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Modeling of temperatures by using thealgorithm of queue burning
movement in the UCG Proces

Milan Durdan 'andKarol Kostur?

In this contribution, a proposal dhe system for indirect measuremeatperatures in the underground coal gasificati€fCG)
process is presented. A twlonensional solution resu from theFourier partial differential equation of the heabrductionwas used
for the calculation of the temperatufield in the real coal seam. An algorithraf queue burning movement fmodeling the boundary
conditions in gasification channelas create. Indirect measurement temperatures system wafeedn the laboratory condition
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Introduction

Underground coal gasification (UCG) is an industpeoces that provides amlternativeto conventional
underground mining at coal seaithat are located especially deep undergrourids process converts cc
into product gas (syngas). The product gas compositgpemds o coal geology and gasification paramete
It is necessary to build a systarhtwo wells (inlet and outlet) whicare drilled from Ertt's surface to the coal
seam. These two weltge interlinke: by a channel thas drilled through the coal seam befithe start of UCG
process. The coal seam is ignitadd gas mixture is injected into the inlet weltealinked inlet and outlet wel
The inlet gas mixture (oxidizingiixture) consistof a ratio of components: air,,OH,O and C(. The control
of the ratio ofthese components stabilizes coal seam temperatutieeadesired value. This temperature all
the start of chemical reactions, sl are needed to create syngas withher calorific value. The whole UC
reactor can be dividedhto three zones: oxidation zone, reducing zone dndng and pyrolysis zon
Thereactions that take place in these zones dejpn coal geology, oxidizeroenpositior, and temperature
height. The oxidation reactions that increase tloal cseam temperature (above 900°C) take f
in theoxidation zone. The gasification reactithatgenerate the desired syngas (a mixture consisEOoCH,,
and H) take place in the daiction zone. The temperatu range from 550 to 90C in this zone. The coal sest
is initially dried and then pyrolgr in drying and pyrolysis zone, which takes placdeamperatures raing
from 200 to 550C. The product gas is cleanecd stored after its extracting from outlet well [2] [3]. Scheme
of the UCG process is showmFig.1
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Fig. 1. Underground coal gasification process [4].
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The temperature range is characterifor individual zones. It follows thathe temperature control is
neededn the UCG reactor for the setting of these zofiée existence of information about controlled \ale:
is a necessargondition for the proce control,but the temperature in UCG reactor is not pos to measure.
The cause is, for example, aggressive environment ¢ the impossibility of thermocouples locatic
in the wholereal coal seam. The indirect measurement of teriyrerégs one possible solutito this problem.
The paper describes tHesign of the indirect easurement temperatures system in the UCG reae®c
on a mathematical model in therm of the simulation model. The simulatiomodel is supplemented
by algorithm queue burning movement ‘modelingthe boundary conditions in gasification channele coal
seam temperatures are calculated based on measmpdratures in the surrounding rocks and atmo&p
temperature above the eartfisface

The system for indirect measurement tempera is created by adjusting the modigscribed in the article
[5]. This model calculatesoal seam temperatures based on measured tempe of surrounding rocksearth
surfacetemperatures and heat of the inner sourcwas verified by amxperiment realized in the physical mo
of the gasifier (Generator) thasimulatesthe conditions of the real cobéd in geometric similarit
Thesimulation of the UCG process in the created gaoe(&ig. 2)is basedn the principl of regulated supply
of the oxidizer (input of the oxidizer) intthe burning coal seam drexhaust of the produced syngas (ou
of the gas). Sounds for th@cal extraction and analysis of the syngas aregulan the lid of the generator. Ci
seam model embedded into generator consists aviiidurdenunderbed and coal. i§ arrange so that the air
is able to permeate through tivbole coal seam [6] [7

sounds for analyze
in delivery points\

out% of the gas
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Fig. 2. Gasification generator.

In the design of a systewf indirect measurement temperatures, #wthors alscarose from previous
knowledge of solution ahdirect measurement temperaturethe annealing process of steel coils. The indi
measurement models were based on elementary balame¢hod adjusted first 1 a one-dimensional
temperature field solution and in second variaat a two-dimensiorlaemperature field solution. The autht
in [8] created an indirect measurement system basdtie elementary balance method adjusted fosdhdion
of onedimensional temperature field with boundary cowdis of the first type. The temperature in annealed
coil was calculated based on its surface tempearatugasured on the outer and inner surfThe indirect
measurement systerwas supplementc by heat conductivity adaptation and verified on théolatory
measurements. The resulting accuracthe model in the form of relative error wa<live range from 3.3 to 5.95
%. Authors in [9] adjusted the elementary balanceshoetfor solvinga twodimensional temperature fie
and supplemented the method tire form of differential equations for the Icalation of steel coil surface
temperature based on directheasured atmosphere tempera Relative error was ithe range from 4.3 to 6.1
% at operating measurementdhe ndirect measurement system has been extend#t teurface temperatu
calculation with the use of neural networks in &ldi [10]. The accuracy was determined by calcula
the relative errofor the operating measurement and its viranged from 4.8 to 798. Authors in [11] verifie
that system ofndirect measurement of heat flows falling on thermally treatecthargethat was steel coil.
Indirectly measured heat flows were entering to the elemertalgnces method expressed for the boun
conditions of the second type. The relative ertinner temperatures was fluctuating between 3.521t89 %
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Mathematical model of the UCG proces:

The system of indireaneasurement temperatuifor the solution of the temperature field in thelreoal
seam (respectively generator) is baseda mathematical model in the form oft@o-dimensional solution
of theFourier partial differential equation of the heahduction inthe following form [12], [13], [14]

d(p.c.T) a(/\ ZU . a(/] ?’U

or ox oy (1)

wherec is thespecific heat capacity of t material (J.kg.K™), o is thematerial density (kg.™), A is material
heat conductivity (W.mM.K™), T is temperature (K't is time (s)x, y are coordinates of the poini space (m).

The elementary balances method [15], [16], was used for the solution &fourier partial differentia
equation The elementary balance method results from digidof the real seam or physical mo
to theelementary cuboids. For all elementary cub, the balance equation wésrmulate, and the implicit
algorithm of temperature field solutic was used. In Fig. 3he scheme of dividing the part the real seam
(respectively generator) on elementary cubis shown, where¢he mass and temperat are centered at their
centroids.
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Fig. 3. The dividing of the coal seam to the elementabpitis.

From the Fig. 3 results followin
. JAVORSVAV.ERIVAV APSVAY SRRAY ¢ is dimension of the elementary cuboictl direction of thex-axis

i,0? i,jre-c i,n+l
wherei =1, 2, ...m+1,
* Ay, Ay, Ay, LAY, ., Y, 1s dimension of the elementary cuboidtite direction of they-

axis wherg =0, 1, ...n+1,
* T, is temperature in the node poi, j wherei=1, 2, ...,m+1 andj=0, 1, ...,n+1,
*  To;is atmosphere temperature whj=0, 1, ...,n+1.

The inner elementary cuboid volume, corner elenmgntaboid volume and surface elementary cut
volume in the considered twadimensional objectwas formulated in [5].

The geated mathematical model includes the heat trabgfeonduction i thedireciion of the axisx andy
in thecoal seam and heat transfer by convectic the direction of the axig between atmosphere temperat
and thetop surface temperature of the overburden (théheantface temperature thereal seam or top surfa
temperature of the generator).

The solution of the Fourier partial differentialuagion of the heat conducticis base on the border
conditions thagire divided on initial and boundary conditic

The initial condition is &nown arrangement of the temperature fiely; for a pair of coordinates=0, 1,
..., m+1 andj=0, 1, ...,n+1) atthe time zerc7 =0.

Boundary conditions for a defined part of the dm (from gasification channel to the upper seiface
considered itthe following three form:

1. Surrounding rocks temperature of coal seam asaftimction:;
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a) Tiofor coordinaté=1, 2, ....m,
b) Tin.for coordinate=1, 2, ...,m,

2. Coal surface temperature in gasification channel @se functionT,,; for coordinatg=0, 1, ...,n+1.
3. Atmosphere temperature as a time functifyafor coordinatg=0, 1, ...,n+1.

The total number of elementary cuboids with unkndemperaturd;; in the node point, j is equal tan x
n wherei=1, 2, ....mandj=1, 2, ...,n

The following balance equations apply for the npdint on the coordinates;.

For pair of coordinateis2, 3, ...,mandj=1, 2, ...,n applies:

[(qiy—L s )Axi'j + (qix,j—l ey )Ayi,j]AT = 2)
= Ax; Dy, I:(/Oi,j(r-'-Ar)l]:i,j(T-'-Ar)l:ri,j(T+AT)_pi,j(T)|]:|,j(r)D-i,j(T))

For pair of coordinateiss1 andj=1, 2, ...,n applies:

|:(qufcin —q; J)Axi,J + (qix,j—l -q) )A);j }AT )

3)
=0, il (r+87)18, (r+ 80)T, (r+87)- 9, 1), 1), ()
Heat flow density is calculated according to thikofeing relations:
A
Y = i-Lji,j A
q|—LJ Ayi—Lj +Ayi,j EﬂTl-le I,])
22 (4)
A
y — i,j;i+L] :
% Ayi,j +Ayi+Lj ) THLJ)
2 2 (5)
A
e | LR 1
,j-1 Axi,j—l +Axi,j I:ﬁT,J 1 ,j)
2 2 (6)
A
AESA E LSy | .
AT )
2 2 (7)
ql =a Ty, _Ti,j) (8)

where qiy_lj is heat flow density by condition between elemgnteuboids with temperatur@.,; and T;;
(W.m?), a’; is heat flow density by condition between elementzuboids with temperatur@; and Ti.q;
(W.m?), 4 is heat flow density by condition between elemsntzuboids with temperatur& ;; and T;;
(W.m?), a is heat flow density by condition between elementzuboids with temperatur@; and T;;.;
(W.m?), 0’5" is heat flow density by convection between elemgntuboids with temperaturk; and Ty

(W.m?), a is heat transfer coefficient by convection (W.KY), A is heat conductivity between

i-1jii.j

elementary cuboids with temperatufe, ; andTIJ W.mK?, A is heat conductivity between elementary

i,jii+Lj

cuboids with temperatur®;; and Ti.,; (W. mtK?h, A is heat conductivity between elementary cuboids

i,j=1i,j

with temperature T;;., and T (W.mtK?, A is heat conductivity between elementary cuboids

i,jii,j+1
with temperaturdl;; and T, ji4 (W.mtK™?, o is specific heat capacity of the material,ipelementary cuboid
(J.kgt. K™Y, p,; is material density iri, j elementary cuboid (kg.f, Ax ,is dimension of the elementary
cuboid in direction of the axis (m),Ayi'J. is dimension of the elementary cuboid in the dicgcof they axis

(m), Ar is time step (s)V,; is elementary cuboid volume in the node paink (md), Ti; is temperature
in the node point, j (K).
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Thermophysical propertiesi,( o and ¢) used in the mathematical modéépen: on the type of rock
and the temperature of teéementar cuboid.
Time step of calculatiold7 is estimate from term of stability:

;b (9)

1 1
20, ) Lo+ L
! [EAXEJ- Ayiz,J ]

After the substitution ofheat flow densities represented by equations (4)8)ointo the syster
of equations represented by equations (2) ar, we getm x n linear equations (10) with unknovT;; (i=1,2, ...,
m; j =1,2, ...,n). Subsequently, aew thermal field in timer + A7 is obtained by thealculation ofthis system
of linear equations.

AT <min

a:I.lTll + alZTIZ + + a:LnJrlT21 = b.l.
a21Tll + a22-|—12 + a23T13 + + a2,n+2T22 =

a'n,(n—l)TJ(n—l) + a'n,nTln + + a’n,anZn = bn

an+:LlT11 + + a'n+:L(n+1)T21 + a-n+1(n+2)T22 + + an+1(nm+1)T31 = bn+1

an+2,2T12 + + an+2,(n+1)T21 + an+2,(n+2)T22 + an+2,(n+3)T23 ++ an+2,(nm+2)T32 =0

an[Z,nT:ln + + anm,(nJr(nfl))TZ(nfl) + anm,(nm)TZn + + anm,nBTsn = bnm

Bpiz)-(n-)nm(nen-2) (w2 T F B (n-) (o)1) Tt T B(ni)(n-2) (i) {n-2) T2 s
Qpit)~(n-2) (n)-{rren-2) Himt)2 T Bii)-{-2) (nim){n-) Tt + Ai)—(n-2)(ni)-{n-2) T2 T+ i)-(n-2)(o)-n-3) Tz~ = Bni)—(n2)
a(nlm),(nm\)fnT(rrrl)n + + a(nm\),(nm\)fle(nfl) + a(nEh),(an:h)-I—mn = b(nm\)
(10)

Simulation model of the UCG process

A simulationmodel of the UCG process fimodelingof the temperatures in the real st was created.
The simulation model is basexh the described mathematical model. It eanulatethe processes of UCG
thatrun on the physical model (generator) or in thé seam The scheme is shown Fig. 4

Thermophysical
properties of coal [y ancion of the
seam elementary cuboids
(’.H-y Py Cu) Ax, ady, Initial condition
G=Loomtl o e TG0 1 m;
j=0.1. ..., n+l) =0, 1, ..., nt1) j=0,1, ..., ntl)

Boundary conditions l

Toal,m L ...m 5 Calculated temperafures
= . . T (=1, ...,m
Ty 70 oot Simulation model —u(é I
iy (=0, ..., ntl) =L n)

Fig. 4. Scheme of the simulation model.
The simulation model caecalculati the temperaturgn node points of the temperature field based diair

temperatures (initial condition), temperatures frprevious time step (boundary condition), thermagital
properties of the coal seam ath@ dimension of the elementary cuboids. Thanks to dlility we can evaluate
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the present limitations in UCG process and to psepgome arrangements, i.e. in advance verifiedaggsed
arrangements on the simulation model. The simulatedlel was created in C code, and PETSc method
was used for the solution of system equations bE@puse of the size of the real seam. The dividfrige real
seam to the elementary cuboids of acceptable dioeifisrms a large system of equations. The solutibthis
system of equations is lengthy by usual methods.

PETSc method is used for the numerical solutiorpartial differential equations and related problems
on high-performance computers. The Portable, Eiien3 oolkit for Scientific Computation (PETSc) assuite
of data structures and routines that provide thklimg blocks for the implementation of large-scajgplication
codes on parallel (and serial) computers. PETSs theeMPI standard for all message-passing comratioic
PETSc includes an expanding suite of parallel lineanlinear equation solvers and time integratioas may be
used in application codes written in Fortran, C;+CPython, and MATLAB (sequential). PETSc provideany
of the mechanisms needed within parallel applicatiodes, such as parallel matrix and vector asserobtines
[18].

The simulation model was extended by the algoritirqueue burning movement for modeling boundary
condition T4 for coordinatg=0, 1, ...,n+1. The algorithm is based on a database of thsuned coal surface
temperaturesTy.ix for kK = 1, 2, ...,p wherek is measured temperature index, gnd measured temperatures
count) in gasification channel obtained from UC@gqass realized on a similar coal seam (Fig. 5).

20 Ti,l Ti,z Ti,a TE,4 Ti,5 Ti,ﬁ Ti,7 Ti,s TE,D in1- modeled
Ttl T . _Ts,s Ti.k Tf,kﬂ Ti,p-l T; » - measured
X > Gasification Channel

Fig. 5. Scheme of measured and modeled tempesatugasification channel.

Measured temperatures are used for the calculafidhe rate of thermal wave movement in gasifigatio
channel. It will ensure that the queue burning moeet represents the movement of the temperaftifé
(Tix+1) in gasification channel (indgx between temperaturds, andT; y.1.

The algorithm of queue burning movement can bedéiyiinto two main parts:

1. Calculation of the rate of thermal wave movemengasification channel before the start of simulatio
process with using database temperatufgs, ffor k = 1, 2, ...,p) and distanced(for k = 1, 2, ...,p-1)
between measured temperatures:

a) Determination of maximal temperatur<§'§MAX and their timesrk“"AX from behaviors of measured

surface temperatures in gasification chanmgly for k=1, 2, ... p).
b) Calculation of the rate of thermal wave movememiveen temperatureég, andT; y.1:
l,

MAX MAX

Vi, = —
Tk+1 Tk

where V, is the rate of thermal wave movementkor 1, 2, ...p-1 (m.sY, I is the distance between

temperatures with indékandk+1 (m), rkMAX and 7"} are times of maximal temperatures with index

k andk+1 obtained from behavior of measured temperafliresndT; y.1 (S).
Note:
The resulting rateV, between measuring points with indéxand k+1 will be determined as an

average rate from all rates if the database contaiore temperature behaviors from one measurement
point.

2. Determination of the amplitude coordinate (inflek the surface temperatufg..; in gasification channel)
of the maximal temperatuB"* (Ty1,1) in process of simulation of UCG process if siniolatime 7 is

from interval TILV'AX s7< Z'k'v'JrAlX k=1,2,..p1)

a) Determination of distance of"** from the k-th temperature .10 to the actual place of queue
burning:
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k-1
XM=+ (r— rk“"Ax)wk
<

where 7 is actual time of simulationy, is the rateof thermal wave movement between measu
points with indexk andk+1.
b) Determination of maximal temperature ind j™* of indexesj=0, 1, ...,n+1 by minimization

process:
d (DX, DXy s .
dz’g‘li” n{XMAX _z( n211,J + 21,1 1]}3 JMAx :(d +1)
=

The algorithm adds théemperatureT™"* (Tm+1,-MAx =T“™) to the group of measured temperatu

Thenumber of known temperatures will increase atone at each time step. Boundary node points sh
correspond to points of measurement temperatufes ufiknown temperature values are obtained, fanpla

by a linearapproximation between the two measured temperatfithe number ohode pointsis larger than
the numbepf measured temperatur

Results and discussion of simulation model verifican

The inputs into simulation modevere directly measured temperature of #iemospher and channel
temperatures on coal surface. Outwas represented by an indirectheasured temperature in the coal se
Measured temperaturewere obtaine from the experiment realized ithe physical model (generata
The experiment was aimed testing the uniflow system with r-separated coal. The md of the coal seam
was createdrom 532 kg of coal. Tt layers were bedded as shown in Fig. 6. A chaaluglg the entire length
of the generatowas created in tl layer of under burden. Gasification channels create by the following
method: drilled cal blocks in th longitudinal direction were boundnto the monolith and store
in thegenerator. The channel depth was 13 mm and widtmrbOThree layers of coalere gradually bedded
on the under burderThe thickness of coal seam was 340 mm. sibral and nobasiare isolating materials
for preclusion of the thermal loss to the environsiMiddial overburden layers had these thicknessibral — 30
mm, nobasil — 50 mm and sibrab® mm

T4
7/////////////////////////////////////////////////////////////// 5(()) g
. ot

340

le1 7> Ts Ts T; Ts T Tn T3

% - Sibral il - Nobasil I:I - Channel

Fig. 6. Directly measured temperatures during the expanme

- Coal seam

Places of the temperature measurement by thermoesuplthi Generator (temperatures in the gasifica
channel =Ty, T,, T4, Ts, T, Tg, Tig, T11, Tiz temperatures in the coal seanTs Tg, To, Ti2 and atmosphere
temperature3,) during theexperimer are schematically depicted in Fig. 6.

These measured temperatures were considered otmelary conditions which are input to the simola
model:

1. TemperatureSy, T,, Ty, Ts, Tz, Tg, Tro, T1a andTysfor temperature$,,.; wherej=0, 1, ...,n+1.
2. Temperaturd, for temperatureTy;wherej=0, 1, ...,n+1.

From the pesented Fig. 6 results t temperatures along the height of the Generator weteneasure
(TioandTn fori =1, 2, ... m). For this reasonthe individual temperatures between the coal seamrs,
sibral and nobasilvere determined by using the ~dimensional solution of the heat transfe the direction
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of they-axis where the input from the bottom side are terajres measured in the chaniglgsTm.10andTys
asTm1n+1) and the atmosphere temperature is measured fretop sideT, asTooandTa asTope)-

For the one-dimensional heat conduction in thectiva of they-axis the Fourier equation of the heat
conduction has the following form:

a(,,,c,T)j(*‘ZU

Also for the solution of one-dimensional heat cartéhn in the direction of theg-axis, the elementary
balances method derived from the implicit algoritbfithe temperature field solution was used. THi®vong
balance equations were applied to the node poith@oordinates;.

For pair of coordinateis2, 3, ...mandj=0 and for pair coordinatés2, 3, ...mandj=n+1 applies:

(qy—Lj _q),lj)AT =4y, E@A,;(”AT)@.,] (T+AT)Ui,j (T+Ar)_pi,j(r)m:|,j (T)Uu (T)) 12)

For pair of coordinateis=1 andj=0 and for pair coordinatés1 andj=n+1 applies:
(Qiy-’f?n —qiﬂ-)AT :%[ﬁpi,j (T+AT)|]:|J (T+A7)|ji,j (T+AT)_pi,j (T)lj:l,j (T)lju (7)) (13)

Heat flow density was calculated according to (8),and (8) equations. Description of individuanits
of the equations is the same as in the sectioneofrtathematical model.

After the substitution of the heat flow densitiepresented by equations (4), (5) and (8) into ffates
of equations represented by equations (12) and \#8petm linear equations (14) with unknovil, (i=1,2, ...,
m):

a, T+ a,lT,, =

ay Erlo +ay Er2,0 + Ay Ers,o =

g, o0ty gp +ag, Ty =
(14)
A am2 Tm20 T @mams Tmso t8nam Tmo = b
ymaHn1ot 8o =Dy
andm linear equations (15) with unknowm,.; (i=1,2, ...,m).
Mg+ @ Mo =h
gy [Ty g + 80 iy + 855500y =b,
By Moy + 855 gy 85, [0 0 =h,
(15)

am—l,m—z |:rm—Z,n+l + am—l,m—l |:rm—:l,n+l + a'm—],m D-m,n+l = bm—l

am,m—l |:rm—:l,n+l + amm D-m,n+l = bm

The boundary conditions are obtained by the calicuiaof system equations (14) for temperaturgs(i =
1, 2, ...m) and system equations (15) for temperattrgs (i =1, 2, ...m).

A simulation with temperatures depicted in Fig.(feeasured channel temperatures during the expetimen
as boundary condition foFy.; (j=0,1, ...,n+1) was realized. The measured atmosphere tempenats used
as boundary condition fofly; (j=0,1, ..., n+1). The indirectly measured coal temperatures ulsitad)
were compared with the directly measured coal teatpees (measured) from the realized experimert (Fd)
after the simulation.

The results of the simulations are depicted in BigThe comparison of directly measured temperafure
(T3-measured) and indirectly measured temperakur@ 3-simulated) is depicted in Fig. 8a. The conmgami
of directly measured temperatuiig (T6-measured) and indirectly measured temperalgréT 6-simulated)
is depicted in Fig. 8b. The comparison of direatheasured temperatur® (T9-measured) and indirectly
measured temperatufe (T9-simulated) is depicted in Fig. 8c. The comgamiof directly measured temperature
Ty, (T12-measured) and indirectly measured temperafyrdT12-simulated) is depicted in Fig. 8d. Fig. 8
indicates that indirectly measured temperature epbehavior of directly measured temperature,
i.e. the mathematical model is fine in the quaiiataspect, but there are visible deviations betwiedirectly
measured temperature and directly measured, @entudel is not sufficient in the quantitative agpec
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Fig. 7. Behaviors of the channel temperatures (a) coal temperatures (b) [5].
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Fig. 8. Behaviors of the measured and simulated tempemsfli8ga), T6 (b), T9 (c), and T12

The malel described in [5] was verified at the same ckhandcoaltemperatures . the model described
in this paper. The difference is that for boundeoyndition Ty; (j=0,1, ...,n+1), measured surface temperati
were used, the inner heat souvgesconsideredand algorithm of queue burning movement was nosiciened
The average relative error described in [9] wasduse the comparison of directlgnd indirecly measured
temperatures for both modelsidtshowr in Tab. 1.

Tab. 1 indicates that themodel described in this paper has a slightly loaeguracy (approximately 1 '
at temperaturd,, To and T, and 5 % at temperatuiTs) against themodel described in [5]. The conformi
between directly and indirectiyeasured temperatures was not impr, although variable boundary condits
were considered, and the algoritfqueue burning moveme was used. It is alsasible in Fig. 8
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Tab. 1. Relative error for individual temperatures

Relative error [%]
Temperature [°C] - -
Model described in[5] Model described in this paper
T3 40.95 41.90
T6 55.57 60.35
T9 31.02 32.04
T12 31.46 32.81
Conclusion

The numerical solutions of two-dimensional unstehdst conduction equation for multi-layer overlying
strata are obtained by an implicit form using thetlmd of elementary balance, which meet the fimstik
of boundary conditions. However, only one boundaondition is changeable, and it expresses the move
of gasification front in gasification channel. Dations between measured and simulated temperatuees
probably caused by a fixed boundary condition edirection of the axisy” (Fig. 8). In other words, the move
of gasification front has not been considered is #xis above UCG cavity. The reason for this facthat
the velocity of gasification front in the directiai the axis §’ was not evaluated during the UCG experiment.
The extension of the mathematical model about tlsasmulations can cause a decrease of deviatiolgeba
directly and indirectly measured temperatures.

The information about behavior of the inner tempee in the coal seam enable to optimize
the gasification process by a regulation of inpi@g. the ratio of the injected air, oxygen;CHand CQ)
and thereby to ensure the required growth of thhepezature in the coal seam and behavior of the maém
reactions needed for the creation of the qualigatiyngas. Implementation of this indirect measurgragstem
to the practice can bring following:

* increase the quality of the syngas,
e save the money,
« the flexibility of solution perturbance in the UGQgocess.
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