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Abstract: Problem statement: In Part | of this research, the main features effthidization behavior
and characteristic velocities had been reporfegdproach: In the present research, the mixtures
characteristic velocity profiles for various sandes, palm shell sizes and weight percents were
presented. It was recognized that there are instamtere the characteristic values remain nearly
unchanged from its pure sand values. This regimearfstant values can be observed in both
compartments and can be established dependingedneth properties. The term “Critical loading” is
then selected to define the maximum palm shellatinfsize and weight percent) that can be present
in the mixtures where the characteristic velocitemain absolutely of pure sand valugssults: The
critical loading increases with the increase ofdsaize but decreases with the increase of palm shel
size. Moreover, it can be observed that the ctificading generally decreases with the increase in
particle size ratio, although exception is sightethe combustor for the mixture with the largestd
size. Overall, the largest sand size has the highi¢igal loading. Meanwhile, the selected cortielas

are able to describe the qualitative variationhia tharacteristic velocities. However, quantitdyive
these correlations are unsatisfactory as they aitbhere over-estimate or under-estimate.
Conclusion/Recommendations. It is desirable to establish the regime of critieading since the
mixture characteristic velocities can be pre-debeech using bed material properties made up from
pure sand (inert) values. Within this regime, agnoperational velocity can be set for respective
compartment that is independent from variation alfrpshell size and weight percent in the mixtures
(especially during combustion or gasification). itblitely, the state of fluidization (e.g., bubbling
vigorously fluidized) and mixing/segregation coratit that depend on relative magnitude of
operational and characteristic velocities can leatified and maintained.
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INTRODUCTION provide insights on the fluidization mechanism amel
mixing/segregation tendency. Some interesting works
Palm shell cannot be fluidized solely. It is are given in (Cholet al., 2009b; 2007; Fauzia¢t al.,
considered as Geldart D particle, a classificaion 2008) on hydrodynamic studies of sand-palm shell
spouting material. However, the addition of a selcon mixtures. Interested readers are encouraged to tefe
fluidizable material (sand) in palm shell can faaie  them.
proper fluidization. In Part | of this research (Rlet al., The present study reports the characteristic igloc
2009a), the main features of the fluidization betvav  profiles for various sand sizes, palm shell sizeswaeight
and characteristic velocities using sand-palm shelpercent in the mixtures and in different compartisen
mixtures were examined with respect to different be As described later, it is recognized that there smme
properties. Their distinct patterns and furtherlgsia  instances where the mixturespUand Us values
on the various characteristic velocity relationship remain nearly unchanged from its pure sandesl
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Fig. 1: Experimental setup (1) compressor; (2) drye
(3) pressure regulator; (4) rotameter; 5: plenum;
(6) perforated distributor; (7) combustor; (8)
gasifier; (9) manometer (Chakal., 2009a)

This regime of constant }J and U; values can be
observed in both compartments and can be estatblishe
depending on the bed properties.

It is desirable to establish this regime for each
compartment since the mixture characteristic vékgi
can be pre-determined using the bed material ptieger
made up from entirely pure sand (inert) values.hiltit
this regime, a single operational velocity can eefsr
the respective compartment based on the pure sarfdg. 2: Isometric view of CFBG (Chadt al., 2009a)
value and is independent from the variation ofgghbm
shell size and weight percent in the mixtures (eislg ~ Table 1: Palm shell and sand properties

during combustion or gasification). Ultimately, thiate  Properties Palm shell Sand

of fluidization (e.g., bubbling or vigorously fluiged)  Particle size/sieved range (mm)  1.77/(+1.18-2.36) 196

and the condition of mixing/segregation in each ?igﬁgi?gg;g; 8%‘7&

compartment, that depend on the relative magnitide 11.75/(+9.50-14.00) 0.395

the operational and characteristic velocities can b Density (kg nt) 1,500 2.700

identified and maintained. Therefore, it is of drea Moisture (Wt%) 8-10% -

advantage to determine this regime for each/Veight percent (wt%) 2, 5, 10 and15%

compartment and the term “critical loading” is stdel.

Meanwhile, various published JJ and U RESULTS
correlations are tested and compared with the
experimental values. Characteristic velocity profiles: Figure 3 shows the
U and U profiles in the combustor at various palm

MATERIALSAND METHODS shell sizes and weight percent with finestdsah

196 um. For the smallest size palm shell of +1.18-

As the apparatus for this study is the same a2.36 mm, both the \J and U;values remain unchanged
described in (Choket al., 2009a), only a brief from the values of pure sand as in (Cleoll., 2009a).
description is included here. A schematic of theSimilarly, for medium size palm shell of 38:
experimental setup is illustrated in Fig. 1. Th&ddtow  4.75 mm, these values remain constant except at 15
model as shown in Fig. 2 has a 0.66 ID and is éibid wt%. With larger palm shell size of +4.75-9.50 nthe
into 2 compartments i.e. combustor and gasifiey ab characteristic value changes at 5-10 wt% but farthe
vertical wall in 2:1 cross-sectional area ratio.eTh increase of palm shell leads to severe channelihis
effective diameters, Dare computed as 25.7 and 41.3channeling condition is also observed for the large
cm for gasifier and combustor respectively (Clebkl., palm shell size of +9.50-14.00 mm where the
2009a). characteristic velocities increase with the inceca$

The experiments were carried out in both of thepalm shell wt% only up to 5wt%. Settlement of palm
compartments at 0.4 m static bed height. Large amou shell “chunks” are observed at higher weight percen
of bed material is used, i.e., 77 and 101 kg rasmd¢.  for palm shell of >4.75 mm even at the maximum
4 different types of sand and palm shell sizes areapacity of air flow rate (10 times,Jof pure sand).
selected as the bed materials. The physical piepest  Consequently, data that are not shown are due do po
the sand and palm shell are given in Table 1. fluidization.
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Fig. 4a and b: Lk and U in the combustor; sand of Fig. 6a and b: L and U in the combustor; sand of
272 um and palm shell of various sizes 341um and palm shell of various sizes
and weight percent and weight percent

Figure 4a and 5a indicate thenUvalues for T e
gasifier and combustor at various palm shell sined L 026
wt% with river sand of 278m. f DS o] A
The Uysvalues remain unchanged in the combustoi : v 0.141 A
for palm shell size <4.75 mm. Although similarly is = ;| i [ " A
found in the gasifier, the }J increases at palm shell of cicd @ & E‘ 0141 g b D E
+2.36-4.75 mm at 15 wt%. The,Wincreases ar10 ool I S ¢
and =5 wt% for palm shell of +4.75-9.50 and +9.50- '
14.00 mm respectively in the combustor. However, ir  °; ; e 5 IR
the gasifier, the effect of palm shell of +4.75@&nd Pl Sh?; l) %) Palm she(li) ()‘-.A-tm

+9.50-14.00 mm to the }is noticeable at 15 wt% and
>5 wt% respectively.
The Fig. 4b and 5b indicate theyWalues for

gasifier and combustor using the same river samd an
palm shell composition. For palm shell size <4.75
mm, the UY; values in both compartments remain

Fig. 7a and b: Lk and U; in the gasifier; sand B341

pm and palm shell of various sizes and

weight percent

Figure 6a and 7a indicate the,Uvalues for

nearly unchanged except palm shell of +2.36-4.75 mneombustor and gasifier at various palm shell sied
at 15 wt% in the gasifier. For palm shell size df#-  wt% with larger sand of 34im. No changes in the |/
9.50 mm, U values for gasifier and combustor begin tofor palm shell size <9.50 mm in the combustor, pkce
show upward trends atL0 wt%. for palm shell of +4.75-9.50 mm at 15 wt%. Thisntte
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is also similarly observed in the gasifieyt with
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As shown in Fig. 8a, the .\J values in the

significant U,; increase for palm shell of 2.36-4.75 and combustor are relatively constant for all palm bhel
+4.75-9.50 mm at 15 wt%. In addition, for palm $hel sizes at<5 wt%. However, slight decrease in the;U
>9.50 mm, a2 wt%, increase of |} was observed in values are observed for palm shell sizes®650 mm at
both compartments.
Figure 6b and 7b above indicate thg \hlues for
combustor and gasifier at various palm shell seed
wt% with quartz sand of 34dm. No changes in the J
for palm shell size <4.75 mm in the combustor. &mi
trend is also obtained in the gasifier except éceable
Uy increase for palm shell of +2.36-4.75 mm at 15

wit%.

For palm shell of +4.75-9.50 mm in the

combustor, there is a marginalsihcrease at 15 wt%.
A steep increase in Mis observed in the gasifier for
palm shell of +4.75-9.50 mm &t10 wt%. For palm

shell of +9.50-14.00 mm, incremental inR; Walues are

observed a2 wt%.
Figure 8 and 9 indicate theJand U; values for
combustor and gasifier at various palm shell sined
wt% with quartz sand of 395m.
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>10 wt%. For the largest palm shell size of +9.50004
mm, the Uy values remain unchanged. Similarly, in
Fig. 8b, the U values in the combustor remain nearly
unchanged for all palm shell sizes<atwt%. However,
slight decrease in theUalues at 10 wt% is noticeable
for palm shell of +1.18-2.36 mm and +4.75-9.50 mm.
For the largest palm shell size of +9.50-14.00 rima,
Uy values remain unchanged up to 10 wt% and
decreases at 15 wt%.

In Fig. 9a, the ) values for palm shell of
<4.75mm remains fairly constant up to 15 wt% in the
gasifier. However, for palm shell size ®4.75 mm, at
>10 wt%, increase of \J values are observed.
Similarly found in Fig. 9b, the Wvalues for palm shell
of £4.75 mm remains constant in the gasifier. For palm
shell size=4.75 mm, at=10 wt%, increase of Jwas
observed.

Critical loading: Based on all the characteristic
velocity profiles shown in Fig. 3-9, it is recoged that
there are some instances where the mixturgsadd

U, values remain nearly unchanged from its pure sand
values. Therefore, it is of great advantage tordete

this regime for each compartment and the termitedit
loading” is selected. “Critical loading” is defindtere

as the maximum palm shell content (size and weight
percent) that can be present in the sand where the
mixtures Uy and U values remain absolutely of pure
sand values. These values (of pure sand and mjxture
are considered identical when the respective
characteristic velocities variations between thel be
materials are withint15%. Table 2 and 3 show the

Fig. 8a and b: i and in the combustor; sand of . . ;
9 3‘;"5 ufd | hell of vari . critical loading for Uy and U in the combustor and
o L\:vn;igr?t p%?crgn? Ell o various SIzes yasifier respectively.
Table 2: Critical loading fory and y: in the combustor
0.30 016 Palm shell size (mm)
02 —~ A=2759.50 mm Sand size +1.18-2.36  +2.36-4.75  +4.75-9.50  +9.50014
~ g 017 e 00mm (um) Palm shell weight percent (wt%)k¥(Uer)
g 0mq TE 196 15/(15) 10/(5) 2/(2) 2/(0)
= Zon - 272 15/(15) 15/(10) 5/(5) 2/(0)
= 018 5 8 A 341 15/(15) 15/(10) 10/(5) 2/(2)
N g2 o B 395 15/(15) 15/(15) 15/(15) 15/(10)
0144 a 0.10 7
a é g i Table 3: Critical loading fory and u¢ in the gasifier
0.10 ' - + 08 ; Palm shell size (mm)
2 0 5 10 15
Palm shell {(wt%) Palm shell (wt%%) .
@ (b) Sand size +1.18-2.36  +2.36-4.75 +4.75-9.50 +9.50aL4
(um) Palm shell weight percent (Wt%)m/(Uer)
. ] . _— 196 - - - -
Fig. 9a and b: Lk and U in the gasmer,. sand.of 395 575 15/(15) 10/(10) 10/(5) 2/(0)
pm and palm shell of various sizes and 341 15/(15) 10/(10) 10/(5) 2/(0)
weight percent 395 15/(15) 15/(15) 10/(10) 5/(5)
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In both Table 2 and 3, it can be seen that for théJ.; and U values comparison with correlations:
smallest palm shell size of +1.18-2.36 mm, up to 15The Uy and U; values for sand/palm shell mixtures
wt% can be present in the mixture with any sandssiz determined using the common methods for multi-
without resulting significant changes in the mietur components system allow comparative studies to be
characteristic velocities from the pure sand values ~ carried out from the various published correlations

In addition, the critical loading increases wittet Three different binary correlations namely
increase of sand size but decreases with the iseren  Mourad et al. (1994); Goosenset al. (1971) and
palm shell size. Meanwhile, the critical loading the ~ honglimp et al. (1984) are selected for comparison

U.. is alwavs equal or larger than the \dlue in both vv_ith experimenta_l W values. In addition, 4 different
mf 1S aWways equ g & Ve | nary  correlations namely Nodat al. (1986);

of the compartmgnts. Ovt_e_rall, the_ Iarggst sand SiZ%authieret al. (1999) and Raet al. (2001) are selected
(395um) has the highest critical loadings in both of thefor comparison with experimental JUvalues. These

characteristic velocities. o . : .
! . . researchers also utilized similar bed material

Fig. 10 and 11 show the critical loading as agng/or Geldart classification. The characterisgdrﬂgz
function of particle size ratio (palm shell/sand)the o mixtures within the critical loading are notloded
combustor and gasifier respectively. The area béfew  gjnce the mixtures W and W remain unchanged from
lines and bounded by the horizontal axis reprei@at the pure sand values.
regime of the critical loading at various mixturees In Fig. 12, it can be seen that all thg; dorrelations
and composition. Generally, it can be observedtti@at generally are able to describe the qualitativeatian in
critical loading decreases with the increase irtiglar  the sand-palm shell binary mixtures, i.e., theaations
size ratio i.e., in the trend of reducing. Howewhe are able to show the increasing or decreasing sresth
formations of intermediate peaks occur in therespect to different sand-palm shell composition.
combustor as shown in Fig. 10 for the mixture withHowever, as shown in Fig. 13, quantitatively, most
sand of 39m. This is due to the increased in particlescorrelations are unsatisfactory as they are eitver-
mixing as described earlier (Refer to Ratio Qf/l,)  €stimate or under-estimate these values.

as observed in the larger compartment. In additios, o~ _

critical loading line for the Lk always lie on or above 054 UmtDe(15) _ o
sif.
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Similar found in Fig. 14 and 15, all the4U
correlations generally shows the qualitative U
variation for the sand-palm shell binary mixturegt b
unable to give satisfactory prediction. The restriom
the various comparisons made on the existipganhd
Uy correlations at different palm shell and sand
mixtures clearly show that significant deviation
exceedingt35% from experimental values.

DISCUSSION

Consequently, higher superficial velocities
necessary to fluidize the bed mixtures especiéllyare
is any formation of palm shell “chunks” that is
enhanced by the present of larger palm shell sk a
weight percent.

To the contrary, when utilizing large sand paeticl
in the mixture, although greater superficial vetpds
required as compared to smaller sand size in daler
establish fluidization when palm shell is smallesizes
or weight percent, the tendency for segregatiooctur
reduces when the resulting particle size ratiocoiser
due to the greater contribution of particle-paeticl
collision (Choket al., 2009b). In addition, the critical
loading increases allowing greater proportion offrpa
shell in all sizes to be present in the mixturehwitt
any significant increase of the mixture charactieris
velocities from the pure sand value. This conditiam
be established in both compartments.

are

CONCLUSION

Taking into account all of the \Jand U values at
different palm shell and sand mixtures and fittilty
these curves to a single mathematical equation is
seemingly impractical. Although for a specific palm
shell size and sand, Jand U; can be fitted into an
equation but no correct equation and model whiah ca
correlate all of the data that have been found fhus
Direct utilizing of the experimental values for the
operation of sand-palm shell in fluidized bed is
essential. Alternatively, identifying the criticklading
for this mixture provides a convenient yet robysitem
where its operational velocity can be pre-deterghine
using bed material properties made up from entirely
pure sand (inert) values.
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