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Abstract: In this paper, the authors present the results obtained by 
applying some algorithms for pre-dimensioning the modern bag filter system 
for a “Depression assurance system for mixer” in the dense sludge station of 
a thermoelectric power plant. Three constructive filter variants were 
compared, determining the deviations of the values of the parameters 
obtained by calculation from those according to the catalogue data. Within 
this study, the authors used computer programs of their own conception, 
developed in the Mathcad version 7.0 programming environment, which 
allow rapid analysis of pre-dimensional design of a large number of 
constructive and computation variants of bag filters. 
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Rezumat: În această lucrare, autorii prezintă rezultatele obţinute în 
urma aplicării unor algoritmi de predimensionare a instalației moderne de 
filtre cu saci pentru un “Sistem de asigurare a depresiunii pentru mixer“ din 
cadrul staţiei de şlam dens a unei centrale termoelectrice. Au fost analizate 
comparativ trei variante constructive de filtre, determinându-se abaterile 
valorilor parametrilor obținute prin calcul față de cele conform datelor de 
catalog. În cadrul acestui studiu, autorii au folosit programe de calcul de 
concepţie proprie, dezvoltate în mediul de programare Mathcad versiunea 
7.0, care permit analiza rapidă sub aspectul predimensionării, a unui număr 
mare de variante constructive și de calcul al filtrelor cu saci. 
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1. Introduction 

Total or porous layer filters are part of the dry mechanical filters 
category. Inside such a filter there are a number of canvas bags that are only 
supported by the gas leakage that passes either from the inside outwards or 
from the outside to the inside through the insulating filters. When the dust 
granules are placed on the filters, the strength and efficiency of the filter that 
removes the particles from the air are increased. When the filters are entirely 
covered, the filtering operation is prevented. 

Total filters cover a very wide range, both in terms of particle size 
and working temperature, being the most efficient dry particulate removal 
system. Their average efficiency is very high (η = 99.9%), while the 
efficiency for particles below 5 μm is close to 100 % [1], [2]. 

Of the total or porous layer filter category, the most commonly used 
are: 

 Textile filter bags made of textile fabrics; 
 Filters of filtered bed made of piled fibers or sand filler. 
The operation of textile filter bags made of textile fabrics is 

limited by temperatures around 100 ... 250 ° C (depending on the nature of 
the material), but the gas-dynamic resistance is very high reaching 200 ... 
250 Pa. These filters velocities are lower than the cyclone or multicyclone 
filters. 

They find their use in filtering lower air or cool gas flows, such as 
[3], [4]: 

- the air from the coal or ash transport route;  
- ventilated gases in nuclear installations; 
- the air in pneumatic transport. 
The separated particles are generally smaller than the pores of the 

fabric, which is explained by the fact that in this category of filters, in 
addition to the sieving process, the phenomenon of diffusion of the particles 
at the surface of the fibbers occurs. This diffusion is accentuated as the dust 
particle diameter is smaller (less than 5 μm) and results in the clogging of 
the filter and the need to replace the fabric. 

Filtration is not made by the insulation, but the cloth covering the 
filters or filler inside, like a honeycomb or porous layer. The cloth may be 
considered a particular case of the honeycomb or porous layer. In general, 
the strength of the honeycomb is increased proportionally with time and 
does not depend on the air stream than at the beginning of use of the filter. 
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The pressure loss in the honeycomb (the porous layer) is 
proportional to [5], [6]: 

- dust concentration; 
- time; 
- the square of the superficial air or gas velocity. 
 
The superficial velocity (air or gas crossing speed filtered through the 

filter surface) ]
s

m
[w  is defined as the ratio between the volume flow of air or 

gases and the filtration surface according to the equation (1):  
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SF filtration [m
2] - the filtration surface of the filter. 

 
Knowing the initial loss of pressure through the clean filter, it is 

possible to calculate the time after which cleaning is required, so that the 
pressure loss through the filter is kept below the required maximum limit. 

The experiment has been found that the separation efficiency increases 
with reduction of the diameter of the fibre, while reducing the pressure loss. 

2. Case study. Specific aspects of dimensioning the modern bag 
filter installation for a “Depression assurance system for mixer” in the 
dense sludge station of a thermoelectric power plant. 

For the evacuation as dense sludge of combustion products of the 
thermoelectric power plant boilers and desulphurization by-products, the dense 
sludge station is usually equipped with 3 hydraulic mixers that provide dense 
sludge preparation. They are placed under the ash storage silos. Normally, when 
the boilers are rated loaded, two mixers are in operation and one is in reserve.  

These mixers are able to mix all boiler by-products [7], [8]:  
- free ash (ash mixture of electrostatic precipitator, from air preheater 

and economiser) in the form of dry particles;  
- furnace slag (slag) in the form of concentrated sludge slag; 
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- the by-product resulted from the desulphurization of combustion 
gases as sludge from the gypsum sludge intermediate tank of the flue gas 
absorber of the block. 

The water used for mixing has three sources: 
- water from the concentrated slag sludge; 
- water from gypsum sludge; 
- mixing water is added in the mixer. 
 
Uncleaned water is used to wash the mixer and connected transport 

equipment. Also, uncleaned water is used to command the mixer backup level.  
The ash collected from the boiler is stored in dry form in dry ash 

silos through the ash collection and transport system. The concentrated slag 
sludge is delivered by the pumps of the concentration system of the slag 
sludge. The by-product to be discharged is generated by the flue gas 
desulphurisation system to clean the flue gas flow from the boilers. Mixers 
can use to produce dens sludge a continuous flow of gypsum sludge with a 
sludge concentration of 50 wt% in an amount imposed by boiler load 
(enough ash quantities to obtain a self-extracting sludge) [9]. 

In this Dense sludge station there is the Installation of preparing, 
mixing dense sludge which is provided with a depression assurance system 
for mixer that includes: 

- a bag filter; 
- metallic connection channels; 
- an exhaust fan.  
The exhaust system of air mixed with ash in the mixer retention 

vessel removes the ash-filled air that can develop into the retention vessel, 
while filtering the air and keeping the ash particles inside the system. 

The exhaust fan maintains negative pressure in the dense sludge 
mixer to avoid dusting the environment. The depression in the mixer is 
controlled by the fan speed.  

There is a vacuum circuit breaker (safety valve) between the filter 
and the mixer. The vacuum circuit breaker opens to the atmosphere when the 
depression is too high to protect the filter bags. The dried solid particles 
separated by the bag filter are washed from the bottom box downstream of 
the filter by a continuous water flow. An open spill ensures a constant level 
of water in the bottom box.  

Continuous water flow is monitored to help maintain the water 
supply with a corresponding amount of water. The separated sludge of 
water-solid particles is directed back into the mixer body. 
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The operating characteristics of the Depression assurance system for 
mixer are the following [7]: 

Bag filter:  type Superjet 1M2E - 1500 
- Maximum volume flow of filtered air 2500 m3/h 
 
- Dp rated – 15 mbar = 0.015 bar = 1500 Pa ~ 0.15 m H2O = 150 mm 

H2O (It is known that: 1 bar ~ 10 m H2O; 1bar = 105 Pa) 
 
Exhaust fan: type Silotech P2M-K6F2L - RRb 
- Maximum volume flow of filtered air 2500 m3/h 
- Dp rated – 4500 Pa ~ 450 mm H2O (It is known that: 1 mm H2O ~ 

10 Pa) 
 
SuperJet filters (manufacturing JKF Industri A/S) [10] are filters over 

and under pressure (negative pressure in this case) are designed to operate 
continuously. They are made of durable steel to guarantee a solid and easy 
filter. They are self-supporting (mobile) with adjustable legs and can be 
installed indoors or outdoors (in this case the filter is installed outdoors).  

The side entry of these filters is designed according to the „partial 
descending current“ principle (Figure 1) and may be of the DS or SJF type. 
The contaminated air (air + solid particles in this case) passes through the 
filter and encounters a perforated plate separating most of the dust particles 
deposited downward through a vertical square pipe. The air diffuses through 
the perforated plate and filter bags. As a result, fewer particles of air pass 
through the filter bags and the regulated air flow drives a homogeneous 
distribution of pressure on the filter surface. Intervals and energy consumed 
to clean the filter bag are therefore less important.  

 
 

 
 
 
 

Figure 1. „Partial descending 
current“ principle [10]. 
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 The cleaning system is PowerPulse® type equipped with the 
ECOPowerPulse® control system. The control system is equipped with a 
central unit. The communication protocol works with most of the computers 
and the PLC (programmable logic controller).  
 The PowerPulse® cleaning system (Figure 2, Figure 3) cleans the 
filter bags with compressed air. The cleaning arm on which the jet vanes of 
the system are mounted moves accurately from the bag into the bag and 
precisely and automatically adjusts the appropriate air pressure by measuring 
the air velocity through the filter unit. A filter bag is cleaned at a time.  
 Due to the low jet pressure of the PowerPulse® system from 1.5 to 3 
bars, the power consumption is very low, the filter cleaning is uniform and 
the filter element wear is minimal. 
 
 
 

 
 

Figure 2. PowerPulse® cleaning in 
BF models [10]. 

 

 
 
 
 
 
 

 
Figure 3. PowerPulse® cleaning in 

SBF models [10]. 
 
 
 

 

The system is available with or without a compressor. The approved 
ATEX version is configured for external air pressure. The free maintenance 
dry compressor of 2.2 kW has a capacity of 350 l/min. SuperJet filters are 
supplied with accessories like a ladder tower mounting in lateral mounting 
(Figure 4). 
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Figure 4. Ladder tower mounting in lateral 
mounting for SuperJet filters [10]. 

 
 
 

 
 

In Figure 5 is shown a view and a longitudinal section through a 
SuperJet filter. 

 
 
 
 
 
 
 
 
 
 

Figure 5. View and section through a SuperJet filter [10].  
 

 
 
 
 
 
 
 
 

 
 
 
 

 
Figure 6. Overall dimensions of SuperJet filters [10].  
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Figure 7. Accessories overall dimensions - ladder tower mounting  

in lateral mounting of SuperJet filters [10].  
 

Table 1 - Technical characteristics of SuperJet filters [10] 

Type Bag 
length  

[m] 

Filter 
surface  

[m2] 

A 
[mm] 

B 
[mm] 

Weight  
[kg] 

SuperJet-3 3.0 172 7058 4411 3350 
SuperJet-4 4.0 220 7858 5211 3790 
SuperJet-5 5.0 269 8658 6011 4110 

2.1. Pre-dimensioning of the bag filters installation for a 
“Depression assurance system for mixer“ 

For the pre-dimensioning of the bag filter installation, the following 
calculation algorithm, as outlined below for the SuperJet-3 constructive 
variant, according to Table 1, will be followed. According to the operating 

characteristics of the installation it is known /hm2500= 3
•

aV - the maximum 

volume flow of filtered air. 
The filter surface of a bag with diameter Φ = 0.3 m and length h = 3 m is: 
 

 ,m827.2=3•3.0•=••= 2πhΦπAbag   
 

The cross-sectional area of the filter is according to the geometrical 
dimensions from Figure 6 and Figure 7: 

 

 ,m04328.5=084.2•420.2= 2
FS  
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- The required number of bags results: 
 

 ,pieces56≈
3.0

04328.5
== 22Φ

S
n F

  

 

- The filter surface of the filter results: 
 

 ,m164.161=•••= 2hΦπnS filterF  
 

- The traversing speed of filtered air through the filter surface is 
calculated according to the equation (1): 
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- The deviation of the filter surface of the filter obtained by 
computation from that according to the catalogue data is calculated by the 
relation (2): 
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In order to perform calculations according to these computational 

algorithms, the authors conceived computational programs developed in 
the Mathcad version 7.0 [11] programming environment, resulting the 
following numerical values for the three constructive filter variants 
presented in Table 1, which are centralized in Table 2.  

 
Table 2. Results of the pre-dimensioning comparative calculation for the 3 

constructive variants of SuperJet filters 

Type SuperJet-3 SuperJet-4 SuperJet-5 
The bag length, h [m] 3 4 5 
The filter surface of a bag, Abag [m

2] 2.827 3.77 4.712 
The filter surface of the filter, SF filter [m

2]  161.164 214.885 268.606 
The traversing speed of filtered air  through 
the filter surface, w [cm/s] 

0.431 0.323 0.259 

The deviation of the filter surface of the filter 
obtained by computation from that according 
to the catalogue data, ΔSF [%] 

6.3 2.325 0.146 
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3. Conclusions 

From the analysis of the results of the pre-dimensioning comparative 
calculation for the three SuperJet filter constructive variants, it results that 
the filter surface values of the filter obtained by calculation are lower than 
those according to the catalogue data, as can be seen in Figure 8, but the 
deviations are relatively low with the values shown in Table 2.  

It is also noted that as the length of the filter bag increases, the 
calculated filter surface of the filter approaches that given in the catalogue, 
being less than this with 0.146 % at a filter bag length of 5 m.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8. The dependence of the filter surface of the filter: calculated (red) and according to 

the catalogue data (blue) depending on the length of the filter bag.  
 

It is also observed according to Figure 9 and Table 2, that the air 
traversing speed through the filter surface, w [cm/s] decreases significantly 
as the filter bag length increases (decreases by approximately 40 % for h = 5 
m from the corresponding one for h = 3 m).  

The own conception computational programs developed in the 
Mathcad programming environment allow for the application of the used 
computational algorithms, theoretically for any other type of constructive 
variant of bag filters, providing in a short time, exact and precise numerical 
values (up to 3 decimals) [11]. 
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Figure 9. The dependence of the filtered air traversing speed through the filter surface 
depending on the length of the filter bag.  
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