /m3'C];

— convection coefficient ;
Y4 [Wime.c ]

[w /m?]

Data base properties for the process represented in the Tabl. 2

7 conservative flux source

Table 2 — Data base properties

No Name Amount
1 Coal temperature of the beginning of the 20 [C]

process
2 Reactor temperature at the beginning of the 380 [C]

process
3 Indoor air temperature at the beginning of the | 400 [C]

process
4 Density of coal 800 [kg/mq]
5 Coal thermal capacity 1300 [J/kg C]
6 Coal thermal conductivity 0.33 [W/m C]
7 High carbon steel density 7900 [kg/mq]
8 Steel thermal capacity 460 [J/kg C]

Steel thermal conductivity 0.76 [W/m
C]
Zero flux in the time dependent process was defined:
—n-(-cVT -aT +7)=0 @
where:
faad
oX oy oz
Accordingly, flux source was defined:
®)

-n-(—cVT -aT +y)=g-qT

41



TopaiirblpoB yHHBepcuTeTiHIH xabapbichl. ISSN 2710-3420. Onepzemuxanvix cepusicot, Nel. 2024

V{a,a,a]
ooy oz

g- T _Tair — boundary flux,

where:

[w/rme] "
[W/m>.c |’

g — boundary absorption, 0

Results and discussions

The simulation of the weakly reactive coal heating process has achieved the
following objectives:

1) identification of the most optimal temperature ranges of the moisture and
combustion components;

2) heat pressure and hygroscopic coal moisture relationship;

3) requirements for the thermal heating temperature ranges of the weakly
reactive coal in a horizontal type reactor.

Simulation of coal heating process in air volume had performed using
Comsol Multiphisics software with detection of the optimal temperature ranges
of heating and provision of hydroscopic moisture release in the temperature
range from 105 °C to 200 °C. Heating was carried out within 10 min at the rate
of heating samples 6 °C/min. The results of the experiment which represented in
Fig.1 demonstrate the heating temperature zones of weakly reactive coal in the
temperature range from 100 °C to 600 °C, taking into account the vacuum layer

available in the reactor near the wall [9, p. 9 —11].

lI
|I

b — arrow volume

a — slice time dependent process of

heating
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Fig.1 — The process of non-isothermal coal heating in the horizontal reactor

Despite the presence of the vacuum layer in the volume of the bedding, the
highest increase in temperature is observed with the formation of temperature
ranges from 500 °C to point values of 700 °C at a predetermined heating up to
600 °C. This indicates the presence of additional heat within the coal volume.
Nonthermal heating of coal in a hot air medium is the result of molecular and
kinetic component of coal and hot air during heat transfer through the steel wall
of the reactor, according to the resulting temperature and moisture content
gradients. The results of the experiments which have represented in Fig. 2 (a, b)
show that for thermal destruction, which is necessary as an initial condition for
the decomposition of intramolecular bonds, the initial stage of the heat transfer
agent supply to the coal heating reactor is the most effective, since the partial
pressure inside the reactor is determined only by the function of the temperature

of the medlum:.l.m _T, T

coal

-l

a — humidity gradient direction b — poincare map
Fig. 2 — Non-isothermal coal heating in the horizontal reactor

Further rise of temperature leads to the release of hygroscopic moisture and
the formation of a water film on the coal surface, which reduces the heating
efficiency until the end of the condensation and evaporation period. At the same
time, the convection coefficient in the horizontal reactor will always be

connected by thermal head according to the formule of A. A.

T

air

T,

coal

Kucharenko [9, p. 23]:
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@)
_ 5170-20.5(T,, — T,y

dHZ (Tair _Tcoal )

Thus, the qualitative heating conditions of the weakly reactive coals in the
horizontal reactors are directly dependent on the flexible step-by-step
temperature mode, taking into account coal moisture content evaporation, the
process of the condensation and the further destruction of the internal bonds due
to thermal heating, determined by the kinetic nature, molecular bonds and
thermal head between the temperature of air and coal.

The coefficients of heat transfer and mass transfer are determined by the
local gradient of temperature and moisture content, in accordance with which:

o)
- VW, - p VW,

VT, —p,VT,

(6)
P VT, -p VT,

" (VWYVT, -VW,VT,)y,

where: VW, VW humidity gradient in the set section at a set point in time;
VT, VT, temperature gradient at a set point in time;

— specific gravity of moisture content.

Yo

- 280

Fig. 3 — The intensive condensation process in the non-isothermal coal heating

in the horizontal reactor.
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Heat and mass transfer coefficients reach the peak in the initial heating
period during thel0 minutes as shown in the Fig. 3. Significant temperature and
moisture changes in coal volume due to the development of chemical processes
to release CO; and CHy intensify the destruction processes in coal, determined
by the non-consensual thermal expansion of coal components [9, p. 7 — 10].

Consequently, the thermal heating process of coal in the medium formed by
hot air, under conditions of the hygroscopic moisture vapours condensation
contributes to:

the emergence of thermal destruction processes in the outer layers of coal
due to the release of moisture expansion;

ensuring temperature drops along the cross section of the coal to be heated;

the emergence of the pressure gradient.

All the above mentioned have a significant impact on the destruction
processes in the coal to be heated, which are necessary for the release of volatile
combustible substances, and indicate the possibility of conducting short thermal
heating modes of the weakly reactive coals.

Funding information

This study is published as part of the implementation of grant funding
scientific projects of the Ministry of Science and Higher Education of the
Republic of Kazakhstan, IRN AP19675062 «Development of clean coal
technology for the production of volatile fuel substances».

Conclusions

The time-dependent coal heating process in a horizontal reactor in the
medium formed by hot air has determined by the air supply mode, taking into
account the properties of coal and the size of the reactor, exactly height of the
coal filling, which directly affect the heat and mass transfer process under
conditions of mass losses at the stages release of the hygroscopic moisture , the
destruction of the fragmentary composition, the weak molecular bonds with the
release of volatile gases components and the decomposition of the carbon residue
with the release of low molecular combustible gases. The results of the study
have showed that for the brown coal from the formation «Maykubensk 3B» ,
warm-up in a horizontal reactor is directly determined by the level of actual coal
filling in the reactor, its humidity and temperature pressure between hot air and

45



TopaiirsipoB yHHBepcHuTeTiHIH Xabapibicel. ISSN 2710-3420. Dnepeemuxanvix cepusicor, Nel. 2024

coal. The optimum mode proposed for the heating process of sabotage coals with
additional heat is determined by three general stages:
coal drying with temperature rising range from 20°C to 105°C;
time-dependent heating in the temperature range from105°C o 400°C;
Temperature rising to 600°C followed by insulated isothermal heating
process.
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KOJIJIEHEH PEAKTOP/IA 9JICI3 PEAKTUBTI KOMIP/I KBLIBITY
MPOLIECTH MOJIEJIBJIEY

byn 3epmmeyoe Kocvimwia ouceiny any ywin Maiikebenck 3B kew
OPHBINBIY JICI3 PeaKmumi KOMIpin Kbl30blpyed blCIMbIK Ay aHbIH oCepineH
my3inemin 6eaceHOi OpmaHvly NApamempiepiHiy scep emy Homudicenepi
Oepineen. 3epmmey  OapulcbiHOa  KOCLIMWA — JCLTY ANy YWIH
2USPOCKONUATLIK  bLI2ANObIH JCOHE YUIAMbBIH JHCAH2bIW  3AMMApPObIH
boniny 3anovinivikmapul  anvikmanovl. 20°C-man  600°C-xka  Oetiinei
memnepamypa OUAna3oHbIHOA KOMIPOIH MepMUSIbIK, O0eCmpPYKYUACHIH
eckepe  OMbIpbIN,  Ke3eH-Ke3eHMeH  Kbl30blpy  YWiH  OHMAllbl
memnepamypa ouanazoHoapvl anbikmanosl. CoHOau-ax u30mepmusLiblK
Kbl30bIpY NpOYeciniy Heeizei aumMaxmapwvl, bli2al0bliblK cPAOUeHIINIY
mapany — col3bIKMapul  JiCOHe  KOJOeHeH  peakmopodabl — Kbl30blpy
npoyecinoe Jcvly Oepy JHcone macca amimacy Kospuyuenmmepiniy
memnepamypa MeH bli2ai0bLIbIKKA Moyenoiniei aHbIKmanobl. AnblH2aH
HOmuoIceep memnepamypansiy Oepineen Oipme-6ipme Komepinyimen
YUWKbIUL JCAH2bIW 2a30apObly Wbl2y MyMKIHOIZIH Kepcemedi. Kvi30bipy
pedcumi 2uepoCcKOnUANbIK vlieanovly oeninyimen, 20 °C-man 105 °C-xa
Oetlinel memnepamypa Ouanas3oubiHOa alobiH aid Kbl30ulpy Keseqin, 105
°C-man 400 °C-ka  Oetlinci  memnepamypa  OUANA30HLIHOA
UBOMEPMUSATIBIK, Kbl30bIPY KE3eHIH JICOHE JICATILIHCHI3 JHCAHY (DA3achiH
Kammuovl.  Temnepamypanvly — OejcileHeeH — MOHHEH  JH0o2apbl
xemepinyimern 400 °C-man 600 °C -xka Oeuinei memnepamypa
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ouanasonviHOa 6aixanovl. OJICi3 peakmuemi KemMipoi HaKmuvl Kbl30bipy
orcazoatinapel  ywin  npoyecmi  moodenvoey Comsol  Multiphysics
baz0apnamaceiHoa dicy3eze acbipuliob.

Kinmmi co30ep: komipoi Kb130bIpy, 9/ICi3 peakyusiivl KOMID, YUKbIUL
JHCaHavl  2a304p, USOMEPMUANLIK —camblivbl  Kbl30bipy, Jlacpamoic
kebeumkiut 90ici, mypakcwi3 npoyecc, Horomon o0ici.

*4.B. Amaxweea®, A. K. Mepeanumosda?, C. 5. blopaii®. A. JI. Jawesckas®, H.
B. Poisxuna®

12, 3Kazaxckuii arpoTexHUYECKUi MCCIe0BATENbCKHI YHUBEPCUTET
umenu C. Celidpysmuna,

4 AO «Campyk-DHeproy,

SEBpasuiickmii HAMOHAILHBIH YHUBEPCUTET HMEHH

JI. H. 'ymunesa.

Pecniy6nuka Kazaxcran, Actana K.

octynuno B penakuuto 06.07.24

Ioctynuio ¢ ucnpasnenusmu 15.07.24

[Ipunsro B neuats 05.09.24

MOAEJTHPOBAHHUE IIPOIIECCA HAT'PEBA
C/IIABOPEAKIIHOHHOI' O YIJIA B TOPH30HTAJIBHOM PEAKTOPE

B nacmosiwem uccnedosanuu npedcmasienvl pe3yibmamol GAUSIHUSL
napamempos akmueHoU cpeobl, 0OPA308AHHOU 20PSYUM BO30YXOM HA
Hazpeg c1abo peakyuonHo2o yeus mecmopodcoenust «Matixyoenck 3B»
O u36ieyeHuss OONOJHUMENbHO20 menid. B xode uccredosanuii
onpeoenenvl 3aKOHOMEPHOCMU BbLOCICHUSL 2USPOCKONUYECKOU 61a2u U
JIeMmyyux 20p1ouux eeujecme 0Jis ROJyUeHUe OONOIHUMENbHOU MENLombL.
Boisignenvl onmumanibHble memMnepamypuvle OuUandasonvbl NOIMAnHo20
Hazpesa ¢ yuemom mepMUiecKo20 papyuenust yeis 6 memnepamypHom
ouanazone om 20°9C 0o 600°C, ocHogHble 30HLI npoyecca
U30MEPMUYECKO20 NPO2PE6A, JTUHUU PACHPOCMPAHEHUs. 2PAOUEeHMA
6/1A20CO0EPHCAHUSL U 3ABUCUMOCTb KOIDPUYLUEHMO8 MenonepeHoca u
MAcCconepeHoca om memMnepamypsl U 6LANCHOCIMU 8 meyeHue npoyeccd
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Hazpesa 8 2opu3oHmMAnbHOM peakmope. Ilonyuennvle pesynbmanol
CBUOEMeNbCMBYION 0 B03MOACHOCU 8bICE0D0NHCOCHUS IEMYYUX 2OPIOUUX
20308 NpuU 300AHHOM NOIMANHOM NOGbluleHUU memnepamyp. Peoxcum
Hazpesa 6KIIOUAem dman npeosapumenvHo20 Hazpesa ¢ BblOeNeHUuem
2udpockonuyeckoll enazu, 8 ouanasone memnepamyp om 20 C oo 105
C, cmaouio U30MepMuUIecKo20 npozpesa 6 OUana3one memnepamyp om
105°C 0o 400°C u ¢pasy becnramennozo 2opeHus 6 OUANA3OHe
memnepamyp om 400 C 0o 600 °C c nosviuienuem memnepamypsl viuie
3a0anHo20 3Hauenus. Mooderuposanue npoyecca nposooOUIOCh 8 cpeoe
npoepammuoeo obecneuenusi Comsol Multiphisics 0ns peanshvlx yciosuil
Hazpesa ciabopeakyuoHHO20 Yeisl.

Kniouesvie crosa: nazpes yena, cnabo peakyuonnulil yeonw, iemydue
2oprodle  2aszvl, U3OMEPMUYECKUL NOIMANHLI  NPOSpes,  Memoo
muoocumenei  Jlaspansca,  mecmayuonmapHwili - npoyecc,  Memoo
Hviomona.

51



Becruuk Topaiirsipos yuusepcutet. ISSN 2710-3420. Cepus snepeemuueckas, Ne3. 2024

Tepyre 10.09.2024 x. xibepinai. bacyra 30.09.2024 . K07 KOUBLIIBL.
OnexTpoHb! 6acta
29.9 Mb RAM
aprTe! 6acna tadarsel 22,2. Tapansivel 300 nana. baracer kenicim OoHBIHIIA.
Kommnerorepae 6erreren: A. K. Mbipxukosa
Koppexropnap: A. P. Omaposa, M. M. Hyrmanosa
Tanceipsic Ne4277

Caano B Ha6op 10.09.2024 r. IToanucano B nedats 30.09.2024 r.
OneKTpOHHOE U3/1aHue
29.9 Mb RAM
Ve med. 1. 22,2. Tupax 300 3x3. Llena noroBopHast.
Kommnerorepnas Beperka: A. K. MeIpxxukoBa
Koppexropsr: A. P. Omaposa, M. M. Hyrmanosa
3axa3 Ne 4277
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