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ABSTRACT: 
As our demand for energy will increase, so does the 

urgency for accelerated performance and flexibility 

from boilers. Computational fluid dynamics (CFD) 

has been extensively used to expect waft fields and 

heat transfer.  CFD modelling of a bagasse boiler 

to expect the very last steam temperature and flame 

profile within the furnace. Site measurements of the 

flame temperature were fascinated by a suction 

pyrometer and a thermal digicam to validate the 

CFD version. The observe become to expand a 

bodily steady model that may predict the steam 

temperature of an commercial water tube boiler 

reliably. The model bills for all the physics, 

radiation, convection, turbulence and combustion 

that affect the resulting steam temperature 

Keywords: computational fluid dynamics, heat 

transfer 

1.0 INTRODUCTION 

Historically the development inside design 

of boilers has been intently associated with 

the development of virtual computer 

systems. Before computers the design of 

boilers become very tedious, and the 

answers were now not normally optimized 

for a complicated pattern of operation. At 

that point the layout of boilers needed to 

be executed as hand-calculations, i.E. Both 

calculation by using pen and paper or by 

manner of various units of curves or other 

graphical strategies. Naturally, this 

approach limited the quantity of 

calculations, and only notably few tries to 

optimize the layout changed into 

performed. Often boilers had been 

designed more or less in keeping with 

revel in gained from previously designed 

flora. The exclusive constitutive family 

members and thermodynamic country 

equations on the same time additionally 

had to be dealt with in a rather simple way. 

The boiler business is fairly small and 

most boiler producers have advanced their 

very own designs, which generally have 

now not been standardized to a totally 

excessive degree. 

Heat boilers are mostly water tube boilers 

in which the hot exhaust gases from 

gasoline generators, incinerators, and so 

on., skip over a number of parallel tubes 

containing water. The water is vaporized 

in the tubes and gathered in a steam drum 

from which it's miles drawn out to be used 

as heating or processing steam. Because 

the exhaust gases are generally in the 

medium temperature range and which will 

preserve area, a greater compact boiler can 

be produced if the water tubes are finned. 

“To optimize economizer layout for better 

performance”  paintings on “impact of 

arreasters on erosion in economizer region 

and its analysis”. The authors on this paper 

have tried to suggest a likely answer for 

discount of erosion in economizer quarter 

and its analysis the usage of CFD device. 

In this paper the authors have submitted 

the findings of analysis of finned tube 

economizer with Arresters at distinct 

tendencies distribution. 

2.0 LITERATURE REVIEW 

[1]Sanjay Kumar Patel et.al 

(2012).presented an execution 

investigation of supercritical heater and 

reasoned that, if increase in the heap of 

evaporator and drop in the heap of turbine 

higher effectiveness is acquired. The 

exploration work portrays to parameters, 

evaporator greatest constant rating 

(BMCR) and turbine most extreme 

nonstop appraising (TMCR) are changed 

by expanding the estimation of steam 

stream of super radiator and re-heaters .by 

expanding or diminishing these qualities 
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we can discover which condition best for 

control era. A near report amongst 

subcritical and supercritical boilers and 

examining the execution of kettle, factor 

influencing proficiency of boilers has 

completed with recognizable proof and 

investigation for enhanced working of 

supercritical plants. Analysis demonstrates 

that at a similar stream rate of subcritical 

and supercritical units for higher yield, the 

steam temperature ought to be high at 

supercritical weight. However supercritical 

evaporator work in a higher weight and 

temperature zone when contrasted with 

subcritical boilers prompting expanded 

heat efficiencies.  

[2] ChetanT.Patel et.al( 2013) chipped 

away at effectiveness with various GCV of 

coal and productivity change opportunity 

in heater and found that the kettle is the 

most helpful gadget for any creating 

industries ,so it is important to improve the 

evaporator proficiency. utilizing semi 

bituminous coal, the productivity is 

80.20% due to higher heating esteems, less 

dampness and fiery remains content . 

While Indian lignite coal gives 77.51% 

effectiveness on a similar evaporator in 

light of the fact that it has more fiery 

remains and dampness content when 

contrasted with the semi bituminous coal.  

[3] K.N. Subrahmanyam et.al ( 2015) 
took a shot at investigation of sub critical, 

super critical and ultra-super critical heat 

power plant and watched that all the power 

makers are hoping to enhance the 

effectiveness a power plant and less effect 

on condition without trading off there 

showcase aggressive Presentation of these 

innovations on heat power plants can 

changed in Rankin cycle chipping away at 

temperature and weight and enhance the 

execution of energy plants in this 

investigation 500 MW subcritical, 700 

MW supercritical and 850 MW ultra-

supercritical heat power plants. Ultra 

supercritical innovation is more effective 

then supercritical innovation and 

subcritical innovation as far as 

productivity and coal utilization. In this 

work presents the different techniques for 

steam era and discharge lessening with the 

cost of establishment, operational cost and 

experience of operation and also great and 

ecological execution.  

[4] J.W. Smith (1998) exhibited a 

Babcock and Wilcox organization 

supercritical(Once Through) evaporator 

innovation. In the historical backdrop of 

the kettle advancement starting with the 

world first ultra-supercritical steam 

framework, which started operation at the 

American Electric Power (AEP) Philo 

Station in 1957 through the improvement 

of world biggest boilers, the pummeled 

coal let go 1300 MW units started 

operation in 1990 at the Zimmer control 

station mutually claimed by Cincinnati 

Gas and Electric, Dayton control and Light 

and American Electric Power. The B&W 

Supercritical evaporator has exhibited 

proficient operation and high dependability 

in serving the heap cycling needs of the 

United States utility market. The Chinese 

electric utilities are fundamentally the 

same as those of the U.S. utilities.  

[5] Raphael Wentemi Apeaning (2012), 
the wise utilization of vitality by ventures 

is a key lever for guaranteeing a 

reasonable modern improvement. The 

financially savvy use of vitality 

administration and vitality proficiency 

measures offers ventures with successful 

methods for increasing both monetary and 

social profit, additionally decreasing the 

negative ecological impacts of vitality 

utilize. Tragically, businesses in creating 

nations are falling behind in the reception 

of vitality proficiency and administration 

measures; all things considered missing 

the advantages of usage. The reasonable 

utilization of vitality assets and innovation 

to diminish the negative effects of vitality 

utilize are immovably epitomized in two 

ideas specifically vitality proficiency and 

Energy administration alludes to the 

methodology of altering and advancing 

vitality, utilizing frameworks and 

strategies in order to decrease vitality 

necessities per unit of yield while holding 

steady or lessening complete expenses of 
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delivering the yield from these 

frameworks.  

3.0 METHDOLOGY 

The boiler under consideration is part of a 

pulverized coal (PC) power plant operating 

in a subcritical steam cycle. The tangential 

firing combustion chamber is rectangular 

in shape with four burners firing from each 

corner, thus creating a large vortex in the 

center of the chamber. The evaporation 

process occurs mainly in the steel tubes 

covering the boiler walls. In the upper 

middle of the boiler there are the reheater 

(LTR, HTR), super-heater (LTS, HTS) and 

economizer (ECO2) tube banks. The 

second stage of the boiler comprises a 

large rectangular curved duct, the first 

economizer (ECO1) tube bank and the 

regenerative air heater (Ljungström). From 

there the flue gases are directed through 

the electrostatic precipitator to the 

chimney. Figure 2(a) shows the general 

disposition of the boiler heat exchangers 

and burners.  

 
General disposition of the boiler 

components 

RECOMMENDED TDS LEVELS FOR 

VARIOUS BOILERS 
Boiler Type Maximum 

TDS (ppm)* 

Lancashire 10,000 ppm 

Smoke and water tube boilers 

(12 kg/cm2 ) 

5,000 ppm 

Low pressure Water tube boiler 2000–3000 

High Pressure Water tube boiler 

with super heater 

3,000–3,500 

ppm 

Package and economic boilers 3,000 ppm 

Coil boilers and steam 

generators 

2000 (in the 

feed water 

DESIGN OF BOILER: 

 
Figure complete design of boiler 

RESULTS 

 

Vitality Conservation Opportunities The 

different vitality proficiency openings in 

heater framework can be identified with 

burning, heat exchange, avoidable 

misfortunes, high helper influence 

utilization, water quality and blowdown 

 
initial flow of temperature  
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complete pressure flow to the boiler 

 
pressures analyzing of a boiler at nodes 

 
Maximum efficiency distributions at nodes 

 
efficiency of the boiler at final pressure 

input 

CFD APPORACH OF BOILER: 

 
Figure 4.6 Velocity contours at the 

centre 

 
Temperature contours at the centre 
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Iso-surface of the flame profile and 

temperature 

 
heat absorbed through walls 

 
Contours of Static Temperature (k) 

THEORETICAL COMBUSTION DATA – COMMON BOILER FUELS 
 

 

Fuel 

 

Kg of air req ./ 

kg of fuel 

 

Kg of flue  gas/ 

kg of fuel 

 

M
3
of air flue ./ 

kg of fuel 

Theoretical 

CO2% in dry 

flue gas 

CO2% in 

flue gas 

achieved in 

practice 

SOLID FUELS 

BAGASSE 

 

32 

 

3.43 

 

2.61 

 

20.65 

 

10-12 

COAL 10.8 11.7 9.40 18.70 10-13 

LIGNITE 8.4 9.10 6.97 19.40 9-13 

PADDY HUSK 4.6 5.63 4.58 19.8 14-15 

WOOD 5.8 

 

6.4 4.79 20.3 11.13 

LIQUIDS 

FUELS 

FURNACE OIL 

 

13.90 

 

14.30 

 

11.50 

 

15.0 

 

9-14 

LSHS 14.04 14.63 10.59 15.5 9-14 
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BOILER FUELS DIFFERENT VARIATIONS 

CONCLUSION 

The work is using of the results to better 

understand the complex processes 

occurring within the boiler. Some results 

were presented and discussed. The 

temperature and velocity fields are in 

agreement with the expected behavior of a 

tangentially fired coal combustion 

chamber. The proposed method comprises 

solving the energy equations and considers 

the super heater or economizer model as 

one with distributed parameters. the inlet 

and boundary conditions and this was 

explored in order to study the performance 

of the boiler at out of design and part-load 

operation conditions and also to other 

conditions at the burners, like the vertical 

tilt. The thermo-physical properties of the 

fluids and the material of the separating 

walls are also computed in real time. In 

order to prove the accuracy and 

effectiveness of the proposed method, 

computational and experimental 

verifications were carried out.  
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