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Alaskan yatakli kazanlar, konvansiyonel yakma sistemlerine gore diisiik Kaliteli
yvakitlarin degerlendirilmesi acgisindan ekonomik, teknolojik ve c¢evreci olma
ozelliklerini tasimaktadir. Akiskan yatak teknolojisi, komiir, biyokiitle, endiistriyel
ve evsel atiklar: temiz, giivenli ve yiiksek verimli bir sekilde yakilabilmektedir. Bu
baglamda "akiskan yatakta yakma" nem ve kiikiirt orami yiiksek linyitlerimizin
degerlendirilmesinde, verimin artirilmasi ve NOy, SO, gibi zararli emisyonlarin
azaltilmasinda onemli bir secenektir.

Akiskan yatakta, basinglandirilan yakma havasi ile yatak partikiiliinde olusturulan
stiriiklenme kuvveti ve yukar: yonde olusan ortamsal kaldirma kuvveti toplami,
asagr yonde olusan yatak partikiil yer¢ekimi kuvvetleri ile dengelenerek, yatak
malzemesi kararsiz yogun tiirbiilansli ve swisal hidrodinamik o6zellikli  bir
davranisa zorlamr. Bu davrams akigskan yatakta hidrodinamiksel tasarimin ve isi
transfer mekanizmasimin temelini olugturur. Bu ¢alismada,; kabarcikli akigkan
vatakli bir reaktorde daldirilmis yiizeyden 1s1 gegisini belirleyen parametrelerin
etkisi farkli test kogullarinda deneysel olarak incelenmistir.
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Examination of Parameters Affecting Heat Transfer
In a Bubbling Fluidized Bed Reactor

Abstract

Fluidized bed boilers have the characteristics of being economical, technological
and environmentalist in terms of evaluation of low quality fuels according to
conventional combustion systems. Fluid bed technology, coal, biomass, industrial
and domestic waste can be burnt clean, safe and high efficiency. In this context,
"fluid bed combustion™ is an important option in the evaluation of our lignites with
high moisture and sulfur levels, increasing the yield and reducing harmful
emissions such as NO, and SO,. In the fluid bed, the sum of the drag force
generated in the bed particle with the pressurized combustion air and the sum of
the ambient lifting force in the upstream direction is compensated by the gravity
forces formed in the downward direction and the bearing material is forced into a
dense turbulent and fluid hydrodynamic behavior with unstable turbulence. This
behavior forms the basis of the hydrodynamic design and the heat transfer
mechanism in the fluid bed. In this study; The effect of the parameters determining
the heat transfer from the immersed surface in a bubbling fluidized bed reactor
was investigated experimentally under different test conditions.

Keywords: Bubbling Fluidized Bed, Immersed Surface, Heat transfer.

Giris

Ulkemiz agisindan enerji arz giivenliginin saglanmasi kapsanminda; disa
bagimliligin  azaltilmasi, sahip oldugumuz kaynaklarin rasyonel sekilde
kullanilmasi, optimum kaynak ¢esitliligi ve enerji verimliligi oncelikli
politikalarimmz arasinda yer almalidir. Dogal gaza bagimli elektrik enerjisi iiretim
yapist Onemli bir risk tasidigindan, dogal gazin elektrik iiretimindeki payinin
azaltilmasina ve ithalatta kaynak iilkelerin g¢esitlendirilmesine ihtiyag
duyulmaktadir.

Sekil 1'de 2018 yilindaki enerji yatirnmlarinin alansal paylar1 gosterilmistir.
Buna gore sirasiyla yatirnm paylarimin oranlari; % 38,37 hidroelektrik santraller,
% 23,30 termik santraller, % 20,72 riizgar santralleri, % 14,86 biyokiitle-atik 1s1 -
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jeotermal santraller ve % 2,75 ile de giines enerjisi santralleri olmustur (EIGM
2018 Yatirimlar Raporu, 2019: 1). Ulkemizde yerli kémiir ile ¢alisan termik
santrallerde termik verim ortalama olarak % 30-37 civarindadir. Komiir
rezervlerimizin kullanilmasinda ve temiz komiir teknolojilerinin uygulanmasinda
daha iyi verim, diisiik maliyet, dogru kaynak kullanimi, daha iyi bir ¢evre, daha iyi
stirdiiriilebilirlik ve daha iyi enerji giivenligi gibi ana hedefler yapilacak her
calismada esas alinmalidir. Sahip oldugumuz linyit rezervlerinin alt 1s1l degerleri
diisiik, kiil, nem ve kiikiirt oranlar ise ytiksektir.

BIYOKUTLE, ATIK ,75%
151, JEOTERMAL
14,86%

Sekil 1. 2018 Y1ili Enerji Yatirim Oranlart

Akigkan yatak bu tiir yakitlarin verimli yanmasi ile ilgili uygun yanma
kosullarinin olusturulmasi, temiz yanmasi ile ilgili olarak; SO, tutma, CO ve NOx
olusumunu bastirma Ozellikleri ile ilave yatirim gerektirmeden, i¢sel emisyon
kontrolii ile de temiz yanmayi olanakli kilan bir teknoloji olarak karsimiza
cikmaktadir (Erbas O., 2007:8). Bu sebeple, basta akigkan yatak teknolojisi olmak
iizere temiz koOmiir yakma teknolojilerini yerli komiirlerimize uygun hale
getirebilecek tasarim ve Ar-Ge ¢aligmalarina 6nem verilmelidir.

Akigkan yatak reaktorler, yakit partikiillerinin hava ile akigskanlagtirilmig
oldugu bir yanma odasinda yakildig1 sistemlerdir. Yaklasitk % 901 yatak
malzemesi, % 10'u ise yakittan olusan akigskan yatak; yatak malzemesinin yiiksek
1s1] kapasitesi nedeniyle biiylik bir 1s1 deposu gorevi gordiigii ve yogun tiirbiilans
etkisi ile kolay-verimli tutugsma saglandig1 bir kosul saglamaktadir (Blaszczuk A.,
Pogorzelec M., Shimizu T., 2018: 12). Her tiirli diisiik kaliteli yakitin yakildig1
akigkan yatakta; linyitin yan1 sira ¢6p, tarimsal ve biokiitle atiklar1 da temiz -
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verimli bir sekilde yakilabilmektedir (Taofeeqa H., Al-Dahhan M., 2019: 550). Bu
calismada; kabarcikli akigkan yatakli bir reaktérde daldirilmis yiizeyden 1s1 gecisini
etkileyen parametrelerin etkisi farkli test kosullarinda deneysel olarak
incelenmistir.

Kabarcikh Akiskan Yatakta Is1 Gegisini Etkileyen Parametrelerin
Incelenmesi

Akigkan yatakta, basinglandirilan yakma havasi ile yatak partikiiliinde
olusturulan siiriiklenme kuvveti ve yukar1 yonde olusan ortamsal kaldirma kuvveti
toplami, asag1 yonde olusan yatak partikiil yercekimi kuvvetleri ile dengelenerek,
yatak malzemesi kararsiz yogun tiirbiilansli ve sivisal hidrodinamik 6zellikli bir
davraniga zorlanir. Bu davranig akigkan yatakta hidrodinamiksel tasarimin ve 1s1
transfer mekanizmasinin temelini olusturur (Zhang Y., Wei Q., 2017: 21).

Reaktorde akiskanlagma hizi ile serbest bolge yiiksekligini ve yatagin
hidrodinamik yapisini dogrudan etkileyen parametre tanecik hareketidir (Jenson N.,
Eldin W., 2016:230). Deney sisteminde taneciklerin akigkanlasma esnasindaki
davraniglarii gozlemleyebilmek icin reaktor yani ana kolon cam silindirik bir
yapida imal edilmistir. Reaktor icerisine; haznedeki akiskanlastirma havasini ve
tanecikli malzemeyi 1sitmak i¢in kullanilan voltmetre-ampermetre ile giicii kontrol
edilebilen daldirma tip bir 1sitic1 ylizey yerlestirilmistir.

Basingli akiskanlagtirma havasini saglayan kompresorden gelen akiskanin
debisini ayarlayan bir regiilator ve akis debisini 6l¢en bir rotametre bulunmaktadir.
Reaktore ulasan akigkanlagma havasi, yatak icerisinde homojen bir dagilim
saglayan ve lzerinde nozullarin bulundugu dagitici plakadan gecmektedir. Yatak
icerisindeki basing degerini 6lgmek icin bir manometre ile yine yatak sicakligini
Olemek icin bir termokupl deney sistemine dahil edilmistir. Yatak sicakligi degeri
ayrica bir termostat sayesinde de kontrol edilebilmektedir. Sekil 2°de kabarcikli
akiskan yatak reaktor deney sistemi gosterilmistir.
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1-Filtre 2-Hava Nozullar1 3-Daldirilmis Yiizey 4-Termokupl (Yatak sicakligi i¢in) 5- Hava Kabarcigi
6- Akis Debi Olger 7- Regiilator 8- Kompresor 9- Basinghi hava girisi 10- Kontrol paneli
(Ampermetre-Voltmetre) 11- Manometre

Sekil 2. Kabarcikli Akiskan Yatak Deney Sistemi

Kabarcikli akigkan yatak igerisine konumlandirilan isitict yiizey dikey
eksende hareket edebilir 6zelliktedir. Yatak ceperini olusturan cam silindirin i¢
capt 240 mm ve yatak yiiksekligi ise 425 mm'dir. Deneyler sirasinda; 1sitic1 yiizey
sicakligl, yatak sicakligi, hava giris sicakligi, hava debisi, yatak basing diistimii,
elektrik akimi ve voltaj degerleri siirekli olarak oOlgiilerek kaydedilmigtir.
Kompresorden gelen basingli hava dagitict elek lizerine yerlestirilmis hava
nozullarina ulagmaktadir. Ozel olarak imal edilen hava nozullar1, basingli havanin
yatak igerisinde homojen bir sekilde dagilmasini saglamaktadir. Kabarcikli akiskan
yatak iist bolgesinde bulunan filtrenin tikanmamasina 6zen gosterilmistir. Yatagin
akigskanlagsmasini saglayan basingli hava; tank hacmi 200 L ve kapasitesi 7,5 bar
(0,34 m%dk) olan akuple yapiya sahip bir vidali kompresorden saglanmustir.
Basingli hava debisinin Olgiilmesinde samandirali ve ayar vanasina sahip
polipropilen govdeli debimetre kullanilmistir. Deney sisteminin alt ve {ist noktalar1
yatak malzemesinin kolaylikla degistirilmesine olanak saglayacak sizdirmaz flansh
bir konstriiksiyona sahiptir.
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Kabarcikh Akiskan Yatagin Hidrodinamik Yapisi

Kabarcikli akigkan yatakli sistemlerde kabarciklar, yatak kiitlesini
olusturan parcaciklarin ana kolon igerisinde hidrodinamik agidan hareketini
saglayarak yeterli bir karismaya olanak saglamaktadir. Akiskan yatak icerisindeki
olusan kabarcik yiikselme hizi, kabarcik biiyiikliigii ve kabarcik ile yogun faz
bosluk orani basta olmak {izere; kabarcik faz - yogun faz arasindaki kati madde
gecisi ile yatakta eksenel olarak degisim gdsteren kabarcik ¢api Ozellikleri bu
yapinin karakteristigini olusturmaktadir. Kabarcik c¢apmin yatak igerisinde
yiikselirken biiylimesi, kabarcik hizinin da artmasina sebep olmaktadir.

Geldart Grup D partikiilleri i¢in havanin debisinin arttirilmasi gaz kabarcik
olusumunun artmasina sebep olur. Kabarciklarin disinda kalan yatak bolgesine
emiilsiyon faz veya seyreltik faz denir. Geldart Grup A partikilleri icin ise
minimum kabarciklanma hizina kadar kabarcik olusumu goézlenmez. Grup A
partikiilleri i¢cin minimum kabarciklanma hizi (Upp) Esitlik 1'deki korelasyon ile
hesaplanmaktadir (Diilger., S., 2007).

I'Jrl:ls = 2,'}-1" ) e.‘lp(ﬂ,? I 6 ) F]. d‘p ' {pg A 34T ] (l)

Kabarcik, igerisinde ¢ok az miktarda veya hi¢ kati olmayan gaz
boslugudur. Kabarciklar, icerisindeki gazin yogunlugu sayesinde emiilsiyon fazi
icerisinde yukariya dogru hareket ederler. Kabarcigin ulastigi maksimum kararl
ol¢ii Esitlik 2'deki korelasyon ile hesaplanabilir.

D, =2 (U / )

Kabarciklar, yukariya dogru olan bu hareketleri sirasinda az miktarda
tagidiklar1 parcaciklari, yatak yiizeyine ulasip patladiklarinda yatak ylizeyi
cevresine dagitirlar. Bu islemin yasandigi bolgeye serbest bolge denilmektedir. Bu
islemin ger¢eklesmesinde 6nemli olan bolge kabarcik altindaki girdap bolgesidir.
Icerisindeki basing daha az oldugu igin pargaciklari igine cekmektedir. Yiizeydeki
patlamadan sonra yiizeye tasinan bazi pargaciklar ¢aprasik yollarla yogun bdlgeye
geri donerler.

Yatagin {ist bolgelerine dogru kat1 kiitle akist eksponansiyel olarak
azalmaktadir. Bir yerden sonra gaz ile yataktan taginip yogun yataga donen kati
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kiitle miktar1 ihmal edilebilir boyutlarda olur. Bu yiikseklige serbest taginim
yiiksekligi denir. Serbest taginim yiiksekliginin 6tesinde, taginan pargaciklarin kati
kiitle akis1 orani, elutrasyon orani olarak bilinir.

Olusan kabarciklar birleserek yatagin biitliin kesitini kaplarsa olusan bu
biiylik kabarciklar, lizerinde tasidiklari yatak malzemesini bir piston gibi vururlar.
Bu akigkanlasmayi bozucu bir olaydir ve verimi diigliriir. Bu olaya “Yigisim”
(Slugging) denir. Biiyiik dl¢lide yatagin geometrisine bagl bir problemdir, 6rnegin
yatagin ¢api kiiciik ve ¢ok derinse bu olayin gergeklesmesi miimkiindiir (Dtilger.,
S.,2007).

Yigisma olusumu i¢in gerekli diger bir kriter ise ortalama yatak malzemesi
c¢ap1 i¢in terminal hizida igeren asagidaki esitlik ile bulunabilir.

u

50123

Kabarcikli Akiskan Yatakta gaz hizi minimum kabarciklanma hizinin

iizerinde arttirilirsa yatagin genlestigi goriilir. Bunun sebebi kabarcik oranin
artmasi, emiilsiyon fazda genlesme ve kabarciklar1 ayiran emiilsiyon duvarlarinin
incelmesi olarak agiklanabilir. Kabarcik fazi 6zelligini yitirmeye baslar. Parcaciklar
yatagin iizerindeki serbest bolgede tasinmaya baslanir. Minimum yigisma hizi
hesabi igin ise Esitlik 4 kullanilabilir.

U,=U,_ +007-(g-D)" (4)

Sonuglar ve Tartisma

Taneciklerin bulundugu bir kolon igerisindeki yatak bolgesine dnce yukari
yonde diisiik bir hizla hava verilmeye baslandiginda, akiskanlastirma havasi
pargaciklar lizerinde daha fazla kuvvet uygulayamaz, tanecikler arasindan kendine
gecis yolu bularak yukari yonde hareket etmeye baglar. Partikiillerin hareket
etmedigi bu durum “sabit yatak” olarak adlandirilir. Partikiillerin arasindaki
yer¢ekiminden kaynaklanan kuvvetleri azaltacak yani partikiillere daha fazla
kuvvet uygulayacak sartlar1 saglamak igin basingli hava hizi yavas yavas
arttirllmistir. Hava akis hizinin giderek artmasi sonucu; taneciklerin {izerindeki
kaldirma kuvveti yercekimini dengeleyerek, reaktor icerisindeki taneciklerin asili
kalmalarim1 saglamaktadir. Partikiil iizerine uygulanan kuvvetlerin vektorel
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toplaminin sifir oldugu bu duruma “minimum akiskanlagsma kosulu” adi verilir.
Sekil 3’de yatak malzemesinin ortalama 450 pm capinda silis kumu olarak
kullanildig1 kosuldaki reaktorde, ylizeysel gaz hizi ile yatak basing diisiimiiniin
degisimi gosterilmistir.
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Sekil 3. Yiizeysel Gaz Hiz1 ve Daldirilmis Yiizey Konumunun Is1 Transfer
Katsayisina Etkisi (450 pm, Silis Kumu)

Ayrica Sekil 3'de akiskan yatak reaktor igerisinde konumlandirilan
daldirilmig 1sitic1 yiizeyin hava nozullarinin bulundugu dagitici plakaya uzaklig
(A) ile 151 transfer katsayisma etkisi de goriilmektedir. Sirast ile 30 mm, 60 mm ve
90 mm yiiksekliklerde gittikge 1s1 transfer katsayisinin arttigi goriilmiistiir. Fakat
180 mm uzaklikta ise 1s1 transfer katsayisi diigmistiir. Bu nokta hidrodinamik
acidan yogun faz olarak adlandirilan bélgenin siir ¢izgisi olarak kabul edilebilir.
Minimum akiskanlagma kosulunda basingli hava hizi daha da arttinldiginda, yatak
bolgesinin kapladigr ve hacmi fazla degistirmeyen, hava kabarciklarinin olustugu
sartlar gergeklesmektedir.

Suyun kaynamasina benzer bir sekilde kabarciklar yatag: terk etmektedir.
Hava ile tanecik karisimmin kapladigi hacmin sabit yatak konumuna gore belirgin
bir sekilde artmasina ragmen, reaktorde yatak bolgesi iizerinde bulunan serbest
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bélge ayirimi halen yapilabilmektedir. Icerisinde cok az ya da hig kat1 olmayan gaz
bosluklar1 olarak da tamimlanan kabarciklarin kaldirma kuvvetinin etkisiyle
partikiilleri gecerek emiilsiyon fazi igerisinde yiikseldigi goriilmektedir. Reaktor
icerisinde, partikiil capi, gaz hiz1 ve hava nozullar iizerindeki konumuna bagh
olarak kabarcik boyutlar1 degismektedir. Kuyruklarinda bir miktar partikiil tagiyan
kabarciklar bir siire sonra yatak yiizeyinde patlamaktadir. Bu sekilde beraberinde
tagidiklar1 partikiiller yatak yiizeyinde ¢evreye dagilmaktadir. Tasinan partikiiller
yukariya dogru momentumlari ve bolgesel gaz siiriiklenme kuvvetine bagli olarak
yiikselmektedir.

Extended Summary
Introduction

Within the scope of providing energy supply security for our country;
Reducing foreign dependency, rational use of the resources we have, optimum
resource diversity and energy efficiency should be among our priority policies. As
the production structure of natural gas-dependent electric energy carries a
significant risk, it is necessary to reduce the share of natural gas in electricity
generation and to diversify the countries of importation. The thermal efficiency of
domestic coal-fired thermal power plants in our country is around 30-37% on
average. The main objectives such as better efficiency, low cost, correct resource
utilization, better environment, better sustainability and better energy security
should be used in every study to be used in the utilization of coal reserves and
application of clean coal technologies (Mahmood, A. 2005). Lignite reserves have
low thermal values, ash, moisture and sulfur ratios are high.

Fluidized bed in relation to the efficient combustion of such fuels, the
creation of suitable combustion conditions, clean combustion; The SO, retention is
a technology that enables the combustion of CO and NO, with the features of
suppressing the internal emission control without requiring additional investment
(Erbas., O. 2007: 8). For this reason, design and R & D studies should be given
importance which can make clean coal burning technologies, especially fluidized
bed technology, suitable for our domestic coal. Fluidized bed reactors are systems
in which combustion of fuel particles in a combustion chamber in which air is
fluidised. Approximately 90% of the bearing material and 10% of the fuel fluidized
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bed; Due to the high thermal capacity of the bearing material, it provides a
condition where a large heat storage and easy turbulence effect is achieved with
easy turbulence effect (A. Blaszczuk, M. Pogorzelec, T. Shimizu, 2018: 12). Fluid
bed where all kinds of low-quality fuel is burned; In addition to lignite, waste,
agricultural and biomass wastes can also be burned cleanly (Taofeega H., Al-
Dahhan M.2019: 550). In this study; The effect of the parameters affecting the heat
transfer from the immersed surface in a bubble fluid bed reactor was investigated
experimentally under different test conditions.

Examination of Parameters Affecting Heat Transfer
In a Bubbling Fluidized Bed

In the fluid bed, the sum of the drag force generated in the bed particle with
the pressurized combustion air and the sum of the ambient lifting force in the
upstream direction is compensated by the gravity forces formed in the downward
direction and the bearing material is forced into a dense turbulent and fluid
hydrodynamic behavior with unstable turbulence. This behavior is the basis for the
hydrodynamic design and the heat transfer mechanism in the fluid bed (Zhang Y.,
Wei Q., 2017: 21).1t is the parameter particle motion which directly affects the free
zone height and hydrodynamic structure of the bed with fluidization rate in the
reactor (Jenson N., Eldin W., 2016: 230).

Heat transfer is an important design aspect in many applications of
fluidized bed technology. It is used either to obtain energy transfer between gas and
solid particles or to obtain energy transfer between the two-phase mixture and an
immersed surface. Heat transfer in a fluidized bed between an immersed surface
and the bed tends to be efficient due to vigorous contact of solids particles with the
surface.

In order to observe the behaviors of the particles during the fluidization in
the experimental system, the reactor, ie the main column, is manufactured in a
cylindrical structure. Into the reactor; a immersion-type heater surface, which can
be controlled by the voltmeter-ammeter, is placed to heat the fluidizing air in the
reservoir and the particulate material. There is a regulator which regulates the flow
rate of the fluid coming from the compressor which provides the pressurized
fluidizing air and a rotameter measuring the flow rate. The fluidizing air that
reaches the reactor is passed into the bed in a homogenous manner and passes
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through the distributor plate with nozzles on it. A thermometer is used to measure
the bearing temperature with a pressure gauge to measure the pressure inside the
bed. The bed temperature can also be controlled by a thermostat.

Hydrodynamic Structure of Bubbling Fluidized Bed

The behavior of gas-fluidized beds is controlled by bubbles, which
characterize these systems. Bubbles are formed at the bottom of the bed, rise up,
coalesce as they are rising up and burst violently at the bed surface. Their size and
rise velocity increase as they move up in the bed. It is necessary to distinguish
between bubble phase and emulsion phase. The gas void which contains virtually
no bed particles is called a bubble, and the gas void which contains fluidized
particles is called particulate phase, or emulsion phase. Bubbling bed can be
defined as a bed in which the bubble phase is scattered and emulsion phase is
continuous. The motion of emulsion phase is caused by rising bubbles. It is the
main source of solid mixing in bubbling beds. Gas in the bubble is not in contact
directly with bed particles, so that it cannot take a part in any reaction between gas
and solids. In a typical gas-solid bubbling fluidized bed, the solids volume fraction
in the emulsion phase is around 0.4-0.45, close to its value at minimum fluidization
conditions.

The shape of a bubble in a fluidized bed is mainly controlled by its
surrounding solids and flowing medium. For small bubbles, the bubble shape is
almost spherical due to the dominance of surface tension. When a bubble has an
intermediate size, its shape tends to be oval with a sphere cap. Bubbles become
slugs when they are large. The shape of a slug can be a round spherical cap with a
flat bottom like a bullet or is like a half bullet when a slug is attached to the bed
wall.

When there is a large number of fine particles such as fine powders or
catalysts, gas (or liquid) and fine particles are mixed together to form the emulsion
phase. Bubbles (void spaces) rise much faster than the upward flowing gas in
emulsion phase, promoting circulation and mixing of particles. In such a fluidized
bed, only two phases, bubble phase and emulsion phase, need to be considered.
When the flowing medium is liquid, the emulsion phase is the liquid-like flow after
mixing with particles and thus can be easily distinguished from air bubbles. In a
gas-solid fluidized bed, the excessive flow, reaching minimum bubbling velocity,
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passes through the fluidized bed and creates void spaces that behave like air
bubbles and have been observed in actual experiments.

In bubbling fluidized bed systems, the bubbles allow sufficient
mixing by allowing the particles forming the bed mass to move in the main
column in a hydrodynamic manner. The rate of bubble rise in the fluid bed,
bubble size and the density of the bubble and the dense phase gap are;
bubble phase - dense phase with the transition between the solid matter in
the bed with axial changes in the bubble diameter characteristics are
characteristic of this structure. When the bubble diameter grows in the bed,
the bubble speed increases.

During these upward movements, the bubbles distribute the small
amount of particles that they carry, around the bed surface when they reach
the bed surface and explode. This region is called the free zone. The region
that is important in this process is the vortex area under the bubble. As the
pressure inside is less, it attracts the particles. After the explosion of the
surface, some particles that are transported to the surface return to the dense
area by means of crosswise paths.

The solid mass flow towards the upper parts of the bed exponentially
decreases. The amount of solid mass which is transported from the bed with
gas and then returned to the dense bed is negligible. This height is called the
free transport height. Beyond the free transport height, the solid mass flow
rate of the transported particles is known as the elutration rate. If the
bubbles formed combine to cover the entire cross-section of the bed, these
large bubbles form a bearing material like a piston. This is a disruptive
event and reduces the efficiency.

Results and Discussion

A gas-solid bubbling fluidized bed is considered to be non-homogeneous,
chaotic system in which the hydrodynamics is complex and the fluidization quality
is hard to control. In the bubbling bed, large bubbles tend to reduce the gas-solid
contact and restrict the heat transfer. Agglomeration of fine particles results in
channeling and poor fluidization quality. In order to enhance the performance of
fluidized beds, flow pulsation through a solenoid valve at desired frequencies is
employed.

Fluidized beds are widely used to achieve either chemical reaction or
physical processing that require interfacial contact between gas and solid particles.
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Fluidization is a process by which solid particles are transformed into a fluid like
state through suspension in a gas or liquid (Kunii and Levenspiel, 1991). Under
fluidization state gravitational force which pulls down solid particles is offset by
the fluid drag force on them. Thus, particles remain in a semi-suspended condition.

Bubble size increases with gas velocity as well as the bed height. This
growth is mainly due to large bubbles absorbing smaller bubbles in the vicinity
during the rising process, and it lasts until the bubbles approach their maximum
stable size. Bubbles bursting at the surface, increase heat transfer at lower
velocities by causing more intensive particle motion, however, too large bubbles
generated at higher velocities tend to cover the heater surface and inhibit the heat
transfer (Zhang, D. ,2005).

Heat transfer improvement can be also achieved with a perforated
distributor and partial pulsation. Flow pulsation can enhance the movement of
stagnant particles on top of the heater, resulting in significant temperature increase
in this region. The local HTC around the heater can be improved and a more
uniform temperature distribution can be obtained.

When the transient pressure of flow pulsation exceeds the mean pressure
drop at the Reproduced with permission of the copyright owner. Further
reproduction prohibited without permission. Particles vibrate at the pulsation
frequency, and the dominant frequency of the pulsed bed corresponds to the
pulsation frequency. The bed expansion (particle displacement) generally increases
with decreasing pulsation frequency. The large amplitude of pressure fluctuation in
the pulsed bed can be attributed to the inertia force of the particles.

When air is first introduced into the bed region in a column with particles
at a low speed, the fluidizing air cannot exert more force on the particles, and starts
to move in the upward direction by finding a passageway between the particles.
This is called bu fixed bed yatak when the particles do not move. The speed of the
pressurized air is gradually increased to reduce the forces caused by gravity
between the particles, ie, to provide more force to the particles. As a result of
increasing air flow rate; The buoyancy force on the particles allows the particles in
the reactor to be suspended by balancing gravity. This is called the ekim minimum
fluidisation condition, where the vector sum of the forces applied on the particle is
zero.
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Increased heat transfer coefficient was observed at 30 mm, 60 mm and 90
mm heights respectively. However, the heat transfer coefficient decreased at 180
mm distance. This point can be considered as the boundary line of the so-called
hydrodynamically dense phase. When the compressed air velocity is further
increased in the minimum fluidization condition, the conditions in which the air
bubbles are formed, which are not covered by the bed area and do not change the
volume too much. In a similar way to the water boiling, the bubbles leave the bed.

A gas-solid bubbling fluidized bed is considered to be non-homogeneous,
chaotic system in which the hydrodynamics is complex and the fluidization quality
is hard to control. In the bubbling bed, large bubbles tend to reduce the gas-solid
contact and restrict the heat transfer. Agglomeration of fine particles results in
channeling and poor fluidization quality. In order to enhance the performance of
fluidized beds, flow pulsation through a solenoid valve at desired frequencies is
employed.

Kaynakca
Kitaplar

Kunii, D. and Levenspiel, O., (1991) Fluidization Engineering (2nd ED.!.
ButterworthHeinemann, Boston, Maine.

Makaleler

A. Blaszczuk, M. Pogorzelec, T. Shimizu, (2018). Heat transfer characteristics in a
large-scale bubbling fluidized bed with immersed horizontal tube bundles,
Energy, 162, 10-19.

Taofeega H.,Al-Dahhan M. (2019). Investigation of the effect of vertical immersed
tube diameter on heat transfer in a gas-solid fluidized bed, International
Journal of Thermal Sciences, 135, 546-558.

Zhang Y., Wei Q. (2017).CPFD simulation of bed-to-wall heat transfer in a gas-
solids bubbling fluidized bed with an immersed vertical tube, Chemical
Engineering and Processing: Process Intensification, 116,17-28.

Jenson N., Eldin W. (2016). Effects of particle size and bubbling behavior on heat
transfer in gas fluidized beds, Applied Thermal Engineering, 105, 225-242.



Kabarcikli Akigkan Yatakli Bir Reaktorde
Is1 Gegisini Etkileyen Parametrelerin Incelenmesi | 175

Web Siteleri

EIGM,(2019). 2018 Yatirimlar Raporu. 10 Ocak 2019'da http://www.eigm.gov.tr/tr
TR/Raporlar adresinden erisim saglanmistir.

Tezler

Erbas.,0.(2007). Dolasimli Akiskan Yatakta Is1 Transferi Mekanizmasi ve Bu
Mekanizmanm Kuramsal ve Deneysel Analizi, Doktora Tezi, Gazi Unv.
Fen Bilimleri Ens., Ankara.

Zhang, D. (2005). Hydrodynamics and heat transfer in a pulsed bubbling fluidized
bed (Order No. MR01992). Available from ProQuest Dissertations &
Theses Global. (305376819). Retrieved from

Mahmood, A. (2005). Simulation of hydrodynamics and heat transfer in bubbling
fluidized beds (Order No. MRO01962). Available from ProQuest
Dissertations & Theses Global. (305376640).

Dilger., S.,(2007). Akiskan Yatakli Komiir Yakma Sistemlerinde Otomatik
Kontrol Tasarim ve Uygulamasi, Yiiksek Lisans Tezi, Gazi Unv. Fen
Bilimleri Ens., Ankara.



