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Abstract
This paper numerically analyzes the voltage-current characteristics associated with wire-duct electrostatic precipitator control of particulates pollution. Two cases are considered, first the (WDEP) under dust free air, second dust loading when the back corona discharge is formed by a series of micro-discharges in the air spaces between the particles of the dust layer deposited on the collecting plate. The finite difference method (FDM) is used to solve Poisson's equation and to satisfy the current continuity equation, respectively .The variation of the voltage –current characteristics, depending on resistivity and particle layer thickness.                                                                                                

1-Introduction
A high negative voltage is applied to the small radius wire and collecting plate which is grounded. A corona is formed at the discharge electrode, creating electrons and negative ions which are driven toward the positive collection electrode by the electric field The corona discharge occur when the electric field near the wire is sufficient to ionize the gaseous species. Resistivity affects electrical conditions in the layer that forms on the grounded collector plate, voltage drop is formed across the dust layer as negatively charged particles arrive it and leak their electrical charges to the collection plate, because of the electrostatic voltage on the surface of the dust layer is quite high. Whereas the collection plate is grounded, electric field created and back corona is formed.                                    
Back corona or reverse ionization describes the conditions where an electrical breakdown occurs in an ESP. Which has been the subject of a limited number of investigations [1-7]; its characteristics and effects are often described only on qualitative basis. Its presence inside of an electrostatic precipitator is usually associated to a threshold in the resistivity of the particle layer deposited on the plates. It is experimentally evidenced by a strong bend in the voltage-current characteristics.       Previous mathematical models of back-corona inside the precipitator duct computed the voltage-current characteristics without taking into account the particle layer resistivity, particle layer thickness, sparking and voltage drop; they were based on a finite difference [8] or finite element [9] simulation of the glow-corona discharge, including the back-discharge ion production associated to the glow corona current density.

In this paper the influence of back corona on the V-I Characteristics of electrical precipitator is calculated by solving Poisson's and current continuity equations simultaneously by FDM. One of the most important parameter causes the back corona is the resistivity of the particle layer .A simple back corona model is developed to study the effects of resistivity and particle layer thickness.

2-Mathematical modeling of electrostatic precipitator

Fig. (1) Shows a schematic and top view of (WDEP) configuration. As the potential difference between the discharge wires and collecting plates  is raised, the gas near the more sharply wire electrode breakdown at voltage above what is called the onset value and less than the spark breakdown value. This phenomena is called corona discharge, in this figure (2Sy) is the distance between two discharge electrodes respectively,(2Sx) is the distance between two collecting electrodes,(2a) is the electrode diameter, (L) is the precipitator length and (H)is the precipitator height.
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The values in table (1) are considered in this research

Table (1) main dimension of the precipitator dependent                                              

	Experiments

(refs.)
	Voltage kV
	Wire radius    a(mm)
	Wire to wire space

2Sy(cm)
	Wire to plate space Sx(cm)                   

	
	32.7-51.8
	1
	23
	11.5

	
	36.2-63.2
	1
	30
	
15

	Predict sol.
	41.07-81.7
	1
	30
	20


Finite difference method is applied in the above domain (OAEF) Figure(1) to solve Poisson’s equation and current continuity equation. 
Because of the symmetry of the wire-plate geometry, only one quarter section can be executed and the solution repeated for all similar rectangles in the duct. The reduction of the problem domain leads to make program faster convergence, while in many researches used the domain as whole.
Using FDM the voltage at any grid point in  Figure ( 2) can be estimated. The values of( ax )and( ay )are calculated under the limit of the cells which can be determined by the Finite  Difference  Program, if the number of the cells is increased the method gives sufficiently accurate results with reduced mesh size.  
The following system of equations describes the corona discharge
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...………………..  Poisson’s equation
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   …………………………current continuity equation
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  …………………….  Field and potential relation 
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 ………………………… the current density equation

Where
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 is the electric field intensity vector
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 is the total space charge density
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 is the total current density vector
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 is the potential
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 is the permittivity of free space

K is the mobility of electron
The following assumptions and boundary conditions are essential requirements for finding a numerical solution
1- The influence of particle space-charge density on the electric field is negligible
2- The corona discharge is assumed to be distributed uniformly over the surface of the wires

3- Value of the electric field on the electrode discharge (E0) which result from Peek’s derivative and later known as Peek’s formula [11 ]
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4-Due to two-way symmetry the mathematical model is developed for one quarter of the regions between a pair of the wires and the plates. The problem domain is shown in Figure (1).
5- The ionic mobility is assumed to be constant. 

6-The thickness of the ionization zone around the emitter is negligible.
7- The ion diffusion is neglected. 

8-All the particles have the same diameter.
9- [image: image23.png]


The various boundary conditions for potential V are,
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Boundary conditions are
1-the electric potential at the two collecting plates are zero

2-the potential at the discharge wires is (V0)
3-the electric field at the discharge wires is E0 

4-The various boundary conditions for potential (V) are, a first estimate of the voltages (V0) at the discharge electrode is obtained using Cooperman’s equations
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Where, (V0) is the applied at the wire,( x , y )are the co-ordinate position in meters measured with the wire as origin, (Sx) is wire to plate spacing,(Sy) is half wire to wire spacing, a is the radius of the wire, and
(w) is the number of wires. Using FDM the electric field intensity at any grid point can be estimated according to the relation between electric field and the potential. (ρ0) is obtained from the solution of current continuity equation. Using FDM the charge density ( ρi,j )at any grid point can be estimated. Voltages are updated by solving Poisson’s equation, the equations are iteratively solved, updating space charge density, voltage and electric field, until the difference between the  voltages compute by Cooperman’s Eq. and the values obtained  by solving Poisson’s Eq. is less than or equal one volts at all grid points.
3-Back corona discharge model
If the glow-corona discharge current, layer resistivity are high enough and the electric field is induced due to the voltage drop across the dust, a positive back-corona discharge is formed in the layer which deposited on collecting plates .From the dust layer positive ions exit, the back corona at the collection electrode produces ions of the opposite sign for corona discharge, which migrate toward the corona wire previously charged negative dust particle. Besides positive ions may attach to neutral dust particles, causing their drift backwards to the emitting electrodes. The electric field threshold (Et) for back corona inception depends on different parameters including particle geometrical shape and compactness inside the dust layer, it’s value is very difficult to be measured, as particle layer condition and resistivity inside an electrostatic precipitator are strongly variable.in the literature there are no published values of the average electric field threshold( Et ) however ,a layer threshold resistivity of  about(2×1010) Ohm.cm is commonly indicated. By assuming  an average current density  on the collecting plates about (2.5-5.0 mA/m2 ) ,it is possible to define an electric field threshold of the order (0.5-1×105 V/m)  [4 ]   .

In order to quantify the threshold value ,the average electric field in the layer El is given by 
El = ρ J 

Where
El = electric field in the dust layer (V/m)
ρ = resistivity of the collected material (omh-m)

The estimation of back corona current density ( Jb )is given by[4 ]   
 Jb=Kbl0.4 (El –Et )
This value  is based on the electric field in the particle layer( El ),the value of the constant Kp (3×10-6 ) as well as the value of the power layer thickness (0.4 ),have been optimized on the basis of  SRI resistivity probe  measurements and on laboratory and industrial  measurements.           
This current calculation has been kept as simple as possible, it describes the steady state regime, and does not take into count the dynamic behavior for back corona.                                         
Modeling voltage current characteristics in an electrostatic precipitator with back-corona needs a representation of the particle layer. Particle layer is characterized by his electrical resistivity. The increased voltage drop creates a higher electric field that increases back-corona current density and once more modifies the voltage drop. We have a positive feedback effect that is a typical phenomenon observed in the presence of back-corona.
4-Results
Voltage-current characteristics are a basic tool to analyses the operational conditions of an electrostatic precipitator, and to detect the onset of back-corona, that strongly affects the collection performances.
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Fig. 3 is present a comparison of voltage-current characteristics for ESP with different geometrical parameters, the same graph for case of dust free air is obtained.
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The computed influence of high resistivity (1010-1011 Ω.cm) on the voltage-current characteristics is shown in Fig. 5, for a defined particle layer thickness of 0.02 cm. The resistivity value does have a great influence on voltage-current characteristics. The characteristics for normal dust resistivity Fig.4 are virtually identical with that obtained with clean plate Fig.3. As the resistivity value increase the current value increase too. Voltage –current curve slope is infinite or negative, a back corona occurs and decrease the efficiency of ESP. 
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Figure6. The electric field in the dust layer as
function of dust resistivity




When the particulates have high resistivity, a voltage drop can develop on the layer on the collecting plates. If this voltage drop is high back corona occurs between discharge wires and the surface of the layer. The electric field increased (Fig. 6).  

A strong positive field (instead negative field) occurs in the hole, which generates positive ions which neutralize the charged of the particles in the gas. The increased of electric field is another way for detecting back corona ,the value is 3.28 ×10 5 V/m for resistivity 1×1011 Ω.cm and the layer is 0.02cm 
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Figure7. The current-voltage characteristics as a function of dust layer
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5-conclusion 

A numerical model was developed on the ESP’s at Karbala cement. This model contains two main modules, one for the determination of voltage-current characteristics in dust free case and another one to calculate the effect of back corona in loading case according the resistivity and dust layer, another way for detecting back corona between the dust layer and the collecting plate is the value of electric field between them.
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Figure3.  ● Predicted result is compared with ― experimental data [9]


                        





Fig.4 within the range of dust resistivity( 108-109   Ω.cm)the curve shape of voltage –current does not change and only the value of  current density has simple increased according to the  case  ESP is loaded, then the resistivity range  is  normal and no back  corona.                                                                              

















As a layer of dust builds up(Fig.7) ,back-corona takes place as layer thickness increase, with a decrease of the efficiency and increase of the current density while the applied voltage is remain constant, also the sprakover increased. 








The effect of increasing wire-plate spacing on V-I characteristics does not gives any change on the shape of the curve (Fig.8) when compared with (Fig.3),only slightly  increased in applied voltage ,from this results the increasing in wire-plate spacing cannot use as tool to reduce the effect of back corona. 
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