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ABSTRACT

An  experimental study has been performed on a duatl
Pulverizeg coal/gas tlames in a water-cooled combustion
chamber to determine the influences of +the percentage coal
in  the fuel on the combustion and heat transfer from the
fiame. The flames developed in a cylindricai combustion
chamber of 20 cm. diameter and operated with a 0%, 152, 40z,
and 47 Pulverized coal added to gaseocus fuel on a mass
basis. The measurements included temperature and CO & <Co¢
voiumetric cencentration values, on dry basis, within the
tflame, heat transfer to the combustion chamber walls, and
the amounts and the carben content of the residual ashes.
The presence of the gasecus fuel 1n the reactants stream was
found Lo enhance the stabilizaticn tendency of the flame
Wilth a resuilting overali combustion efficiency of wmore than
Sux, The heat “transfer from the flame, near the burner
eXit, was shown to in¢rease with the increase in the coal
percentage in the fuel. The energy contalined 1n the
resrdual ashes and in  carbon monoxide at exit from the

combustion chamber was estimated +to be around 6%,
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CHAFTER (1)

INTRODUCTION

Thwe  renewed nterest in the wuse of pulverized <coal as
a substitute fuel for power generation and tndustrial

heat.ing hLas motivated research work to optimize the current

DuLrning methods [13, lel. It 15 Known that the majar
problems af8&80C1ated wilh pulverized cual burning are the
dafiivuity of actiieving a 3tabje flame {31, the
detericration of heat transfer surtaces due 10 ash

deposition [31, and Lhe regqulirement of a high particie
residence time  to  ensure  complete burning (3],

Fulverized coal particles 1njected into a combustion
spave are  furst heated up and  subsequently, decompose WwWith a
reaaiting evolution of volatiles, [ This 18 folluowed Ly
Lhve  miding  anhd  reaction  of the wvelatiles with surrvanding
aNcs. PFirnally, euprriace reactlon of thea FEMALIINE cliar
RIS am reactants drffuse 1nto the particle surface, (1.
Flame stability 13 marnly dependent on the neating up,
Hecompnsition anad MixIng processes while the ash pProperties
il LThe  redquired  residence  time are  determined by the c(har
Lurnang ke, Previous studies, (1-3] indicated that tLhe
Praceysen thdluencing Stablility are dependent., 1 turn, ar)
Tiial Lype,  particle  sive, &x0ess ailr, Dburner design and  the
ate of  particle heating. The latter 18 determined by Lthe
temperature of Surrounding £as and the temperature of
mnolos]ng combustonr walis.

A frogslble way of ensuring Pulverized coal flame
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cetild proviode sufd erergy to CAULSE rapid healllg up
il Gdecomposltion ot coal particies and, hence, enhance
Plane stabiiizat1lon.

In the present work a mixture of gaseous fuel and
paiverized coal wWas burned in a cylindrical water-cooled
comnluator, The maitl  objective of the atudy was Lo deterrmine
bl vpantily the influences of the percentage ¢oal N the
fuelown Ehre  cambustion and heat transter charachtLeristics of
1y tlame. These are determinied from detailed focal
meevurements  of  temperature and €0 & C02 percenlages arnd
prooem et fiuw  meszsurements  to the combustlian walls. The
e reren Ly alse  anciude Lhe amounts and the carbon coentent
t tie  fiyaing  and deposited ash.
e predent esglts have strong impitcations Lo Lire
bozah transfer problem ot gaseous fu=ls. The addition ul
el 1o The  FASCOUS fuel  coutd  be expected Lo enhance the
caraparabovely pocr heat transfer characteristics ot 1he
P sl Ptames.

The  Lhesgis  copltaings hive chapiers and one appendir:

Shapter () nhraoduction

Chapter ) reviews  previous reiated wul'K.

Chapler i3} provides a detalied descraption of 1 he
evperimental set-up, the measuring techniques, and the
cEperitmental programime.

Gltapter (i} 18 woncerned with the presentation arnd

Z
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crnotIEn Ul 551 Llie X pebamental resuits,

Chapter (5} present the econclusion of the present work
the suggested recommendations  for  future work.
Appendix {1} contalns the calibration curves of the

a:r1f1¢es of the Erimary air, Lthe secondary air, and the

gaseous fuel.
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CHAPTEER(Z)

LITERATURE SURVEY

This chapter Provides a review of the Previous work on
dititerent topics related Lo the present wOorkK. The review
starts by considering  the aercdynamics of co-axial JeELs andg,
Lhenu, the burning characteristics of pulverized coal fiames,

2.1 Aerodynamics of Co-axlial jet

EI-MAHALLAWY and HABIB (4], performed an exXperimental
work on the mixing of an anhular Jet and a central Ewirling
Jet in a cold model furnace. The parameters investigated
were the effect of swirling one or both of the two jets and

the direction of swirl of each of them relative to the other

¢ the aerodynamic mixing pattern, The resuits showed that
fwarling the two streams at the same time will give bettep
Mixitg than swirling one stream only, (figure 2.1), and +that
the CEpPnDEite direction of swirl represents the best

condation  of miX1ng as compared to all other cases {figure

2.2,
218 Two phase et

Laser deppler  velocimeter {LDV) measurement of a two-
fPhrase AXIEYymmetric Lturbuient Jet was carried out by

MODARRESS  and WUERE [5] The data for the mean velocity

Lompotient s, turbulence intensity and turbulent shear stress
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