PRl 7y E LR ¢ & 82F

LA L A 1
F,L ska:j}y:;.(mijf’afi)

S
HEYRF
H o7 HE =

DR 4 - Ee

DO s A

: NSC 95-2623-7-002-009-ET
:95#01 % 01l px96#03° 3R
SR e gl LR SR X S R e

D REET

b=
ok
kS
»
3
L

o= R R 96# 050 300P

ek SEE L



THEFATHELER € AR
TR RARENS TR IR SRR

% ¥ It '7]‘ it Bk 2. ’-jr;l“ i

U AR FE %
3+ % %%, : NSC95-2623-7-002-009-ET

HFYEHF95E 01 7 01 p 196 & 031 31p

*ERFL RSP UFERTE) ] HEES
| EERSEIES

FJL SR AR G TF R ~#&—ﬂﬁ “—:Hizm LABTAE
PECIEREE AL W TR A3

[ 2 _g}?ujg\‘ﬂ fo ?%Eﬁé_’fg ’
D_ _&D: = ’25’755?\;3

REEE W2 o~ FF1ag

4 =R 7] 96 £6 7 2



AP AP D 0.108m ~ F 5.76m >~ EpdEF F 1.5m gF < F e
MR T A RRASR AP THY AA RFMAGER

TG e B RS L RBR L PR R SRR
VG E R-RE A Gl B L BB A F R T I0R GR S
Kb R un BEAE R T AR F oz RS I

TR T PR R 0 B0 T R AR B B R O T e

\\\

R o
®q

OB S B AET Sf F A 6 i R b e

SRR AE 18 C 3P ERE R ELE 2 RN PR
SRR o R R AR B i 0 B A R R R ] 5
BB Sk U 2 Fininaic el ds o 2 F 0 R Y 3353 a5
1 EbAB D $03 i fE 0 B N Rt - BT ELpE %{Uk%&
BARP R  FHEEET U A2 mRE . L 4
T ORI S LB G B
AAEFABGRE GG B-BERFRAIGREEFF A ER

Z o ERMANY R B NI hyy fr hnao 7 P H EE &



F_&

U Ar U BEr R-AE R @ g g i o s o ¥ 7h

CRLRTE AR STSTE AR N S R REE 3 WES e s B

et

REBIFL DS A § LN L R-RET B G GET § TR RT

/F/J‘ai%‘ét o

II



Abstract

Superficial gas velocity at which transition occurred from bubbling to
turbulent fluidization was determined by measurement of pressure
fluctuations at various axial positions in a 0.108m 1i.d., 5.76m high
expanded-top fluidized bed. In addition, a thermal probe was installed at
the different axial positions to determine the wall-to-bed heat transfer
coefficient at different flow regimes. The method of statistical analysis of
pressure fluctuations was used to determine the transition velocity from
bubbling to turbulent flow regimes. On the other hand, the wall-to-bed

heat transfer coefficient at different flow regimes was also determined.

The results showed that pressure fluctuations became violent as the
gas velocity increased and the activity of bubbles intensified
progressively owing to the bubbles coalescence and quick formation
frequency of bubbles. When superficial gas velocity increased to U, the
pressure fluctuation was at maximum value, and bed became more
uniform. So U, was considered the onset of turbulent regime. As
superficial gas velocity increased to Uy, the pressure fluctuations leveled
off, and flow regime changed. U, was sometimes ambiguous, but it didn’t

mean the end of turbulent flow regime is nonexistence.

For the heat transfer, the results showed that wall-to-bed heat
transfer coefficient curve had M shape. It was formed that the superficial

gas velocities corresponded to hy,;,, and hy,. were U, and Uy. It meant that
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wall-to-bed heat transfer mechanism changed with flow regimes. When
superficial gas velocity increased from U, to Uy, the wall-to-bed heat
transfer coefficient increased again. Besides, the influence of static height
of bed on wall-to-bed heat transfer coefficient depended on heater
position. The result also showed that the wall-to-bed heat transfer
coefficient increased with the decrease of particle diameter in the

turbulent fluidized bed.
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Table 2-1. Investigation of heat transfer between fluidized bed and surface.

author system type of d, range Pp Dyed H, H, Ty
heater (um) (kg/m®) (cm) (mm) (mm) (C)
Jolley air-coke massive 1590 17.8 100-1000
(1949) cylinder
heated by
bed
Leva et al. gas-particles | steam-heated | 39-454 | 1282-8000 5.1 635 305-635 | 126-212
(1949) wall 10.2 661
Mickey and air-glass coaxial 41-452 | 2415-2835 73 875 48-111
Trilling spheres heater
(1949)
Dow and Jakob | air-particles | steam heated | 111-171 | 1935-7450 | 5.1-7.6 587 51-330 | 93-104.4
(1951) wall 673
Bartholomew air-particles electrically 84-251 | 2560-2670 | 105.2 762 762 125-315
and Katz heated tube
(1952) wall
Van Heerden et | gas-particles | water-cooled | 50-800 [ 600-11100 8.6 102 407 10-30
al. wall
(1953)
Levenspiel and air-coal air-cooled 132-1177 10.2 610
Walton wall
(1954)
Ciborowski air-particles | steam-heated | 150-2500 [ 1610-2620 4.9 1000 1000 99-99.5
(1958) wall
Botterill et al. air-particles | heated tube | 380-2320 | 1600-2650 | 18.8 200 250-960
(1981)
Al-Busoul and air-particles | heated tube 128-400 2600 14.2
Abu-Zaid
(2000)
Rasouli et al. air-particles | heated tube 200 2660 9 70
(2005) 307 2720
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Fig. 2-1. Dependence of maximum heat transfer coefficient upon particle

diameter (Baskakov et al. ,1973).
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B o

2. Jin et al. (1986) ~ Lee and Kim (1988) » Sun and Chen (1989) -
Chehbouni et al. (1994)% A ui F ek g5 Ui » I F % > £
G UpErBei@ B o U Bl Up 5 T ® 0 Ue 5 F o fb oo gl s Uy
B Rk enkBE o T & #(1996)x F g Ul K 5 ehdzgh o L
A=t Kok e B o

3. Mori et al. (1988)F]* & 4 g d 2 L% i £ &0 5 49k (TR > R

—Bh B U~ a B U RIpERGEL474ph Ue 5 i8R % D
FABL - B Ui & FinAkadcgh @ % - B UdBl &~ & i
Bk UL o EP G (2004)3n 5 U A inkendzgh o @ P R F 3
PE— — i U fex 4g 1 Up 5 Fon sk ent gk e

4. Perales et al. (1990)Fr Brereton and Grace (1992) % 4 3u.5 4 i@k €
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& U, iE > R % (transition) » £ 45 Uy i8> i ko U % 8B % o
A28 Up BB RDER 8 PR FnARAT 3 A
JEIL e Lﬁk’i&" Merushalmi et al. (1978) ~ Bi and Fan (1992) -
e & F(1997)% 4 #r2 i i % 422k U, 3]‘%{19 kg ¥ Jin et al
(1986) ~ Lee and Kim (1988) ~ Sun and Chen (1989) -~ Chehbouni et al.
(1994) ~ & & #(1996) ~ &P & (2004) % A #7% e Uy o 73 [ ¥ i
iR o faﬁ$ GGk BIFER 0 F Y A ] A 4p g E B

e ing a0 FI VU, 25 Fon ke o

222 B R R T
—a T o HEBRERDRTG S FRF C ERIEE
BedZo~ P R4~ B gEF (baffle) % o

Lanneau (1960):% 5 & & P B 4 3 4 pF > Uy ~ U fo /R 4 B 30 €

A

Baeyens and Geldart (1974) #_% # ¢ RY>PFFEGEE A Hp o
H,=60xD, """ (2-19)
BRAG AL SO EFR G Ho RIABARS > Bded 2 50
EESFOFMAGERAR] > DB EZH TS A o
Yerushalmi and Cankurt (1979)% 34 #&:# & U, fr Uy € € ¥ FI4

¥+ AR A ?ﬁ)iifgﬁrﬁﬁgﬁ °
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Jin et al. (1986)% 7k ® & 7 %1% (baffle)st § 2 5 &> B4 3
chirtg €' 1> @ 2 U fo Ugs § %) -
Rhodes and Geldart (1986)4n 11 #% i % 4% % > U s %72 % >

TR
Judd and Goosen (1989)12 3 5 & 5 % » 3 11k f2 AR U4

il

7 L

Bi and Grace (1995)z% 5 # & % e > $# U 2
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BB AR Fig 3-1 4t o FHEEEMNEO0.108m >~ F 5.7m o
SEMERELRLS FHE Vo4 LSmAt o 286 A
P E2Z SR RARF KA D BE A RIS RS

FHEeEFROESBALREFZTIFARPN o A KR BB

i

)
A %7 + 2 15cm ~ 30cm ~ 40cm ~ 50cm ~ 65cm ~ 75cm g0 oA FTiE
T3 Sem P EER G B IFENREE 0 URIE R P PR FH G - &
S 4T 3 35cm e 70cm Fud K R G B B IF 42 dREg o L BRIk -
}Etiﬁ& )’ﬁm% °

FAS G R e IR R RIA R 0SS
o AR R IR RS S R RSt R

Bew 3| Ak ¥ - R e~ A B E R R

@@.
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m
N 7 'T
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+»

V\;—N
E

SR CERR R B F A

3-1-2 IRz
. & <3 h #(Rootes blower) : B+ # 4 5 10Hp> #1v 2% 5

3”7 2. SPG» # /& % 5000m/mAq. > B~ i & 5 Sm’/min o 4% &+ 2 5
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1.5m
5.76m
14
\‘ 12 ||
18 17 16 15
131
14

Gas outlet

1. Rootes blower
2. Safety valve
3. 3" gate valve

4, Orifice flow meter

3. Distributor
6. Riser bed

7. Expanded top section

8. Cyclone separator

9. Bag filter

10, Solid downcomer

11. Loop-seal valve
12. Thermal probe
13, Thermal probe

14, Temperature recorder

13, Pressure probe

16. Pressure transducer

17. Amplifier

18, Computer & AD/DA card

11
u % Compressed air

3

I— 5
L]

Fig. 3-1. Experimental setup.
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IE SRS A AL A |
2. % > ¥ (safety valve)
3. = v+ W & (gate valve) -
4. peivox £ 3 (orifice flow meter) @ DIN R4 » 43t 3 jT 2
3Imm: k*3E ¢ i 37 2 SPG o
5. % 4z4F (distributor) : 4 Fig. 3-2 #7177 » 5 F 3V R 4 @ = >
Bt F 48% >~ B & 9mm o A B2k AR S H % > P o B E 325mesh
2 o
6. t = f(riserbed):d 52 & & Im> p T 108mm 2 B 5 4 ¢
247 SUSE L wbad  wE 5 576m-
7. BB ¥k~ ¢ (expanded top section) : F ~ ¥ M E /L & 250mm >
ERHISme B fi A RDSE o @ FHPE
8. * b 4~ #t B (cyclone separator) @ JT AL F B A Ik M2 g
ARSI NI A A
9. KA|iE/p B(bag filter): e & 5 ¥ ] o Ao E it Il 5 48
10. F 44+ T % ¥ (solid downcomer) @ d P /T 53.6mm & 4.5m
PR E RS e
11. i R 4+:% 7 % K (Loop-seal valve) © 4 Fig. 3-3 #77% » #-3_

hAELED ka3 EarEw A RV ?uggyg,};_‘rfrgﬁ



Unit : mm

L Tavi VN
AVAYAYAYAVAYAYA
YAVAVAVAY,
FAVAVAVAVAVAVAY

IVAYAR
-ﬂ‘.ﬂ‘- s

108

LBD

PAVAV.ViVAVLVAVAVAVAVA'E
WAVAVAVAVAVAVAVAVAVAY

4.8%

The fractional free area

(hole number xhole area) /bed area

Fig. 3-2. Details of distributor.
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Unit : mm

honzontal =rer——— 80
asration i
verheal _ = |' )
aeration = B 5||4 ‘
4 ;mea. x 20
! L = Q < a & u’]
) |
& l a |-
U [
aeration " 1 ot (_\\ 100 o T ( 4
TN /|
1 [ R 1 &
1 J .
! = a =] 5] a [} o
[ 25

Fig. 3-3. Details of loop seal.
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FE ORI ERE o Y § R (sealing) iFF o ok

‘\*‘T

I
S

RO AR TR o

12.13. #. @45 4+ (thermal probe) : & B # & 45 4~ # 4o Fig. 3-4 #7
T BE—EEil AT A e 4 F B (heater) o B BAeB B Y 2 151 2
T VAR AL RFITE AR 2 TRBFEIT S B BIFE
AEF 5 E 120mm s E /S 25mm 2 B4R R 0 A BB TN FE L 2
35cm fr 70cm Fk EERe e F B BIFE Y - HE RN R T - 2
Bl b 2 B 0 sl 10000 2 507 50 o A Ak 1 ot B B E 0 50R
Li BEMPEEAEAE o ALY 3 T L FEE20mm 9 Type K 3 #
TR ET R REE -

14. 8 R 354+ £ (temperature recorder) : P * Yokogawa 1! % > 7|
5.DRI130 > * ©p|Emidnfe? w2 B R A T e

15. &+ $F &-(pressure probe) : ™ & 8cm ~ *F T 3mm 2§ 4F ¥ B
FRA FEFER AN RS EFAEG T AE R E - A
325mesh & % » AR RN HERHF

16. /& 4 & 4 % (pressure transducer) : # P & Kyowa = & 11 5.2
PD-100GA ~PD-200GA ~PD-500GA 3| » ¥ &8 4 25 8% 5 7 BRI F -
17. *x~ ZE(amplifier) : 3 P *~ Kyowa = & 11 52 DPM-612A

A FHRERS B ETRE MBS o
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Insulation
Taflan

Bed woll Thermocouple (1] lube .ol
l. T Brobe ( E enl jube s2aling
Acrylic : | / 7/7/—‘
Tellon L l - | '
Insulclion

ring

Eleciric
negier

generolor

Fig. 3-4. Details of thermal probe.
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18. AD/DA + =i £ 7 "g(personal computer) : . &

\4

SIS

National Instruments 2 # Lab-PC+%| AD/DA + (14bit > +8.5V) » ¥

-

Bk fg et VR A B > BT ¢ AD/DA <+ Bk 0 RS S
Bl MELT P R ade R o AP i 2 Win98 4p 7 ¢ Labview #4¥
o oA S 5 100 ZE/F) 0 & =t X P4k 8192 BLiaiE & o Labview

ey P~ 42 5% 4 Appendix 1 ©

3-1-3 FRERS B

|

Table 3-1 5 A S 7 * eh7 fak 3+ > &R Geldart (1973)4 #F

25 BT -
32 % %N

I ar A RfeT g p o 0 f 82 AP o

BH100C » 2 SA-kmfFmiut L Zg T A2 BRrz kg o
3. AT N ER A  AEF I R BT B o
4 FRRRTL AP EF AL BMEA R Lz b

RRER e
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Table 3-1. Properties of solid particles.

particle | particle diameter d, Pp U | Uave | Utmin
range (Lm) (um) | (kg/m’) | (m/s) | (m/s) | (m/s)

sand 250~297 273 2590 | 0.07 | 2.21 | 2.02
sand 297~350 323 2590 | 0.10 | 2.61 | 2.40
sand 350~420 385 2590 | 0.13 | 3.12 | 2.83
sand 420~500 460 2590 | 0.19 | 3.72 | 3.40

Upe : minimum fluidization velocity.

ULve : terminal velocity of the average particle size.

Utmin : terminal velocity of the minimum particle size.
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R SRV UE S S A L e e Ul

6. 1 * AN BA R WAT RIS o B F MG FAR
Rt r&zt) EHFRFATHAHS

TETHEMRET P AR AHRE BN F Rk
Bz i R2EFE 7% N AT Efodbi ik o

8. FEhie (79 P PFBLRAE PN 2 ik o

0. AL LR ARG BT TIHIS -

3-3 B4 GEHMELE R A O RIE RIL
3-3-1 B4 B eng Pl EaT
d AR kP A4 R A B Y B T 6stationary) T 153 EL
(random signals) » #7123V * L2t § T 35dk by(mean amplitude -
m YRIEFFE T o 2 A BB 3 B AT B (discrete  signals)

Pioi=1..N(H*¥ P, 2P figh#ic s NZaykRT™ % {gherR 4 fE)

P'fr'Amp 2 28 o0 N deT N
1 N
ZEZR (3-1)
1 N
Amp=ﬁ (3-2)

i=1
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3-3-2 B BIFLE R A G hE R AT
1B B & gl £
BB FAPROMmM ey BT BB (2 S5L) aRTH
F - PR RS T PT AR GEL L LB R g
Boo¥eh s ARSI -T2 Scmin 2V FALHATE T
BRE? ER Ty 2 T e
20k -RER H G et B
MAABE A T L AT BRIE T R A HF 6k B R
BX ER TR S B R R IR - B RA T
4o Appendix 2 #77% o AT W pFE M2 A S 5 dT/AX 0 E R fhE FER] S
FEEBG L2 BR T AWMAER T, 7 d Ty fr T T 350 53t

(Tbl +Tb2 )

T,= 5

(3-3)

EHGFL TRV ONRT oA LR B BRI - el @
WA & 2 £ 409 % 2 2 (Fourier’s law) > d g4k 2§ & #

BEAT/AX 8 N2 H -6 28 E QA, 5
=—k— *—— (3-4)

SRS AR e R BES

Q Tt
A hw(Tb Tw) (3_5)

w
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Fpt d Eq.(3-4)10(3-5)7 18 K -AEF 4 @ thdch,,

[k(f(]
T o
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o2k kg 2 L )
pa R R

4-1 o FienAgit T RN 2 0 i i
4-1-1 AP ¥R 4 i g R
B e R R T A1 R Z85um fr 460um FF) o A BT A ET
2+ > 30cm 2 40cm ke fra dgiE F * 65cm 2 75cm f B PR R
gt > LIRS ez TIodRigE G M4 6 1 R (FH 0 4o Fig. 4-1
2 Fig.4-4-B° BT pHRI BT EDU > L EFFR
BRDR A B4R T I0RgH M A e @ R DIERY ARy 3T
Ak g > T U Tt &2 7 3] o Biand Grace (1995):% 5 # 7 3
HUZEE? * Bfe A 7@ ET R o
YA AP BREZEFR  FABARIF S FeRF P RES
@ FIRR RN PR DI e R 2 o Mg F F WA B R R T 4
d B EA S TR BRI s ) AR R R RN
PR R A RBP4l 5 2L F B F - 1345 Baeyens and Geldart
(1974)2. B %% » £ F P25 BAod 2 AR 7 5 preng 8/ 2
Hi(R Eq.(2-19)) > RG34 F > F 7 5 Ad0ehg 4 6 @& R4A%] >
I H:EEZHFL AR od EqR-19)F REAF %KX A 2 H 7 9lem »
TAFEHB A Olom BF o G B RE R EHEREHRD IR

D HGe R L ehid B2 O M AL AN R SRR PRI B RS
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Mean amplitude of pressure fluctuations (Pa)

1000 - sand ® H=41cm

d, =0.385 mm v H=51cm

O H=6lcm

800 - [ )

600 -
400
200 -

0 LA AL L R R EL L L BN L L B BN R L R L B B B B R B L B

0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0

U, (m/s)

Fig. 4-1. Mean amplitude of differential pressure fluctuations vs.
superficial gas velocity (probe position = 30 ~ 40 cm).
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Mean amplitude of pressure fluctuations (Pa)

1000

° © Hg=41cm
sand
H.=51
d, = 0.385 mm v Ffeslom
800 O
°
600 -
400
200
(O s e e o B o o o L B B B o e e e i B B B o o e e e E T
0.0 05 1.0 15 2.0 25 3.0 35 4.0

U, (m/s)

Fig. 4-2. Mean amplitude of differential pressure fluctuations vs.
superficial gas velocity (probe position = 65 ~ 75 cm).
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Mean amplitude of pressure fluctuations (Pa)

1000 sand ® H=41lcm
d, = 0.460 mm v H=5lcm
o H=6lcm
[ )
800
600
400 ~
200 -
O+—————F 77T 7T T T
0.0 0.5 1.0 1.5 2.0 35 4.0
U, (m/s)

Fig. 4-3. Mean amplitude of differential pressure fluctuations vs.
superficial gas velocity (probe position = 30 ~ 40 cm).
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Mean amplitude of pressure fluctuations (Pa)

1200

sand ® Hg=41lcm

d, = 0.460 mm v H=51cm

1000 ~ o ° o H=6lcm

L

800
600 -
400 ~
200

oOo——m—m1/m—m————— 777 T 7T T T T T

0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0

U, (m/s)

Fig. 4-4. Mean amplitude of differential pressure fluctuations vs.
superficial gas velocity (probe position = 65 ~ 75 cm).
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BEEFHAGERZFEEBIREF % A FEFFRRSF
DR FHE RS RAHT R ERP ER T A G AR E AR
M2 YRR A o d Pt A RRFR > U #4230 R N EE
MR B AR o @ RAR S ? PR IEFIRGE 400 0 g S
B RS BEFIRGTHBOF A ERTE U o R BEHTH 1
T VLTI YR PSR Y BT T
U,k F] o & A ¥ j&€_Grace and Sun (1991)4fr Chehbouni et al. (1994)
PR F I U 3 b 2 RAE < ] nlER) 0 8 A AR~ i
Bt e
Fig. 4-3 ¢ #4 3 & 5 Slem ehd frFig. 4-4 7 FAE 3 R 5

4lcm ~ 51lcm ™1 %2 6lcm d 4 > *‘15'3? PP RS IR e SR T ghen
Uy > Chehbouni et al. (1994)» % 5d Ap$/R 4 36 g P17 Uy o
BB o DG RS R R E T B IFare U o
PR A R S pEA D] U S P B ST R B (2004)h R dp e o 2
[f’%i (R 2-2-1) % 11 U 18 5 F ik &8 88 T 2 A2 402 %1 > U Pl 1F
S T I EE RSN

Fig. 4-5 5 #-Fig. 4-3 fv Fig. 4-4 @718 > ¥ LR g+ -
30cm % 40cm g > frA F7dE F 2 65cm 2 T5cm B AR HR 4 B en

Zuo@? B AFEAEB R 4ecm FFo 2474 2 30cm 2 40cm Ao
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Mean amplitude of pressure fluctuations (Pa)

Mean amplitude of pressure fluctuations (Pa)

800 1000
sand v Vv pressure probe at 65~75 cm < san_d v v pressure probe at 65~75 cm
d, = 0.460 mm ¥ pressure probe at 30~40 cm a d, =0.460 mm v pressure probe at 30~40 cm
Hs=41lcm o 800 4 H,=51cm
§e]
600 - 5
(]
=2 600 -
=
g
=]
[}
400 $ 400
s
©
3
s 200
200 =
§
c 01
d
)
=
0 ————
0.0 0.0 0.5 1.0 15 2.0 25 3.0 35 4.0
Ug (m/s)
1000 1200
sand < sand
d, = 0.460 mm e d, = 0.460 mm
Hy=61cm 2 10004 H,=71cm
8004 ° v é s v
]
=
S 00
=
600 - o
>
2
0 600 -
S
400 1 kS
S 400
2
g
200 -
g 200
v  pressure probe at 65~75 cm g v  pressure probe at 65~75 cm
v pressure probe at 30~40 cm = v pressure probe at 30~40 cm
0 T T T T T T T 0 T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
U, (m/s) U, (m/s)

Fig. 4-5. Eftect of Hg on the mean amplitude of differential pressure
fluctuations vs. superficial gas velocity (probe position = 65 ~ 75
cm, 30~40 cm).
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SRR A R F IR € R S A FE S 65cm 2 T5em e e SEF
BB B A A 4rF L 2 30cm 2 40cm Jefe s d5dE 7 65cm 2 75cm
i R 4 b R R BTR T o § BB R S Tlom B0 A HTHE
42 65cm 2 75cm A g HHR 4 F IR R R-€ < 4 A 2 30cm

2 40cm Jeus AR ¥R 4 R B AR o R EREF Y L EEFR F A B

m

LR FMA S o AR B h L SRR A B R R

A L BT A

'
el

# ¥ Fot R R R R ot oA kT
R FILHAR E o kAR R 0 H R F L PG R DFERR T o
Mg S P R PHR A JEIRG AP < B L H RPN E R
PR R AT REPIPHEA FF DS BERBD TS LR
T o ATIUR R ERAFES L o A KN R R G I F
PALF R e LRI & G R HE D R e T
A A P IS FR I RN P BB AR
FRA FF IR < 3T 3 fp iR 4 EH Rty o
HAPBE Y B2 R AP SRR FE Fabled-1od £ Y F R
Yerushalmi and Cankurt (1979)4 Rhodes and Geldart (1986) & 14 4p i 4=
JZ(268um % 270um)eF) 5 F A d o woriB U 2 U2 B 5% frp £
45070

o B RFTE L e P A RPN FEERERREORA FE

fri it % A B o Perales etal. (1990)7 9.2cm 2.k &3 (T9 5% > fr2

37



Table 4-1. Comparison of experimental values of differential pressure fluctuations.

authors particle | p, (kg/m®) dp (um) | Dyeg(cm) | probe position (cm) | Hy(cm) | U (m/s) | Ui (m/s)
Yerushalmi and sand 2650 268 15.2 2.74 5.5
Cankurt (1979)

Rhodes sand 2648 134 7.6 0.90 2.94

and Geldart sand 2600 270 7.6 1.80 3.84
(1986) sand 2600 606 7.6 2.00 5.36
sand 2650 214 9.2 1.22 1.84
Perales et al. sand 2650 325 9.2 1.25 3.20
(1990) sand 2650 375 9.2 1.36 3.50
sand 2650 625 9.2 1.75 4.58
Bi and FCC 1580 60 10.2 3~20 60 0.90
Grace FCC 1580 60 10.2 20~28 60 0.80
(1995) FCC 1580 60 10.2 20~41 60 0.70
FCC 1580 60 10.2 28~41 60 0.52
sand 2635 460 10.8 5~14 60 - 3.3
Shou sand 2635 460 10.8 10~20 60 1.6 34
(2004) sand 2635 460 10.8 14~27 60 1.6 3.1
sand 2635 460 10.8 20~30 60 1.6 3.1
sand 2590 460 10.8 30~40 41 1.42 -
sand 2590 460 10.8 30~40 51 1.72 3.21
sand 2590 460 10.8 30~40 61 - -
sand 2590 460 10.8 30~40 71 - -
sand 2590 460 10.8 65~75 41 1.73 3.18
sand 2590 460 10.8 65~75 51 2.11 3.23
sand 2590 460 10.8 65~75 61 221 3.42
this sand 2590 460 10.8 65~75 71 241 -
work sand 2590 385 10.8 30~40 41 1.62 3.41
sand 2590 385 10.8 30~40 51 1.80 -
sand 2590 385 10.8 30~40 61 1.72 -
sand 2590 385 10.8 30~40 71 - -
sand 2590 385 10.8 65~75 41 1.79 3.22
sand 2590 385 10.8 65~75 51 2.04 3.42
sand 2590 385 10.8 65~75 61 2.08 -
sand 2590 385 10.8 65~75 71 1.93 -

ambiguous or not found
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LT 10.8cm B S 23T 0 B F B % T AR 460um fr 385um 2 U,
w136 m/s = 1.75 m/s 22 @& » Uy = 3.50 m/s = 4.58 m/s 2. ¥ » & A 14

dlem #h g A2 U s B8R 3 42 Ugxr2bi 3.50 m/s
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2. U e 142 m/sfe 2.4l m/s 2. F > ¥ 2 A 9718 Uy & 5] o & A 12

FE 460um F) 7 %0 17 Bl Uy 5 3.18m/s I 3.42m/s 2. B » iz fv % (2004)
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1400

< sand © pressure probe at -5 cm
o dp:0.273 mm Vv VvV  pressure probe at 15 cm
é) 1200 ~ H, =36 cm pressure probe at 65 cm
IE
£ 1000 A
(&)
=
g
S 800 A
)
%)
o
2 600
o
()
g
2 400 -
=3
E
@©
c 200 A
®
(5
=
o ¥ F+7+—
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

U, (m/s)

Fig. 4-6. Mean amplitude of absolute pressure fluctuations vs. superficial
gas velocity (probe position = -5 cm, 15¢cm, 65cm).
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3500

H,=41cm
H.=51cm

sand

dp:0385mw
3000

oo Qe

2500 o

2000 o

1500

1000 ~

500 A

Mean amplitude of pressure fluctuations (Pa)

O+—F———F——T—— 7 77 T 7T T T T T T T T T T T T

0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
U, (m/s)

Fig. 4-7. Mean amplitude of absolute pressure fluctuations vs. superficial
gas velocity (probe position = 15 cm).
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3500

H.=41cm
sand o
H,=51cm

3000 - d, =0.385 mm

oo o

2500 o

2000 -

1500 ~

1000 -~

500

Mean amplitude of pressure fluctuations (Pa)

0.0 0.5 1.0 15 2.0 25 3.0 35 4.0
U, (m/s)

Fig. 4-8. Mean amplitude of absolute pressure fluctuations vs. superficial
gas velocity (probe position = 50 cm).
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Chehbouni et al. (1994)11 % /& 4 &P £2 F 3 U hEm 7 oo
Fig. 4-9 5 #-Fig. 4-7 - Fig. 4-8 F2 5718 » ¥ £ 47 =} 14
R BEFRGERZ - 25T aFFB R G 4lom FF o 3 44T
1 3 15em A R 4 R R R N AR 3 50 At o N
FERFROH A S4FE Y 2 15em e 50cm feiig R 4 B
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FIRREALFFRA JPHIRFO S ] FRL A ET S SRS FhR
A FAEPREFIIERIF AP T T ERL R
Ko S R TR BN GRS R4 R
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et al. (1994)4- Gonzalez et al. (1995)12 4p F¢ % & fot 42 (130um) %) £
RIGHRAEH 18 U L5 5 0.75m/s fr 04m/s > B £ B 5 7 iv &
FHBPNESFBRBRIRAFETAETE ERF)TE N 0 B AN
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Fig. 4-9. Eftect of Hg on the mean amplitude of absolute pressure
fluctuations vs. superficial gas velocity (probe position = 15 cm,

50cm).
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Table 4-2. Comparison of experimental values of absolute pressure fluctuations.

authors particle | p, (kg/m®) dp (um) | Dypeg(cm) | probe position (cm) | Hy(cm) | U (m/s) | Uy (m/s)
Yerushalmi and sand 2650 268 5*51 1.5-2.15 -
Cankurt (1979)

Son et al. (1988) sand 2630 430 38 1.10 2.50
Chehbouni et al. (1994) | sand 2650 130 8.2 35 45 0.75 -
sand 2650 130 8.2 5 45 0.75 -
Gonzalez et al. sand 2650 130 20 04 -
(1995) sand 2650 290 20 0.78 -
Bi and FCC 1580 60 10.2 20 60 0.57
Grace FCC 1580 60 10.2 28 60 0.52
(1995) FCC 1580 60 10.2 41 60 0.43
sand 2635 273 10.8 -4 36 1.45 -
sand 2635 273 10.8 14 36 1.5 -
Shou sand 2635 273 10.8 30 36 1.55 -
(2004) sand 2635 460 10.8 -4 36 1.85 2.85
sand 2635 460 10.8 14 36 1.95 -
sand 2635 460 10.8 30 36 1.95 3
sand 2635 460 10.8 45 36 2.10 3
sand 2590 460 10.8 -5 36 1.65 3.59
sand 2590 460 10.8 15 36 1.84 3.68
sand 2590 460 10.8 65 36 1.91 3.12
sand 2590 385 10.8 15 41 1.77 3.61
sand 2590 385 10.8 15 51 1.95 -
sand 2590 385 10.8 15 61 2.14 3.57
this sand 2590 385 10.8 15 71 2.13 -
work sand 2590 385 10.8 50 41 163 | 331
sand 2590 385 10.8 50 51 1.91 -
sand 2590 385 10.8 50 61 2.03 3.58
sand 2590 385 10.8 50 71 2.17 -
sand 2590 273 10.8 -5 36 1.57 3.02
sand 2590 273 10.8 15 36 1.59 2.95
sand 2590 273 10.8 65 36 1.66 2.93

ambiguous or not found
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Fig. 4-10. Wall-to-bed heat transfer coefficient vs. superficial gas
velocity (measuring position = 35 cm).
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Fig. 4-12. Mean amplitude of pressure fluctuations and wall-to-bed heat
transfer coefficient vs. superficial gas velocity: probe position
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49

h, (W/K m?)

h, (W/K m?)



Mean amplitude of pressure fluctuation (Pa)

Mean amplitude of pressure fluctuation (Pa)

sarld U B heater at 35 cm
oo | dp=0-273 mm ° O pressure probe at -5 cm
H, =36 cm o
600
400 -
200 +
8
0 T T T T T T
0.0 0.5 1.0 15 2.0 25 3.0 35
Uy (m/s)
700 1
san
d. = 0.273 mm u, B heaterat35cm
P O pressure probe at 30~40 cm
600 4 Hy=36cm
O
500 1
400 -
300 1
200 1
100 +
o+—r—"—r—7—+—+—r—+7r+—r—+—+1r—r—r—r1 "7+ +—7+——— 100
0.0 0.5 1.0 15 2.0 25 3.0 35

Uy (m/s)

600

500

400

300

200

100

600

h,, (W/K m?)

h,, (W/K m*)

Mean amplitude of pressure fluctuation (Pa)

Mean amplitude of pressure fluctuation (Pa)

1400 Tsz7g o; 600
=0.273 mm B heater at 35 cm
H, = 36 cm O pressure probe at 15 cm
1200
r 500
1000
— r 400
800 -
r 300
600 -
r 200
400 -
200 T T T T T T + 100
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
U, (m/s)
700 600
sand U B heater at 35 cm
d,=0.273 mm © O pressure probe at 65 cm
600 - H =36 cm
r 500
500
r 400
400 +
r 300
300 -
r 200
200 +
100 +————+7"+—r—+—+1r—r— "1+ 7+—+r "7+ 100
0.0 0.5 1.0 15 2.0 25 3.0 35

U, (m/s)

Fig. 4-13. Mean amplitude of pressure fluctuations and wall-to-bed heat
transfer coefficient vs. superficial gas velocity (probe position =
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Fig. 4-14. Wall-to-bed heat transfer coefficient vs. superficial gas

velocity (measuring position = 35 cm).
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Fig. 4-15. Wall-to-bed heat transfer coefficient vs. superficial gas
velocity (measuring position = 70 cm).
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Fig. 4-16. Wall-to-bed heat transfer coefficient vs. superficial gas
velocity (measuring position = 35 cm).
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Fig. 4-17. Wall-to-bed heat transfer coefficient vs. superficial gas
velocity (measuring position = 70 cm).
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Fig. 4-19. Wall-to-bed heat transfer coefficient vs. superficial gas
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Fig. 4-20. Wall-to-bed heat transfer coefficient vs. superficial gas
velocity (measuring position = 35 cm).
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Fig. 4-21. Wall-to-bed heat transfer coefficient vs. superficial gas
velocity (measuring position = 70 cm).
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Fig. 4-22. Wall-to-bed heat transfer coefficient vs. superficial gas
velocity (measuring position = 70 cm).
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Fig. 4-23. Wall-to-bed heat transfer coefficient vs. superficial gas

velocity (measuring position = 70 cm).
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Fig. 4-24. Wall-to-bed heat transfer coefficient vs. superficial gas
velocity (measuring position = 35 cm, 70cm).
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Fig. 4-25. Wall-to-bed heat transfer coefficient vs. superficial gas
velocity (measuring position = 35 cm, 70cm).
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Fig. 4-26. Wall-to-bed heat transfer coefficient vs. superficial gas

velocity (measuring position = 35 cm, 70cm).
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Fig. 4-27. hyy,—hgown vs. superficial gas velocity.
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Fig. 4-28. Wall-to-bed heat transfer coefficient vs. superficial gas

velocity (measuring position = 35 cm).
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Fig. 4-29. Wall-to-bed heat transfer coefficient vs. superficial gas

velocity (measuring position = 70 cm).
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Fig. 4-30. Wall-to-bed heat transfer coefficient vs. superficial gas
velocity (measuring position = 35 cm).
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Fig. 4-31. Wall-to-bed heat transfer coefficient vs. superficial gas

velocity (measuring position = 70 cm).
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Table 4-3. Comparsion of experimental values of hy,y.

authors particle particle heat hinax heat
diameter | transfer | (W/K m?) | transfer
surface surface
pm) (mmz)

Wicke and sand 310 - 380 vertical
Fetting immersed
(1954) tube

Al-Busoul sand 227 2642.08 460 spherical

and heater

Abu-Zaid
(2000)

Rasouli 200 2356.19 380 horizontal

et al. sand 200 2805.58 280 tube
(2005) 307 2356.19 320
307 2805.58 220

: 273 490.87 611 wall

this workx sand 323 490.87 597 wall

385 490.87 543 wall

460 490.87 502 wall

¥ Hg= 61 cm, heater position = 70 cm.
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T ?‘i %’fuf\::ﬁ-‘pg

Amp

hmax

hmax 1

hmax2

hmin

mean amplitude of pressure fluctuations
area of vessel wall or heat transfer surface
specific heat capacity of solid

bed diameter

mean particle diameter

gravitational acceleration

height of probe position
limiting bed height where coalescence is complete
and a stable slug spacing achieved

static height of bed

heat transfer coefficient
heat transfer coefficient between wall and bed in
lower section

gas convective heat transfer coefficient
maximum heat transfer coefficient

the first maximum heat transfer coefficient
the second maximum heat transfer coefficient
minimum heat transfer coefficient

particle convective heat transfer coefficient
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[W/m® K]
[W/m® K]
[W/m® K]
[W/m® K]
[W/m® K]

[W/m® K]



o

Pr

yAN ¥

ng

qu

qr

de

heat transfer coefficient between wall and bed in
upper section

heat transfer coefficient between wall and bed

convective heat transfer coefficient between wall and

bed

radiant heat transfer coefficient between wall and bed

thermal conductivity of the thermal probe
thermal conductivity of fluid

length of heat transfer surface

length of heat transfer area

laminar flow length scale
turbulent flow length scale
number of sample points
mean pressure

pressure of point i or time 1
Prandtl number

pressure drop

heat transfer rate

heat flux due to the effect of gas convection
heat flux due to the effect of particle convection
heat flux due to the effect of radiation

total heat flux
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[W/m* K]

[W/m® K]

[W/m® K]

[/s]

[W/m’]
[W/m?]
[W/m?]

[W/m?]



temperature in the thermal probe

temperature of the bed
temperature in lower section of the bed
temperature in upper section of the bed

temperature of the wall

mean temperature difference between fluidized bed
and exchange surface with height Ly,

dimensionless excess gas velocity

superficial gas velocity at maximum amplitude of
pressure fluctuations

superficial fluid velocity

superficial gas velocity at which pressure fluctuations

level off

minimum fluidization velocity

superficial gas velocity for maximum heat transfer
coefficient

terminal velocity

terminal velocity of average particle size

terminal velocity of minimum particle size

transport velocity

distance from heat transfer surface on the thermal

probe
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[m/s]
[m/s]
[m/s]

[m/s]



Greek Symbol

(" fluid viscosity [kg/m s]
Pe fluid density [kg/m’]
Do particle density [kg/m3]
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