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Abstract

This project was to study of air distributor on swirling fluidized hydrodynamic

characteristics in a conical biomass-solid bed.

Characteristics of fluidization in  ‘cold’ air-sand conical beds has three
distributors used to experimental, the first has thickness of 1.5.cm and a circular hole
inclination of 45 degrees. Hole is circular stacked 4 layers. The second characteristics of
a cylindrical high 3 cm. Hole is cylinder stacked 2 layers. The last is-annular spiral
distributors consisted of 12 blades with 15 degree to horizontal axis were used as swirl
generator. Effect of the bed properties: sand particles size ( of 300-1180um ) bed
height ( of 5-15 cm ) and biomass ( of straw ) were focus of this study. In addition to
these effect, the behavior and hydrodynamic characteristics of ‘biomass-sand mixture
flow in a conical swirling fluidized bed combustion also were aimed of this project. For
particular operating condition, the pressure drop across the bed (Ap) was measured
versus superficial velocity at lower bed basic (u). The Ap-u diagrams were compared
between the same static bed height with different particle size and mass fraction have
Ap difference at the same speed. Five hydrodynamic regimes of the bed behavior are
found: Fix bed, partially fluidized bed, fully fluidized bed, fully fluidized bed, fully

fluidized with partial swirling and fully swirling fluidized bed regimes.
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h = AugIveesivalu U-tube manometer, cm

M, = vhmifnvaaus, kg

Ap = AMUAUANATBULUA, kPa

DPpax = AUAUANATBULUAZIGA (Bubbling), kPa
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Jle = AMIMUALULYeeameluvie, ke/m

IONWIED :

BFB = angdladiuauuuneseinie (Bubbling fluidized-bed)
£FE- = m'sﬂgﬁ"lmél,umuuum{uﬁau (Circulating fluidized-bed)
BFBC = wvigBladiuauuunesenia (Bubbling)

CFBC wmgdladiuauuuvyuieu (Circulating)
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VEBC = wgBladiuauuuasiing (Vortexing)
SFBC = wmgdladiunuuumyuiu (Swirling)
WVrec=  inmigdladiuauuuleleay
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2.1.1 Vortexing fluidized-bed combustors (VFBC) [9]
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2.1.2 Swirling fluidized-bed combustor (SFBC)[10]
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2.2.3 Cyclonic fluidized-bed combustor (W -FBO)[11]
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2.2 mMidavuIavyayn1nvad Geldart [12]
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UM 2.4 msdavnavaiouniaves Geldart [12]

' v 1 - o - i o o i\ e
nau € Usznaumeeunaduivuimanazideauazanumuiuiusiiige [Wunguniuse
Bamzsevineyniags Juimtudneay channeling (fygui 2.3 ¢)
1 L] 13 1 1 J’ o ¥ a b @
nau A fleymalvgindingu C aymalunguiiaunsovinliidaniswagdladlaieuandu
o as ] d e o s . = < i
mi3lwauuusiuludnsuiavesainiaiie (smooth fluidization) Al wtiaveeINegani
° o0V a - i . 2 ) i '
PG gARviTlARN1sIMAB URLUUNBIEINIE (Minimum Bubbling) Yaawuawauswiiutas
d 1 @ =
reamaiAfauiLuUNes N (Aagui 2.3 b)

l
-l o

nqu B \Junquitiidnvairadensie (Sand-lke particle) Tasunfudalunguill#iduian
walumvigdladiuatuunesaina annsadunaiungnssuveaosernaiiiaduls
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2.3 Wgdlawdu (Fluidization) [14]
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| : Fixed-bed regime
Il : Partially fluidized-bed regime
Il : Fully fluidized-bed regime with
partial swirl motion
AP, IV : Fully swirling fluidized-bed regime

v R

|
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|
1
|

Pressure drop across the bed

i
I
I
|
|
|
Y
u

msf

I

|
Yy
umf umff

Superficial velocity

JUT 2.6 nymimmduiusserinmiiuiuanasatuafen I IME LIS IBE 1A

vasnangdladuuumuuiu [10)

V) Fasvigdladuvumyuaulaeasysal
I § = o o - 1
lughtioummunlag 5 3uiin SATEUALUUMNUTIY 11 USU,L¢ ATINTUYBINS TR
WntY (d(ap)/u>0) leeninauiiduvisigiigeniailnsidendiuaiavsinsas n1smyuiu
& Muve o o alr = ' ol a ) v v
vasumvsiiuladadienmnda u dAwndu wirnudmnnduldmalionmadilulussuy

nswn lmifuafiuaudwduiiliiatigmeinadauiu [19)

- e ' J i o
2.5 dndwadeqndinaneanvuzngInwaAiEns

2.5.1 svigwaveuunsie (Effect of cone angle, €X) [16]
o ' @ e f ' ar ' 1 & o
FUN 2.7 ULaainuuannueensiauduius senINauRuAnNATauUARBaAI SN

l @ ! [ = ar o
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I
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o o o ' i “ i 1" ’ d
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1 ol -l 1 -. J i ﬂ" 4 IJ L] ar '
wAnA 19U 1A8 AP HANRNTURNBIAYINSI8TININTY WiaauSWidud1ge1nA
' ° =3 L4 -l o e
wnnimnuiiiigavesnngdladanysel (usu.) Ayunsie 20°azadiefudnuaiznis

vigdladuuu Slugging i 40° ALY Bubbling wazit 60° A& BLUY Spouting
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5000 H,=0.195m
[+ 3
4000 - —y— 20°
1—e—40°
3000 - —m—60°

u,(m/s)
UM 2.7 avdnanaaunissienisvgslad(16]

2.5.2 dvowaveenugaun (Effect of static bed height,BH) [16]

AVIFIUAAINAABENBENNGNNAATERS Tmsmmqqmﬂﬂﬁuﬁuﬁﬂﬁ Upnf WA Py 3
ANAUTY (39909 Unye UaE Py (RRTL) JUTl 2.8 Wushathanrmgaueiissdvaeglasldis
598 20° walUAvLIR 1.81x10° m wm’wﬁmﬂqq 0.3m A Prr WINAT LUAG 0.165 m

SLRRLi [ o]

4 a=20"
4000+ H,
~A—0.165m
—~—0.195m
—v—0.230m
—F—0.275m
| —=— 0.300m
®

E

8 10

u QO( m/s)
JUT 2.8 avdnavesnuguUaiantgdlag(15]
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2.5.3 avswaresvuneunia (Effect of sand particle size,d,) [6]

= o a
JUA 2.9 uanwansinwidnyusnisgnanamanivasniswgsladluiuamsensae Tugd

(a),

300-500 um (b), 500-600 um (c) war850-1180 um (d) muanu lasendlae1991NN1598

] at . a J 1
oA uiTeINAkuUluie wariiluags 30 cm  WisuWisusEwitauayue 300-500

pm Wag 500-600 pm (gdﬁ 2.9b-2.9¢) wuq"m*nmfhﬂ'ﬁﬂqﬁ‘lﬂéﬁma (Up) TAMUUANAIITY

Tneiilunruin 300-500 MM Uyt aajﬁ 0.6 m/s YaUEALUATUIA 500-600 PM Uy a;jﬁ 0.8 m/s

2.5.4 dvswarewivnwen# (Effect of air distributors) [6]
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9N 2 WU AB WUU 4 Wil (Four-nozzle) wazwuuluia (Annular spiral)

(a

Pressure drop (kPa)

Pressure drop (kPa)
(2]

)
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—e—BH=20 cm, Four-nozzie syslem
—a— BH=30 em, Four-nozzle system
—a— BH=40 cm, Four-nozzie system
o~ BH=20 cm. Annular sprral distributor
—a— BH=30 cm, Annular spiral distributor
—tr— BH=40 ¢m, Annular spiral distributo

Superficial velocity (m/s)

—e—BH=20 cm, Four-nozzie system
—a— BH=30 em, Four-nozzie system
—a—BH=40 cm, Fowr-nozzie system
—o— BH=20 cm, Annular spiral distributor

—0— BH=30 em, Annular spiral distributor g7
~—#— BH=40 cm, Annular spiral distributor
g

g-0—— 8"
——
el
P o

el i \

T T T

1 2 3
Superficial velocity (m/s)

Pressure drop (kPa)

Pressure drop (kPa)
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) ot ——e

1 2 3
Superficial velocity (m/s)

—— BH=20 cm, Four-nozzie system
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~a&— BH=40 cm, Four-nazzle m
—¢— BH=20 cm, Annular sp
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distributor
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b-O-L o— =
M;ﬁ Faay

-t —o ————®
.

GO~ O ==

T T

1 2 3
Superficial velocity (m/s)

d - oa L 1 ' 4
“J:lhfl 2.9 aNeNaTsIMIvIgaINIARBNI N Ap-u 'lﬂazunswaqLumwsqn*nam'umlmm

a) 180-300 pm b) 300-500 pm c) 500-600 um d) 850-1180 um (6]
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1.2
BH=40cm (a)
1.0
BH=20-40 cm (b)

0.8 -
T
2 06
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0.4 -
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0.2 4
\ BH=20 cm (a)
BH=20-40 cm (b)
0.0 1 T T T T
0 1 2 3 4 5
(757

U9 2.10 Tulunswansanuunnanveafidisemiaszning

a) Four-nozzle wav b) Annutar spiral {6]

fvunvuIn 300-1180 prh WAGS 20-40 cm warilypingag 40° wudnlutisueila uuu Four-
nozzle ' flmufunsiniiiannda dvasnisngdladiunuredn wut Aanular spiral il
AP i NP WINNTTIBET Ui/t WOBNIMUY Four-nozzle Trmvigsladiuauuuanysal
annular spiral Wigheiin319n91 four-nozzle (U U U/ U S U U ) ﬁ-&wn’rswqﬁlwﬁuquu

WTIweIMevIa2 e dwuiltuaututednsinaa ety
2.6 NIYUI (Swirling)

Binod Sreenivasan et al. [20] lgvimsfinsinmsmuusesuniiiadulumiwuy
swirling fluidized-bed TagliWadgeniauuy 60 Tu uudes 12° lusaeiiiudnsnisivaves
9INIARRET AT

1. Bubbling

2. Wave motion lutaausnidy sziinduiuaiun wavidussmplunudnuazyes
wn Tuziividiusiegilsey mm‘fuwmqumufnaﬁ'n-umaﬁ*zﬁuuam‘éumziquf‘iagiﬁa

o v < | o - ' < -
indoudilude wluhgadunegilidevanaaios aumeluludian



14

PR T . L o ' o & W G & =
3. Two-layer fluidization Tuduilazuuseeniuasstu Juvuiutuan fudnaninnis
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a04
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ANuRuAnAIaNluYIe swirling Tunastaeu

-

JUT 2.11 wanswaminaaeintsngdladiuanuunyuau lnaldiusfe pyc wsanau
YUIA 2.5 HadlRT Uay 3.5 dades Wisumgunluanin (M) 0.5 Alaniu was 1.5 Alandu
nuinhwinualinadensm Ap-u laezunsy innitauiaiua lasviiuaviin 0.5 Alany vy

I al GJ a o at ' ar =S ar
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2.7 guuuuvisrsa AN iian1suyu

2.7.1 w1 “Torbed”
4 o - v -
J.Shu,et al. (2000) [21] lAnwnSeam Torbed uillumsyniinnisldinada nasuen
tuayniavesuameielaliiisisameauuuluiia weniabiudiuasusyniauainns

Wadled Funndtgainmaninduanveamlasliwisiseinmea ylmiusdedidnvundu
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Tumiheiiadiumsun [20]

& o - - - v ' - a
vosudalngAnssunsiefeuniadavasiva Ssenialuiesjaunitgiianisianszatenisly
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wgdlad (raaudaautiuiduivilivesstsluneiinnisaseiiedwdaszauiumiloues

g o8V a aaa vealof o o q vV .a f w o
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Central

Toroidal bed
of particles

- Fixed blades
with gas jets
passing through

U 2.12 1 Torbed [21]
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wadildAaianisivaduuude (1) fixed-bed, (2) bubbling fluidization, (3) turbulent
fluidized-bed uay (4) fast fluidized-bed regimes v nn1smaassLvvlitinisenlnditium

= =

Torbed lagldiunfiognui exglivivunavuinasden wazerglivwuialug Suau 1 Alandy
wurimaigdladeande 0.5, 0.18 uaz 1.1 waskeTui muddu

2.7.2 szuuhingdean

Bandoet al. (20000 [22] IdvinmsAnwluFasmslvauasnisdiemamuiaulunis
wadladiuauuumyuiu wulfvewds-veuvas Ssveuvarillideh lnslisyuuaeniidalu
nsseveamauiteliiAnnismyuiu 3nguil 213 uandiiussasdennisesnuuuimity
nmigdladiun AAOAIUNITIIE woAnssuLardnvazvaimswgdladuuumuuieiisuiy
mingdladuuuunilaglvvuinveseynin 0.1 waz 0.2 faduwnsuarldmnugavasun 0.1 uay

4 4 N " i ar d.’ ' VvV ot -
0.2 wuns NAMUFIVBIUAAIY mnnam'ivmaaawmﬂaqmﬂ'lumua'wi]zanmwﬂauua’awmﬁ

NIV

A“:(_—l W @ Column

@ Sensor

‘ | @ Fluidized bed

Water

o ' | !
gﬂ'ﬂ il ﬂ’]'iﬂiaa‘lﬂiullu%l‘lu‘]utﬂ Unqi"a'lﬂ'ua\'“-“a'fluaquaq‘:

YaunluLuIduRE [22]
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2.7.3 syuuihivweinia 4 Wade

R.keawklum (2009) (6] ¥imsvaassnsvigdladuuumyuiuluamsngie lagldwdie
9IMALLY 4 il LafildlunisvaassAensiovuta 180-300, 300-500, 500-600 uaz 850-
1180 lulasuums funge 20, 30 uay 40 wuRALAT WuTNTsIvadail (1) Fixed-bed (2)
Partially fluidized-bed (3) Fully fluidized-bed (4) Fully swirling fluidized-bed gﬂﬁl 2.14
uanansAndegunsninismaass Tnsiandrudradugunsensasde uwarilyunsas 40 ° wan
duuudunsanszuenindudmuureanvsinsie daugs 1.5 was JUil 2.15 wansdnvy
WiiemALu 4 While augnavruvieauazgainiulaendesau(wind box) neugndioidn

gihvemaLuy 4 e

1

CYLINDRICAL ~
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N

WINDBOX

suppommc/
FRAME

| ]

J 1 al 1 ar
UM 2.15 whunmssuunsTgavasmiiseiin [6]
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2.7.4 vaswemawuuluia

Binod Sreenivasan et al. [20] Anwuavnaaeunisinauvunyuiuvesualagldwidng
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