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INTRODUCTION 
 
One of the most important problems of modern 

times is air pollution. This highly complex phenomenon 
became the subject of interest of several international 
organizations, because the consequences of air pollution 
cross borders. 

In order to mitigate the negative impact of environ-
ment pollution by one of the main polluters, steam 
boilers in power stations, various techniques for primary 
and secondary filtration have developed. 

One of the modern technologies for the retention of 
dust in the flue gas is a cyclone, usually named gas 
precipitation or electric filter. 

The operating efficiency of these facilities is in-
fluenced by many factors and parameters which are 
usually grouped into two categories; 

– the electrical ones (electric field distribution, density 
and distribution of ionic space charge of electrodes) – 
which lead to a great extent to a different key size that 
occurs in an electrostatic separation process, namely, 
the electric charge acquired by the particles during their 
movement inside the  electric filter. 

– the factors which display all the gas flow features – 
gas dynamics factors (pressure difference between the 
entry and exit of the electric filter, degree of turbulence 
of the gas, etc.). 

With the main gas flow (pressure gradient given by 
input - output), the electrical forces that apply on the 
task ions and charged particles cause a secondary flow 
of gas. The resulting movement of the gas is therefore 
caused by the interaction between the primary flow and 
the secondary flow given the volume density of the 
electric forces. 

 

The effect of non uniform distribution of speed  
on separation efficiency. The operating efficiency of 
an electric filter is directly and significantly influenced 

by the degree of unevenness of both velocity and dust 
concentration  distribution.  

Whatever the qualities of the design and imple-
mentation of the electrical part  usually required for the 
achievement of the separation, it will not be able to 
remain within the required limits if the  movement of 
the gas to be dusted and the subsequent concentration of 
dust are uneven. 

The uneven distribution of velocities in the electric 
filter diminshes its performance in two ways. First, the 
uneven treatment of the gas reduces efficiency in areas 
at high speed, more than it compensates for reduced 
speed zones. 

Secondly, there is the re-driving or removing of 
particles deposited on the electrodes of filing, in areas 
with high speed gas. 

Both effects are important, but usually the second 
prevails where the distribution is uneven and can decrease 
efficiency by up to 60%. 

When speed increases efficiency decreases first in-
significantly, then, when the speed of driving is exceeded 
there is a  sudden worsening of functioning of the 
electric filters.  

 

To determine the performance of the electric filter a 
technical term is used for the dusting efficiency whose 
mathematical equation was conceived by the German 
scientist W. Deutsch: 
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where: CE is the constant electric filter, CE = L/2h; L – 
length of the electric field [m] 

2h – distance between electrodes of different 
polarity [m]; V – gas velocity in electric filter [m/s]; W – 
deposition rate of particles [m/s] 

Deutsch's equation is valid only when working with 
electric filter gas flow uniformly distributed at the core 
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of the electric filter, i.e. the gas velocity is constant at 
every point i of the electric filter field. 

 In reality the distribution of the gas passing through 
the electric filter is characterized by a degree of uneven-
ness, and applying the equation does not give accurate 
results. 

The following is a formula that will be deducted for 
assessing the influence of speed on non-uniformity field 
values calculated using Deutsch’s formula. 

To this end the electric filter A section is divided 
into a number of elementary areas dA where the gas 
flows with constant velocity, V = const. (figure 1). 

In this case the equation (1.2) can be written 
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The formula (1.2) may be used if the gas velocity 
distribution in the electric filter W is known and if the 
rate of migration would have a constant value, regard-
less of the gas velocity. 

 

 
 

Fig. 1. Simplified diagram of a plan electric filter. 
 

Since the W·CE has different values for each electric 
filter for each task and each division of the speed, the 
formula does not allow to set the output of the electric 
filter considered. 

 Therefore there has to be found a characteristic dis-
tribution of speeds that do not contain product W · CE. 

By approximating the circle arc segment tangent to 
the curve when divided into very small units and by 
analyzing the yielded curve based on speed-dusting 
shown in Fig. 2, we see that for the point of contact the 
formula is valid: 
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In this case we get a formula: 

 η = A + B Vy  (1.4)  

where Vy = 
∫
∫
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 is the equivalent speed that takes 

into account the velocity distribution and non-uni-
formity to be introduced in Deutsch’s formula. 

In this case, the efficiency formula takes the follow-
ing form: 
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 Since the speed distribution non-uniformity produ-
ces a decrease in efficiency expressed by the medy VV ≥ , 
the ratio of these sizes is m and is called the section 
usability degree in terms of speed uniformity. 
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One can determine the required section of the 
electric filter AN, in case of non-uniformity field of 
speeds: 

 AN = Ateor. / m  (1.7)   

 

 
 

Fig. 2. Dusting efficiency of electric filter 
depending on gas velocity. 

 
One can make the following deduction: 
– if the gas flow passes the electric filter uniformly 

distributed, for which W / V = 0.3, the dusting effi-
ciency, according to figure 1, will be 96 %. 

 If the same flow is distributed non-uniformly, so 
that in a given area the speed increases by Δv1, and in 
another area decreases by Δv2 the dusting efficiency 
in these areas will change. In the first portion the 
efficiency will decrease by Δη1, and in the second will 
increase by Δη2. In this case the application of formula 
(1.3) replacing the v with average speed, gives values 
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too high for the dusting efficiency. Using the formula 
(1.3) and substituting vy for v, the error can be drastically 
reduced as the efficiency values are calculated taking 
into account the non-uniformity of the speed distribution.  

These approximations depend on the slope of the 
efficiency curve. As shown, the efficiency curve presents 
an inflection point for η = 0,867. For values greater 
than 0,867 which generally represents the limit value 
for the designing of electric filters the approximation is 
correct.  

 

To take into account the speed non-uniformity when 
calculating dusting, K. Remmers suggests a changed 
method. 

Based on the measured values of gas speed vi, one 
determines the average error relative to the average gas 
velocity: 
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where: n is the number of points of speed measurement;  
vi – measured velocity of gas in section i [m/s]; vmed – 
measured arithmetic average gas speed [m/s] 

The reduction Δη, due to the non-uniformity of 
speeds, can be determined in this case by the formula:  
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where F is the deposition surface ]m[ 2  
 The efficiency achieved in the electric filter, in this 

case, will be: 

 η = ηteor. – Δη  (1.10) 

The experiment showed that the higher the non-
uniformity of velocity field, the lower the performance. 

I.E. Idelcik assessed the influence of the gas velocity 
distribution on the dusting efficiency of an electric filter 
based on a coefficient MK, defined as the ratio of the 
pulse energy of gas flow velocities calculated from the 
gas real velocity in the points of section vi and the pulse 
energy calculated from the average speed of gas.  
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The velocity distribution can be determined similar-
ly by the coefficient that characterizes the kinetic energy 
of the gas flow. 
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 MK and NK coefficients can be equal or bigger than 
the unit. The bigger the value of these coefficients is, 
the bigger the non-uniformity of the speed and the lesser 
the dusting efficiency will be. 

To take into account the non-uniformity of the 
velocity field, v'med. is inserted into Deutsch’s formula.  

 v'
med = vmed MK  (1.13) 

Most researchers in the field accept a uniform flow 
in the cross section of the electric filter at the entry and 
the exit under the following conditions: 

– 85% of the measured local speed values fall within 
20% of the average speed value; 

– 99% of the local velocity values fall within 40% of 
average speed value. 

In fig. 3 is presented the variation of the dusting 
efficiency depending on the non-uniformity coefficient 
of the speed field, MK, according to the formula (1.12). 

 

 
 

Fig. 3. Dusting efficiency depending on the non-uniformity 
coefficient of the speed field, MK, determined experimentally 

by Indelcik. 
 

 The dusting efficiency was calculated using the 
formula: 

 KKVMKe 1
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The formula shows that, the higher MK, is, namely 
the higher the non-uniformity of gas speed is, the lower 
the dusting efficiency is under the same conditions. 

The dependence of the dusting efficiency on the 
speeds non-uniformity MK was obtained by Idelcik 
experimentally and is shown in fig. 3. In fig.4 is shown 
the influence of the dusting efficiency on an electric 
filter that dusts ashes from lignite combustion in boilers 
1035 t/h, for an inside equipment set at 300 mm step, 
400 mm step, respectively.  

One may note that the results obtained are consistent 
with theoretical findings concerning the influence of 
speed field on dusting efficiency. 

CONCLUSIONS 
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Of particular importance in low-dusting efficiency is 
particle driving in areas with high speed gas. Losses 
caused by particle driving become important where the 
maximum gas velocity exceeds the critical speed to 
remove particles from the electrodes. 

 

 
 

Fig. 4. Dusting efficiency depending on gas speed  
for horizontal electric filters with step 2h =300 mm  

and 2h = 400 mm. 
 

In addition to the non-uniformity of the flow and 
dust particles driving due to the non-uniformity dis-
tribution of velocities in active electric filter section 
other unfavorable effects may appear.  

One of the most important drawbacks is the loss of 
particles due to particle driving because of the bunkers 
scavenging and the turbulence in them. 

Also, a great fall in pressure in the electric filter 
tends to push some gas under the deposition plates. It is 
therefore necessary that bunkers be equipped with a 
system to prevent dust re-driving. 

Leakage of gas at the upper electrode application, at 
the electrode edges on the wall and the housing deposit 
and false aspirations diminish dusting efficiency by an 
inadequate circulation of gas at the core. 

For example, if 5% of the gas flow passes near the 
active areas, dusting efficiency cannot be greater than 
95%. 

In addition to the direct effects on the dusting 
efficiency of the electric filter, the non-uniformity of the 
speeds distribution produces an indirect negative impact 
on the effectiveness of electrostatic dusting.  

The active spaces where gas is slow always keep a 
low dust content and highly ionized gas. This leads to a 
greater power, which reduces the dielectric rigidity of 
the entire area, related to an aggregate of high voltage.  

The electric filter works uneasily, with downloads, 
which requires the reduction of the supply voltage and, 
consequently, lead to a low-dusting efficiency. Similar 
phenomena appear in the gas flow, which is largely 
linked to the speeds distribution at the entry.  

These undesirable phenomena are frequent with the 
dusting electrostatic technique and have as a conse-
quence the diminishing of the dusting efficiency with 
major implications for environment pollution. 
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