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Application of virtual labs in the analysis of automatic control systems

(Case Study: Boiler Control Systems)
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Furnace pressure control:

Most large power plant boilers have two or more forced draft (FD) fans and two or more induced
draft (ID) fans [7]. These will normally be run in pairs consisting of one FD fan and one ID fan.
The FD fans force air into the furnace while the ID fans extract the post-combustion gasses from
the furnace. Air flow rate through the fans can be manipulated with vanes, dampers, or by changing
fan speed. Air flow through the FD fan is controlled based a set point derived from the fuel flow
rate and the air/fuel ratio. The flow through the ID fan is manipulated to control the furnace
pressure. Furnace pressure is maintained at a slightly negative gage pressure (slightly below
atmospheric pressure) so that fuel, ash, and flue gas won’t escape through furnace inspection doors
and other crevices. Under normal operating conditions the furnace pressure acts like an integrating
process. If there is a mismatch between draft in and out, the furnace pressure will change and
continue to change until the high- or low-pressure trip point is reached. Consequently, the flow
rates in and out of the furnace must be dynamically balanced so that the furnace remains close to
its set point. A large deviation from set point will result in a boiler trip to keep the plant safe. The
furnace pressure controller changes the induced draft flow rate to keep the furnace pressure at its
set point. If airflow rate is measured at the ID fans, a cascaded flow controller can be implemented
for improved control figure (10-1). If airflow rate is not measured, the furnace pressure controller
will manipulate the control element directly.
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