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Modeling of Heat transfer in Fluidized ash cooler
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Abstract-The fluidization technology has been used for vwai@pplications in the industry, from combustioncofl to
gasification of fuel. The modeling of novel techuidgis used for cooling bed ash of fluidized beddvas proposed in this
paper. Bed ash generated in boiler is about 850dyl transportation of this hot ash is difficattany technologies has been
proposed such as rotary ash cooler, water coofec@sler to cool the ash to a temperature at witichn be transported easily
and safely by conventional technology. In this pahe one dimensional heat transfer model of cgatihash and heating of air
due to fluidization is proposed. The finite diffaoe numerical method has been used to solve theematical model of ash
cooler. The ash cooler can be designed and manudaicbased upon the actual inputs of ash generatiooiler.

Index Terms— Fluidization modeling, Ash cooler, Heat transfer

1. INTRODUCTION and have been commonly and reasonably appliedii@rgoln
CFBC boiler the ash generated due to combustiocoaf is

When an evenly distributed air or gas is passeward collected in major four areas. The temperaturefarehess of

through a finely divided bed of solid particles Bus sand ash collected in this area varies with each offieese are

supported on a fine mesh, the particles are unthistiat low jjystrated in the above figure 1 along with itsllection

velocity. As air velocity is gradually increased,stge is percentage. The temperature of bed ash, cyclong Aish

reached when the individual particles are suspefiéite air preneater ash and ESP ash are 850 Deg C, 420 DEtC,

stream — the bed is called *fluidized”. With furthiacrease in peg C and 150 Deg C. As the upper limit commonly an

air velocity; there is bubble formation, vigoroughiulence, yeasonably used in CFBC temperature of the boih a

rapid mixing and formation of dense defined bedag#. The nandling machinery is 200 °C.

bed of solid particles exhibits the properties doding liquid

and assumes the appearance of a fluid — “bubblindiZed ESP ASH

bed. Circulating fluidized bed (CFB) boiler bottoash 50%

contains large amounts of physical heat. While Iioder

combusts the low-calorie fuel, the ash content asnally

more_ than 40% and thg physical heat_loss is apmaeily AF'HOASH TOTAL ASH CYi;aNE
3%, if the bottom ash is discharged without cool[@} In S 5%

addition, the red-hot bottom ash is bad for mectexhi
handling and transportation, as the upper limitgerature of l

the ash handling machinery is 200 °C. Therefotmttom ash BED fSH

cooler is often used to treat the high temperdboteom ash to o

reclaim heat, and to have the ash easily handled an Fig 1 Typical Ash distribution in Boiler
transported. As a key auxiliary device of CFB bailethe
BAC has a direct influence on the secure and ec@no
operation of the boiler. There are many kinds of (BA
equipped for large-scale CFB boilers with the ammius
development and improvement of the CFB boiler, sash
water cooled ash cooling screw, rolling-cylindeh aooler
(RAC) [8], fluidized bed ash cooler and high-stréngteel
belt ash cooler. The RAC and FBAC have a large @apa

r[}herefore, ash cooler is often used to treat thgh hi
temperature bottom ash to reclaim heat, and to taweash
easily handled and transported. This bed ash starts
accumulating gradually in the boiler bed during thaler
operation. This accumulation of bed ash in the dvobbed
increases the boiler bed height which in turn iaseethe static
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head of primary air required for fluidizing the béktherefore
extra accumulated bed ash should be drained frenbéld so
as to maintain sufficient bed height (~1000mm) fooper
fluidization and combustion. To facilitate the dhriag of this
accumulated bed ash from the bed the bed ash piiés of
200NB are provided. Each ash drain pipe is condetbe
Fluidized air bed ash cooler. In FBAC bed ash &2°85is
cooled to temperature of 2@ with help of air at 41 which
is tapped from PA fan discharge duct. Hot air aAEBoutlet
after absorbing the heat from the ash is conneittdtle SA
nozzles and fed to the furnace.

The typical proposed arrangement of ash coolehdsva in
the figure 2. The ash cooler will be provided witle hot ah
inlet and cooled ash outlet with isolation gatee Tiot ash will
be taken to cooler where it is cooled by cold aid &ot air
will be sent to boiler furnace.
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Fig.2 Typical proposed arrangement of ash cooler

COOLER AR

2. FLUIDIZATION DYNAMICS
The total heat duty of ash cooler is calculate@dpyation 1,

Qash =M ash X Cp ash x (Tal - Tao ) Eq (1)
Total air required for cooling of ash is calculateg energy
balance equation i.e. heat lost by ash partickqgisgal to heat
gained by air.

Q ash = Q air
Masthpashx(Tai_Ta(): Mair xCpc\ir x(Tgl—Tg() Eq (2)
M air = (Cpair X (Tgl _Tgo)) - (M ash X CpaSh x (Tal _Tao)) Eq (3)

The U, minimum fluidization velocity, it is the velocityta
which a packed bed becomes fluidized and is prapwt to
size and density of bed particle [3].

Uy =Rexu, =(d, xpg) Eq. (4)

Reynolds number can be expressed in relation with
Archimedes number as
— 2 05 _
Re, = (337 +0.0408< Ar)> - 337 Eq. (5)
Archimedes number of solid particle
Ar:[gxdp3xpgx(pp_pg)]+lug2 Eq.(6)

The relation between pressure loss and fluid valoci the
packed bed region is described by the Carman-Kozeny
equation 7 in the laminar regime and the Ergun &ojul].

AP,b:lBOH(l_Eg)ZﬂQXUV3 2
£, (pyxd ) Eq. (7)

The pressure drop across fluidizing bed is givefbhy

AP, =gx(1-¢e,)xH,*x(p,-p) Eq. (8)
The function of the air distribution grate or platea fluidized
bed is to support the bed materials and unifornigyrihute
the fluidizing gas into the bed of solids. Thisaigritical part
of designing a fluidized bed technology. Beyond the
distributor, it is not possible to control or inflmce the
distribution of air through the solids due to tHesence of
physical devices for this purpose. Furthermore, tion-
uniform distribution of air in a cooler can resuit reduced
performance and agglomeration resulting in the detap
collapse.

Distributor plates as shown in figure 3 can lheadly
classified into three broad classes namely
» Porous and straight-hole orifice type plates téplavith
punched or vertical drilled holes). Also it is leal as plate-
type distributor.

* Nozzle-type or bubble cap-type uses nozzles, hwhic
distribute air into the bed through horizontal icatly, or
downward holes.

» Sparge pipe-type comprises air-carrying tubes wibles
introduced directly into the fluidizing bed withoatgrid plate
or plenum.

The nozzle type plate distribution grate wassen for the
design of the fluidized ash cooler in this caseisTis due to
the simplicity of the design, minimal operating staints and
the uniform distribution of air throughout area.eféfore, the
ideal design of a distributor is vital in realizirgdistributor
pressure dropAPd) which is a sufficient fraction of the bed
pressure drop\Pb . The relationship between bed pressure
drop (APb) and distributor pressure draxPd) is a function of
bed depth and height at minimum fluidization [1,6].
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Figure.3 Generic forms of distributor plates [1,6

In the design of bubbling fluidized beds, thistributor

Energy equation in air phase

8(£,048,) . @ .
——="+— (e pU, €)=
ot oax LY =AY (gax Eq. (13)
Energy equation in solid phase
o(e ., 0 0T,
AELL) L2 (e pu o) =a+ 2k,
ot 0x 0x Eq. (14)

g= Volumetric rate of heat convection from partitdegas

L Eq. (15)

pressure dropAPd) is maintained within a range of 15 to 30
% of the bed pressure dray?b. So assuming pressure drop in

the distribution plate is 20 % of bed pressure dio®].

3. GOVERNING EQUATIONS AND BOUNDARY
CONDITION

3.1 Governing equation

The following assumptions are made while writingygming
equation for ash cooler.

Fluid flow is one dimensional.

Contribution of kinetic, potential energy as wedl shaft work
is negligible.

Heat lost from top, bottom and side of cooler égligible.
Ash particle closely spaced to each other henceatrad heat
transfer is neglected.

3.2 Boundary Condition

The initial boundary conditions are set such thald cair
enters the cooler at minimum fluidization velocitihe initial
boundary condition for ash particle is maintainedfurnace
bed temperature Tp= 850°C. The boundary condition for air
is maintained at atmospherics temperaturg =g Deg C.
The U,y minimum fluidization velocity calculated from
equation (4).

4. SOLUTION OF GOVERNING EQUATION

The solution procedure for governing equation ikgol
following steps

Based on above assumption, the governing equatiwh &%) The inlet air temperature §J, Ash temperature ¢),

boundary conditions can be written
Conservation of mass in air phase

0(e4p4) 0

+

ot ax (£9PV ) =0

Eq. (9)

Conservation of mass in solid phase

M + a_( £ Sp sU s) =0

ot 0 X Eq. (10)
Conservation of momentum in air phase
a(e0U,) 0 op, 0
———t—(epU U )=, —F+—T,+E

at ax ( gpg ] 9) ] ax ax *] QpQgEq (11)
Conservation of momentum in solid phase
Aeply) ap

(fpSU Ug=-e_-+_—T,+£09
ot ax Eq. (12)

fluidization velocity (), bed voids, density and specific
heat of ash, air, are taken as input paraneteitiate the
solution.

(2) The finite difference numerical methods areduse solve
the conservation equation. The elemental §tepAt &
Ax are selected such that stability criteria fofeténce
equation are met.

(3) For each given time step by applying energyaéiqn for
air & ash particle with appropriate initiaddmdary
condition, the temperature profile for ashtipke in bed
and outlet air temperature profile can bedeined by

using equation 16 & 17.
The energy equation for air becomes

Sl TR

j+l A
Ta [1+U Ax} £,0,CP, Ax) Eq. (16)

The energy equation for ash particle, assumingshecooler
is packed bed
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h o sa Eq. (17)

E P sCP

h , ST ;'

£ P CP

Tplj|:l_ }-‘-

The measured particle velocity at the wall of flaation have
usually been 1- 1.5 m/s. here wall downwards véfocs
assumed 1 m/s [3]. The heat exchange between |paaticl
gas is given by following equation [3,4],

s

Pg(Um —U,)
Hy

2 + 1.8[ ]pr s Eq. (18)

The numerical grid for first iteration is shown figure 4. In
first iteration initial boundary condition for gasd particle is
put in the first iteration. After first iteratiorhé¢ reduced ash
temperature will be used in next iteration. The milet
temperature at the each iteration is same i.e. embi
temperature. The air outlet temperature after fiesation and
drop in particle temperature is recorded. The droparticle
temperature is used in next iteration and numernigal is
shown in figure 5. After each iteration the air ¢temperature
and particle temperature is recorded.
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Fig. 4 Numerical grid for first iteration
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Fig. 5 Numerical grid after first iteration.

For solving the governing equation 16 and 17, g@mme is
written in Matlab software, and result is preseriebbw.

5.RESULT & DISCUSSION.
5.1. Heat transfer coefficient with particle diameter

As cold air moves to the cooler bed, the coolerlbsds the
heat to air by convection. As the particle diangterthe bed
varies from 0.5 mm to 8 mm. Fig 8 present the haaisfer
coefficient for varying the particle diameter. Thisat transfer
coefficient is used in the governing equation falicalation of
time required to cool the ash particle.
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Fig.6 Heat transfer coefficient for air to ashtjaée for varying the ash
particle

5.2 Prediction of temperature profile of outlet air from
cooler
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The energy equation-16 for air phase is solvedtHerinitial
and boundary condition. The initial condition ablgadefined
in above article. The governing equation is solved
difference method. The output for each time stepased.
Figure 7 represent the outlet air temperature lgrdfir each

time step.
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Fig.7 Temperature profile for outlet air from ceoWwith time.

5.3. Prediction of temperature profile of ash in the cooler

The energy equation for solid phase is solved fer ihitial
and boundary condition. The initial condition abigadefined
in above article. The governing equation is solvieg
difference method. The temperature change for gaehstep
is noted. Figure 8 present the bed ash temperptofde for

each time step.
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Fig.8 Temperature profile for ash in the coolethviime

7. CONCLUSION

A one dimensional heat transfer model thatptesi gas
convection, particle to gas convection is propofmdheat
transfer in fluidized ash cooler. The forward diéflece
method is employed to numerically solve the setmf linear,
partial difference governing equation. With the \adanodel
prediction can be made and used to build fluidiastl cooler.

The model predicts that ash particle loose Heatcold air
resulting increasing ash temperature leaving th@eco The
estimated time required for cooling the ash is jgted from
the model.

Also if hot outlet air leaving from coolerrcéde send to
boiler furnace then fluidized bed ash cooler hasebe&nergy
conservation than water cooled ash cooler.
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