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ABSTRACT

Paticulate matter emisson is one of the mgor ar pollution problems of cod fired power
plants. Though fine particles conditute a smdler fraction by weight of the tota suspended
paticle matter in typicd paticle emissons, they are condgdered potentidly hazardous to
hedth because of ther high probability of depostion in deeper parts of the respiratory tract.
Electrostatic precipitators (ESP) are the most common, effective and reliable particulate
control devices which can handle large gas volumes with a wide range of inlet temperatures,
pressures, dust volumes and acid gas conditions. Though the eectrodtatic precipitators are
generdly running a the collection efficency as high as 99.95%, the anticipated regulations
on paticulate matters of 2.5 microns (PM2.5) have led the locd power dation to explore
improvement options to further control the emissons of the fine particulae & a minimum
cod even its current paticulates emissons ae wel under the limits of its current
environmental license.  The peformance of Electrogatic Precipitator (ESP) is sgnificantly
affected by its complex flow digribution. In this sudy the gas flow through the ESP a a
locad power gation is moddled numericdly using computationd fluid dynamics (CFD) code
Fluent to give indght to the flow behavior indde the ESP. The flow smulaion was
performed usng the Redizable k-e modd. The results of the smulation are discussed and
compared with on-site measured data supplied by the power plant.
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INTRODUCTION

The flow digtribution within the ESP has been reported to have varying effects on its capture
performance of fly ash paticles depending on the sze and arrangement of an ESP. It has
been extremdy difficult to fully evauate the flow impact on individuad ESP performance
until CFD becomes availadble. CFD plays an ever increasng important role in predicting the
flow fidd characteridics and particle trgectories ingde the ESP and optimizing flow
digributions within ESP by smulaing proposed modification, which ensure that the required
flow profiles are achieved — thus subgstantidly reducing the outage time. However there is a
limited research found in the literature for the prediction of turbulent flow behavior insde the
ESP. Mog of them used standard k-e turbulence modd. Schwab and Johnson (1994)
developed a numerical flow model of an ESP but did not create any physica geometry for the
collection plates. They assumed flow resstance to represent the geometry. Varonos et al.
(2002) developed a model which takes into account of the dectric-fidd properties and the
paticle dynamics dong with the basic fluid flow. They introduced flow resstance ingtead of
cregting any physicd collecting plates.  Bottner and Sommerfeld (2001) assumed in ther
mode that particle charge was not varying with particle sze or paticle resdence time.  Gan
and Riffat (1997) predicted the pressures loss coefficient of orifice and perforated plates. But
the hole dzes in the plate are not specificaly modded rather they smplified the perforated
plate with a plate of sguare holes of the same free area ratio. A laboratory scale ESP
developed by Nikas et al. (2005) gave emphasis on the impact of the ionic wind on the gas
flow. Dumont and Mudry (2003) made a comparative sudy on flow smulation results from
different precipitator CFD moded s with actud field measurements of velocity patterns.

Although the above researches have been broadly dedicated to smulate fluid flow inside the
ESP, no research has been atempted to smulate fluid flow for a full scde ESP considering
dl the physca detals. The present study atempts to describe a detailled numerica method
and an approach adopted to predict the flow pattern insgde a full scade ESP. The predicted
flow digributions are compared with the on-ste measured data. It is to be noted that dl the
collecting dectrodes (CE) are taken into account in this three dimensond moded and have
not been replaced by any equivaent resstance coefficient as other researchers have done in
their sudies. The induction of actual CE plates provides an important means to assess the
practicd impact of these criticd components ingde the ESP and have the potentid to provide
improvement in desgn and maintenance activities.

GEOMETRY OF ESP

The power station in this study has 4 power generating units of 350 MW capacity each. Each
unit has 2 sngle-stage, plate-type, rigid-frame, cold-sde and dry ESPs which are cdled as
pass A and pass B. Each pass has two streamlines covering 4 zones. The effective length,
width and height d each casing are 30.36 m, 22 m and 13.1 m respectively. The width and
height of the CE walls are 5.76 m and 125 m respectively. Each CE wall is made of 12 CE
plates. Each pass has 54 passages having 400mm CE wal spacing. Discharge eectrodes
(DE) are wedded into pipe frames with 2 frames per passsge.  The width of DE frame is
576m and the heights aae 5 m and 75 m. Dug remova method for both collection
electrodes and discharge eectrodes is rapping. Three perforated plates are located within the
inlet evase to edablish good fluid flow didribution indde the ESP. One outlet screen is
located within the outlet evase. Due to the symmetry in geometry the numericd modd is
congructed to represent only one-haf of a pass. Figure 1 shows the geometrica
representation of the plant ESP.
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Figure 1: ESP configuration

NUMERICAL APPROACH

Numerica computation of fluid transport includes conservaion of mass, momentum and
energy, chemica gpecies concentration and turbulence models. Gambit is used as a
preprocessor to cregte the geometry, discretize the fluid domain into smdl cdls to form a
volume mesh or grid and set up the gppropriate boundary conditions. The flow properties are
then specified and the problems are solved and analyzed by Fluert solver.

The bass of modding of an incompressble Newtonian fluid flow module is the use of the
conservation of mass equations (Munson et al. 2002).
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Where ? is the fluid dengty and n is the kinematic viscosty of the fluid. The pressure and

velocity gradients are denoted as Np and NV respectively. For the turbulent flow inside the
ESP, the key to the success of CFD lies with the accurate description of the turbulent
behavior of the flow. To modd the turbulent flow in an ESP, there are a number of
turbulence modds avalable in Fuent. The redizable k-e modd is a reatively recent
development and differs from the sandard k-e modd in two important ways. The redizable
k-e modd contains a new formulation for the turbulent viscosty and a new trangport equation
for the disspation rate, e, which has been derived from an exact equation for the transport of
the mean-sguare vorticity fluctuation (Fluent Inc, 2005).
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A source term is added to the k-e equation for the pressure drop across the perforated plates.
In the CFD smulation, the peforated plates are modeed as thin porous media of finite
thickness with directiond permesbility over which the pressure change is defined as a
combination of viscous loss term and an inertid |oss term which is given by

Dp:-(Ev+C21rv2)Dm (3)
a 2

Where p is the laminar fluid viscosty, a is the permegbility of the plate, C, is the pressure
loss coefficient per unit thickness of the plate, v is the velocity normd to the porous face and
Dm is the thickness of the plate. A separate CFD study was done placing a smdl piece of the
origind perforated plate which is shown in Fig. 2 indde a round duct to find the effect of
viscous lossterm in Eq. 3 at turbulent flow condition.

Figure 2: Perforated plate configuration

The finite vdume methods have been used to discretize the partid differential equations of
the modd using the smple method for pressure-velocity coupling and the first order upwind
scheme to interpolate the variables on the surface of the control volume. The segregated
solution agorithm was sdected. Non eguilibrium wal functions were applied for near wal
trestment purpose. The input parameters for the inlet were inlet velocity, turbulence intendty
and hydraulic diameter. The CFD smulation was peformed with a Pentium 1V 1.8 GHz
32bit CPU workstation with 2GB RAM-memory and 18GB hard disc memory.

RESULTSAND DISCUSSIONS

The operaing conditions used for the numericd mode are based upon avalable test daa
taken by Dattner and Donaldson (1992) a inlet and outlet duct and ingde the collection
chamber with the unit offline and the ID fans operaing. A windmill vane type anemometer
was used to measure the velocity a different planes indde the casng. Measurement of the
velocity indde the ESP was carried out for the velocity of 9.36 m/s a an average temperature
of 24° C a plane 1 as is shown in Fig. 3 which is st as inlet velocity of the CFD modd. To
obtain a fully developed turbulent flow ingde the ESP using the outflow boundary condition,
the outlet is placed far from the outlet evase as is shown in Fig. 4. The tota number of nodes
of the ESP modd of this study is 553058.
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Figure 4: Numerical grid for ESP

Three perforated plates with the thickness of 8 mm, 2 mm and 2 mm are located indde the
inlet evase. Figure 5 represents the predicted pressure drop across the 8 mm thick perforated
plae a different velocities for ar and for an imaginable gas with 100 times lesser viscosty
than ar. Since the change of gas viscosty by the factor of 100 did not result in any
measurable difference in the predicted pressure drop, it has been concluded that the pressure
drop across the perforated plate is mainly due to the inertid loss a turbulent flow condition.
Appropriate values for C, are then caculated from the handbook (Idelchik, 1994).
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Figure5: Pressure drops at different velocities for air and gas

The lower pat of the third perforated plate, which is known as didribution wal differs with
the geometry from the upper pat. Two smulaions have been carried out with and without
introducing the didribution wal. The results that have been found without introducing the
digribution wal are presented in Figures 6 and 7. The predicted velocity a height y=11.8 m
of plane 2, 3 and 4, shown in Fig. 3 are compared with the measured velocity. Figures 8, 9
and 10 present the velocity comparison a three measurement planes, which give a reasonably
good prediction with a maximum deviation of about 20% on the measured vaues. The
velocity digributions shown in Figures 6 and 7 were found nonuniform. Fgures 11 and 12
present the velocity profiles after introducing the digribution wal in the modd. The results
show that the flow is more uniformly digributed while usng the didribution wdl. The
predicted velocity a plane 2 is then compared with the avalable on-Ste data which is shown
in Fig. 13. The prediction was found saisfactory with minor deviation from the measured
data. The discrepancy may be associated with the course mesh size near the wal and lack of
detalls of the exact geometry in the modd. More smulation is being carried out with finer
mesh in order to achieve a better prediction a@ near wall region. It is expected that these will
lead to a better maich with the messured values and provide a good ingght to the flow
behavior ingde the ESP.
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Figure 6: Velocity distribution at x=0 m (symmetry plane) — side view section
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Figure 7: Velocity distribution at x=2.75 m— side view section
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Figure 8: Velocity magnitude at y=11.8 m (Plane 2).
Comparison between the measured data and CFD prediction
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Figure 9: Velocity magnitude at y=11.8 m (Plane 3).
Comparison between the measured data and CFD prediction
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Figure 10: Velocity magnitude at y=11.8 m (Plane 4).
Comparison between the measured data and CFD prediction

Figure 11: Velocity distribution at x=0 m (symmetry plane) using the distribution wall.
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Figurel2: Velocity magnitude at y=11.8 m (Plane 2). Comparison between the measured
data and CFD prediction using the distribution wall
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Figure 13: Velocity magnitude at y=11.8 m (Plane 4).
Comparison between the measured data and CFD prediction using the distribution wall

CONCLUDING REMARKS

An on going CFD andyss for the full scde ESP is presented. The collecting eectrodes are
modded in ther actud condition. Redizable k-e mode for turbulence condition indde the
ESP is applied. Numericdly predicted velocities indde the ESP are compared with the
measured data. As seen, these predictions are not the exact matches with the measured data.
The deviations may be due to the course mesh near the wall, lack of details of exact geometry
in the model, incorrect pressure jump coefficient of the porous plates. The incuson of actud
CE plates in the modd is expected to provide direct means to assess the performance of these
criticl  components indde ESP and have the potentid to show future improvement in
desgns. Further smulation is beng caried out introducing finer mesh near the wdl and
different pressure jump coefficient of digribution wal in order to achieve an optimized flow
digribution ingde the ESP and thus improve its performance. Moreover, paticle sze
digribution ingde the ESP will be andyzed to explore the interaction of varying sSzed
paticdes with flue gas. Study of such two-phase three dimensona flow under a charged
confined space may give a good prediction on the effects of flow didribution on the particle
resdence time indde the ESP. This modd can be useful in identifying options on operation
and mantenance improvement activities by ESP tuning, optimizing flow didribution, field
charging and rapping cycles and necessary plant modifications.
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