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Abstract. The problem of particle ignition coal-water fuel (WCF) has
been solved numerically, located at a high flow environment. Two different approaches to
describe the physics of the process have been applied. According to the results of numerical
simulation of the effect of the scale has been set about ambient temperature, the particle size on
the inertia of the studied processes. A comparison of ignition delay times has been obtained
using both methods of describing heat and mass transfer processes preceding fire.

1. Introduction

Use of coal-water fuel (WCF) in the heat is associated with the solution of a number of technical and
technological problems [1]. One of the problems is the burning particles of WCF. The presence of
water in such a structure leads to an increase in fuel required to initiate the combustion reaction heats
the coal and hence significant increase of ignition delay time [2]. Known experimental data [1,2] on
the ignition characteristics of particles WCF have been obtained only for sufficiently narrow ranges of
parameters describing the process, and a small group of fuels.

A set of simplified formulations has been developed in the absence, until recently, the general
mathematical models, methods and results of solving heat and mass transfer in the structure of WCF
under intense heat [3-5]. Only one stage of a multistage process heat and mass transfer has been
considered in a particle flowing coal-water fuel when heated in a stream of high-temperature gases in
solving each of the problems [3-5]. The results of mathematical modeling of the processes preceding
ignition WCF, based on simplified models [3-5] are the basis for assessing the true values of the
ignition delay time of the particles of coal-water fuel (). It is advisable to compare these values
with those obtained (tig,) solving the problem of heat and mass in the formulation [11], taking into
account the simultaneous occurrence at specific intervals throughout the group of basic physical and
chemical processes [3-5] in the structure of WCF when heated to high temperatures. The joint
implementation of “stages” [3-5] warming-up, evaporation, thermal decomposition of the organic
portion of the coal and the subsequent (“secondary”) products of chemical reactions physicochemical
transformations between them in the appropriate temperature ranges are determined by a large
temperature gradient across the thickness of the particle and continuous WCEF state of the change in
time as the removal of fuel from the heating surface.

Four problems have been solved in this paper. Three productions of which are given in [3-5]
not resolved approximately analytically and numerically (finite difference method). Results of the
solution in the form of dependency characteristic times of the processes of heating, evaporation and
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thermal decomposition (preceding ignition) the ambient temperature are shown in Fig. 1-3. Figure 3
shows the main characteristics of the process — the ignition delay time t, (T.).

2. Mathematical simulation
The mathematical model, the corresponding formulation of the problem [3-5] is described by the

following system of differential equations:
e Energy equation for the initial (wet) of the fuel:

Cp aT,(r,t) 1 .{ale(r,t)Jrg_ 6T1(r,t)} )

ot or? r or
t>0, O<r<r, T<T,;

e  Energy equation for “dehydrated” part WCF:
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The system (1.2) has been solved with the following boundary conditions and closing ratios:
0<r<r,; T(r0)=T,
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The problem has been solved in a general setting heat and mass transfer in a particle of coal-water
fuel in addition to problems [3-5]. The system of nonlinear no stationary differential equations with
appropriate boundary conditions describing within the overall physical model the process under study
is presented below:

e  Energy equation for the initial (wet) of the fuel:

¢ p Ohlnt) 21.{82T1(r,t) 2 6T1(r,t)}

7 T
or r or

1

ot

t>0, O<r<r, T<T,;

(5)

e  Energy equation for “dehydrated” part WCF:
2
C.p aT,(r,t) _ . _{a ), 2 aTz(r,t)}_ZQi W _uCp. . aT,(r,T)

2ot or? r o or or

(6)
t>0, , <r<r, T=>T,;

e  The equation of chemical kinetics for the organic portion of the fuel:

_an%(tr,t) =(1-1,(r.1) -k, 'p-em(—ﬁj ")

t>0, r,<r<r, T=>T,;
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o  Filtration equation for water vapor and gaseous products of thermal decomposition:

op(rt) _m-¢£-7 (apsz(r,t) L2 aps(r,t)J

ot K or? r or

F (8)

t>0, r, <r<ry,, T=>T,;

The boundary condition of the 4" kind has been used for the system (1-4) and (5-17) on the

interface “original WCF — dry coal”:
aT,(r,t) aT,(r,t)
' _ /1 2 ’ — W ] 9
j’l or r=r,-0 i or r=r,+0 QV ' ( )

Tl(rV ;t)sz(rv ;t)va

The system of equations (1-9) has been solved with the following boundary conditions and closing
ratios:

0<r<r,; T(r0)=T,;, P(r,0)=P,; 7(r,0)=7n,;

T, (r,,t
A T2 1T (5 D 20 [T T 5,01+ 20, W (10
r i
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( X ) zﬁVP(rv ;t)
or v _ (12)
p(r,;t) = po (13)
Speed reversible reaction has been calculated from the following expression:
E
W, =K ¢ p 0P| ———7—=
[ R-T (r,t)) (14)

Pyrolysis rate has been calculated using the following equation:

Wi =(1-7(r, 1)k - o 'exp(_%(m))

(15)
p-density gaseous components has been determined from the equation of state:
_P(rt)-u
' TR (16)
Filtration rate has been determined by a pair of Darcy's law:
KR
voor a7

Notation, the initial temperature of T,— particles, K; T.— ambient temperature, K; r;, —radius
evaporation front, m; r,— outer radius of the particle, m; ¢ — constant blackbody radlatlon Y o-

m2. K4-’
convective heat transfer coefficient, K' A,— thermal conductivity of the original WCF /12—
dry thermal conductivity of the WCF C1 -heat capamty of the initial part of WCF C2 is the

heat capacity of the initial part of the dry part of WCF, — kg.K, Wy, — mass evaporatlon rate of water,
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Figure.l. Dependence of the characteristic Figure.2. Dependence of the characteristic
times for warm particle diameter WCF: times for vaporization particle diameter WCF:
1-0.9 - 10™3m; 2-0,8 - 107 3n; 1-0.9 - 10~ 3mm; 2-0,8 - 103 M
3-0.7 - 1073m; 4-0.6 - 1073 3-0.7 - 1073mm; 4-0.6 - 107 3mm;
5-0.5-1073m; 6-0.4 - 107 3m. 5-0.5 - 1073mm; 6-0.4 - 107 3Mm

L Qy— thermal effect of the evaporation of Water Ql—thermal effect of the chemical reaction,

m2-s’

ki; k;-pre-exponential factor of the chemical reactlon - E--actlvatlon energy of a chemical reaction,
ﬁ —filtration rate of water vapor, — Cps -isobaric heat capacity of water vapor, "o K, ps— Vapor
den5|ty, — 3 Ps-Vapor pressure in Pa; m- porosny, Z— degree of compre33|b|I|ty of water vapor; Kp-

permeability porous structure, m? p-molar mass of water, —— l ; v— kinematic viscosity of water

2
vapor, mT C;— concentration of the respective component of the chemical reaction; i— ordinal

chemical reaction component.
Mass evaporation rate has been calculated from the expression:

Where: T\— evaporatlon temperature at the boundary, K; T,-fluid temperature corresponding to
the point of freezing, K; Wo— rate of evaporation at temperature, To; u-molar mass of water vapor,

k
—9: R — universal gas constant,
mol lK

The system (1) — (5) has been solved by finite difference method. The iterative algorithm has been
used for solving nonlinear problems of heat and mass, designed for the simulation of intense
evaporation of liquids [6, 7] and thermal decomposition of polymeric materials [8] under the intense
heat. Choosing grid parameters should be adjusted to the specifics of the problem being solved (high
temperature gradients and large rate of change of T) by analogy with [9, 10]. According to the results
of solving the problem of heat conduction for a spherical particle WCF (Fig.1.) It can be noted that the
characteristic time of warming up in the case of particles with a diameter of 0.4 mm to 0.9 mm, less
than 3 - 107 c.

Comparison of these values with the experimental data [3.4] allows us to conclude that the process
of inert (non-thermal decomposition and evaporation of organic carbon) warming-up time is not more
than 2.1% of the total duration. Consequently, the time period during stepwise consideration can be
analyzed independently. Dripping processes (Fig.2.) extend substantially longer (about 100 fold) as
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Figure.3. Dependence of the characteristic times of the ignition delay WCF particle diameter:
1-0.9 - 107 3mm; 2-0,8 - 107 3mm; 3-0.7 - 10~ 3mm; 4-0.6 - 10~ 3mm; - solution of the system (1-4).
5-0.9 - 10~ 3mmM; 6-0,8 - 10~ 3mm; 7-0.7 - 10~ 3mm; 8-0.6 - 10~ 3mwm; - solution of the system (5-17).

compared with the period of heating and the inert differ significantly from the total task time of
ignition.

Figure 3 shows the results of numerical modeling of the test process as a dependency tig, (T) for
particles of different diameters WCF obtained during the solution of (1-4) and (5-17). Comparison of
the ignition delay time, resulting from the application of two different approaches to the description of
heat and mass transfer in the particle coal-water fuel (Fig. 3) shows quite significant differences tig,
values. Last process, can be most likely due to the combined influence of these processes of heat
transfer on the formation of the temperature field in the particle. For example, the evaporation of water
takes place at any temperature up to the reflux temperature. The speed of evaporation and accordingly,
the intensity of the absorption of energy in a small neighborhood of the evaporation surface are
exponentially dependent on temperature. When relatively low temperatures, this heat sink is not taken
into account in solving the problem of heat conduction only, the temperature at each point of the
particles will be considerably higher WCF compared with the real one. As a result, the delay time tig,
is less than the true value. Similar effects will occur stepwise modeling in the future with increasing
temperature and as you move the water and evaporation fronts beginning of thermal decomposition of
the organic portion of the coal particles deep into the WCF. Furthermore, filtering products of
vaporization through the porous structure is formed after the completion of the processes of
evaporation and thermal decomposition would result in both a reduction of the absolute values of the
temperatures at each point, and a decrease gradient T.

In conclusion, it should be noted that despite the fairly significant differences ignition delay times

calculated using two different approaches to the above description of the basic processes occurring in
coal-water fuel particle at high temperature, the simplified model [3-5] provide a generally acceptable
for the initial stage analysis of numerical estimates of the values of tign.
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