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ABSTRACT: 

Current computer technology development enables application of powerful software

packages that can provide a reliable insight into real operating conditions of a steam boiler

in the Thermal Power Plant. Namely, an application of CFD code to the 3D analysis of com-

bustion and heat transfer in a furnace provides temperature, velocity and concentration fields

in both cross sectional and longitudinal planes of the observed furnace. In order to obtain reli-

able analytical results, which corresponds to real furnace conditions, it is necessary to accu-

rately predict a distribution of mill gases and hot air between burners' sections, because

these parameters are input values for the furnace 3D calculation. 

Regarding these tasks, the computer code for the prediction of mill gases and hot

air distribution has been developed at the Department for steam boilers of the Faculty of

Mechanical Engineering in Belgrade. The code is based on simultaneous calculations of

material and heat balances for fan mill and air tracts. 

The aim of this paper is to present a methodology of performed calculations and

results obtained for the steam boiler furnace of 350 MWe Thermal Power Plant equipped with

eight fan mills.  
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1. INTRODUCTION

A number of software packages have been developed for 3D analyses of

combustion and heat transfer in the boiler furnace, which enable the calculation of

temperature, velocity and concentration fields in both horizontal and longitudinal

cross sections of an observed furnace. In order to obtain analyses that are close to

real processes in the furnace, it is necessary to determine boundary conditions for

3D calculation as precisely as possible. With that aim, the software is developed for

the prediction of coal dust, transport fluid and hot air distribution between burners

sections. This software is based on the mutually connected calculations of the mill

output, heat and material balance of the mill drying, aerodynamic calculation of the

mill and air tract, as well as other auxiliary calculations. The calculated results are

presented for the furnace of 350 MWe Thermal Power Plant. 

2. DESRIPTION OF THE FIREING DEVICE 

The furnace of observed steam boiler is equipped with eight fan mills. Since

the used lignite fuel has the low heating value and high moisture content, the mod-

ified system with direct injection and coal dust drying within the closed cycle is

applied for the fuel preparation. This system is practically the most complicated for

the calculation among all systems for an individual preparation of coal dust. Lignite

is milled and at the same time dried by the mixture of recirculated products of com-

bustion from the furnace outlet, by the heated air (primary air) and recirculated

cooled flue gases from the boiler outlet. Behind the classifier, along the mill gases

flow path, the separator is placed that separates the primary and secondary stream

of the mill gases. The primary stream of mill gases contents a higher coal dust con-

centration defined with the coal dust separation degree (g), which is most common-

ly in the range from 0.7 till 0.85. The amount of transport fluid in the primary stream

is defined with the degree of coal laden vapour (l), which is defined by the ratio of

the free channel cross sections for primary and secondary streams of the mill

gases. 

Primary stream of the mill gases mixture, in the modified system with direct

injection, is introduced in the furnace through the main burner divided in two sec-

tions, upper and lower, while the secondary mill gases mixture is introduced through

upper and lower burner parts for coal laden vapour (Fig. 5). Degree of the coal dust

separation (g) can be controlled in certain range by a change of blades angle in the

mill gas classifier, while the degree of separation of coal laden vapour can be con-

trolled by change of the inclination angle of throttle devices ( ), which are placed in

the mill gases channels in front of each burner section (Fig. 3). 

Air needed for the coal combustion is sucked through two separate chan-

nels; it is preheated with steam preheaters and transported to two parallel fans.

Fans discharge the preheated air through regenerative rotating heaters, after which

air flows into a ring channel mounted around the boiler. The heated air is distributed

from the ring channel towards the mills through separation boxes, while a connec-

tion for tertiary air is located at the middle of this channel, which is through sepa-

rate channels taken below a combustion grate. 
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Heated air distributed to the mills is divided into primary and secondary

streams. The primary air is injected into a header of the recirculation channel in

order to control the temperature of mill gases, in which the recirculated flue gases

are introduced from the top of furnace and from the boiler outlet. The secondary air

is introduced in the separation box divided into two parts: a part from which air is

taken to a main burner and a part which provides air for the burner of coal laden

vapour. In the main burner upper, core and lower air is introduced, while in the burn-

er for coal laden vapour upper, middle, core and lower air is introduced. Throttle

devices are positioned in corresponding channels for the control of primary (ap) and

secondary (as) air flows (Fig. 5). 

3. CALCULATION OF THE MILL AND AIR TRACT

3.1. Calculation of mill capacity 

Calculation of the mill maximum capacity is performed according to [1] in

dependence on mill geometry characteristics [2], the input coal refinement, the con-

tent of hygroscopic moisture, the coefficient of milling, the number of rotor revolu-

tion (n), and the sieve residue (R90 i R1000). In standard software calculation, com-

mon values of the domestic coal are adopted for the input coal refinement, the con-

tent of hydroscopic moisture and the coefficient of milling. The number of mill revo-

lution, and the sieve residue of 90 µm (R90) and 1000 µm (R1000) are input values for

the calculation of the mill capacity (Fig. 3). 

3.2. Calculation of drying capacity 

Calculation of drying capacity is defined by the calculation of the mill heat

and material balance, and it is performed according to the algorithm presented in

[1,3]. The main goal of the heat balance is the prediction of the heat rate necessary

for the coal drying from its initial wetness to final wetness of the coal dust at the mill

outlet. The heat calculation of the mill is performed with corresponding balance of

the mill drying, which equalizes the input and consumed heat rates. The input heat

rate is introduced into the mill with the flue gases recirculated from the mill top, with

the heated primary air, the cold flue gases recirculated from the boiler outlet, the

ambient air that penetrates into the mill channels, and the friction between coal and

impact elements of the mill. The consumed heat rate is used for the heating and

evaporation of water in the coal, heating of the water remained in the coal dust,

heating of the dry coal mass, heating of the excess air and heat losses to the envi-

ronment. 

Temperature of the heated air (tout
ha ), temperature of the ambient air (taa),

temperature of the cold flue gases recirculated from the boiler outlet (tcfg) as well as

their recirculation degree (r2) and the temperature of the mill gases at the mill out-

let (t2) represent the input parameters for the calculation of the drying capacity

(Figs. 2 and 3). Temperature of the hot recirculated flue gases from the furnace top

is obtained by the corresponding thermal calculation [5], and later on it is verified
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with the 3D numerical simulation. The input heat rates of the mill are predicted on

the basis of adopted and calculated temperatures, which at the same time define

the material balance of the mill drying and the corresponding flow rates of each ele-

ment of the transport fluid. 

It should be noted that the amount of the primary air is first assumed, and

later on it is iteratively corrected on the basis of the aerodynamic calculation of mill

tracts depending on the inclination angle of flow throttling device in the channels for

primary (ap) and secondary (as) air, which also represent the calculation input data

(Fig. 3).  

3.3. Aerodynamic calculation of the mill tract 

With the aim of obtaining the aerodynamic characteristics of the mill tract,

the pressure drops calculation is performed. For that purpose the mill tract is divid-

ed into sections that have different flow rates and temperatures of the working fluid,

and the sections are divided into elements that cause local flow resistances and

flow frictions. The total pressure drop in the mill tract, calculated according to the

method presented in [1], consists of the sum of the pressure drops due to friction

losses and local resistances, the pressure drop due to coal acceleration, the pres-

sure drop due to mill gases ascending and the buoyancy effect. 

Since the total pressure drop of the mill tract should be the same at the mill

gases outlet at each burners section, the pressure drop calculation is performed

iteratively depending on the geometry of each burner's section, as well as on the

inclination angle of the throttling device in the separator of coal dust (γ) and the

inclanation angle of the throttling device (ϕ) that are located in the channels of mill

gases in front of each burner's section (Fig. 3). 

3.4 Calculation of the mill head 

The mill overcomes the flow resistances by its fan effect. In order to predict

the system operation point, beside the aerodynamical characteristic of the mill tract,

it is necessary to know the characteristic of the fan mill, i.e. the dependence of the

head on the mill capacity. The mill head calculation is performed according to the

methodology presented in [1]. 

In case of insufficient fan ability of the mill to overcome flow resistances in

the mill tract, that condition is specially indicated in results of the software calcula-

tion. 

3.5. Aerodynamical calculation of the air tract 

In order to calculate pressure drops, described air tract is divided in sec-

tions and elements according to temperatures and air flow rates, where tempera-

tures of the ambient air (taa), preheated air (tinha), as well as the temperature of the

heated air (tout
ha ) represent input data (Fig. 2). 

The total pressure drop in the air tract is obtained by substituting the buoyancy of

the air tract and the subpressure at the air inlet from the total pressure drop. The



total pressure drop in the air tract consists of the friction pressure drops and pres-

sure drops due to local flow resistances that are adopted according to the recom-

mendations presented in [3,4]. 

The heated air in the observed air tract is divided into several streams: pri-

mary air, secondary air, tertiary air, air for the cooling of coal dust burners that are

not in operation, air for the cooling of liquid fuel burners, and mills sealing air. These

air flow rates are predicted with an iterative procedure, under the condition that the

total pressure drop at the location of their introduction is equal for all observed

streams. The same procedure is app-lied for the prediction of secondary air flow

distribution between burners sections (Fig. 5). 

4. PRESENTATION OF THE SOFTWARE FOR THE PREDICTION OF 
MILL GASES AND HEATED AIR FLOW RATES DISTRIBUTION 

Figure 1 shows the main form on the computer display for data input. First,

the coal data are put in: its elementary analyses and lower heat value. 

After that, data necessary for the calculation of the steam boiler heat bal-

ance are put in the special form presented in Fig. 2. In this form it is necessary to

put in data for the tract of main steam (D, pnv, tnv, ps i ts) and reheated steam (Dr,

pr, tr, prs i trs), data for the flue gases temperature at the boiler outlet (tout
fg ), tem-

perature at the location of extraction of cold recirculated flue gases (tcfg),. as well as

temperatures corresponding to the air tract (taa, tinha, tout
ha). Besides this, coefficients

of excess air are put in: at the furnace end (al), in front of the air heater (ain
ha), at the

boiler outlet (aout) and at the location of extraction of the cold recirculated flue gases

(acfg), as well as excess air addition in the furnace (∆al) and in the mill (∆am). If all

input parameters are not put in, software package will automatically assign design

data during the calculation of heat balance. Beside introduced and adopted data,

main results of the heat balance are displayed: the steam boiler load, total heat

input in the boiler, boiler efficiency, boiler power and fuel consumption (Fig. 2). 

After the calculation of the steam boiler heat balance, the calculation of the

milling capacity and mill drying capacity follow, which is the basis for the prediction

of the necessary number of mills in operation. In order to perform these calcula-

tions, it is necessary to put in corresponding mill data, which is done in the sepa-

rate form shown in Fig. 3. For this calculation it is necessary to put in inclination

angles of a throttle in channels for primary (ap) and secondary air (as), the coeffi-

cient of recirculation of cold flue gases from the boiler end (r2), the number of revo-

lution of the coal injector (nd) and of mill imact rotor (nem), the degree of coal dust

extraction (g), the inclination angles of throttles (ϕ) placed in the channels of mill

gases in front of each burners section, the temperature of mill gases (t2), inclination

angles of the separator throttles (γ), the sieve residue of 90 µm (R90) and 1000 µm

(R1000). If some of these data is not put in, design data will be assumed during the

calculation. This form can be opened again within the results display (Fig. 3). 

After the prediction of the necessary number of mills in operation, which

provide the required boiler production, it is necessary to select which of the avail-

able eight mills are in operation, a mill in the hot reserve and mills out of operation.

This selection is done within the separate form shown in Fig. 4. 
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Now all input and calculated data are available for the aerodynamic calcu-

lation of the mill and air tract, and it can be started from the main form. 

Upon the performed aerodynamic calculations the results are displayed in

the specific form shown in Fig. 5. On the right side of the form the air distribution to

one of the selected mill in operation is clearly shown. The air is divided into primary

and secondary, which flow rates are controlled by the throttle devices. Air for the

cooling of the burners of liquid fuel (Vcbl) and sealing air for the mill  (Vsam) is extract-

ed from the channel for the  secondary air, while the remaining air is introduced as

upper, middle, core and lower through certain sections of the burner. The flow rate

of the tertiary air is shown in the lower part of the form, while the distribution of mill

gases and the flow rate of hot flue gases recirculated from the end of the furnace

are depicted on the left side. Flow rates of the coal dust and coal laden vapour are

presented in the table for each burner section. 

Volume flow rates of certain elements of the transport fluid are predicted

with the material balance of mill drying for the mill operational load (Bm) and they

are presented in the separate form in Fig. 6 in the form of control diagram. Elements

of the transport fluid are volume flow rates of the hot recirculated gases (Vrc), the

primary air (VI), the evaporated moisture from the fuel (Vw), the cold recirculated

gases (Vcfg) and the excess air (Vea). Besides these, this form presents the maxi-

mum (Bmax) and minimum (Bmin) mill capacity and the content of carbon dioxide in

the dry transport fluid under the operational capacity. 

5. CONCLUSION 

The software developed for the calculation of the mill plant is presented. Its

primary purpose is to predict the boundary values for 3D simulation of boiler fur-

nace, but it can be also used individually for analyses of heated air and coal dust

distribution between burners, as well as for the prediction of transport fluid distribu-

tion between channels of mill gases. 

One example of the software usage is case that frequently occurs during

the operation of utility steam boilers; it is the occurrence of the fire ascending in the

furnace, which makes the problems connected with safe operation. The ascending

of fire could be initiated with an improper distribution of coal dust in mill gases sep-

arators, as well as insufficient velocities of the secondary air in the burners, the con-

dition that can be analyzed with the presented software by changing the degree of

coal dust separation and by a change of the secondary air flow rate. Namely, the

secondary air flow is determined with the throttles in the channels of primary and

secondary air, but it is also influenced by the amount of sucked air, which is taken

into account in the software calculation with the increase of the coefficient of the

excess air in the furnace and mill plant, and it directly influence the flow rate and

correspondingly the velocity of the secondary air. 
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Besides this, on the basis of measurements, it is possible to simulate the

real operating conditions of the mill plant and firing device with this software, and

than to analyze and predict the relevant parameters that provides optimal operating

conditions of the steam boiler furnace. 
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Fig. 1 The main form for data input and connection with other forms for

input and display of calculation results
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Fig. 2. Form for the input of data corresponding to heat balance calculation

and results display 
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Fig. 3. Form for input data for mill plant calculation



Fig. 4 Form for selection of mills in operation, out of operation and hot

reserve

Fig. 5. Form for display of results of mill gases and air distribution in mills in operation
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Fig. 6. Form for display of the control diagram for fan mill
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