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Abstract

The operating conditions in spouted bed regime mifoum beds consisting of
different biomass wastes dry and wet have beenestud determine the applicability
of conical spouted beds with a draft tube in thgirdy of biomass wastes. This
experimental study has been carried out at roonpeeature and the effect of the
solid humidity on the stability of beds of biomagastes has been determined.
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1. Introduction

Due to the increasing costs of fossil fuels, irgetgas grown in the use of biomass
wastes. Different methods can be followed for tBe af the biomass feedstocks, as
combustion, gasification and pyrolysis. Since biesnand agroforestal wastes usually
have high humidity content is necessary to reding one before the treatment
methods, so it is necessary to make a previous\@ityi other treatment operations.
The spouted bed technology is very useful for @pgibns where a vigorous
movement of the solids is required, as happensénhiandling of solids that are
sticky, of irregular texture and with a wide paeisize distribution (San José et al.,
1993). The first application of spouted beds wagndr of grain. Several authors
(Strumillo et al., 1980; Mujumdar, 1984; Viswanathd 986; Passos et al., 1987)
have used spouted bed in drying of granulated naéger

The spouted bed method has certain advantageshieveontact method of fixed or
fluidized bed: easy construction and the non-resmeént of distributor plate or any
other gas distributor device, lower pressure dhagmta fluidized bed, better gas-solid
contact than in a fluidized bed, materials thatdifecult to handle can be processed,
especially those that must be in vigorous contaitt thie fluid phase.

Although the conical spouted bed operating in thadition regime is very versatile,
as it allows for operation to be carried out in @evrange of operating conditions,
especially of air flowrates (from the minimum to maahan ten times this value),



M.J. San José et al.

there are situations in which the bed is unstableorder to enlarge the stable
operating regime central draft tubes of differemgth have been tried.

It has been proven that by means of an appropiedegn of internal devices, a very
wide size distribution of one to ten thousand (frari@w microns to centimetres) may
be handled without any instability or operationwdoacks. Furthermore, the length of
draft tube required is only of a few millimetresdded in the lower section of the bed,
which means that the function of this device is@into guide the air and so avoid
the instabilities created near the bottom of thetactor.

The introduction of a central draft tube in a spoubed provokes great changes in the
hydrodynamics of the spouted beds. Buchanan ansbW/({1965) were the first to use
this device in order to overcome the limitationstioé spouted for operating with
small particles and for improving gas-solid cont&rtain advantages for the use of
this central draft tube are: greater flexibility ine operation; lower pressure drop;
solids of any size or nature may be treated; naromesidence time distribution;
lower flow rate; lower pressure drop; better contbd solid circulation; avoids
maximum spoutable bed height. Consequently, salalilation may be controlled by
changing independently column diameter, stagnashiheeght or particle diameter. Of
the disadvantages the following are worth mentignitower mixing degree;
complexity of design; risk of tube blockage.

Khoe and Van Brakel (1980, 1983) used the drafetédr drying and thermal
disinfection of wheat in order to attain a bettentcol of the residence time and
improve process economy. Pallai and Nemeth (193@) @ porous draft tube, which
allowed for the passage of air from the spout ® dahnulus without particle cross-
flow from the annulus into the spout. The ultrapyses of heavy oils in a spouted bed
provided with draft tube is an efficient method fiegrading these hydrocarbons to
low viscosity liquids with a reduced coke deposit{¥ogiatzis, 1988).

2. Experimental

Thermocouples The experimental unit designed at pilot
Cyclones plant scale, shown in Figure 1, allows for
o w operation with contactors of different
111 geometry basically consists of a blower
1| 7 that supplies a maximum flow rate of 300
Combustor Nm°h? at a pressure of 15 kPa, a worm
gear to regulate and control the solid
feeding system and two high efficiency
cyclones in order to collect fine particles.
The flow rate is measured by means of
two mass flowmeters in the ranges of 50-
300 and 0-100 fh h?*, both being
controlled by a computer. The accuracy of
. this control is 0.5% of the measured flow

T
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Figure 1. Experimental equipment
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The measurement of the bed pressure drop is sendiferential pressure transducer
(Siemens Teleperm), which quantifies these measmtnwithin the 0-100% range.
This transducer sends the 4-20 mA signal to a
data logger (Alhborn Almeno 2290-8), which is
connected to a computer, where the data are
registered and processed by means of the
software AMR-Control. This software also
registers and processes the air velocity data,
which allows for the acquisition of continuous
curves of pressure drop evolution with air
velocity (San Jose et al., 2005).

Five conical contactors made of poly(methyl
methacrylate) have been used. Figure 2 shows
the geometric factors of these contactors, whose
dimensions are as follows: column diameter,
D., 0.36 m; contactor anglg, 28, 33, 36, 39,
and 45°; height of the conical section, 8.60,
0.50, 0.45, 0.42, and 0.36 m; gas inlet diameter,
Do, 0.03, 0,04, and 0.05 m. They are provided
with central draft tubes and a conical baffle
(cap) over the bed, as those shown in Figure 2.
Figure 2. Geometric factors of the contactor

and of the internal devices.

Their dimensions are the following: central dratb¢ of diameter, gl 0.03, 0.04, 0.05
and 0.06 m and lengthy,Ivariable; distance between the base of the cturtand the
lower level of the device, dp cap of lower diameter,.d0.08 m; angley.: 30 ©;
distance between the base of the contactor anlbwes level of the device,chfrom
1.2 H, to 2.0 H. The values of the stagnant bed heighy, tted are in the range
between 0.05 and 0.35 m. Operation has been cayuedt the minimum spouting
velocity and at velocities 20 and 30 % above thisie.

The solids used are pine sawdust and pine barksevhmperties are set out in Table
1.

Table 1. Properties of the solids used

Material size range,| Density Shape Voidage Geldart
mm ps kg/n? ® £o Classification
Pine sawdust 15 540 0.90 0.60 B
3.5 0.82 0.70 D
Pine bark 15 520 0.90 0.65 B
3.5 0.90 0.70 D

Solid moisture has been measured by means of amgger AQUA-Boy KPM HM
lll. This device uses for moisture measurement lantcal resistance calibrated to
20°C according to norm DIN 52183 with accuracy @f,3% and reproducibility of +
0.2%. In order to measure moisture of sawdust badwples in the spout zone and in
the annular zone have been taken by means of i@aspctmp.
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3. Results

The hydrodynamic study of conical spouted beds ideml/with internal devices has
been carried out using draft tubes of varying di@mand length. They are located at
different distance from the base of the contadtarthermore, conical baffles or caps
over the fountain have also been tried.
The evolution of pressure drop with air velocitydigferent from that observed for
other materials (Olazar et al., 1992). It is peanulhat once the bed has been spouted,
when the air flow is cut, the random order of tlatigles is not restored, but the
particles stay reordered in the same situatiomdkéd spouting regime, which is due
to the fact that a central crater created in trauspg operation has remained. As a
consequence of this behaviour, the maximum presgdtop that is obtained in a
second spouting operation is much lower than thasomed in the first operation.
This phenomenon does not affect the measuremestable pressure drop, which is
1000 the_ same as in the_ first opefati_on.
This hydrodynamics peculiarity
AP (Pa) has its origin in the deficient
800 | fluidity of sawdust and in cross-
linkage between particles due to
the fact that they are mainly long

600 I and irregular.
- In order to obtain a reproducible
400 L measurement of pressure drop
evolution, avoiding the previously
mentioned problem, the

200 B T measurements have been carried
out once the solid was fed for a
sufficiently high altitude (1 m).

0 1 | I | L |

0 1.0 50 30 These measurements are totally
reproducible.
u (m/s)
Figure 3. Evolution of pressure drop wit air vetgdor a sawdust fraction of

particle size between 1.0 and 2.0 mm at moisturBOoWwt %.y= 45°, D=
0.04 m, H=0.13 m, ¢= 0.04 m, }= 0.10 m, = 0.03 m.

Figure 3 shows an example of the evolution of pressirop with air velocity for the
experimental system of cone angfe45°, a bed made up of moist sawdust (with a wt
% 50) of particle size between 1.0 and 2.0 mm, aot inlet diameter = 0.04 m,
stagnant bed heightgd 0.13 m, diameter of the central draft tue €.04 m, draft
tube length, = 0.10 m. The draft tube is located at a distanwe fthe contactor base
hg= 0.03 m. The dotted line corresponds to the vabfgsressure drop obtained by
decreasing air velocity. As is observed, there ipr@anounced hysteresis in the
evolution of pressure drop with air velocity, whichas pronounced as in the bed
without any internal device (Olazar et al., 1994).

With the aim of proving the applicability of theaging regime for drying of biomass
wastes in conical spouted beds with a draft tuberaipn maps are shown as an
example in Figure 4, in plots of stagnant bed heigh air velocity. The results
correspond to beds of sawdust of particle diamstereen 1 and 2 mm with different
moisture content at the minimum spouting veloatyntactor anglg= 36° and inlet
diameter, = 0.04 m, diameter of the central draft tuhg @.04 m, varying draft
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tube length, = H, - hy, height of the entrainment zong=h0.03 m. It is observed the
great stability of beds of moist sawdust (up to%t50) and that system stability
decreases as solid moisture increases.
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Figure 4. Operation map for a sawdust fraction afiple size between 1.0 and 2.0
mm. y= 36°, Q= 0.04 m. a) at the equilibrium moisture; b) at staie of

50 wt %. ¢= 0.04 m, §= H, -

hg, hg= 0.03 m.

In Figure 5 the experimental values of the minimgpouting velocity for the spouted
bed regime with the humidity have been plottedtkis. sawdust humidity for a bed
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consisting of moist sawdust fraction (with a
wt % 50) of particle size between 1.0 and 2.0
mm, for the contactor angle of= 45°,
contactor inlet diameter  0.04 m, for
different values of stagnant bed heigh=H
0.10, 0.15, 0.18 m, diameter of the central
draft tube g= 0.04 m, varying draft tube
length, = H, - hy. The draft tube is located
at a distance from the contactor base h
0.03 m. As it is observed in Figure 5, as
sawdust humidity is increased the minimum
spouting velocity increases and this effect is
more important as the stagnant bed height is
lower.

Figure 5. Minimum spouting velocity for a moist ghwt fraction (up to wt % 50) of
particle size between 1.0 and 2.0 nym.45°, = 0.04 m, H= 0.10, 0.15,
0.18 m, ¢= 0.04 m, }= H, - hy, hy= 0.03 m.
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4. Conclusions

The good behaviour of conical spouted beds provigdigd internal devices for the
drying of biomass wastes coming from activitiesatedl to wood manufacturing
(sawmills, carpentries, furniture factories andap has been proven.

The general hydrodynamics of sawdust in conicatamiors is peculiar and different
from the hydrodynamics of granular materials andlass spheres. The pressure drop
obtained for beds consisting of moist sawdust haerasharp peak value and there is
a great hysteresis in the evolution of the presduwp with the velocity.

The great stability of beds of moist sawdust shidvesapplicability of the spouting
regime for drying of biomass wastes in conical $pdubeds with a draft tube
operation maps and that system stability decreasesolid moisture increases. The
minimum spouting velocity increases as sawdust Hilynstagnant bed height are
increased.

5. Nomenclature

Dy: upper diameter of the stagnant bed, m

D, Di, Do: diameter of the column, of the bed base, and oinlle respectively, m

dy: particle diameter, m

Hc, Ho: heights of the conical section, and of the staghedt respectively, m

de, dg; base diameter of the conical cap and diameteneofitaft tube, respectively,
m.

he, hg,: distance from the bottom of the contactor to liheer end of the cap and
from the bottom of the contactor to the lower ehthe draft tube, respectively, m.
lg,: length of the draft tube, m.

u, Uns velocity and minimum spouting velocity of the gesspectively, m's

Greek Letters

€o- Voidage of the static bed

@ sphericity

y. angle of the contactor, deg

Yc: angle of the conical cap, deg

ps density of the gas and of the solid, kg m

AP: Pressure drop, kg-fhs 2.
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