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CFX HELPS TO DELIVER THE
RIGHT MIXTURE
by Anthoni Raj and V. B. Kabra, TBW, India

Thermax Babcock & Wilcox Ltd., (TBW) a joint
venture between Babcock & Wilcox of USA and
Thermax Ltd., India has the widest range of captive
power and cogeneration boilers in India and 15
countries around the globe. Part of TBW’s mission is
to provide optimum solutions by continuous
technological advancements. Developing these
underlying technologies is the mandate at TBW,
forms the basis for all our designs and has made us
the choice of industry whenever a steam generation
solution is required.

In a project to deliver a technologically
advanced and reliable fluidised boiler to a
customer, TBW chose CFX for its CFD analysis.

In the fuel feed system of an atmospheric
pressure fluidised boiler, the fuel from the coal
feeder is fed into the coal mix nozzle and the coal is
carried pneumatically to the bottom of a fluidised
bed. The design of the coal mix nozzle is the key
factor in optimising the fuel-to-air ratio under the
given operating parameters of coal quantity per
feed point and back pressure exerted by fluid bed
depth. By better understanding the relative effects
of the injector, throat and expander components of
the nozzle on the flow, these components can then
be optimised for maximum suction pressure at the
coal feed point.

Since the project required an accurate and fast
remedy, CFD simulation seemed to offer the fastest
and best chances of narrowing down the critical
parameters without pilot testing each
configuration. CFX software provided the best
combination of validated software and application
support to ensure the project could be completed in
real time.

A single-phase analysis involving compressible
flow in a 2-D axi-symmetric geometry was
considered adequate. Compressible flow was

Efficiency improvement of 
flue gas desulfurization unit 
by Mark Denlinger, URS Corporation, USA

A coal-fired power plant operating a wet flue gas
desulfurization (FGD) scrubber was having trouble meeting
strict environmental regulations for SO2 emissions. URS
Corporation was asked to redesign the scrubber to minimize
the operational costs while maintaining compliance with the
SO2 emissions regulations.

URS Corporation is a 26,000 employee planning, design
and construction firm with a group dedicated to the
optimization of air pollution control equipment, and has
extensive experience working with FGD scrubbers.

URS used CFX to analyze the operation of the scrubber.
The simulation of the original scrubber configuration revealed
that channeling or short circuiting in the gas flow field caused
untreated flue gas to move straight through the scrubber
without the swirling motion that maximizes gas/liquid contact
and results in thorough gas quenching.The greatest challenge
was modeling the approximately 100 liquid slurry spray
nozzles that are contained within the scrubber.

The sulfur present in nearly all fossil fuels combines with oxygen when the
fuel is burned and is released into the atmosphere as sulfur dioxide gas.
After combustion, sulfur dioxide can be removed or scrubbed from flue gas
in a process known as FGD. The flue gas enters the bottom of the FGD
tower tangentially in such a way that it strikes the side of the tower and
swirls as it rises in order to increase its residence time. In wet FGD systems,
limestone containing calcium carbonate is ground to a powder in a wet ball
mill then mixed with water. Spray nozzles are arranged in the tower to spray
the limestone/water slurry into the power plant boiler flue gas. When the flue
gas contacts the slurry mist generated by the spray nozzles, the sulfur
dioxide is removed from the flue gas stream and converted to gypsum or
calcium sulfate which can be used in the manufacture of plaster products. 

The Fortran programming interface in CFX-4 was used to
write a set of subroutines to quickly and easily position the slurry
spray nozzles within the mesh geometry.The key advantage of this
set of Fortran subroutines is that the location, orientation and spray
pattern of the nozzles in 3-D space can be specified independently
from the scrubber mesh. De-coupling the spray nozzles from the
mesh eliminates the need to modify the mesh when the spray
nozzles are created or changed.This allows us to locate the spray
nozzles, point them in any desired direction, and configure their
spray angle and pattern very efficiently. Using our own Fortran
code within the open structure of CFX allows us to model a large
number of potential nozzle configurations in a matter of days.

The efficiency of modeling a large number of potential spray
nozzle configurations allowed us to quickly find a configuration
that eliminated the gas short circuit path and provided better
gas/liquid contact.The solution developed was inexpensive to
implement because the only modifications to the scrubber involved
repositioning the existing spray nozzles.

modelled in CFX-4 and the standard k-� model was
used to simulate the turbulence effects. Static
pressure was set at the inlet and outlet boundaries
of the main nozzle. At the inlet, the static
temperature of the air was maintained at 423 K.

The injector diameter, throat diameter, the
diffuser geometry shape and the relative position of
the injector-throat were established as important
variables. Over 35-40 permutations and
combinations of geometry configurations were
simulated and the trends were carefully analysed.
The few select combinations that provided
maximum suction pressure for acceptable pressure
drop were chosen for testing and validation.

Experimental trials conducted showed results
predicted by CFX were in close conformity with
the experimental readings of air pressure as
well as airflow.

CFX was used both to assist in the
redesign and to narrow down the number of
trials/prototypes for testing.

The new design has resulted in reduction
of power consumption by the fan used for

pneumatic conveying by approximately 20 percent.
In addition, there is uniform and smooth feeding
without puffing at the feed point. An optimum 
fuel-to-air ratio ensures lower exit velocity of coal
particles inside the bed decreasing erosion effect,
and reduction in size and variety of components
reduces equipment costs.

The success of this project has prompted us to
further expand the use of the CFX suite of software
within TBW for applications like CFBC. CFX has
allowed us to meet our commitment to deliver
reliable and technologically advanced products to
our customers.

Right: Diagram of underbed fuel feed system.

Below: CFX analysis showing total static pressure.

Pathlines of 500 micron slurry particles from
3 nozzles located in the gas short circuit
path indicate that slurry particles are
entrained by the high velocity gas in this
region and are carried directly up the wall
opposite the inlet without the swirling motion
necessary for effective SO2 removal. Using
CFX and our own Fortran code, we were
able find a spray nozzle distribution which
eliminated the gas short circuit path. This
resulted in better gas/liquid contact and
higher SO2 removal efficiency.

The blue streamlines reveal that flue gas from
the upper part of the inlet duct short circuits
the quench section below the bowl by
traveling directly up the wall opposite the inlet.
The lower gas residence time and decreased
gas/liquid contact caused by this short circuit
behavior decreases the SO2 removal
efficiency of the unit. The red streamlines
indicate that gas from the lower part of the
inlet duct swirls in the quench section before
passing around the bowl which is necessary
for high SO2 removal efficiency. 

In order to optimize and size the fan, the inlet air pressure
requirements for a specific fuel flow and back pressure from the
fluidised bed were determined by flow modelling and field trials.

Air flow is determined for a given air pressure, fuel flow
and air temperature. The CFX results closely matched the
site measurements and the fan could be sized so that
power consumption is kept at the minimum.




