unAALe

'
=2 =}

o a o s ' P} 9
ﬂmaﬂnmz‘ﬂN‘V\Ig@llmcwummauﬂmmamﬁwﬂqn 3] "lﬂﬂﬂﬁﬂBHWfJﬁlIEJ'IEJ"UE]’]JL"lMﬂ’J'mL"lIﬂ%"’llﬂﬂwa"ll’f]\iﬂﬁ

£

y 1 Y 3 £4
ﬂ5$ﬂ1ﬂﬁuu1ﬂ'ﬂuﬂWﬂlliwWﬁsll'ﬂﬂ@léﬂ1ﬂﬁ$1§ﬂﬂﬂﬂﬂﬂi§ﬂ1ﬂﬁﬁﬂ1ﬁﬂ5$ﬂ1ﬂmu1ﬂ@1\1qﬂu ﬂ"liﬁﬂll"luu]lﬂ

=

g Ay 1A Ay 1 g 3 A a T
ﬂi@ﬂﬂqu@HﬂWﬂﬂNﬂﬂNLWQV]“NNEWEH uae E]Hﬂ"lﬂ‘ﬂIlﬂJHJuVI‘NﬂmJL!"’lNWZJEWEH ?l‘ﬁﬂTﬁ’lﬂﬂEN'V]GlG]fhlmLﬂ

a o a o ' s '3 J 4
mamamﬂqa‘lmwuuazﬁvjaa”lmcwu AIUNITNAADY  1-2187 LAy 2-31mmﬂﬂaauaﬂﬁ%gni%’zﬁa

v @ o I @ a a
ﬂ?iﬁﬂﬂ?ﬂmﬁﬂﬂmgﬂ'ﬁﬂlﬂ?ﬂ@n ag LHJ‘]Jﬁ'l']f;]ﬂﬂlUﬂﬂ@aLLaﬂﬁﬁQﬂW@lu’]Iﬂﬂ L%ﬂgm"l%mmzmmmu 13l

2

o

Y A > 9 7 s s &
f.71. 2005 i]zgﬂcl%m’f]ﬂﬁLlﬂiN’GWIgﬂ(ﬂﬂ\imﬂﬂiW\|ﬂ'l§ﬂﬂml,aﬂﬁ"llﬂﬁﬂﬁ‘1/lﬂﬂﬂ\11-’JTﬂ’J ag 2-71a1 G]f\ii]&”ﬂﬂﬁ

A ; V3

1 CZ ] o a 4] ~ =1
Tanngndesuesnmantidveuaiuiazyafmgavesmsnaoanias INHANITNAABINYNADILINIZ
o o [ o a [ a [
awsnih lunadeuanugndesesnnuduiusmangui lumsesueguanvazmalgd lawdu A

v o o A e ~ o v A = o a o v
PnABIVRIANANRUTNIRdIAmAAS 1] wiinnwdwgilefnunuanyuznialgd lawduTasns 19
- ¢ Jo oy v ¢ o ¢ o & A A
Aoufiumes wonnnidelduanimslilseTeminnuuuiassuaneanatduvudy Taadusesiiauly
iiveyanazde ldn)seunnineninns 14 Collapsing bed differential pressure drop profile 3 WA ULDVTIAB

J dyw [ A 1 L4 =

waneanald lumsiidalduaannuaeandesimiluededszniamsnensainnngujuazranisnaasa

@ a o J 1 an 3 A 1= ) o
AuANEUZN1Ngd laduvesoymAamanIsnngy 1o veseymAvea lantinsanauuded lidgngudmsy
BUMANTMINTLNOVIALLULAVTANHULIFUALVDWVVTTTUMA  MIAueumnazidoaaslusymiam

4 1 A as = A 1 2
aminngy 1o NIMINTENEVIALLUITNTALNaissmMsaavamaseunauaz lugaauiasumz lag
1 va A a 4 1 d'c! 1A @
AefuavlAveuuaiiazige ladiua  daeymaniimsnszaevwauuylulusea wuhiinsnadives

dadIuv0T09919 (Voidage, €) W09 € . € uaz €, waznueynnaziden lulinasedadmuso9919

d(Inf)

v X o 9 Yo 1 o 3y O o & a Y
gnNIU gmf ﬁdﬁd%ﬂWﬁﬂﬁ’Jumiﬁufnﬂmﬁummﬂ (gmb/gmf) q@%ullil’ﬂﬂﬁ'ﬁllEJTE]G]TUENL“]J@‘Huﬁ]iﬁ‘]uﬁ]aﬂﬂ\‘l

=

s 1 g < o a
mgmﬂ"l@azmeﬂww”lmﬂummamwwgwqu NUNTNTENWWUVUIALUVUAVLASLUUU DI TUB AT A
Y 1

npAnssuvesguaniamsimz  duiveymanimsnszaneduuy luTuaeaduassuinoynialaozaon

an 1 =| J ~ 1 g < A
‘lmﬁuazaqmﬂnaaiawu Lﬂaﬂ'l;ﬂﬂqu U WU’JWE]léﬂ']ﬂllﬂﬂ&’ﬁﬂiJvliJﬁﬂlliJ!ﬂu‘ﬂiﬁﬂﬁlJLHNiJng‘u nung
NILNBVIAUVULAVLAZHVUFITNNANAUANTAVDUUALL 1AZANANHULNTVEIBAINANIINVDIDYNIA
an 3 A 2 o Y a wa Y ] o @
‘U@aTamumqﬂamwm“lm;wqu IﬂﬂﬁﬁﬂLLﬁ’JLﬂﬂﬁ]”lﬂﬂﬂ!ﬁll‘U@W]NﬂWfJﬂ”lW"lﬂ!,mﬂ’Nll‘HuHLu‘L! amsTy

d’d @ wva A n 9 1 Y d‘ d' 1 wvAa
ﬂlgﬂWﬂTlllﬂTiﬂiZﬁ]”lEJG]’JLLU‘]JM],‘UTJJﬂ’E)a ﬂmﬁumﬂummﬂuﬂu"lsamg‘uumumqm%mxmnamﬁwmm

1 J Y 1A nsf

mgmmmazﬂmﬂixﬂﬂu UBNINHMIN19D4 Differential pressure drop profile WUINUNITUINTUVDIDYNIA

v '
o 1 . . Y o [ 1 @
Yu Taga 505z Aurieues Inversion velocity IadmsuNnaduHaNvetoyMIARLmInszaeamuy 1y

Tusaoa

a o a o 3 1 @ T A 3 o a
msoueguanyuzigd lawdunangsf luauildunanuduaandonluwais anwsdgavesmaiia
gd lawdu nsmlguanbuy €, uaz U, nazgadmigaveamsiianesie nauad g lumsesuenudnyay

1 dy 1 % 1 A ) v o o an < A
wiari ldun dumsvewssain Fmunaumsvewsiani lddmsudmsueyninvealaniinsinauuien

1t ' Hq Yo Aq Yo sy 1 3 a o Ao '
Tifigngu  awondldnuildnueymalaezaoulunn liflunsainasudadigngu  Aulsilinadeniy

¥ A

£ 4
uanaeie adeg1ls1e uazauiiaunsSuiiaues Revised Ergun 11ag Khan and Richardson l@gniausiu



Zhang and Brandani stability criterion ldgn1#iiiossusgadigavesmainaresie uazaumsilsznou voq
Stability criterion l@uAauMIVeILTIAIN AT AUMT Characteristic length nuNAs IFaumMsusIaniaany
4 g i '
YoIeYMANITDITTUY H3e hiunlsiasanlfaumsuseani lun s 1ddueymaniidledezsaieiu
' 2 @ .o IS a = o A Y 1 o '
IFUREINUANNS  Characteristic length  HmsNsandawavesdnlsous laun fadegilse nazanu

NUMUUYDIBYNIA UONIIN E_and € .

fhihf?]lﬂ]u: Wgﬁ'lmm%u NTVIIYAD NITNTLAPVUIALVLLAY NITNTLIGVUIALVUFTITUFIA NTNTLYVUIA
J
LL'U‘]JTUIM@E]@ ’f]igﬂ'lﬂﬂﬁil%ﬂﬂ waneauadd aumIveLsain Zhang and Brandani stability criterion L8

characteristic length



ABSTRACT

The fluidization characteristics of Geldart’s Group A powder was experimentally studied to extend the level of
understanding in an effect of size distribution and a performance of fine size cut on different types of size
distribution. The study was carried out to cover both sphere rigid non-porous powders and non-sphere rigid porous
powders. Experimental methods employed were fluidization and defluidization experiments. For a study of bed
expansion characteristics, 1-valve and 2-valve bed collapse experiments were used and the bed collapse model,
developed by Cherntongchai and Brandani, 2005, were implemented for a correct 1-valve and 2-valve bed
collapse curve interpretation. As a result, the unambiguous dense phase properties, as well as minimum bubbling
point, could be achieved. The experimental results will, then, be used to validate the theoretical correlations for the
description of the fluidization characteristics. The validity of the correlations will come to term when the
fluidization characteristics are investigated computationally. In addition, the full utilization of the bed collapse
model was highlighted. It was come into one’s attention that there are much more information and advantages
from the use of the collapsing bed differential pressure drop profile in coupling with the bed collapse model. An

excellent agreement between the model prediction and the experimental results was approved.

The fluidization characteristics of a Geldart,s group A sphere rigid non-porous ballotini powder with narrow size
cut and natural size distribution were proved to perform in a similar manner. The addition of fine size cut to
Geldart’s group A natural size distribution powders only causes the reduction in average particle size and has no
particular effect on the fixed bed and fluidized bed properties. For bimodal size distribution, the voidage

contraction of € , €  and & was found. It was found also that the fine size cut has no effect on these

d(Inf)
characteristic voidage, apart from € . This results in a higher the degree of homogeneous expansion (€ /€ )

expansion ratio, even though the bed expansion itself is not in fact larger.

The non-sphere rigid porous diatomite powder of narrow size cut and natural size distribution performed a
cohesive property. Then, the bimodal size distribution powders were prepared from the mixture of the diatomite
porous powder and the Geldart’s groups B sphere rigid non-porous powder. The non-sphere rigid porous diatomite
powders of the narrow size cut and the natural size distribution have the different fixed bed properties and the
expansion characteristic from those of the sphere rigid non-porous ballotini powder, due mainly a different in
physical property e.g. a particle density. For the bimodal size distribution diatomite powder, the fixed bed
properties were not on the linear line connecting the properties of the individual component. According to the
vertical differential pressure drop profile, particle segregation and the inversion velocity for all types of bimodal

mixtures could be identified.

Theoretical description of the fluidization characteristics studied in this work are the fixed bed pressure drop, the
minimum fluidization velocity, €; and U, characteristic curves and the minimum bubbling point. The key factor

on describing these characteristics is the drag force correlation. It was suggested that the different drag force



correlation for the sphere rigid non-porous ballotini powder should be implemented to describe the fluidization
characteristic of the non-sphere rigid non-porous diatomite powder. The factor that comes into effect could be the
shape factor and the modified revised Ergun equation and Khan and Richardson correlation were proposed. Zhang
and Brandani stability criterion was used to describe the minimum bubbling point. The constitutive correlations
which are the drag force correlation and the characteristic length correlation were considered for the two systems
of powders. It was suggested that the different drag force correlation should be applied for the two powders or else
the general drag force correlation for the powder of different shape factor should be considered. As well as the
characteristic length correlation, other parameters such as the shape factor and/or density should bed added apart

fromE .and € .

KEYWORDS: fluidization, expansion, narrow size cut, natural size distribution, bimodal size distribution, fine

size cut , bed collapse, drag force correlation, Zhang and Brandani stability criterion and characteristic length
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