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I. INTRODUCTION 

 
It is the boiler that uses a specific technology called 

„Circulating Fluidized Bed Combustion (CFBC). This is 

one way of burning pulverized coal in electricity 

generation plant. The coal is burnt in a bed of hot 

particles maintained in flowing air. At adequately 

high air speed, the bed acts as a fluid resulting in 

rapid mixing of the particles. The fluidized action 

promotes complete coal combustion at relatively low 

temperatures, and provides a means to transfer 

combustion heat efficiently from the bed to the 

steam tubes. 

 

Boiler in which coal is burnt in an environment of 

high concentration of bed material (mineral matter) 

derived from combustion of coal retained by using 

cyclone / other means. This bed material is fluidized 

by primary air (a part of combustion air). Fig 1.1 

Shows the detail schematic diagram of CFBC boiler. 

The high concentration of bed material along with 

staged air supply ensures that bulk combustion 

temp 

  

 

 

 

 

 

 

 

 

 

 

 

Eratures do not exceed 950°C making it environment 

friendly (lesser production of NOx) means of utilizing 

coal. It adopts a process different from Pulverized 

Fuel where coal is milled to fine powder (similar to 

talcum powder) and fired. The concentration of ash 

is dependent of coal ash (mineral matter) content 

and ash (mineral matter) goes along with flue gases 

out of the boiler. In CFBC boiler, this ash (mineral 

matter) is separated using a cyclone or similar 

devices such as U beams and Electro Static 

Precipitator (ESP) and Recycled back and hence 

termed as Circulating Fluidized Bed. 

 

When an evenly distributed air or gas is passed 

upward through a finely divided bed of solid 

particles such as sand supported on a fine mesh, the 

particles are undisturbed at low velocity. As air 

velocity is gradually increased, a stage is reached 

when the individual particles are suspended in the 

air stream – the bed is called “fluidized”. With further 

increase in air velocity, there is bubble formation, 
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vigorous turbulence, rapid mixing and formation of 

dense defined bed surface. The bed of solid particles 

exhibits the properties of a boiling liquid and 

assumes the appearance of a fluid – “bubbling 

fluidized bed”. 

 

At higher velocities, bubbles disappear, and particles 

are blown out of the bed. Therefore, some amounts 

of particles have to be recirculated to maintain a 

stable system – “circulating fluidized bed”. 

 

II. LITERATURE REVIEW 

 
Ba.Huy  et. al.(2020) presented a new joint 

inspection and preventive maintenance policy is 

developed, which uses condition information 

obtained at an inspection to optimize decisions 

regarding maintenance and future inspections to 

optimally balance the risks of system failure, future 

performance losses, and maintenance costs.  

 

Yang, Xiyun et al.(2020) presented a renewable 

energy microgrid system as a power supply for in-

situ heating mining system of shale oil. A hierarchical 

optimization model was developed to optimize the 

capacity allocation of the microgrid components, 

which employs HOMER to initial optimization, then 

an improved multi-objective particle swarm 

algorithm with the lowest the economic cost 

function and the annual load shortage rate index of 

the system is implemented. 

  

Krzywanski et al.(2020) presented the results of 

numerical computations for a large-scale OFz-425 

CFB (circulating fluidized bed) boiler utilizing coal 

and syngas. Four different operating scenarios are 

considered, including the reference variant, 

corresponding to the conventional, mono-

combustion of bituminous coal, and three tests 

involving replacement of secondary air and part of 

the coal stream with syngas fed by start-up burners. 

Pressure, gas velocity, temperature, and carbon 

dioxide distribution in the combustion chamber are 

discussed in the paper.  

 

Wanchan et al.(2020) presented the wall-to-bed 

heat transfer in a CFB riser reactor. A two-fluid 

model with the kinetic theory of granular flow was 

used to solve the hydrodynamics and heat transfer 

behavior in the bed. The wall-to-bed heat transfer 

coefficient is strongly dependent on the CFB 

operating conditions, but correlations for the wall-

to-bed heat transfer coefficient are often defined in 

terms the suspension density, which is not an 

operating parameter. 

  

Liu, Qinwen et al.(2020) presented 3D Eulerian-

Lagrangian simulations for the co-firing of coal and 

biomass in an oxy-fuel fluidized bed based on the 

multiphase particle-in-cell (MP-PIC) scheme. The 

particle field is described by the discrete particle 

method (DPM) and the gas field is calculated by 

large eddy simulation (LES). Different models are 

used for the reaction of coal and biomass, including 

devolatilization, combustion of char and volatiles, 

and the production of pollutants.  

 

Vivekanandan et al.(2019) presented the flow of 

solid particle within the loop seal has been studied 

elaborately, and various design and operating 

parameters of the loop seal were analyzed in detail 

using Computational Fluid Dynamics (CFD).  

 

Zhang et al.(2019) presented a data-based 

operation cost optimization system for mix-burning 

coal slime CFB boiler unit that instructs operators to 

more scientifically adjust the operation parameters. 

Based on actual operating data from a 300 MW CFB 

unit, least squares support vector machine was used 

to build the steady-state operation cost model, and 

partial mutual information variable selection method 

was applied to choose the input variables and lower 

the model complexity.  

 

Venkatesan et al.(2019) presented the performance 

of the CPFD model for predicting solids distribution 

in a CFB riser with pant-leg structure (dual grate) and 

characteristics similar to a commercial boiler. 

Experiments conducted in a scaled down 250 MWe 

CFB facility according to Glicksman‟s simplified 

similarity laws for fluidized beds were simulated 

using commercial code Barracuda.  

 

III. RESULT ANALYSIS DIAGRAMS 

 
Different types of configurations for vortex finder of 

cyclone separator were studied with the aim of 

getting reduced pressure drops rate with little 

variation in collection efficiency. variations were 

introduced in vortex finder diameter and the coal 

inlet surface width and analyses were carried out for 

six chosen cyclone designs. 
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Table 1. Simulation runs corresponding to different 

vortex diameter. 

 

vortex 

finder 

diameter 

inlet 

width 

inlet 

height 

pressure 

drop 

case 1 3.585 5 3.41 70 

case 2 3.585 6 3.41 59.5 

case 3 3.2265 5 3.41 150 

case 4 3.2265 6 3.41 118 

case 5 2.868 5 3.41 202 

case 6 2.868 6 3.41 185 

 

 
 

 

Fig 1. Pressure drop variation with vortex finder 

diameter. 

 

From above graph it can be seen that the pressure 

drop increases with decrease in vortex finder 

diameter. It can also be noticed that the pressure 

drop is more when the inlet width is less. The result 

of the analysis for different geometries are shown 

below: 

 

1.Pressure Contour Diagrams 

 
Fig 2. case 1 pressure contour( volume render). 

 

From the above figure it can be seen that the 

pressure is highest at the inlet (~approx 167 Pa) and 

drops at the flue gas outlet and at particle backflow 

to combustor (~approx 21 Pa). 

 

 
Fig 3. case 1 

pressure contour( top view) 

 
From the above figure it can be seen that the 

pressure decreases with the circulation in the 

circulating chamber.  

 

 
 

Fig 4. case 2 pressure contour( volume render). 

 
From the above figure it can be seen that the 

pressure is highest at the inlet (~approx 224 Pa) and 

drops at the flue gas outlet and at particle backflow 

to combustor (~approx 10.5 Pa). 

 

 
 

Fig 5. case 3 pressure contour( volume render). 
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From the above figure it can be seen that the 

pressure is highest at the inlet (~approx 300 Pa) and 

drops at the flue gas outlet and at particle backflow 

to combustor (~approx 12 Pa). 

 

 
 

Fig 6. case 4 pressure contour( volume render). 

 
From the above figure it can be seen that the 

pressure is highest at the inlet (~approx 228 Pa) and 

drops at the flue gas outlet and at particle backflow 

to combustor (~approx 23 Pa). 

 

 
Fig 7. case 5 pressure contour( volume render). 

 
From the above figure it can be seen that the 

pressure is highest at the inlet (~approx 723 Pa) and 

drops at the flue gas outlet and at particle backflow 

to combustor (~approx 368 Pa). 

 

 
 

Fig 8. case 6 pressure contour( volume render). 

 

From the above figure it can be seen that the 

pressure is highest at the inlet (~approx 376 Pa) and 

drops at the flue gas outlet and at particle backflow 

to combustor (~approx 17 Pa). 

 

Velocity Contour Diagrams 

 
 

Fig 9. case 1 velocity contour( volume render). 

 
From the above figure it can be seen that the 

velocity is low at the inlet (~approx 4m/s) and 

increases at the flue gas outlet and at particle 

backflow to combustor (~approx 8.14m/s). 

 

 
 

Fig 10. case 1 velocity contour( top view) 

 

 
 

Fig 11. case 2 velocity contour( volume render). 
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From the above figure it can be seen that the 

velocity is low at the inlet (~approx 4.8 m/s) and 

increases at the flue gas outlet and at particle 

backflow to combustor (~approx 9.76 m/s). 

 

 
Fig 12. case 3 velocity contour( volume render). 

 
From the above figure it can be seen that the 

velocity is low at the inlet (~approx 4.69 m/s) and 

increases at the flue gas outlet and at particle 

backflow to combustor (~approx 9.38 m/s). 

 

 
Fig 13. case 4 

velocity contour( volume render). 

 

From the above figure it can be seen that the 

velocity is low at the inlet (~approx 5.69 m/s) and 

increases at the flue gas outlet and at particle 

backflow to combustor (~approx 11.3 m/s). 

 

 
Fig14. case 5 velocity contour( volume render). 

 
From the above figure it can be seen that the 

velocity is low at the inlet (~approx 1 m/s) and 

increases at the flue gas outlet and at particle 

backflow to combustor (~approx 2.43 m/s). 

 

 
Fig 15. case 6 velocity contour( volume render). 

 
From the above figure it can be seen that the 

velocity is low at the inlet (~approx 6.26 m/s) and 

increases at the flue gas outlet and at particle 

backflow to combustor (~approx 12.53 m/s) 

 

IV. CONCLUSION 

 
In this study, a parametric study is performed to 

investigate the effects of changing vortex diameter 

and inlet width on pressure drop of cyclone 

separator in CFBC. 

It is concluded that, 

 The pressure drop is reduced if the vortex finder 

diameter is increased. 

 With the increase in inlet width also, the pressure 

drop is reduced. 

 Among the six cases in the study, the minimum 

pressure drop is observed in case 2 having vortex 

finder diameter of 3.2265m, inlet width of 6 m and 

pressure drop of 59.5 Pa. Hence it can be 

considered the best design among proposed 6 

designs. 
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