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ABSTRACT

Variation in fuel flow rate and load demand of a steam boiler leads to variation
of gas-dynamic characteristics of furnace. Based on the furnace dynamic model,
the furnace temperature and pressure and flue gas mass flow rate are predicted
when variation in fuel flow rate occurs. The simulated variation of furnace
pressure and temperature is higher for natural gas fired boiler than coal fired
boiler due to higher combustion reaction rate of natural gas.
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1. INTRODUCTION

A power utility boiler has an unsteady state
operation due to the variation in power demand.
During the unsteady operation of the boiler steam a
pulsatory flow of the flue gas is created. This
pulsatory flow allows the occurrence of certain
pressure rhythmic variations inside the furnace
leading to negative effects upon the air-flue gas
circuit safety and efficiency in operation.

Pressure rhythmic variations cause fluctuations
of combustion, affecting its efficiency and increasing
air pollution, and alternative mechanical stress upon
the furnace walls (in case it has been equipped with
membrane walls) which may reduce in time the
outfit’s durability and even destroy it.

The causes of the pressure rhythmic variations
inside the furnace may fall into two distinct
categories [11]:

- external causes:

e pulsatory inlet flow of the fuel into the furnace
when burning solid fuel, caused by variations of the
fuel heating value and malfunction of the coal mills;
e pulsatory inlet flow of the air into furnace,
caused by fluctuations of the fuel flow;

e lack of the synchronization between the air
blowers and exhausters when fluctuations of the flow
rate air supply occurs.

- internal causes:

o  flame turbulence and/or difference between the
combustion speed and the admission speed of the air-
fuel mixture.

In practice, the pressure rhythmic variations
inside the furnace may be a result of both internal
and external causes, the interference phenomena
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making difficult the identification of the each type of
causes.

Knowing the dynamic characteristics of the
furnace is useful to develop its control system. The
most practical way to know the dynamic properties
of the furnace is simulation. Performing test runs is
almost impossible because of the safety and
economic reasons [14]. The simulation model is
based on the mass, heat and momentum conservation
principles. The present paper is an extension of the

paper [1].

2. MODEL OF THE FURNACE
DYNAMICS

To develop the mathematical model so as to
simulate the dynamic behavior of the furnace, we
take into account the working chart in figure 1. The
input quantity, which varies in time, is the fuel mass
flow rate, m; and the output value is the pressure

inside the furnace, p;. The model includes the mass,
energy, and momentum balances, the heat transfer
from hot flue gases to water and steam model and the
flue gas flow through the boiler model:

- combustion heat balance:

d(pg -hy)

V %:ma -hy +mhg -LHV —
_mg'hg _Qf _QI [kVV] (1)
- combustion mass balance:
dpg . . .
Vi -—==mMg +mM; —my [kg/s] (2
dt

- flue gas flow through the boiler [12]:

g =K¢ - pr [kg/s] 3)
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- furnace gas pressure:

Pg =Rg-pg-Tg [N/M’] 4)
- combustion dynamics:
mfb:mf{l_e f} ®)
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Fig. 1. Physical model of the boiler furnace.

where:
Ve [m?] - furnace volume;

pg [kg/m®] — flue gas density;
m ¢ [ka/s] - fuel mass flow rate;

m ¢, [ka/s]- burning fuel mass flow rate;

m, [Kg/s]-air mass flow;

Mg [kg/s]-exhaust gas mass flow;

LHV [kJ/kg] - fuel lower heating value of the fuel;
Qf [KW] -heat transferred by radiation to vaporizer
[11]:

Q =cr-S-(T¢-T)~cq -5 T¢ (6)
Q| [KW] — lost heat through furnace walls;
Tq [K] — flue gas temperature;
hg [kJ/kg] — flue gas enthalpy [12]:
hg =Cpg *(Tg = Tref )+ et (M

Tret [K] —reference exhaust gas temperature;

Cog [KI/kg K] — flue gas specific heat at constant
pressure;

ha [kJ/kg] - air specific enthalpy;

Cpa [kJ/kg K]-air specific heat at constant pressure;

Ta [K]-air temperature;

hret [KI/Kg]- flue gas reference enthalpy;

Rq [kJ/kg K] - gas constant for flue gas;

cr [KW/m?K' — the coefficient of mutual heat
transfer between flame and wall;

S [m?]-radiation heat transfer surface of vaporizer;

Trt [K] — vaporizer metal tube temperature;

ki [m-s] —a friction coefficient.
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3. SIMULATION OF THE FURNACE
DYNAMICS

To be quickly implemented within a simulation
tool environment the developed mathematical model
is presented in a block diagram form. Figure 2
depicts the furnace block diagram representation in
Simulink (Matlab).

The dynamic behavior of the furnace has been
found out introducing certain variation laws of the
control input which stands for the fuel mass flow rate
m¢ and specifying the time variation of the gas

pressure inside the furnace (the maximum risk and
maximum stress conditions for control system are
those which have a suddenly variation of the fuel
flow rate, such as the blockage of one mill or in an
extremely case the total blockage of the fuel supply).

The furnaces of two energy steam boilers have
been analyzed: pulverized coal fired boiler (type C4)
and natural gas fired boiler (type TGM89). The
steady state operating conditions are presented in
table 1. The simulation results are shown in figures 3
and 4.

Table 1. Steam boiler working parameters.

Measure Steam boiler | Steam boiler
Parameters unit ca TGM 89
m ¢ kgls 12.928 6.193
My kg/s 138.55 115.5
h, J/kg 260000 287000
Ve m° 2813 1770
LHV Jlkg, Im% | 24704000 | 35523000
Tref K 1273 1473
Rref J/kg 1662538 1923738
ke m-s 0.001514 0.001217
Cr W/m?K? 4.1-10° 3.62-10°
Q W 28361000 614000
S m? 1200 1350
g kg/m’ 0.3927 0.2265
Pg N/m? 10° 10°

4. CONCLUSIONS

From figures 3 and 4 it can be concluded that:
— the pressure variation inside the furnace, caused
by variations of the fuel flow is higher inside the
natural gas fired boiler, because, as compared to coal,
natural gas has a higher combustion rate;
— due to the low gas dynamic resistance of the
boiler, the phenomenon occurs very fast.

The control system of the air-gas circuit may be
developed on the basis of these characteristics. This
system requires that the flue gas pressure at the end
of furnace should be measured and in consequence
the opening angle of the gas blower’s guide blades
must be ordered in accordance with the obtained
results.

For a good working of the regulating system it
is required that the measurement of the pressure at
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the end of furnace, should be done in all four sides of
the furnace and all four values should be calculated X 10°
together to find out their mean value, which will be
used further on by the regulating system.
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Fig. 2. SIMULINK-furnace model block diagram.
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