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Abstract. Numerical modeling of large steam boilers by means of modularization concept is investigated in the
present paper. The 300 MWt (420 t/h steam) drum tvpe, natural circulation, coal fired steam boiler is divided into
fifteen modules, each one containing basic configurations of heat exchangers. The goal of numerical research
accomplished in this paper is to predict steam boiler behavior (by means of live steam parameters and overall
efficiency) when the low heating value of coal fuel fluctuate in a range of 15 % from mean value.

1. INTRODUCTION

With the rise of prices for primary encrgetic
resources, their economic use has become more and
more important. By introducing technical measures, the
efficiency, specific costs of the central ard its
availability can be influenced in such a manner that the
costs of generating electrical and thermal energy
become minimal. The availability and safety of
functioning of a central can be strongly affected by
damages caused by the “fall”” of the main components or
of their subsystems (Berndt and Doleszal 1983). For
these reasons it is necessary to study the dynamic
behavior of the components of the central in the case of
perturbed conditions of functioning.

The steam generators are one of the main
components of an electrical power plant be it with or
without cogeneration and any possibility to improve the
performances of such a unit must be analyzed and
developed to its maximum potential because it can lead
to a rise in the efficiency as well as to a higher
availability (Honig 1979).

The static modular simulation of “functioning
point” type is an analysis method of steam generators
for which the system of equations of thermal
balance(Doleszal 1981, Franke 1980C) written for the
module ensembles of the boilers is solved by obtaining
parameters of the work agent (water/steam) and the flue
gases for a certain operating regime (a certain amount of
stean and a certain burning configuration). A
simulation program for statically simulation is
characterized by a short calculation time and a high
accuracy of results, being able to be implemented in an
on-line system of pursuit of the boiler(Kley 1982,
Doleszal 1983, Klug 1983). At the same time, on the
basis of such a program the characteristics of such a
boiler can be built (such as the variation of the
efficiency, of the steam flow produced and of the
temperature of flue gases on boiler exit with the low
calorific value of the fuel).

Below, the principles that are at the base of
conception of a static simulation (“functioning point”
type) of a steam generator will be presented first as well
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as the methods through which the general algorithm was
made and finally the results of an application referring
to a steam boiler of 420 t/h, 140 bar, 540 C, lignite fuel
firing with natural gas for flame stability purpose and
respectively pit-coal (with different degrees of re-
circulation of flue gases from the end of the boiler).

2. THE METHODS OF BUILDING
THE CALCULATION ALGORITHM

The basic principle of the model of the numeric
modular simulation of the boiler is the division of the
steamn generator in working modules, characterized by
parameters of entry and exit (Prisecaru 1996). The
general module, found at the base of decomposition of
the steam generator is found in figure 1.

As can be seen from this figure such a module,
generally speaking, is made up of all types of heat
exchangers that can make a steam generator. Normally,
the burning area contains, for example, only membrane
walls; a superheater only contains the exchanger itself,
the support pipes and the four afferent membrane walls,
In the case of a semi-radiation superheater, the support
pipes disappear as well as the convective exchanger.
Exceptions can be found in the areas between the
convective exchangers, where only the support pipes
will be left in the module as well as the membrane
walls.

Also in figure 1 we find that this type of module is
characterized by 24 entry points and 24 exit points
respectively, in normal conditions, mentioned above, it
is obvious that their number will be significantly
reduced, we can also see that by conception the module
was considered in such a manner that the flue gases are
the reference agents for all heat exchangers included.

It must be shown that the separate presence of the
four membrane walls is justified due to the fact that with
many steam generators some membrane walls are
connected to the steam superheating system and not to
the regular vaporizer, which sensitively changes the
temperature regimes.
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Fig. 2. The statically modeling pattern for a 420 t/h steam
generaior,

An important factor for numerical modeling of a
steam boiler is to establish the amount of heat
transferred from flame and flue gases to furnace water
walls, for the current sieam load (in terms of fuel and air
mass flow raie), and consequently to determine the ratio
of heat transferred 1o boiler vaporizing system and to
convective heat wransfer surfaces. This ratio determines
the flue gas temperature at the end of the furnace (at the
entrance into the boiler convective path). The value of
this ratio and the absolute value of flue gas temperature
is influenced by & large number of factors which include
the type of coal fired (and the moisture content),
burning configuration (number of burners in use and
their locations, on the furnace walls) boiler load. For a
certain burning configuration the flame kernel could be
shifted toward the upper end of furnace, leading to a
decrease in heat amount transferred to the vaporizing
systern and subsequently increase in heat available for
convective transfer into the superheater, economizer or
combustion air heating system. Such a flame kernel
shift could have a negative effect on boiler overall
behavicr, leading to a flow instability in serpentine type
heat exchangers (due to von Kdrmédn vortex) and to
damaging vibrations,
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The static simulation (working point) carried out in
this paper need, as a input data, the heat content of flue
gases at the furnace exit, and also the amount of water
vaporized in the water-walls system of the boiler.
Because the full load for this type of boiler could be
achieved with four or five burners in use, in different
burning configuration, before starting the simulations it
is necessary to proceed a CFD simulation of the furnace
(fig. 3 and 4). This simulation is carried out with the
commercial code FLUENT, witch combine models
witch take in account the complex interaction between
flow pattern (including turbulence), heat transfer (by
radiation and convection) and combustion reactions
(described by reaction mechanism and involving a large
amount of chemical species). Both lignite and pit-coal
fuels have been set for CFD simulation, and the results
were implemented in the boiler simulation program
database.
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Fig. 3. Surface heat flux (convective+radiant) (kW/im®) on
furnace walls, for lignite firing system (100% load).
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Fig. 4. Suijace heat flux (convective+radiant) (k Wn® on
Jurnace walls, for pit-coal firing system (100% load).

Formally all entry parameters into the functional
module obtained from discretization are considered to
be known, while the exit parameters are unknown.
Through the above mathematical modeling the inter-
dependence between eniry and exit parameters is
established for each heat exchanger, so that when the
modules are assembled the inter-dependence between
main parameters (of entry) in the reference outline
(realistically known) and the main exit parameters from
this outline result.

The steam generator was discretized into modules,
which are shown in figure 5, next to the afferent
entry/exit parameters. In the same place the way the
respective terms intervene in the transfer functions that
characterize the modules because many variables do not
appear explicitly in the calculation equations, most often
requiring supplementary mathematical developments.

The way in which the above mentioned modules are
connected mainly complies with the direction of the flux
traveled by the burning gases, which leave the burning
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area towards the pre-air heater, the way the connections
are made can be found in the diagram from figure 5.
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Fig. 6. Draft for 420 t/h, lignite firing, drum type, steam
boiler.

Four main types' of modules have been established
for the heat exchangers that make up the analyzed
boiler:
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The method of solving the system of equations is
using the Newton method to evaluate the solutions to
the system of non-linear thermal balance equations
(Rolf 1983). The stopping point in the iterations was
considered to be the point in which the maximum value
of the difference between two successive temperature
values in the same point on the route of the flue gases is
lower than 1 °C, because, after the study of the system
of equations, the conclusion was reached that the
slowest convergence is established on the flue gas side.

3. CONCLUDING REMARKS

From the analysis of the graphics, for functioning
with lignite and an amount of natural gas for flame
stability purposes, it is found that on the lowering of the
low value of the coal from 7000 to 6000 kJ/kg: the mass
flow of steam reduces almost linearly by 20 t/h; the
efficiency is reduced by approximately 1 %; the
temperature of the flue gases upon the boiler exit
steeply increases by approximately 10+12 °C towards a
maximum limit; the temperature of the flue gases at the
end of the burning area decreases almost linearly by
about 30+40 °C; the temperature of pre-heating air rises
by about 12+14 °C towards a maximum limit (fig. 7).

The rise in the amount of natural gas, for flame
stability purposes, by between 10 % and 25 % leads to:
the almost linear rise in the steam mass flow produced
and of the flue gas temperatures at the end of the
burning area; the rise in efficiency, yet the influence
decreases with the rise of low heat value of the coal.

From the analysis of the graphics for functioning
with pit-coal it is seen that the performances of the
boiler sensitively increase and, at the same time, the
variation of the main parameters of the above takes
place in a smaller area.

Thus, upon decreasing the low heat value from
27800 to 22600 kJ/kg: the nominal mass flow of steam
decreases, the decrease is steeper as the degree of re-
circulation is bigger; the temperature of the flue gases at
the end of the furnace and the efficiency of the boiler
have a contrary tendency of variation, the decrease in
efficiency and the rise in temperature being emphasized
by the rise of the degree of re-circulation; the
temperature of the flue gases at the end of the burning
area and the temperature of pre-heating of air decrease,
yet the rise in the degree of re-circulation is emphasizes
the decrease of the temperature of the gases and
diminishes the decrease of the temperature of the air
(fig. 8).

By the numerical simulation of functioning of a
steam generator at real parameters, characteristic curves
of the funciioning of the aggregate can be obtained
curves that can later be used to ensure its economical
operation,
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Fig. 7. Variation of main operating parameters for 420 t/h
steam boiler, lignite firing, for a variation of low heat value
between 6000 and 7000 kJ/kg.
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In the situation in which the real composition of the
flue gases from operation is available for the numerical
simulation of functioning of the steam generator,
measured in different points on the gas route, then a
complex running system can be made assisted by a
computer, the operator being able to interrogate the
computer regarding the effectiveness of a number of
possible maneuvers, with the results being displayed in
virtual reality, thus being able to choose the optimum
option of functioning,

In conclusion, certain calculations regarding the real
conditions of functioning are imposed even from the
design phase of the boilers, conditions to which the
equipment will be exposed throughout its working life,
these calculations aliowing constructive measures to be
implemented from this stage in order to reduce the risk
of damage and to lengthen the as much as possible the
lifetime of the equipment.
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