International Journal of Engineering Research and General Science Volume 3, Issue 1, January-February, 2015
ISSN 2091-2730

Experimental Investigation to Improve Flame Intensity in 250MW
Tangentially Firing Furnace

Syed Mujtaba Umair®, P.T.Borlepwar?

PG Student, Mechanical engineering Department, Maharashtra Institute of Technology / Dr. Babasaheb Ambedkar Marathwada
University / Aurangabad, India. (mujtaba_umair@yahoo.co.in).(09766252187)

?Assistant Professor, Mechanical Engineering Department, Maharashtra Institute of Technology / Dr. Babasaheb Ambedkar
Marathwada University / Aurangabad, India. (prashantborlepwar@rediffmail.com)

Abstract—: The objective of this study is experimental investigation of 250 MW coal based thermal power plant to predict the
performance of tangential fired (TF) boiler and to determine the flow patterns of the gas and coal particles, with an emphasis on
increasing the flame stability in combustion zone at low load conditions at which thermal plants are forced to operates owing to
number of practical limitations in this region. The effects of four parameters that are experimentally investigated are Coal air velocity
through burner, Burner outlet temperature, Burner tilt & Furnace draft. The experimental results show considerable increase in flame
stability at low load conditions while operating at Coal air velocity of 19.19 m/sec, Burner outlet temperature of 70°C, furnace draft of
-10mmwec and burner tilt of +20°. The work has been validated with the help of CFD code Fluent. The results obtained from the
present work are directly relevant to coal-fired Utilities for not only demonstrating the effectiveness of computational fluid dynamics
(CFD) based tools in combating operational issues but also provides an alternative to conventional remediation strategies.
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1.Introduction:

Efficient use of pulverised coal in boilers with tangential firing system is crucial to the power generation in most countries,
which was the main motivation for undertaking this research. Due to number of practical limitations most of the coal based power
plant in the region runs on part load conditions, which ultimately puts them in danger of tripping due to low flame intensity due to
decreased rate of coal flow. Increasing flame stability at low load conditions is the prime objective of this research.

Tangentially fired boiler is the most commonly used industrial coal combustion system and thus gains much attention. With
the development of comprehensive combustion models and their successful applications in industrial coal-fired boilers, as surveyed in
the literature the complex phenomena in tangentially fired boilers, including gas—solid flow, combustion, heat transfer and
NOXx reduction, are widely studied using simulations. The gas temperature deviation is commonly considered to result from the after
swirl in furnace exit. However, this aspect has not been well demonstrated because it is difficult to study the gas temperature
deviation by experiments and theoretical ways. Along with the development of numerical techniques and their applications in
coal combustion, it has become possible to investigate the gas temperature in a tangential coal-fired boiler. In some cases it
replaces physical experiments with equivalent ‘numerical” experiments.

The paper presents the experimental results of the Parli power station boiler equipped with tangential firing of the burners.
The Computational Fluid Dynamics (CFD) approach is utilized for the creation of a three-dimensional model of the boiler furnace,
including platen super-heater sections in the upper part of the furnace. Standard k—e model is employed for the description of turbulent
flow. Coal combustion is modeled by the mixture fraction/probability density function approach for the reaction chemistry, with
equilibrium assumption applied for description of the system chemistry. Radiative heat transfer is computed using P1 radiation model.
The described case and other experiences with CFD prescribe the advantages Of combining numerical modelling and simulation over
purely field data study, such as the ability to quickly analyse a variety of design options without modifying the object and the
availability of significantly more data to interpret the results.

In the present study, parameters which were investigated include Coal air velocity through burner, Burner outlet temperature,
Burner tilt & Furnace draft. The boiler geometry and operating conditions are described in the next section. This is followed by the
description of the mathematical model. Then the results are presented and discussed following the validation of model with plant
trials. Finally, the paper ends with a summary of the main conclusions and recommendations for future work and acknowledgment.

2. Literature review:

Ahmed F Ghoniem et al 2011 found that When operating under elevated pressure, the gas phase flow field and coal particle
residence time may change significantly. The effect of pressure on the characteristics of mass and heat transfer, char and gas phase
combustion kinetics and dynamics, etc, are also still relatively unknown. Research on the characteristics of oxy-combustion at
elevated pressures is needed. S Belosevic et al 2006 presented selected results of numerical simulations of processes in utility boiler

685 www.ijergs.org



mailto:mujtaba_umair@yahoo.co.in).(09766252187)

International Journal of Engineering Research and General Science Volume 3, Issue 1, January-February, 2015

ISSN 2091-2730

pulverized coal tangentially fired dry-bottom furnace. The simulations of the processes are based on a comprehensive 3D differential
mathematical model, specially developed for the purpose. The model offers such a composition of sub models and modelling
approaches so as to balance sub model sophistication with computational practicality. A 3D geometry, Eulerian— Lagrangian
approach, k—e gas turbulence model, particles-to-turbulence interaction, diffusion model of particle dispersion, six-flux method for
radiation modelling and pulverized coal particle combustion model based on the global particle kinetics and experimentally obtained
coal kinetic parameters are the main features of the model. Zadiraka et al (1996) proposed a method to control the emissions of SOx
and NOx content in the flue gases. If coal was to be used as the fuel, the new power plants need to be very clean, with higher
efficiency and economical. Sensors and control techniques are being developed to permit the accurate measurement and control of the
individual burner air and fuel flows as they are introduced to the time-temperature-turbulence combustion processing the furnace.

M Habermehi et al 2012 investigated the effect of burner on flame stabilization. Starting from an existing burner design for a
bench scale burner, a new burner concept based on aerodynamic stabilization of an oxy-fuel swirl flame was developed. For this
development process, CFD was intensively used as a design tool. Adapted models for homogeneous and heterogeneous reactions were
integrated into the CFD code to take the different conditions for oxy-fuel combustion into account. As a result a burner able to operate
in air and oxy-fuel conditions was developed and its functionality was demonstrated in experiments. By these experiments, it was
proven that applying the measures for oxy-coal swirl flame stabilization an oxy-coal flame can be stabilized aero-dynamically at an
0Xxygen concentration down to 18 vol.-% for wet and dry recirculation. In UK boilers the video camera probes are mounted on the rear
wall to observe the oil gun flames during the start up for safety purpose. When the boiler is on load the large flames are close to the
rear wall and there will be dust and ash deposits near the rear wall. This causes variation in the colour of the fire ball which is utilised
to observe the combustion conditions. A video monitoring system was developed to monitor the combustion activities. A Euclidean
distance classifier was used for identifying the combustion conditions along with the CO emissions. Principal Value Decomposition
(PVD) and Euclidean classifier were used for classification of flame images based on their combustion status by Abdul Rahman et al
(2006).

Donglin Chen et al concluded that the deflected angle of a torsion-spring incorporated damper and the air-jet at BWD exit is
approximately a linear function of air velocity inside burner nozzle and simultaneously affected by the damper’s length, installation
distance and the spring’s mechanical constant. With a proper combination of the spring’s mechanical constant k, the damper’s length 1
and installation distances, satisfied deflecting characteristics for the jet of BWD can be obtained. Flame Doctor, a burner flame
monitoring system was developed by Timothy et al (2004) to reduce NOx emissions and to improve the overall performance. The
signals from an optical flame scanner diagnose the operation of the burners. Continuous monitoring by flame doctor makes it possible
to analyze the flame colour thereby optimizing the overall performance of the furnace load changes, fuel quality variations, and
equipment modifications. This article describes the status of an ongoing EPRI Beta Test Program and the results from combustion
tuning service work which offers specific challenges encountered during Flame Doctor Installation and start up. Demonstrated
performance improvements include reductions of 20% in NOx, 70% in CO, and 70% in LOI. These improvements are sustainable and
translate directly into significant cost savings in the expenditure of the power plants.

The thermal characteristics of propane air diffusion flames using high temperature combustion air are presented in this work
by Ashwani Gupta et al (2000). Global flame characteristics are presented using several different gaseous fuels. A specially designed
regenerative combustion test furnace facility, built by Nippon Furnace Kogyo, Japan, has been used to preheat the combustion air to
elevated temperatures. Stable flames were obtained at remarkably low equivalence ratios, which would not be possible with normal
temperature air. The global flame features showed flame color to change from yellow to blue, bluish-green and green over the range of
conditions examined using propane as the fuel. In some cases hybrid color flame was also observed. Under certain conditions
flameless or colourless oxidation of the fuel has also been observed for some fuels. Some fuels provide purple colour flame under
similar operational conditions. Information on the flame spectral emission characteristics, spatial distribution of OH, CH and C2
species and emission of pollutants has been obtained. Low levels of NOx along with negligible amounts of CO and HC were obtained
with high temperature combustion air. Experimental results have been complemented with numerical simulations. The thermal and
chemical behavior of high temperature combustion flames depends on the fuel property, preheat temperature and oxygen. The
challenges and opportunities with high temperature-air combustion technology are also described.

3. Experimental setup:

The furnace geometry of the simulated boiler can be seen in Fig. 1 for which the dimensions are given in Table 1. As evident
from Table 1, the tangentially fired furnace is 52 m high,15.240 m wide and 11.506 m deep and with an installed capacity of 250 MW.
The boiler considered for the modeling studies is a subcritical one comprising of concentric firing system with tangential firing
burners. Twenty four burners are arranged in an array of six burners positioned at different levels on four corners of the furnace walls.
The specifications of the furnace geometry and original drawing are given in Table 1 and Fig. 1.
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Table 1

Specifications of furnace geometry.

Srno Parameters Value (m)
1 Furnace width 11.506

2 Furnace length 15.240

3 Furnace height 52

Primary, Secondary
Qil port walls and
CCOFA

Fig. 1. Furnace geometry
4. Model description:

The three-dimensional geometry was created using GAMBIT —a FLUENT pre-processor. An isotropic view of the geometry
and grid system is shown in Fig. 1. The meshed-geometry contained 402,852 nodes with hexahedral cells in one zone and the
remaining zones with quadrilateral cells. In our study, the results are observed to be grid independent as three different sizes indicated
no significant change in the flow patterns or trajectories.The furnace geometry has been constructed using the specifications provided
by the utility. Fig 1 also presents information on super-heater and re-heater sections of the boiler. The burner arrangement,
orientation, windbox elevation designations,details relevant to SOFA/CCOFA, burner tip, fuel air tip and auxiliary air nozzle tip are
shown in Fig. 2. The figure is mainly used to construct the correct geometry of furnace to represent the orientation of nose, hopper and
furnace wall sections as per the desighn of furnace.As indicated in Fig 2 it is used for constructing the various burner ports in four
corners (1-4) along with Separated Overfire Air Register (SOFA) at different levels A—D from the bottom of the furnace as well as
Close Coupled Overfire Air Compartment (CCOFA) ports at levels A and B with specified tilt angles from the plant operators.
Following these SOFA/CCOFA ports, additionally Fig. 2 also refers to auxiliary air ports at A-A, B-C, D-E, F-F, Coal elevation
ports at A—F and oil elevation ports at A-B, C-D,E—F which helped to represent the whole furnace ports in the geometry as per the
specifications.
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SEPARATED OVERFIRE
AIR REGISTER (SOFA)

(+30° VERTICALTILT RANGE)

CLOSE COUPLED OVERFIRE
AIR COMPARTMENTS (CCOFA)
(£30° VERTICAL TILT RANGE)

AUX AIR ELEVATION F-F
COAL ELEVATION F
OIL ELEVATION E-F
COAL ELEVATION E
AUX AIR ELEVATION D-E
COAL ELEVATION D
OIL ELEVATION C-D
COAL ELEVATION C
AUX AIR ELEVATION B-C

COAL ELEVATION B

OIL ELEVATION A-B

COAL ELEVATION A

AUX AIR ELEVATION A-A

;o

SOFAD HORIZONTALLY ADJUSTABLE AIR NOZZLE TIPS

SOFAC HORIZONTALLY AD;lUSYABLE AIR NOZZLETIPS

SOFAB HORIZONTALLY ADJUSTABLE AIR NOZZLETIPS

SOFA A HORIZONTALLY ADJUSTABLE AIR NOZZLETIPS
CCOFA B HORJZONTALLY ADJUSTABLE (+15°) AIR NOZZLETIPS
CCOFA A HORIZONTALLY ADJUSTABLE (+15°) AIR NOZZLE TIPS

AUXTOP AIR COMPARTMENT W/SCANNER

(+30° VERTICALTILT RANGE)

AUX AIR COMPARTMENT W/SCANNER

(+£30° VERTICAL TILT RANGE)

AUX AIR COMPARTMENT W/SCANNER

(£30° VERTICAL TILT RANGE)

Ole [0] |O[e]O] |O]|O

AUX BOTTOM AIR COMPARTMENT
(£30° VERTICAL TILT RANGE) CFS AIR NOZZLETIP

Fig. 2. Burner specifications; Windbox elevation designations.

5. Experimental Results and discussion

maximum flame intensity at 19.19 m/sec.

688

The computational model has been applied to the furnace of 250 MW boiler fired bituminous coal. The input data for
simulations (including boiler operational conditions) have been selected in accordance with data related to the experimental tests done
for the boiler considered.

5.1 Coal air velocity:

Experimentation results are as shown in the Table 2.experimentation is performed on the furnace by keeping the load below

technical minimum.Coal air velocity is measured in coal pipes as shown in the Fig 3.results obtained show that we are getting
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Fig 3: Velocity measurement in coal pipe.

Table 2

Corner-1 16.46 160 384
Corner-2 16.46 160 672
Corner-3 19.19 160 960
Corner-4 17.50 160 384

5.2 Burner tilt:

The position of the burner is as shown in the fig 2.All the dampers are connected with a single link so whenever we are
giving command to burner for tilting all the four corners are simultaneously operated. Experimentation results show that while
operating below technical minimum load at +20° of burner tilt we are getting maximum flame intensity as shown in the table 3.

Table 3

-30 160 264
-25 160 345
-20 160 194
-15 160 225
-10 160 361
-5 160 159
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0 160 357
5 160 441
10 160 451
15 160 657
20 160 684
25 160 397
30 160 279

5.3 Furnace Draft:

Furnace draft is the pressure inside furnace. It must be kept below atmospheric in order to maintain fire ball and flue gases
flow to second pass. We have operated in between -5 mmwec to -10 mmwec of furnace pressure and at technical minimum load as
shown in the table 4.Experimentation results show that when we operate the furnace at -10 mmwc pressure we get maximum flame

intensity.

Table 4

-5 160 259
6 160 364
7 160 471
-8 160 521
-9 160 754
-10 160 789

5.4 Burner outlet temperature:

Burner outlet temperature is same that of coal mill outlet temperature in coal based thermal power plant. As shown in table 5
experimentation results show that when we vary the burner outlet temperature in range of 65°C to 85°C we obtain maximum flame
intensity while operating at 70°C of burner outlet temperature while we keep load on the boiler below technical minimum.
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Table 5

65 160 495
70 160 859
75 160 426
80 160 528
85 160 624

6. Results validation:

A three dimensional model has been developed for the simulation of flow, temperature and concentration fields in the coal
based tangentially fired furnace. The model takes into account the turbulence chemistry interactions. The simulation was performed
using the ANSYS FLUENT considering non premixed combustion as fuel and oxidizer enter in a distinct stream. The convergence for
this simulation was decided based on the following factors. The drop in residuals for the governing equations was the primary while
the mass flow conservation between the inlet and the outlet was another. Also, the Pressure and Temperature at the outlet was
monitored to reach steady values.

ANSYS Fluent is a Finite Volume based Reynolds Averaged Navier-Stokes (RANS) solver. It has the capability to solve
both structured and un-structured meshes. Also, the advanced features like combustion modeling, radiation modeling, multi-phase
modeling as well as specie transport modeling are available. ANSYS Fluent supports the various file formats for efficient multi-
disciplinary functions. For the low speed flows, the Pressure based solver provides the SIMPLE, SIMPLEC and PISO algorithm for
the Pressure-Velocity coupling while the Density based solver for the high speed compressible flows provides accurate results.|ICEM
CFD provide the option to generate block-structured or un-structured meshes for the geometry. The mesh quality as well flow filed
aligned meshes can be generated from the block-structured mesh though addition time and expertise required. In order to resolve the
boundary layers, the ‘o’ grid options can be utilized to generate the mesh layers near the wall. In the Un-structured mesh generation,
prism layers provide the ability to capture the near-wall flow physics. The unstructured mesh typically contains tetra-hedra elements in
3-Dimensional domain while triangle elements in 2-Dimensional domain.
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Fig 4 Furnace geometry made in ICEM

As shown in the Fig 4 furnace geometry is made in ICEM code. and for simulation purpose Fluent code is used.Pulverized
coal tangentially firing furnace post processing is done by taking sections in Y plane section planes had been defined at the mid of
each burner inlet. The temperature contour plots at these planes had been provided in fig 6.

Temperature
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343
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Fig 6: Temperature contours at different Y sections

The turbulence created by the jet effect at the coal and air inlet ensures flow distribution for most part of the furnace however
there are certain zones with minimal flow distribution. Based on readings obtained from simulations for flame intensity vs. Coal air
velocity a data table has been made which compares the readings of experimental data with that of data obtained from simulation. It
can be seen in Table 6 that percentage error lies between 3.52-11.60 %.

1 12.2 11 1.2 9.83

Table 6
2 14
3 12.9
4 10.5
5 8.5
6 6.8
7 4.8
8 4
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9 2.2 2 0.2 9.09
10 1.8 1.6 0.2 11.11
11 0.9 1 0.1 11.11
12 3 3.2 0.4 6.6

13 4.2 3.9 0.3 7.14
14 6.2 5.5 0.7 11.29
15 7 7.8 0.8 11.42
16 10 9.8 0.2 8

17 115 10.5 1 8.92
18 12.2 11 1.2 9.83
19 12 135 1.5 125
20 9 10 1 11.11
21 11.2 125 1.3 11.60
22 11.8 11 0.8 6.77
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CONCLUSION

If the thermal power plant of 250 MW is operated at recommended parameters it will give following monetary benefits.

1. Plant Availability factor in the observed period of 3 months is 96.29% .Remaining unavailability is solely due to plant
tripping due to flame intensity failure. If the said parameters are maintained at low load conditions flame intensity will be high
resulting in lower rate of plant tripping thereby increase in plant availability factor up to 100%.

2. Oil consumption while plant light up can be saved. It is observed that for every tripping it takes close to 20 KL of Light
diesel Qil (LDO) which amounts to 1080000 Rs.If recommended parameters are maintained at technical minimum load it will
decrease the chances of trappings’ because of flame intensity failure.

REFERENCES:

[1] Lei Chen, Sze Zheng Yong, Ahmed F. Ghoniem,(2012) “Oxy-fuel combustion of pulverized coal:  Characterization,
fundamentals, stabilization and CFD modeling”Progress in Energy and combustion science,38, 176-179

694 www.ijergs.org




International Journal of Engineering Research and General Science Volume 3, Issue 1, January-February, 2015

ISSN 2091-2730

[2] Martin Habermehl, Jens Erfurth, DobrinToporov, MalteForster, ReinholdKneer(2012)“Experimental and numerical
investigations on a swirl oxycoalflame” Applied Thermal engineering,49,162-168

[3] SrdjanBelosevic, MiroslavSijercic, PredragStefanovic (2008)“A numerical study of pulverized coal ignition by means of plasma
torches in air—coal dust mixture ducts of utility boiler furnaces” International Journal of Heat and Mass Transfer,51,1970-1978

[4] K. Khanafer, S.M. Aithal (2011) “Fluid-dynamic and NOx computation in swirl burner” International journal of heat and mass
transfer ,.54,5030-5034

[5] Ashwani K Gupta (2000) “Flame Characteristics and Challenges with High Temperature Air Combustion”, Proceedings of 2000
International Joint Power Generation Conference Miami Beach, Florida.

[6] Abdul Rahman, M.G., Gibbins, J.R. and Forrest, A.K.(2006) “Combustion in Power Station Boilers —Advanced Monitoring Using
Imaging”, IEEE,ISIE.

[7] Timo, H. Enso.l (2000). “Advanced Control Of An Industrial Circulating Fluidized Bed Boiler Using Fuzzy Logic”, Faculty of
Technology, University of Oulu.

[8] Zadiraka, A.J.(1996) “Advanced Sensors and Control Requirements for Multi-Burner Pulverized Coal-Fired Boilers”,ISA
Cleveland Symposium.

[9] S Belosevic,MiroslavSijercic,SimeonOka,DraganTucakovic (2006) “Three diamensional modeling of utility boiler pulverized
coal tangentially fired furnace” International Journal of Heat and Mass Transfer ,49, 3371-3378.

[10] G.D. Stefanidis B. Merci, G.J. Heynderickx, G.B. Marin(2006) “CFD simulations of steam cracking furnaces usingdetailed
combustion mechanisms” Computers and Chemical Engineering ,30 , 635-649

[11]N. Schaffel, M. Mancini A. Szle k, R. Weber,(2009)” Mathematical modeling of MILD combustion of pulverized coal”
Combustion and Flame ,156 ,1771-1784

[12] Zhenggqi Li, Lingyan Zeng, Guangbo Zhao, ShanpingShen, Fucheng Zhang (2011) “Particle sticking behavior near the throat of a
low-NOx axial-swirl coal burner” Applied Energy ,88 , 650—658.

[13] HariBabuVuthaluru , RupaVuthaluru (2010) “Control of ash related problems in a large scale tangentially fired boiler usingCFD
modeling” Applied Energy, 87,1418-1426.

[14] DonglinChen,Huiyong Li (2008) “A self adaptive pulverized coal fired burner-Design and experimental investigation “Applied
Thermal engineering,28,1082-1089

[15] R.K.Cheng,D.T.Yegian,M.M.Miyasato,G.S.Samuelsen,C.E.Benson,R.Pellizzari,P.Loftas (2000) “Scaling and development of
low swirl Burners for low emission furnaces and boilers”Proceedings of the combustion institute,28,1305-1313.

[16] ChanggingDong,YongpingYang,RuiYang,Junjiaozhang (2010) “Numerical modeling of the gasification based biomass co-firing
in a 600 MW pulverized coal boiler” Applied Energy,87,2834-2838.

[17] BoshuHe,MeigianChen,ShuminLiu,LijuanFan,JinyuanXu,Wei-Ping Pan (2005) “Measured vortacity distributions in a model of
tangentially fired furnace” Experimental thermal and fluid science,29,537-554.

[18]J.G.Marakis,C.Papapavlou,E .Kakaras (2000) “A parametric study of radiative heat transfer in pulverized coal furnaces”
International Journal of Heat and Mass Transfer,43,2961-2971

[19] Thomas Elliott.C,Kaochen,RobertSwanekamp.(1997) “Standard hand book of power plant engineering” McGraw-Hill
Professional

695 www.ijergs.org




