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ABSTRACT

In the experimental studies, Kiitahya Tuncbilek Lignite was used as fuel, silica
sand and ash mixture was used as bed material, limestone from Gdyniik was used
as adsorbent. For the combustion system particle size of coal and limestone were
calculated employing the cumulative method and optimum particle sizes for the
system were determined. Adding limestone to the coal, effect of particle size on
the emission behaviour was investigated. Separately optimum operating conditions
were determined on the basis of pollutant emissions for different coal and
adsorbent properties. These conditions are described as regions there the
combustion performance is not hindered and there the efficiencies in combustion
and SO, adsorption are kept high.
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AKISKAN YATAKLI YAKMA SiSTEMINDE LINYITE KATILAN KiRECTASI TANE

BOYUTUNUN EMIiSYONLARA ETKIiSININ INCELENMESI

OZET

Yapilan ¢aligmada, yakit olarak Kiitahya Tungbilek Linyiti, yatak malzemesi
olarak silis kumu ve kiil karisimi, adsorbent madde olarak da Goyniik Yoresi
Kirectast kullanilarak emisyon davranislari incelenmistir. Komiir, silis kumu ve
kirectasinin tane boyutlar1 kiimiilatif yontemle hesaplanarak en uygun tane
boyutlar, sistem icin belirlenmistir. Kiregtas1 ilaveli dolasimli akigkan yatakta,
tane boyutlarinin emisyonlara etkisi incelenmistir. Kullanilan koémiiriin ve
adsorbent maddelerin 6zelliklerine de bagli olarak c¢alisilan araliklarda, kirletici
emisyonlarin degisimi incelenerek en uygun ¢alisma bdolgesi belirlenmistir. Bu
bolge yanma performansinin bozulmadigi, yanmadaki ve SO, tutulmasindaki
verimlerin yliksek tutuldugu bolge olarak tarif edilmistir.

Anahtar Kelimeler: Emisyonlar, akiskan yatak, kiregtasi

1.GiRiS

Hizli gelisen teknoloji, artan diinya niifusu ve bunlara
paralel olarak artan enerji ihtiyaci, birgok problemleri de
birlikte  getirmistir. Bunlarin  baginda  atmosferik
kirleticiler, kaliteli enerji kaynaklarinin siirekli azalmasi,
diisiik kaliteli yiiksek kirletici 6zelligi gosteren komiirlerin
kullanilmas: gelmektedir. Kaliteli komiir rezervlerinin
sirekli azalmasi ve artan fiyatlar1 dolayisiyla, genis
rezervlere sahip diisiik kaliteli komiirlerin (linyit, turba,
sist vb.) kullanimi, zorunlu hale gelmistir. Yerli birincil
enerji kaynaklarimizdan linyit yaklasik 8,4 milyar ton
rezerv ile, enerji alt yapmmizin temel girdisini
olusturmaktadir (1, 2).

Ulkemizde kullamlan linyitlerin oldukca diisiik kalorili
oluslar1 ve icersinde yanmay1 olumsuz yonde etkileyen ve
hava kirletici emisyonlara neden olan nem, kiil, kiikiirt ve
ucucu maddelerin yiiksek oranlarda bulunmasi nedeniyle;

1.INTRODUCTION

Rapidly advancing technological improvements,
increasing population on the world and the increasing
energy requirements in parallel to such facts had
simultaneously introduced numerous problems along with.
Among such problems, the major ones could be
determined as atmospheric pollutants, continuous diminish
in high quality energy resources and utilization of low
quality coals with highly pollutant characteristics.
Continuous diminishing of high quality coal reserves and
corresponding increase in price levels had made it
obligatory to use low quality coal reserves having
abundant reserves (lignite, turf, schist, etc.). Lignite, one
of the local primary energy sources of our State constitutes
the basic input of our energy infrastructure with
approximately 8.4 billion tons of available reserves (1, 2).

As a consequence of the facts that the lignite used in our
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alisilmis yakma sistemlerinde gerekli bicimde temiz ve
verimli yakilamamaktadir. Bu nedenle bu tiir yakitlarin
enerji, igletme ve ¢evre ekonomisi yoniinden daha uygun
bicimde yakilmasin1 saglayacak yakma sistemleri
geligtirilmesi  yOniine  gidilmistir.  Diigiik  kaliteli
komiirlerin yakilmasi giigliigiine kars1 ve de emisyonlarin
azaltilmasi bakimindan en uygun yakma sistemleri,
akigkan yatakli yakma sistemleridir. Bu tiir yakma
sistemleri, enerji kullanim verimi ve cevre kirlenmesi
problemine bir alternatif ¢dziim olmaktadir. Dolayistyla
linyitlerin verimli ve temiz yakilabilmesi i¢in, yanmanin
yiiksek 1s1 depolu, tiirbiilansh, yapisal olarak &zellikle
SO,, NO, ve toz emisyonlarint Onleyici bir ortamin
saglanmas1 gerekmektedir (1). Buna gore bu o&zellikleri
saglayan yakma sistemi ise, akiskan yatakli yakma
sistemleri i¢ersinde dolagimli olanidir (3, 4). Ayrica bu tiir
sistemlerde kiregtasi katilmasi kolay ve kontrolludur.

Bu caligmada, dolasimli akiskan yatak yakma
sisteminde sabit operasyon sartlari tespit edilerek Kiitahya
Tungbilek Linyiti, degisik tane boyutlu kiregtaslariyla ayri
ayrt karigimi saglanarak yakilmigtir. Kiregtaginin 1sil
performans ve emisyon Ozelliklerine goére belirlenen en
uygun tane boyut degisimleri, Ca/S orani ve kdmiir tane
boyutu sabit tutularak kémiirle yakilmasiyla, baca gaziyla
atmosfere atilan hava kirletici emisyonlar ve SO, tutma
verimleri incelenerek uygun degerler belirlenmistir.

2.DENEY SiSTEMi VE DENEYLERIN YAPILISI

Tirkiye’'nin mevcut enerji kaynaklari, teknik ve
ekonomik imkanlar1 dahilinde, ekonomik ve gevresel etki
yoninden kendisine uygun olan yakma sistemlerini
gelistirmesi, mevcut sistemleri de giiniin kosullarna gore
modifiye etmesi gerekmektedir. Boyle bir g¢aligmanin
gerceklestirilmesi, ilgili ulusal ve uluslararasi standartlara
uygun bir arastirma alt yapisinin kurulmasi ile
olusmaktadir. Dolayisiyla yiiksek kirletici 6zelliklere sahip
linyit komiirlerinin daha verimli ve temiz yakilmasina
yonelik olarak, Gazi Univ. Mith. Mim. Fakiiltesi Makine
Miih. Bolimi Isil Gii¢ Laboratuvarinda bulunan ve
modifiye edilen dolasimli akiskan yatakli yakma
sisteminde bu ¢alisma yapilmustir (Sekil 1).
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State has extremely low calorific values and contain
materials such as moisture, ash, sulfur and volatile
materials causing air pollutant emissions; the lignite shall
not be burned in a clean and effective manner as required
in the ordinary combustion systems. Therefore,
development of combustion systems to provide
combustion of this type of fuels in more appropriate
methods to improve energy, administration and
environmental economical aspects had been applied. The
most suitable combustion methods for surpassing the
combustion difficulties of low quality coals and
decreasing the emission rates shall be the fluidized bed
combustion systems. This type of combustion shall
provide an alternate solution for effectiveness of energy
usage and problem of environmental pollution. Thus, in
order to provide effective and clean combustion of lignite
it is required to provide a medium with heat storage,
having turbulence and including structural means for
prohibiting particularly SO,, NO, and dust emissions (1).
Accordingly, the combustion system to provide all of the
above-mentioned features shall be the method with
circulation within the fluidized bed combustion system (3,
4). Also the addition of limestone shall be easier and
controllable within this type of systems.

In this study, the constant operational conditions within
the fluidized bed combustion system with circulation had
been fixed and combusted with provision of Kiitahya
Tungbilek Lignite product with variable mixture of
various particle sizes of limestone. The most appropriate
particle size variations, Ca/S ratio determined in
accordance with the thermal performance and emission
characteristics of limestone and upon combustion with
coal as fixing the coal particle size the air pollutant
emissions with flue gas and SO, retaining efficiencies had
been examined and appropriate values had been
determined.

2.THE SYSTEM OF EXPERIMENT AND
PERFORMANCE OF THE EXPERIMENTS

The existing energy sources of Turkey require the
development of appropriate combustion systems with
regard to economical and environmental effect and
modification of the existing systems to the contemporary
conditions under the scope of technical and economical
means. Realization of such a study shall be performed by
establishment of research infrastructure in compliance
with the relevant national and international standards.
Therefore, in accordance with the combustion of lignite
coal having highly pollutant characteristics in a more
effective and clean manner, this study had been performed
with fluidized bed combustion system with circulation
existing and modified in Gazi University Faculty of
Engineering and Architecture, Mechanical Engineering
Department (Figure 1).
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1) Fluidized body/Akigkanlastirict govde
2) Feeding system/Besleme sistemi

3)  Cyclone/ Siklon

4) Back circulation system/ Geri sirkiilasyon sistemi

5) Refining and distributing system/ Dagitic1 elek sistemi
6) Electrical starting system/ Atesleme elektrodlar

7) Coal and limestone silos/ Komiir ve kiregtasi silolari

8) Probes for sample gas taking/ Gaz 6rnek alma sondalar1
9) Orificemeters/ Orifismetreler

10) Fan/Fan

11) Ash exhausting system/ Kiil alma sistemi

12) Ash for star-valve/ Kiil alic1 y1ldiz valf

13) The first feeding point/ Birinci besleme noktasi
14) The second feeding point/ ikinci besleme noktast
15) Watching hole/ Gozetleme deligi

Figure 1. The circulating fluidized bed combustion system for laboratory
Sekil 1. Laboratuvar sartlarinda dolasimli akigkan yatakli yakma sistemi

Sistem, akigkanlastiric1 gévde ve yanma odasi, besleme
sistemi, siklon, geri sirkiilasyon sistemi, dagitici elek
sistemi, elektrikli atesleme sistemi, yakit (linyit) ve
adsorbent (kiregtasi) igin silolar, fan, kil alma
mekanizmasi, gozetleme delikleri (1stya dayanikli cam) ve
zorlanmig sirkiilasyon sisteminden olusmaktadir. Ayrica
sistemin On 1sitilmasi ve yakiti ilk tutusturma islemi igin
sanayii tipi LPG tiipii kullanilmigtir. Yakit ve kiregtaginin
belli bir tane boyutuna getirilmesi i¢in, ¢ekigli kaba kirici
ile diskli oOgiitiiciden faydalanilmistir. Deney test
merkezinde bulunan Mobil Emisyon Test
Laboratuvari’ndaki 6l¢iim sistem grubu sematik olarak
Sekil 2°de verilmistir.

The system constitutes of a fluidizing body and
combustion chamber, feeding system, cyclone, back-
circulation system, distribution sieve system, electrical
ignition system, silos for fuel (lignite) and adsorbent
(lime), fan, ash removal mechanism, observation holes
(heat rated glass) and forced circulation system. In
addition, industrial type LPG tube had been used for pre-
heating and initial ignition process for fuel. Rough
hammer crusher and grinders with discs had been used for
crushing the fuel and limestone into a particle size. The
measurement system group existing in the Mobile
Emission Test Laboratory in the experiment test center
had been schematically given in Figure 2.
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Chimney / Baca

Cooler / Sogutucu

Seyreltiimemis (Isitilmig) omek alma hatti.

Temperature pressure probes / Sicaklik basing proplari
Infrequency probe / Seyreltme probu
Heated probe / Isiltilmis prop

Pressure and temperature lines / Basing ve sicaklik hatlar
Central processing computer / Merkezi islem bilgisayar1
Zero air-systems / Sifir hava sistemi

Recording system / Kayit sistemi

Data collection system / Veri toplama sistemi

Vacuum pump / Vakum pompasi
Heated sample obtaining line / Isiltilmig 6rnek alma hatti

Figure 2. Schematic view of system group of measurement and evaluation
Sekil 2. Olgme ve veri degerlendirme sistem grubunun sematik goriiniimii

Bu 6l¢iim grubu; 6rnek gaz alma ve hazirlama sistemi,
6l¢lim aygitlari, sifir hava sistemi, kayit sistemi, basing ve
sicaklik hatlari, veri toplama ve degerlendirme sistemi,
merkezi islem bilgisayar1 ve diger yardimci techizattan
olusmaktadir (5). Sekil 2’de goriildiigii gibi gaz emisyon
Ol¢iimlerinde seyreltilmis ve seyreltiimemis olarak iki
ornekleme hatti kullanilmistir. Gaz analizi yapilacak olan
numune siirekli olarak aym anda iki hat ile beraber
aliabilmektedir. Ornekleme yapilan gaz
konsantrasyonlar1 gaz analiz  sistemlerinin = 6lgme
sinirlarinin tizerinde olmasi durumunda seyreltilmis hat ile
gaz Ornegi aym anda Mobil Emisyon Test
Laboratuvari’nda hazirlanan temiz hava ile seyreltilerek
alinir.  Seyreltme uygulanmayan o&rnek gaz alma
islemlerinde, ornekleme hattinda yogusmanin
Onlenebilmesi igin 1sitilmig hat kullanilmistir. Elektrik ile
isitilan Ornek gaz alma hortumlarinda, 1sitma sicakligi
170-200°C araliginda ayarlanabilmektedir. Gaz 6rneginin
icerisindeki nem bir yogusturucuda alindiktan sonra, kuru
olarak gaz analiz cihazlarina beslenmektedir. Ayrica yakit
ve kiregtasi analizleri i¢in bomba kalorimetresi, elementel
analiz cihazi (Leco 610), sicaklik 6lgiimleri igin 1s1l giftler,
basing Olglimlerinde manometreler, emis Olgerler, akis
Olgimleri igin gazometreler, digital anemometre, hassas
terazi ve kurutma firmi gibi cihazlar da kullanilmustir.

Yapilan caligmada, laboratuvar sartlarinda bir dolagimli
akigkan yatak yakma sisteminin hidrodinamik tasarim

This measurement group composes of sample gas
collection and preparation system, measurement devices,
zero air system, recording system, pressure and
temperature lines, data collection and evaluation system,
central processing computer and other auxiliary
equipments (5).

As seen in Figure 2, two sampling lines as diluted and
undiluted had been used for gas emission measurements.
The sample on which the gas analysis process shall be
performed is available for simultaneous collection from
two lines in a continuous manner. In case the gas
concentrations on which sampling had been performed are
determined to be in excess values than the measurement
limits of the gas analysis systems, the gas sample shall be
simultaneously collected by diluted line upon dilution by
clean air prepared in Mobile Emission Test Laboratory.
For the undiluted sample gas collection processes, the
heated line had been used in order to prevent condensation
within the sampling line. The sample gas collection hoses
heated electrically shall be adjustable for heating
temperature values falling between 170-200°C. After the
moisture content of the gas sample is removed within a
condenser, the sample is fed to a gas analysis device in dry
form. Additional devices such as bomb calorimeter,
elemental analysis device (Leco 610) had been used for
fuel and limestone analysis processes; thermal couples for
temperature measurements; manometers, absorption
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hesaplarmna gore belirlenen ilgili temel parametreler
(Cizelge 1) tespit edilerek, degisik kiregtasi tane
boyutlarma gore hazirlanan karisimin (komiir+kiregtast)
emisyon etkileri incelenmistir.

Table 1. Basic parameters and values (8)
Cizelge 1. Temel parametreler ve degerleri (8)

gauges for pressure measurements; gas meters, digital
anemometer, precision balance and drying oven for flow
meter.

In the performed study, relevant fundamental
parameters (Table 1) determined according to the
hydrodynamic design calculations of the fluidized bed
combustion system with circulation under laboratory
conditions had been designated and the emission effects of
the mixture (coal+limestone) prepared according to
various limestone particle sizes had been examined.

BASIC PARAMETERS/ TEMEL PARAMETRELER /

Fuel type / Yakit tiirii

Kiitahya Tungbilek Lignite/Kiitahya Tungbilek
Linyiti

Bed material / Yatak malzemesi

Cilis sand + coal ash/Silis kumu + komiir kiili,

d =065

Adsorbent material / Adsorbent madde

Goyniik Limestone / Gyniik kiregtagt

Shape factor / Sekil faktorii

¢, = 0.86 (for sand) / (kum i¢in)

hacim kesri

Volume fraction of minumum bed cavity/Minumum yatak boslugu

€mr = 0.40 (Teorik) / (Theoretical)

Average solid pile density/ Ortalama kat1 y1§in yogunlugu

b, = 1360 (kg/m’)

Bed prewarming/ Yatak 6n 1sitma LPG (45kg)

Interior area of fluidized bed/ Akiskan yatak i¢ alan A=0.0123m’

Runnig speed (normal conditions)/ Isletme hizi (normal sartlar) Up=1.30 m/s

Minumum fluidization speed/ Minumum akigkanlagsma hizi Une = 0.30 m/s (Teorik) / (Theoretical)
Air density/ Hava yogunlugu (25°C, 1 atm) 1.187 kg/m’

Air density/ Hava yogunlugu (850°C, 1 atm) 0.315 kg/m’

Air viscosity/ Hava vizkositesi (25°C, 1 atm)

1.83 x 10” kg/m.s

Air viscosity/ Hava vizkositesi (850°C, 1 atm)

439x 10° kg/m.s

Kiregtas1 tane boyutu, ASTM normu 8 inglik eleklerle
elek analizi neticesi kiimiilatif yontemle 0,15 ; 0,30 ; 0,60 ;
0,90 ; 1,20 mm olarak belirlendi. Ayni yontemle
belirlenen ortalama komiir tane boyutu 0,75 mm ve Ca/S =
1,5 orani sabit tutularak deneyler yapildi. Bu sabit degerler
daha once yapilan caligmalarda en uygun degerler olarak
belirlenmis olup, bu ¢aligmada sabit olarak kullanilmistir
(6, 7). Bu deneylerde Ca/S = 1,5 oranina gore, her bir
kirectagi tane boyutu ile komiir, homojen bir sekilde
karigimi saglanarak yakma sistemine beslendi.

Yatak malzemesi ortalama tane boyutu, elek analizi
uygulanarak kiimilatif yontemle 0,65 mm olarak
belirlendi.

Deneylerde kullanilan kémiire ait yas temelde yapilan
elementel analiz ve 1s1l degerler Cizelge 2’de verilmistir.

The limestone particle sizes had been determined to be
0.15; 0.30; 0.60; 0.90; 1.20 mm with cumulative method
as a result of the sieve analysis by ASTM norm 8 inch
sieves. The experiments had been performed with constant
values of average coal particle size 0.75 mm determined
upon application of the mentioned method and Ca/S = 1.5
ratio. These constant values had been determined to be
the most appropriate values in previous studies and thus
had been taken as constant for this study (6, 7). In the
experiments, each limestone particle size and the coal had
been homogenously mixed and fed into the combustion
system according to the ~ Ca/S = 1.5 ratio.

The bed material average particle size had been
determined to be 0.65 mm with cumulative method upon
application of sieve analysis.

The elemental analysis and thermal values performed
on the wet foundation for the coal used in the experiments
had been given in Table 2.
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Table 2. Results of elementary analysis and thermal values related to used coal
Cizelge 2. Kullanilan kdmiire ait elementel analiz sonuglar1 ve 1s1l degerler

 COAMKOMUR | TUNCBILEK LIGNITE/ TUNCBILEK LINYiTi
Fuel Components/ Yakit Bilesenleri % Moist State/ Yas Temel
C  (Carbon)/ (Karbon) 58.28
H (Hydrogen)/ (Hidrojen) 5.25
O  (Oxygen)/ (Oksijen) 9.85
N (Nitrogen)/ (Azot) 2.50
S (Sulfur)/ (Kiikiirt) 1.92
A (Ash)/ (Kiil) 14.45
W (Moisture)/ (Nem) 7.75
H, (kcal/kg.Y) 5775
H, (kcal/kg.Y) 5445
Ca  (Calcium)/ (Kalsiyum) 1.18

Sisteme katilan kiregtagt miktar1 ve Ca/S oram
belirlenirken, kiregtaginin gozenekliligi, doniisiim oranlari
ve kirectasi icindeki CaO’in agirlikca yilizdelerine gore
hesaplamalar yapildi. Buna gore Goynik Yoresi
kiregtaginin doniisiim orani maksimum olarak yaklagik
0,15 mm tane boyutu igin % 55 civarindadir  (Cizelge 3).
Fakat CaSO,4’1n CaO’in gozeneklerini tikamasi sonucu bu
kiregtaginin en iyi sartlarda doniisiim orani ortalama % 40
gibi bir degere diigmektedir. Cizelge 3 incelendiginde,
kiregtas1 tane boyutunun artmasi ile ulagilan maksimum
doniisiim oranlar1 azalmaktadir. Doniisiim oranlarinda
ortalama sicaklik T =900°C’dir. Ayrica bu yore
kiregtasi igindeki CaO’in agirlik¢a yilizdesi % 53,1
degerindedir. Deneylerde kullanilan Goyniik Yoresi
kiregtaginin; kimyasal analizi Cizelge 4’de, ortalama
gozenek yarigapt  (Jp), Dbikiimlilik faktérii  (7),
gozenekliligi () ve etkin difiizivite degeri (D,) Cizelge
5’de verilmistir (9). Birim kg yakit icin % 20-40 fazla
hava sartlarinda ve normal sartlarda toplam havanin
olusturdugu yanma odast bos kolon hizi 1,3 m/s baz
alimarak; Kiitahya Tungbilek Linyitinin elementel analiz
sonuclarina gore, ilgili yanma hesaplart (10) ve
stokiyometrik bagitilarla (11) elde edilen yanma verileri
Cizelge 6’de verilmistir.

In determination of the quantity of the limestone and the
ratio of Ca/S added to the system, required calculations
had been performed according to the porosity of the
limestone, conversion rates and percentage by weight of
CaO within the limestone. Accordingly, the conversion
rate of the limestone from Goynikk Region shall be
approximately 55 % for maximum of average 0.15 mm
particle size (Table 3). However, the conversion rate of this
limestone falls down to an average value of 40 % under
best applied conditions as a result of clogging of the pores
of CaO by CaSO,. When we examine Table 3, it is obvious
to observe that the increase in the particle size of limestone
shall decrease maximum conversion rates achieved. The
average temperature at the conversion rates shall be T =
900°C. Also, the percentage by weight for CaO in the
limestone obtained from this region shall be 53.1 %. The
chemical analysis of the limestone from GOyniik Region
used in the experiments is given in Table 4, average pore
radius (Op), tortuosity factor (1), porosity (¢) and effective
diffusivity value (D) had been given in Table 5 (9).
Taking the value for combustion chamber empty column
velocity of 1.3 m/s as a basis in which the overall air
constitutes under normal conditions and 20-40 %
excessive air conditions for unit kg fuel and according to
the elemental analysis results of Kiitahya Tungbilek
Lignite product, relevant combustion calculations (10) and
the combustion data obtained by stochiometric relations
(11) are given in Table 6.

Table 3. Transformation ratios of the limestone according to various particle size (9)
Cizelge 3. Muhtelif tane boyutlarina gore kirectaginin doniisiim oranlari (9)

g Goyniik Limestone Transformation Ratio/ Goyniik
D Jtimestone kiregtas Kiregtasi Doniisiim Oram

(mm) (Xs)maks/max (0/0)

0.10 54.08

0.25 55.81

0.62 50.32

1.02 52.58

1.70 19.06

2.25 12.13

(Kalsinasyon sicaklig1 / Calcination temperature T = 900°C, gaz akis hiz1 / gas flow rate = 12 L/h, %SO, =0.35)
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Table 4. Elementary analysis of Goyniik Limestone
Cizelge 4. Goyniik Kiregtasinin kimyasal analizi

LIMESTONE/ .
KiRECTASl CaO MgO R6203 SIOZ
% 53.1 1.1 0.2 2.2

T ableS5. o, 1, € and D, values G6yniik Limestone
Cizelge 5. Goyniik Kiregtasinin 0, 1, € ve D, degerleri

LIMESTONE / KIRECTASI / Values /Degerler
Average pore radius / Ortalama gozenek yaricapi (6,), nm / 61.91
Tortuosity factor /Biikiimliiliik faktorii (1) 2.67
Porosity/ Gozeneklilik (g) 0.37
Effective diffusivity /Etkin difiizivite (D.), cm*/s x 10*/ 2.95

Table 6. Values of related to combustion and stoichiometric values

Cizelge 6. Ilgili yanma ve stokiyometrik degerler

Theoretical air necessity/ Teorik hava gereksinimi

Vi = 6.32 (Nm® Hava,.,/kg-y)

Theoretical combustion gas/ Teorik yanma gazi

Vg = 6.66 (Nm® Gaz,.,/kg-y)

Combustion gas quantity / Yanma gazi miktar1

Vo =7.92 (Nm’ Gaz/kg-y)

Theoretical oxygen necessity/ Gerekli teorik oksijen ihtiyaci

0.0653 (kg mol Oy/kg-y)

O, quantity with air feeding/ Hava ile beslenen O, miktar1

0.0066 (kg mol/dk)

Coal feeding rate/ Komiir besleme hizi

5.4 (kg-y/h) (Theoretical)/ (Teorik)

Thermal power produced/ Uretilen 1s1l giig /

40 (kW) (Theoretical)/ (Teorik)

Teorik olarak orjinal (nemli) komiir (yakit) besleme
hizi, 5,4 kg-y/h belirlenmistir. Bu besleme hizina goére
yakma sisteminin 1s1l giicii, iist 1s1l degere (Hp)’a gére 40
kW, olarak hesaplanmistir. Bulunan bu deger yakma
sisteminde kOmiiriin tam yanmasi sonucuna gore deney
sartlarinda maksimum 1s1 giiciinii veren degerdir. Komiire
katilacak kirectasi miktari, komiir besleme hizi ve
stokiyometrik bagintilarla Ca/S = 1,5 sabit oranina gore
1283,4 gr/h belirlenmistir. Bu kiregtagi miktari, komiirle

homojen bir karisim saglanarak yakma sisteminde
yakilmustir.
4. DENEY SONUCLARI

Deney siiresince (kararli rejim durumunda) yanma
parametreleri ve emisyon miktarlart (cihazlardan dogrudan
olciilen) Cizelge 7°de gosterilmistir.

Theoretically, the original (wet) coal (fuel) feed
velocity had been determined to be 5.4 kg-y/h. According
to this feeding velocity, the thermal energy of the
combustions system had been calculated as 40 kW, for
upper thermal value (Hp). This value obtained is the value
demonstrating the maximum heat energy according to the
full consumption of the coal within the combustion system
under experimental conditions. The quantity of the
limestone to be added to the coal had been determined as
1283.4 gr/h according to the Ca/S = 1.5 constant ratio with
coal feed rate and stockiometric relations. This quantity of
limestone had been combusted within the combustion
system upon provision of a homogenous mixture with
coal.

4. RESULTS OF THE EXPERIMENT

The combustion parameters and emission amounts
(measured directly from the devices) during the
experiment (under stable regimes) had been given in Table
7.

Table 7. Measured emission values and combustion parameters according to particle size of limestone
Cizelge 7. Kiregtas tane boyutuna gore yanma parametreleri ve 6lglilen emisyon degerleri

dpkiregta,vi

_ 0, CO, SO, CcO C.H, NO, M.,
dp. ... | @ (%) (ppm) (%) ®pm) | (pm) | (mg/Nm)
(mm)

0.15 7.20 9.80 218 0.027 13 223 1718

0.30 6.10 10.93 309 0.030 17 492 1420
0.60 5.96 11.07 384 0.031 64 537 1317

0.90 4.20 11.19 470 0.036 83 630 683

1.20 3.70 12.50 604 0.041 106 681 485

(dpkb'mﬁr/coal =0.75 mm, Ca/S =1.50)
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Kirectast tane boyutuna gore SO, tutma verimi ve
emisyon gaz Kkonsantrasyonlari ile wucgucu partikiil
miktarlarinin degisimi yonetmelik sartlarinda (% 7 O, esas
aliarak) Cizelge 8, grafik olarak da Sekil 3 ve Sekil 4’de
belirtilmistir.
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The SO, retention effectiveness according to the
limestone particle size and the emission gas concentrations
and the variation of volatile particle quantities had been
shown in Table 8 under regulation conditions (taking 7 %
0, as basis) and shown graphically in Figure 3 and Figure
4.

Table 8. Emission values for statutes conditions according to particle size of limestone
Cizelge 8. Kiregtas: tane boyutuna gore yonetmelik sartlar1 dahilinde emisyon degerleri

dp lim estone SO, NO Cco CnH, M.,
(mm)/ Nso2 | (mg/Nm®) m ‘/Nm_;) (mg/Nm*) (mg/Nm’) (mg/Nm’)
E (%) Statutes/Yonetmelik S tagtu tes/Yénetmelik Statutes/ Statutes/ Statutes/

p kiregtasi / Yonetmelik | Yonetmelik | Yonetmelik
Original/ 49.43 | 1943 1009 24 446 330
Orjinal
0.15 83.55 | 632 303 9 343 1743
0.30 78.40 | 830 619 11 352 1334
0.60 73.40 | 1022 670 43 361 1226
0.90 70.85 | 1120 703 49 375 569
1.20 63.64 | 1397 738 61 415 393

(AP ,smir ) coat = 075 mm,  Ca/S = 1.50)

Cizelge 7°de goriildiigii gibi 0,15-1,20 mm kiregtas: tane
boyut araliginda yanma parametrelerinin (O,, CO,)
degerleri ve bu degerlerin degisim grafigi ise Sekil 5’de
belirtilmistir.

1 [¥8]

100 | -
20 |

40 -

20 +

ol el A i [ i 1 - 1 v |

a 0.2 0.4 0.6

As seen in Table 7, the values of the combustion
parameters (O,, CO,) between 0.15-1.20 mm limestone
particle sizes and the variation graphic of such values are
given in Figure 5.

0.8 1 1.2 1.4

KIRECTASI TANE BOYUTU [mm}

502 TUTRA VERIMI

. Limestone particle size / Kirectasi tane boyutu
. SO, Retention efficiency / SO, tutma verimi

Figure 3. SO, retention change according to limestone particle size participating in system
Sekil 3. Sisteme katilan kirectasi tane boyutuna gére SO, tutulma degisimi
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Figure 4. The system added limestone, the change of emission values for statutes conditions according to particle size of limestone
Sekil 4. Kirectasi ilaveli sistemde, kiregtas tane boyutuna gore yonetmelik sartlar1 dahilinde emisyon degerlerinin degisimi
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Figure 5. The change of combustion parameters according to limestone particle size participating in system

Sekil 5. Sisteme katilan kirectas: tane boyutuna gére yanma parametrelerinin degisimi

Kirectaginin katildigi yanma deneylerinde, sistem kararli
rejime geldiginde akiskan yatak boyunca olusan sicaklik
dagilimlar1 Sekil 6°da verilmistir.

1.4

The distribution of temperature formed along the
fluidized bed when the system reaches to a steady state in

the combustion experiments where limestone is added had

been given in Figure 6.
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Figure 6. Temperature distrubition of combustion system (T, T3, T4 bed body temperatures and Ts cyclone temperature)
Sekil 6. Yakma sistemi sicaklik dagilimlar (T,, T, T4 yatak govde sicakliklari ve Ts siklon sicaklig)

Sicaklik degerleri alinirken Ca/S = 1,5 orani, ortalama
komiir tane boyutu 0,75 mm ve kirectas: tane boyutu 0,15
mm sabit tutulmustur. T, yatak alt gévde, T; yatak orta
govde, T, yatak iist govde ve Ts siklon sicakliklarim
gostermektedir.

5. SONUCLARIN DEGERLENDIRILMESi VE
TARTISMA

Cizelge 8, Sekil 3 ve Sekil 4 incelendiginde; SO,
tutulmasi, kiregtagi tane boyutu bilylidilkge azalmakta,
emisyon gaz konsantrasyonlar1 SO,, NO,, CO ve C,H,
degerleri artmakta, ugucu partikiil (M,,,) miktarlarinda ise
azalma gorilmektedir. Kiregtagt tane boyutunun ¢ok
kiigilmesinde, kirectag1 partikiillerinin siklon tarafindan
tutulmasmin  yetersiz kaldign  goriilmiistiir (M, nin
artmast). Bu durumdan dolay1 SO, tutulmasmin, Cizelge
8’de belirtilen orjinal (kiregtasi katilmamig komiir) yakat
yakilmas: durumundaki degerine yaklastig1 belirlenmistir.
Kiregtagmin 0,15 mm ve daha kii¢iikk tane miktarlarinda
toz partikiillerinin belirgin artmasi, mevcut sistemdeki tek
siklonun yanina ilave siklonlarin konulmasi veya sisteme
elektro filtre takilmasini gerektirecektir.

Cizelge 7 ve Sekil 5 incelendiginde; kiregtasi tane
boyutu biiyiidilkge, yanma parametrelerini goésteren O,
degerlerinde azalma CO,’de ise artma belirlenmistir. Bu
durum, yanmanin saglanabilmesi ve kalsinasyon i¢in daha
fazla O,’e gereksinim oldugunu gostermektedir. CO,’de
artts ise yanmanin iyilestigini gostermektedir. Daha iri
tanelerde yapilan deneylerde ise kararli rejimin bozuldugu
goriilmiistiir. Rejimin bozulmasi durumunda, yanma
performanst diiserek eksik yanma olusmasiyla CO
degerlerinde artma belirlenmistir. Dolayisiyla kire¢taginin
0,60-1,20 mm tane araliginda uygun yanma parametreleri
elde edilerek yanmanm daha diizenli ve sistemin 1sil
dengede kaldig1 soylenebilir.

Sekil 6 incelendiginde, yakma sisteminde sicaklik

The Ca/S = 1.5 ratio, average coal particle size 0.75 mm
and limestone particle size 0.15 mm had been taken as
constant during taking the temperature values. T, indicates
the temperature rating for lower body of the bed; T;
indicates the temperature rating for intermediate body of
the bed, T, indicates the temperature rating for upper body
of the bed and Ts indicates the temperature rating for
cyclone.

5. EVALUATION OF THE RESULTS AND
DISCUSSION

When if examine Table 8, Figure 3 and Figure 4, as the
limestone particle size increases, the SO, retention rate
decreases, the emission gas concentrations SO, NOy, CO
and C,H, values increases and the volatile particle (M)
quantities decreases. If the limestone particle size
decreases excessively, it was observed that the cyclone
was not able to perform the retention of the limestone
particles (increasing of M,;,). Therefore, it was observed
that the SO, retention rate approaches to the value of
combusting original (coal with no limestone addition) fuel
as indicated in Table 8. The significant increase of the dust
particles in 0.15 mm or lower sized limestone shall require
introduction of additional cyclones to the system
originally having single cyclone unit or installation of
electro filters to the system.

When we examine Table 7 and Figure 5, as the
limestone particle size increases, the combustion
parameters indicating O, value decreases while CO, value
increases. This fact represents that the system requires
more amount of O, in order to provide combustion and
calcinations. Increase in the amount of CO, represents that
the combustion had been bettered. The experiments
performed with larger sized particles shown that the
steady state condition had been corrupted. In case of
corruption within the regime, the combustion performance
falls, thus leading to defective combustion of the fuel and
increase in the CO value. Therefore, we could say that
with the limestone particle sizes of 0.60-1.20 mm, it is
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dagilimlart (kararli rejimin saglandigi andan itibaren)
incelendiginde akiskan yatak igerisinde homojen bir
sicaklik dagilimmin olustugu ve yaklasik 870-900 °C
arasinda bir degisim gosterdigi tespit edilmistir. Bu durum
kiil ergimesi ve NO, degerlerinin fazla olugmamasi
agisindan 6nemlidir. Ciinkii 1000 °C’den sonra NO,’lerde
ani artig goriiliir, 1200 °C’den sonra da kiil ergimesinin
meydana gelmesi dagitict elegin tikanmasina yolagar.
Siklonda ise yanict gazlarin ve dolasimdaki partikiillerin
meydana getirdigi sicakliklardan dolay: yaklasik 550-600
°C sicakliklar olusmustur. Bu sicakliklarin  bacaya
ulagmasi, yanma veriminin diismesine neden olur.

6. SONUC

Hava kirliliginin ilkemizde olusumunun baslica
nedenlerinden biri, diisiik kalite linyitlerin mevcut yakma
teknolojileri ve uygulamalar1 ile uygun bigimde
yakilamamasidir. Ozellikle dolasimli akiskan yatak yakma
sistemleri bu tiir yakitlarin verimli ve temiz yakilmasi
yoniinde en etkin sistemlerden birisi olarak kendini
gostermektedir. Yogun tiirblilans ve yanma odasinda uzun
kalma siiresi nedeniyle tam yanmanin saglanabilmesi,
komiire adsorbent (kiregtasi) ilavesiyle SO, emisyonunun
tutulabilmesi, bunun yanisira yatak sicakliginin diisiik
(750-850°C) ve kontrollu olabilmesi ile de NO,
emisyonlarinin azaltilabilmesi saglanmaktadir. Ayrica
yakma sistemine ilave siklon takilmasiyla, bacadan
disartya atilan toz emisyonlari azaltilabilmektedir.

Kiregtagi katkili dolasimli akigkan yatakli yakma
sisteminin  emisyon davramigini  belirleyen baslica
emisyonlar SO,, NO,, baca gazi yanici partikiil ve toz
emisyonlardir. 0,15-1,20 mm tane araligindaki kiregtasi
tane boyutu etkisinin belirlenmesi amaciyla yapilan
deneylerdeki en kiiciik tane boyutlarindaki (0,15-0,30 mm)
kirectas1 ile yapilan deneylerde en yiiksek SO, tutulmasi
belirlenmistir.

Kiregtaginin ~ 0,60-1,20 mm  tane  araligindaki
boyutlarinda, uygun yanma parametreleri elde edilerek
yanmanin daha diizenli ve sistemin 1s1l dengede kaldigi
gozlenmistir. Kararli rejim sartlarinda ortalama yatak
sicakligi, 885 °C olarak belirlenmistir.

Laboratuvar sartlarinda dolagimli akiskan yatakli yakma
sisteminde, kiregtas1 ilaveli ve bu kiregtasinin tane
boyutlarina gore yapilan deneylerde elde edilen emisyon
sonuglari, literatiirde verilen sonuglarla (9, 12) genelde
paralellik gostermektedir. En Snemli paralellik, kiregtasi
tane boyutunun artmasiyla, SO, tutulmasinda azalmaya
neden olmasidir. Ciinkii kiregtaginin  tane boyutu,
reaksiyon hizimi ve doniisiim oranini biiyiikk 6lgiide
etkilemektedir. Dolayisiyla tane boyutunun artmasi
kiregtasginin ~ doniligiim  oranmm1  6nemli  miktarlarda
azaltmaktadir. Akiskan yatak sicakligimin artmasi da

possible to obtain suitable combustion parameters more
regular combustion process and that the system remains in
thermal balance.

When we examine Figure 6, the distribution of
temperature values within the combustion system (after
the moment of achieving the steady state regime), we
observe that a homogenous temperature distribution is
obtained within the fluidized bed displaying a variation in
between approximately 870-900°C. This fact is extremely
important from the aspect of preventing ash fuse and
formation of excessive NOy value, as NO, value increases
instantaneously when the temperature value exceeds
1000°C and after 1200°C, the formation of ash fuse shall
lead to clogging of distributive sieve. The cyclones had
encountered approximately 550-600°C temperature rates
as a result of the heat formed by circulating particles and
combustible gasses. If such temperature ratings reach to
the funnel, this shall lead to decrease in the efficiency of
the system.

6. CONCLUSION

One of the major reasons of air pollution in our State is
the combustion of low quality lignite coal inappropriately
with existing combustion technologies and applications.
Particularly the fluidized bed combustion system with
circulation indicates itself as one of the most efficient
systems for effective and clean combustion of this type of
fuel. The system provides complete combustion of the fuel
as a consequence of high level turbulence and prolonged
retention period within the combustion chamber, retention
of SO, emission by addition of adsorbent (limestone) to
the coal as well as decreasing the NO, emission by low
(750-850°C) level of bed temperature and availability of
control. Addition of extra cyclones to the combustion
system shall also provide measures for decreasing the dust
emissions exhausted from the funnel.

The principal emissions determining the emission
attribute of the fluidized bed combustion system with
circulation and limestone addition are the SO,, NOy, flue
gas, combustible particles and dust emissions. In the
experiments performed in order to determine the effect of
the limestone particle size in between 0.15-1.20 mm,
highest level of SO, retention had been determined in the
experiments performed with the smallest particle
dimensions (0.15-0.30 mm) of the limestone.

In between the 0.60-1.20 mm sizes of the limestone
particles, suitable combustion parameters had been
obtained and the combustion had been observed to be
more regular and that the system is in thermal balance.
The average bed temperature value under steady state
regime conditions had been determined to be 885°C.

The emission results achieved from the experiments
performed in the fluidized bed combustion system with
circulation with limestone addition under laboratory
conditions according to the particle sizes of limestone are
generally in parallel with the results given in the literature
(9, 12). The most important parallel fact is that as the size
of the limestone particle increases, the rate of SO,
retention decreases, because the particle size of the
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reaksiyon hizini artirarak bu durumu olusturmaktadir (9,
13).
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limestone shall greatly affect the reaction speed and
conversion rate. Therefore increasing the particle size
shall significantly decrease the limestone conversion rate.
Increasing of the fluidized bed temperature value shall
also increase the reaction speed, thus leading the
formation of this situation (9, 13).
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NOMENCLATURE

cO : Carbon monoxide / Karbonmonoksit,
(mg/Nms)yén

CO, : Carbon dioxide / Karbondioksit, (%)

C.H, Hydrocarbons / Hidrokarbonlar,
(mg/Nm?)ys, . (ppm)

Ca : Calcium / Kalsiyum, (%)

CaO : Calcium oxide / Kalsiyumoksit, (%)

d p : Average particle diameter / Ortalama partikiil
¢apt,  (mm)

H, : Fuel high thermal value / Yakat iist 1s1l degeri,
(kcal/kg)

H, : Fuel low thermal value / Yakit alt 1s1l degeri,
(kcal/kg)

LPG : Liquid petrol gas / Likit petrol gaz1

MgO : Magnesium oxide / Magnezyumoksit, (%)
M, . Volatile particle quantity / Ugucu partikiil
miktari, (mg/Nm3)y5n

NO4 : Nitrogen oxides / Azotoksitler, (mg/Nm3)y5n
., (ppm)

0, : Oxygen / Oksijen, (%)

R6203 . F6203 + A1203, (%)

SO, : Sulfur dioxide / Kiikiirtdioksit, ~(mg/Nm’)ys, ,
(ppm)

SiO, : Silicium dioxide / Silisyumdioksit, (%)

X, : Transformation ratio / Doniistim orani, (%)

y :Fuel / Yakit, (kg)

n : Efficiency / Verim, (%)

Nso2 : Sulfur dioxide retention efficiency / Kiikiirt

dioksit tutulma verimi, (%)
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