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Bt (B3%) '

(3)#BRACFMBERARMRREBOMBIEME (B4 5)

(4) BXFLI2BE®RRBORRAEHNELLFIZZOFIE (B5 &)
(5) BAFHRBAONT - GHhBEGEHRESE (Bo&)

FLIETE. FLWESRBEMEBEL LT, SERHBLBHE L2 HEA24H

_10_



CLCFMERBSAEMEBLRELL, AZBOMAELARIADHOSB 1
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BiE, BREMEED —DOTHL2AHROGHEBRE LIS HRGBICH
THERLPEZ->TCEB)D., BAUNRBLZEBILOPEBEREM T O INDEAD
RFAEhTWwW3?, ChicHAELT RBHBOSEBABRICBIT LR RBOH
RSO LZHFEMPLEANLCHFOLOOLT VWS,

ARATIR. LRI H>ZHAFGmMEL L LI, FEEBEREM o IANAAH
DD, LEALAE— VXSV ICHEHATRLZHLWIATOBKEMEE.
EEROBLBOE L EEAT—HKRhICHAGDLDECEAAEMEE (LR C
FMB - tHBLE) 2RELL, XEBEOELXHMBRIZ. A DFig. 1-2Cx7- T &
DL 2EERTHY). AERZ2BEAKNFASE L@ME FHMICEEARTSAL S 20
SBMLINhTRRKEBENBHSI NS, 586s BEHRNEFEIRRKEZTAERELmMHA
THTL, BRABPHOMETHBHIBEZER L DDHHEI NS, FEEOHRLE
LT, AEBTEARHREICRIRIIBEBRIELZIILELCLIB®KZ LT
CH2AMBEADDOBA HFTRAGELZLSVINTHBBOBAERHOL BRI B &
VERVPPMTFILVENERERTFIEALTLEERESNTRELI L L ELVEHE
TE3, UEDISLBBE2EFEITLIAEELRRTIICHLND. AHETII
BB L CEREZABO 2RAARREARTHALLEE (23— LV KEFNL) ¥
KEL, 29, BArORBFOHITIAE-—X2ABICHEAT. a— NV FEFILE
BALCBITA2HROIRBL2EEL. ToOoBELN. EEANTFHEL FXAHAL
DEFR NFR—AVET7y 7, HNTHEBBLZELCFMBARSOELRRTHRI
ODWTEBHBRLIBRIZERT - L,

1 -1 XREEBBIVITE
Fig. FIRA KB TCHWR 2KE I -V EFEFNEBEOIQO-—F AT 7574 %

* Combined Fast Fluidized Bed and Moving Bed? B§
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ER. NV T7DBIUAYV 74248 — B r>TRHEABL %, W
ETHENBAZINE, HTFRFEYN—)INRA2Va—T 1 —Fi2koTHW
BOMK DEN—FHREN B, B, KEROHBKICIZSUS3048 400mesh
EWERHWL, BARTFIR. SBRELCERIRLDE, BAZRICEIOIAS
BM2ERRYGLILVEBARLENABREGABEL, Tviaky 22
(IOEBWTEHSRIEENSE, EBNSOENEBECBI2EIREYHIL. K
Ny 7 (BHXH) 2ALTCKRRI / A—FP BT ARESHhLBES AL,
DI, Fig 1K BEAGKOFMRETT., EEIZB20m. NF % 1000
Bz ERLL, Z2oMBCEAOAmOBREERKEBIZ T LA T W 2,
BEHEBEIAZ100me 0 AMBEL L ->THEN, AFHLLOBMER 7 % B 5
CRAL—XLBTBLILL>TWVE, FEBMTIE., AFEE S 550, 9508
SU1800mN3BHEOLELAWL., NERLLURERKOHHEIX. HHH
T BEAROBES NEBABLET B L 20 BLLTETWHBREIIN T AN,
2 MERREBOHMERELIRRETLILDLECT2UABENLEL- BER
BEOENEZ. REBEBWTIRNA Yy 7LV 2%HL. SEEFCLIZ2BHRED
BREEEL TW3,

J

blower

valve

orifice meter
distributor
particle inlet port
feeder

inner pipe
annular part

9 manometer

f/ gas outlet
4] 10 ash box

----- 10
1 2
3 ]
_qg;;izeﬁl} | ' particles outlet
2
U x pressure taps

Fig.1-1 Flow diagram of the experimental apparatus

J||I

oONOoOn>wnNn —~

*\E;m
- IN:QON >¢J

employed
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KRB EXRGBRLXLOVLCHNTHUER—EDLLET. EEHS vy 7HOERE
PEERHEC-FEL>RRBZ2L-THFRISEERBILECELL L AL L,
CHDLENDEBEBNENBEIAEZFREN Y v T E->THELL, 2 AF
BBIURKEONTFHEER EHNELCBWIEEBBLIVBELL T
ZTbhbH HNTUHELIASZEIOEBE (250~500s"') L., Z2DAHF 7 442
BMALTRBONIRNTHRHBOPHREILOLRNTEELTRE L 2,

1 -2 SFHE®RNTF
ARBTHEHALABEB®NFREBRORL A IAE~—X (RENOF 4 —=
B) T, Table 1-1ICHB. RAPATEE HROLHABEELSFCRRAEE 25
. R, APTEEpe, BABEBERE RO LHEBEZEu.BEHIZEHT
ROLMER2 LLERAREFEURE-RFEIANTEZO8NDEC(I-DOHER X
DNROLBLEREPTORFRERAEEL RT,

ol
0 3\
¥ //; unit Cmm3
J—|——inner part
o
8 «|—annular part
- 40 20| 40
B d bed
Py packe e o
S x |X
0 _—Pparticle inlet
/ port
8* y air outlet
LM A
////’ \\\\\ —gas/solid
5 1\\\\\\\- separator
x |x L
~distributor
particle outlet

. ? X pressure taps
air inlet

Fig.1-2 Details of the 2-dimensional cold model
employed
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s 2

' Ar£104
18u¢

492(pp-pf)2 1/3

ug = < dpl | 104<Ars9.43x10"
225PfUf
3g(pp-Pf)d 1/2 (1-1)
{ a 4] , 9.43x10%<Aar<3x10°
N Pf

Table 1-1 Characteristics of the glass beads

employed
-3 umfx102 u,
sample d _[um] p_[kgem 7] -1 -1 shape
P P [mes '] [m+s ']
glass 37- 74 0.79 0.22
T 177-250 2500 3.39 1.70 sphere
420-590 25.5 4.21

inner part Ug=4.1m's’

Fig.1-3 Photograph of the glass beads flowing
upwards through the inner pipe at a

relatively low gas flow rate
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1 -3 EXBMERBIUZE

1 -3-1 AERBIURRKREN THSH KRB

Figs. 1-3, 1-4, 1- 58X F1-6ICABE L FHH A HEG, A4 1n-s '8 X 512,
25m-s7', R FHKBWe=0.867TX10 °kg-s 'ORHET. "H®EL LD LW xE
BE1:i=0.40m CBITL2HNEH (Figs. 1-3B XU 1-4) 65U BKE (Figs. 1-
SBEXUL-6) DHFRIRKBOBEELR2 T, AEHOBKSAEEZICBITIR T
WERKBIZ, Fig. 1 3BIUVEBBE»SL, OB TLRE BEGTTRRZ
EL. BLLWHFERIFAELNL., LAL, BH2AFAKTIE. KHFHRBHIZ
BAZADENFBMEFHA TR TRRAKEB RN L o0, 2 BRERTF
WHKBIE, Figs. 1 5BIUI-62HBLTLIZ LAY HERIZAL. BL2HHH
ETHRETHLEBLEEZ LN B,

inner part 'Lig.=12.25m's‘1

Fig.1-4 Photograph of the glass beads flowing
upwards through the inner pipe at a
relatively high gas flow rate
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annular part Gwzzh1nv§ﬂ GmsL03nvs”

Fig.1-5 Photograph of the glass beads flowing
downwards in the annular part at a

relatively low gas flow rate

1-3-2 HNEENTHRSHHHS

i) /b & A E —RE. WEFMoOFIEEAKRBERBECBWT, —
EHTHRBOLETHRAAZ B A STV L HMRK - B EN =R
%mﬁ&ttb&u&ﬁﬁkﬁﬁ?T&oL@L\é%tﬁzmméﬁ&éﬁ
bl HOUAEBIILT EHBARBNFA—-LE? v 70MAIEE L2 -
TRIMEZHELLZOLHEMLTHET 2RB (Fa—%> 7B 5 ) 22 d
BIrHAMOLNTWSE, AMETIR., ThicEELT. 23 AEFHEZC
m%ﬁ@iﬂmﬁmﬁﬁﬁwﬁﬂﬁfﬁ&ﬁmﬁlmﬁmﬂwfﬁﬁLh
Fig. 1" TR A FAE— X% —EHEB B v,oe=4.0X10"m % s " THELBL >,
NEBZERAE T 25.4ns " DOLBRALEKL S BONTHEN S » 7 1-
3@@%EAPw3@§ﬁgﬁLta*@I0\$¥m%#TTH\Gmﬁ%4
s L ETRAP) MBI LFIIEALY —FEHlZRLTBY. -0
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= -1 = -
annular part Ug;=12.25 m'S”, Ug=3.06 m's
Fig.1-6 Photograph of the glass beads flowing
downwards in the annular part at a

relatively high gas flow rate

T

Elass beéds
dp=420~590um
12} 5 =2500 kg'm?
Uy,=0.255m's™
| Uy =4.21 m's’

o Voo = 4.0x107m* 5™ ]
= [, =1.8m

A

lugi_min

5.5 5.0 4.5
dgi [m's")

Fig.1-7 Time change of the pressure drop through
the distributor



REABONERHN FRIRBIE. TRRELEARDBLI BRI IABICH 2
botFEzohnsd, L., ZREEP WL 2n-s ' TIRABEAP -5 7
EELREBAERNMICLAL RTHROIRBIESETHFHLLBERCBTL
TWwWEtFEZLNE, LItH->T, FEBRFCHLT., Goi=4.2n-5" " ITHE
BRBWIRELLREAZTORE2BRIIZBNASTITRCHYL, mHFHE T}
P#ue ain b RLBIAGSHEFEHLEE LR R LICT 3,

=R, Ui dHFOBM R AEERI. HFEREL XICE-
TEALTLELEZLNB M. Fig.1-8i2, LRDFERESTWIHELRZH I R
E—ZXNDUoinin DRO—BEFRT, ABIZ. BBd.LZL5FCHEEES 1
i ENTRX—F L L, Ui nin?hBERONFHEBEVv.elcHLTTR Y FL

K ( dp U.MIDZ Us li pp
ey sample | i1 |tmsd| ims| tm] | thgritl
:)) 37-74[079]024]
177 ~250] 3.39|1.70
© glass 1.80
© | beads 0.55] 2500
o) 420~590| 255 | 4.21 [0.95
® 1.80
6 1 ] ] I
o °f o o |
' o 0°
S ol X O N ) o O T
66 o S] <)
©
¢ 3f :
£ © © ©
&
13 2_ -
? o o o
1+ © © 4
o ©
1 1 1 i
0 5 10 15 20

Vo x10’ Cm’s']

Fig.1-8 Relation between the minimum fast
fluidization velocity, ugj,min and the
volumetric feed rate of glass beads, vpg
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RLDTHE, Uei . ninDERIKKEIN, E70 v bOLEFPEELL-ERES
B (ZLEXRGE) OBRINLIBER, THEHIFBERHIBANEBTL2HBICH
495, REBRTIE., Uginindd KB vVvee RN LTEHELEBDOHEmMERLTW
BLELIRNFEALZLUICHNESS ] OMMEELIZAELSL>TWVWEH
FhALNRE, ZIT. BohlUsi nin L NFORKEHAE U  LDHE Ui, a0
/U B ENREFROBERIECOVWTRD B L. d,o=420~590u nD BB K & Wi
FE0.85~1.05BRE L u L B —KT 2. RBFEVISILSLZIZONRTILOX
D K& Lo, %8B, CapesHh 1V 1.08~2.9mmk KELX HF AUV - X o
LEBERE»SL. BT ue 0 n/u 31 THEERELTWS, /. RA—K
ZBNFTESOBEBZANL LIS BEOMAIZEID Ui ninb T 2 M
MABBDLNT, B, Th5DUei . ainDTF—%i3. ZACFMBEERIEM
EEZ2RBRRERH. EETHLCBRBLT. EFANWICEBL L 2B ERZGEOTRME
ERITLDEEZOLNSE, THhOLDUe i DHEFXRHBEE. BRENLEIAHM
RIEBHLLTHZ WY, NF - NFRBIVUNT BEROERLZLLVICEAD
HAREDH L EDENDORTF - A RADI/7aZEHitRERATLBLDLEZ S
nNad, ZHOREZOPWT, SHBESLICHTORBBELEYZELLIDVEM RN
LBTH 5L,

IDHEEBRMFER—NET v 7 Fig. 1 9CHEBRFR—A KT v 7 (1-¢
VOBERRD—BE2r-T. ZAHONTFFEF—NLET7 vy 73 BATE2HNERNT
REFHOEMNELCESWTTETHEEL RS, Ee. (1-2)EDEHLL 5L,
FHORFRERIIEBEL T 05,

w0
1ogf = ———

TIT, well i FHEE W IAETE tEIMNETFORTE:R2RT. . &£
BIAEESE 1 0 =1.80. HHIZ1 0.5 BROHNEERFR—NLETPy 7L
PHAG AR ELEORABRERT. ARIY. RF RNV EFET7T v 7EIAERFLH Y
AGEC DEME L LIEHRRAICEBBRBEANICE LI L TWSIRFIFAL S, 2
. HMFR—- NV ET v 7EREITEGSOBEIR. wedlARLLZWED LA
20 HBERID, HMFR—NVET7Ty7E 1 DRKEVWHFBARKEWEREZ 3
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key wo x10°
li=0.95]1i=1.80] Ckg:s™
A A | 033
) ® | 087

30r 0O W | 203 |-

glass beads
\ de= 420-590 pum
[_*‘] Po= 2500 kg:m™

- !
ZO Umf—()255|71s

T

\ ut= 421 ms’

(1-&) x10° -]

1.0}

Fig.1-9 Particle holdup in the inner pipe
calculated by the mean particle velocity

with the particle circulation neglected

grrAsaoshasBs. ZoREEL TIE Fig. 1-8D Ui . ni n DEERTLADHL
hTwad ki fﬁ?féﬁ%i@@ké:fiﬁﬂfﬁ‘)%ﬁ-fﬁ?‘ MF - -MFEOME
FEEBAMILVWHNBRTITRERRBOLZFOERTIAB LKA TOBRLLTE
KBl u . BAhSL hothdrErzond, 2 FAEXBRTE RNTFRROO
BEuEBLENEFonH Fig 13 b Rl cHERARRE,
BASVWERETHHLACRTFERS AL, MTHEBBMONLAZIIBE
FRIENELLND, St IOHAROVWTLHMIRITILELND L.

1-3-3 HEXBICVRRBENTFEESN
Fig.1—10&:*ﬁ?§420~590um@ﬁ’7‘XE'—XU)I*]%CCQUWZIﬁﬁ%T‘O)ﬁ?JE
EawErRd. CoT. | BHAEROSBK:ERL LW W EMS ER

_2 4_



lBABEDERZERLELABRER A M THSERLRT. M. 70
PREEBBLCI->TROLRUBFRFEETH D, E#Hi3. Eqs. (1-3)~ (
ORI E N TFCESKEHFERA O 2 HABNTL OB LA LHERET
» 5.

- NEE
3 2
TdpPp d Zj m 2 _  dzj 2 T 3
. = C[ﬁip()f(‘lgj_—’__‘_) - —_——Tip(‘DFf—pjf)g
2 N
6 d e Sd)s d e 6 (1__3)
dzy
I.C.: 8 = 0, zj = 0j upj = =0 (1-4)
TR T PR T g
R
2
o 2 = \.depf‘Uga"‘ .(uga——-_) + _dp(pp_pf)g
6 da6° 8og ae d® 6 (1-5)

AFOERBBERC) WU TDEes. (1-)B L (1-8)ick » Tk 72,

[~ -1
24Rey ' Re,=5.76
4 -0.5
5
0.44 ., 517<Reys10

N

(v
rv
iy

ﬂ)f ({EGI—{iF))CiE)

Re, =
HE (1-8)
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B, BHRBHLCHL->T, d BBELIZVWHRASISCETFSHEHBEHEZ AW
BRER S 1.0, LI EBERDELEH WL, 2. uo. u,saidEq
8. (1-3)~(1-6) 2 Runge-KuttaElC X » THEBHN T E2 I LIk >»TRD L,

FEEID. AERONFREuw, DEXBERLHFEEEZHEBT 2 &,
NPEWHBEEHNEREONAETEREREFFTERERE L2 TEHLIMAMAE A SN 5,
COREE. FABIUVURFOBERNODFEBELLEOEPBRICLIZLDLEE 2
bihd, B, Uei=T.46BLU550n-s"'DHK{FETCHERIZ. AESLLHE
RRERLEBH —BLTWAH SHECEVWU, 2F DU ninftEDERBET
3. BEARFHEROBEI B & 9.

TN

ugi

IDITONLBRELZIREZ L%

i

-
-

T

| dp=420~530pm
'y =0.255m's"
iu=421m's’

twy=0.33x10"kg's”

-— calc.

1 1

'p,=2500 kg'm™

key

;=095

1,=1.80{lm's"]

Ta
[ms"

O

1.38

A

1.87

a

3.06

0 0.3 0.6
la

2.9
[m

]

Fig.1-10 Particle velocity distribution along the

axes of the inner and the annular parts
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HHE3mOFIAE—-—X) 2 FKALL SLBHBEBBROBBEIZ /N v 7L

key [1,x10°Tmi| '
o 0

50 o 14
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glass beads
dp =420~590pm
| P =2500 kg-m?
ut =6.21m-s™
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Fig.1-11 Pressure drop through the baffle
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Nomenclature

Archimedes number(=do2 0 (P o-p0 ¢)/ 1t ¢2)
drag coefficient

particle diameter

gravitational acceleration

height

atmospheric pressure

Reynolds number (o ¢ (ug-upo)do/ 1t ¢)
depth of the inner pipe

velocity

minimum fluidization velocity
terminal velocity

volumetric particle feed rate
width of the inner part

particle feed rate

position

pressure drop

void fraction

residence time or time lapse
viscosity

density

time

shape factor

{ Subscripts)

1]

annular
baffle
fluid
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(m-s-2]
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(Pa]
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P
t

= gas
= inner
= particle

= total

{ Superscript)

= mean
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o
o
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o
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/p icie inte
/// port
o air outlet
o
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1

P

—gas/solid
\\\\\\\\h separator
—distributor

particle outlet

) T X pressure taps
air inlet

Fig.2-1 Details of the 2-dimensional cold model

apparatus employed

Table 2-1 Characteristics of the solid particles

employed
2
o} u .x10 u
sample d_[um] p_3 mf -1 t_1 shape
- P (kg'm™>] [m"s” '] [m"s™ ']
glass 37- 74 0.79 0.21
177-250 2500 3.39 1.70 sphere
beads 420-590 25.5 4.21
alumina 455 970 3600 46.0 6.74 sphere
ball
activated
alumina 420-840 1000 13.3 2.26 sphere
Australian
420-710 1300 13.2 3.07

brown coal
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Fig.2-2 Time change of the pressure drop in the

inner pipe through the distributor in case

of alumina balls
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Fig.2-3 Time change of the pressure drop in the
inner pipe through the distributor in case
of activated alumina balls and coal

particles
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Fig.2-4 Relation between the minimum fast

fluidization velocity, Ugj,min and the

volumetric feed rate of the solid

particles, vpgo
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Fig.2-5 Relation between ugj, min and the terminal

velocity of a solid particle, ut
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Fig.2-6 Effect of the apparent density of the

solid particles on Ugji,min
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Fig.2-8 Particle holdup of activated alumina balls
by the mean particle velocity with the

particle circulation neglected
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Fig.2-9 Particle velocity distribution of alumina

balls along the axes of the inner and the

annular parts
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Fig.2-10 Particle velocity distribution of
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Nomenclature

do = particle diameter

| = height

Ps = atmospheric pressure

u = velocity

Unt = minimum fluidization velocity
ut = terminal velocity

Voo = volumetric particle feed rate

we = particle feed rate
AP = pressure drop

€ = void fraction

€& = residence time

© = apparent density

T = tinme

{Subscripts>

a = annular
g = gas
i = inner

min = minimum fast fluidization
p = particle
t = total

{Superscript>

= mean
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X X: pressure
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4Q1 14Q
<21  unit: [mm)
ik
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I x |
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X
1
distributor particle outlet

j

primary air

Fig.3-1 Details of 3-dimensional cold model
employed

L 1.compressor
2.qir filter
3.qir regulator
C) 4.mass-flow
sensor
5.digital indicator
6.needle valve
7.2-way valve
8.distributor
9 particle inlet
10. table feeder
11.inner pipe
12.annular part
13.H,0 manometer
l4.displacement
micro manometer

Fig.3-2 Flow diagram of the experimental apparatus

__50__



AEBTHAWASKTI-—LEEFLEER. BS1ETHWL2XTEFIL
PEIFMHERIE3IXTAELLLNT. ToOMBAZFig.3-1CxRd, EFHRHLLA
i, WE2mme, HEHO0.74H. 1.135BICL.8mD A TRAETH Y, 1.8nF (2
D2VWT. WEABITMOENRBERSHR2HBATEILOOENY v 7B ELH
TTHB, T Figi3-2orva—FAT7753LBPxRT LI R AH i,
HHEEEZ—EFETaHicary7rLydr—2FnEBRLL 270 v —h
LGBHINALZERR. PRA709—-A— PR TCHEBHEZI A% HEOEHI
D LR HEK (400mesh2F Y L 2HEW) THLLBEHRENE, —FH. K
THBEIE. NINRBOBE A7V a2—T74—5% RKGERDODHBAEWEINTY 7
KBoG@#E7 + — 2RV, GBI+ —FOBE HHESEZ —EICR
DRODIEHN T 4 —FBHBBAFITTHD, FAF—LERBLOMIBERRL
nTwa,

XRiIZ. FERBOGHCARARZEHALLEHEE 74+ —FRE->TRFEAE
NEBRL, EDBXIAIPEFRE L~ BATRTFTHRIVEFTRBICE-> 2 L
AL, EERBONTRIRKBEIETEEBICLY., EhaklEk< /X —
gtk Frh 2hBREAELL. AEHONFR—ALET7 v 7. HRALRF
P EBCELSIETHAETHRCEBELARNFZENLEREIAEZ TSI 2L
THREL .

FRBTHEALLEGIRNFEIRBZORLIZIBNOAIFIAE X (RENOT
4 —2B) TEZOMEEE Table 3-1IZR T

Table 3-1 Properties of the glass beads employed

u X10? u

sample  dplum] Pp 5 mf ] t_1 shape
[kgem "] [m*s '] [mes ']
. 74-125 0.82 0.75

ass

g 177-250 2500 3.39 1.70  tere
beads  297-420 10.5 2.85
420-590 25.5 4.21

._.51...
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3-2-1 AEERTHRHRE

Figs.3-3a,bBXUcll, XM THEHALL3IKXKTI-NLVEEFAEBITLN
BEHENTRIRKBOEFEEZ T, £EHEIZ. E&L-=0.745a0AEHBHK L D3
lcn b BETOEATH)., M FHBBIZIG=1.73kgn 25 ' —FETHAAHXS
RS ETWaE, Fig.3-320NFHRIHRBE. BHFRAIMHBH2HFEL LTI
FHEH—-FTHINANRTWEIRFIABETE L, ko7, #BG2EOE S
B3I hdrFEZLLh 5, Fig3-3b0FHRBII. AEREFEICBITIZEN
RENBARZEEAETRANB 7y PETBAEORBETH 2, AL L. HAE
HBOKMTFRENFig3 3 al N L ASHFRALEBESFCEFAANCEY L
TWwWah RAEITHETORFRABILAHAZAEZNEPLFFTLEAHLTVWL BT
BBRETE S, Fig.3-3cBHRFE. BIETERL-BRINESERHLEE

Fig.3-3a Photograph of the glass beads flowing
upwards through the inner pipe in the
condition of Ugj=5.72m+s~1, Gg=1.73
kgem~2+s-1 at z;=0.3m
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Fig.3-3b Photograph of the glass beads flowing
upwards through the inner pipe in the
condition of ugj=4.73mes~1, Gg=1.73

kgem~2+s-1 at z;=0.3m

Fig.3-3c Photograph of the glass beads flowing
upwards through the inner pipe in the
condition of Ugj=3.92mes~1, Gg=1.73
kgem~2es-1 at z;=0.3m
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CHABRAHRBLARTHEOBRICHEL 722,

D
()

3:2:-2 AXBRNTRAWOREREOTHREH

Fig. 3-dCF 3RMCETFTNDREBEDTREAF TH L Ui .0 n b HTFHRE
GsLDHBRERT. Hp, E70y FFEBERTHN., BRI Fa—FV 7
FELDBAAFHLEZOVWTDOPunwanib W DORBAEas. BG-1D)B LU GB-2)I2 L -
TROLHFAEABRTH 5.

Glass beads (p,=2500kg-n3)
Dy1=0.021m /2 dimension

LOr=—== 505um
o o

o

gb O o
fo) (o)

00 O___ . - -—
0 —-— :without top
30r itml dp [m) T
O 0.745 420~590
0 1.135 420~590
@ 1.135 177~25%0

B 1135 74~125
—— Ucp by Punwani et.al.(1976)

m]

[m-s1]

8

Ggi,min

——r—t 100um

0 T 20 40
G. [kgm2s™

Fig.3-4 Relation between ugj,min and ut
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2gD¢ ps0-77 (3-1)
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— T = Uch - ut
DE)(1 —E:C}I) (3-—2)
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BRI 20 LEZLLN B,
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3 I 1 i I I
glass beads

dp=420~590pum

Ugi=6.73 m's”

key G, [kgms?)
2+ (o) 103.4 .

A 70.4

a 427

-AP [kPal

0 06 12 1.8
L, [m]

Fig.3-5 Pressure drop distribution along the axis
of the inner pipe at a relatively high gas
velocity

D, BYRIPEEBRERZECHEYREIT I EHBELDL %o 1,
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DX vy IO LTH 5,

Figs.3-58 L U3-6ICHNEEEN ARG E6.73L3.85n-s" ' WA MEHBEN
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BT, ETHRAXEZERNICEILTIVWE, FEBEHFTRBWT, Zofm
B, A AGELLHUVRCRFHERBBIIBECTBZCARLBEA RS ALNL, 2 F
N, ZOHERIZ. ABEATEBERBLAERBORMF L VWHEH/LREBZ Bk L.
MonceauxH S DB TERBBBRICHEWCFBR IZBEREEULTWS, 8., 8K

_56_



Fig.3-6 Pressure drop distribution along the axis

-AP [ kPal

of the inner pipe at a relatively low gas

velocity
T T ' ! N
glass beads
dp, =420~590 um |
Gg=3.85m's™
key G Ckgm?s™]
0 91.2 .
A 66.3
m| 455
T T T T
glass beads
] d Uy G
3 k Pl S -
ey (kM) Cm's'ICkg'm2s?)
empty O 505 385 66.3
06 1.2 1.8 A 359 361 629 -
I, [m] O 214 3.61 75.7
~ 2— =
g
a
=
0- r -
<
1
1+ -
1 1 1 ] 1
0 0.6 1.2 1.8
[, Cm1
Fig.3-7 Effect of mean particle diameter on
pressure drop distribution along the axis

of the inner pipe
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Fig.3-8 Particle holdup in the whole of the inner
pipe
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Fig.3-9 Relation between apparent particle holdup
of internal particle circulation, A (1-¢;)
and the gas velocity in the inner pipe,
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BILASLERI-TROLEHRRL, FHREE—RFoABFRA I L
DROZFEKBEETRT. 4B, FHEKETHAVWLKETEIR. L3 VWHES
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Fig.3-10 Relation between apparent particle holdup
of internal particle circulation, A(1-€j)
and the particle feed rate, Gg
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do
D+

-AP
A(l-¢e )

il

Nomenclature

particle diameter [um]
inner diameter of the inner pipe (-]
gravitational accerelation (m-s-2]
particle feed rate per unit area (kg-m2-s5°1]
height of the inner pipe (m]
choking gas velocity m-s~1]
gas velocity in the inner pipe (m-s- 1]
minimum fast fluidization velocity (m-s-1]
minimum fluidization velocity (m-s~ 1]
particle velocity in the inner pipe (m-s~ ']
terminal velocity of a single particle (m-s~1]
volumetric particle fed rate (m3-s571]
distance from the distributor (m]
pressure drop in the inner pipe [Pa]

apparent particle holdup of internal particle circulation

(-]
void fraction at choking -]
void fraction in the inner pipe [-]
apparent density of a particle [kg-m 3]
density of air (kg-m 3]
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y
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Fig.4-1 Conceptual drawing of CFM-bed combustor
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Fig.4-2 Flow diagram of the combustion
experimental apparatus
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Fig.4-3 Details of CFM-bed combustor
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Table 4-1 Sample solid fuels employed

Loy Yang coal

Ultimate Analysis[wt%] Proximate Analysis{wt%]

C 68.6 Fixed Carbon 41 .1
H 5.0 Volatile Matter 45.6
N 0.6 Moisture 12.2
S 0.29 Ash 1.1
o] 24.41

dp = 125-250, 250-540 um

Coke

Proximate Analysis{wt%] Diameter Distribution

Fixed Carbon 98.6 - 53 um 72.2 %
Volatile Matter 0.5 53- 74 9.3
Moisture 0.2 74-105 5.7
Ash 0.7 105-149 5.7
149- 7.1

Yallourn coal
p,=1300 kg'm™’

key | dofpum]|L;Cm3
O] 505 | 1.8
4 |® | 1?8 1.7

___=309 _
377360770 .
"_gn 2-dimensional
§ 2f :
g l/combustor
.; ‘!' "U, =()£;7
o {=-- _..'-‘.-.... A SR ——

0 2 4 6 8 10
Vyox107 Lm*s™"
Fig.4-4 Hydrodynamic critical gas velocity in the

inner pipe under the non-combustion state
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Loy Yang coal w,=0.333x10’kg's’'

dp=125~250um Ay=6.63 Nm® kg™
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Fig.4-5 Temperature distribution in the combustor

during the combustion of Loy Yang coal
with a fine diameter

(Rich combustion limit)
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Fig.4-6 Combustion gas-composition distribution
in the combustor during the combustion
of Loy Yang coal with a fine diameter

(Rich combustion limit)
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FTERRBEKIEZ. B3ZOHIFIAE-~X 246 FLrLTHWE3IEXTI - K
ETFVDODRFA-—NRET v 7ORUBERLLVCERBELLLAD LR T,

DED#HRIDLUTIE, AELBLEBT 2/ R ELoy Yang RO K EBBMRIER
FREOWTEET S, Fig.4-52BWVWT. m1=0.71. 0.54% &5 U (20.380 L] &
FTREFENICEERB P TbDRAN., SLLEZRLETHFI-LREDT
ol HE T Ema=0. 2090 RBFICT L, BE®RMFIEREROBEDRICL-> T
MFRBORERIERITRETCHI >R LODDBEENHERRFAEERBE Y R T &
EFBBRINL, XoT. Z0Omi=0. 29282 EBEREE. EFLGoKo
ARELBERBT—RKMICHERLRBELALLZT T, MHZBLoy Yang RO R E @R
MEBFIZIIEm =03 CFETI2LDLEELI LN, AEBREET T T
sivnink =LA, FHREL FABRCBIZ2FRBEEIPERBREOBRE
BWTALZWIZ LE2EKRT 3,

B, BF L LT, Table 4-212 1 +=1.2Tn (B FEOESH) BL U1 =2,
8am (MR BEDOER) LBTFTE27 v 2 EEERDODH CBIUNOE AL L
VEREDEL 2037, B, T0n.d. HEBREIOCHOENELZB T

5C0::NDEBOFE,LBEHLL T £#H, CBIXUNOEIZEE (L
Table 4-2 Weight fraction of H, C and N and
combustion efficiency

" (Rich combustion limit)

* * *

element H C N nc (%]
raw coal 4.5 62.4 0.55 __
l¢(m] 1.2712.84|1.27|2.84(1.27|2.84}1.27|2.84

my=0,71 0.71]0.04(35.9| 7.3[/0.56{0.11]26.6|43.8

0.54 0.08/0,13] — |21.5/0.14]0.17]27.5/36.0

0.38 0.18{0.28129.2/28.9]0.32{0.40}13.2/16.9

0.29 0.51/0.37|46.6) 39.1/0.49] 0.40]16.2] 17.2

1l¢=1.27 m : inner, l¢=2.84 m : annular

* ash weight basis
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Fig.4-7 Temperature distribution in the combustor
during the combustion of Loy Yang coal
with a coarse diameter

(Rich combustion limit)
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Fig.4-8 Temperature distribution in the combustor

during the combustion of Loy Yang coal
with a fine diameter

(Lean combustion limit)
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Fig.4-9 Combustion gas-composition distribution
in the combustor during the combustion
of Loy Yang coal with a fine diameter
(Lean combustion limit)



Table 4-3 Weight fraction of H, C and N and
combustion efficiency

(Lean combustion limit)

element H* c* N* nc [%]
raw coal 4.5 62.4 0.55 —_—
leim] 1.27]2.8411.27|2.84{1.27{2.84]11.27]|2.84

my=1.58 0.11{0.00] 8.0/0.06/0.09|(0.00f 25.6] 96.0

1.94 — | = = =] =] —] —o9s5.3

2.41 1.21] — |31.8) — ]10.49) — ] 16.9 94.3

1¢=1.27 m : inner, 1l¢=2.84 m : annular

* ash weight basis
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Fig.4-10 Temperature distribution in the combustor
during the combustion of coke

(Lean combustion limit)
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Nomenclature

thoretical quantity of air [mn?-kg 1]
particle diameter (um]
distance from the top of the combustor (m]
height of the inner pipe (m]
total distance from the distributor (m]
combustion air ratio (-]
temperature (K]
minimum fast fluidization velocity (m-s-1]
terminal velocity of a particle (m-s~ ']
volumetric feed rate of solid particles (m3-s°1]
particle feed rate (kg-s ']

temperature difference between the annular part and the
inner pipe

combustion efficiency

apparent particle density (kg-

{Subscripts>

primary combustion air

secondary combustion air

{Superscript>

mean
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KEAHE HXERBLECOMBAAELCRITHELIHLECHBERI AT VS W
DBBHRRTD 5,
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Electric
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Balance circuit
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Gasin

@® Sample @ Heater
@ @ P-PRthermocouple ® SUS304 tube

Q@ Infrared furnace ® Protective tube

Fig.5-1 Details of thermobalance employed
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iz o BAHZBEZHBLL LB CoTFTHREFLZED.
b %Z2mme (AMEL1L.5mme ) DRAF YL AFELLRABBELEICKR X 4T 50 3,
B, TOB XKREXFL2L-DLETHLILOLLABREDA—-F U HA225X10
fntemin B LTWE, FABRXFIEALLVRRER-BETRANXT
BREMAOEREN I HFDOBIUVOQ HNBIZEFAZFRD 3,
EBRFEE. T KBRINIY-—CREBLR2HRAZDE, HIEBREDON-0:38
AHAERLEXRL2REEY S, 2ot FERTRIAEHBFoOABO LD I,
FoO7ra/73 L —FREBFRFLEZTIRBKEBR T2, 2. AR, H#
ERORIVE (TCH—T ) BIUVZFoMuHE (DIGH—T ) 288 L 7. 7B,
BRITs LK. —HBLECOWTRFRERL T - .
FEBRTHEALLERRN T BREPIFP I L POBEOHRARLOEBR R
BT riedic. ¥rLT73 774 b 2HWA, 2O HER 2 Table 5-142
Ay, KRB, ZREFEcRBRABRAO 2 X -5 —-LCL->T, ERXRARABERR
FICLBBETE R I D Fh Fh k7, T BGraphite A (F UL FH3345) 3 K
BRSNS AUCBEERRSI 774 b TH5B, —F. Graphite B (K&
B — K HG2080) BE—NFRBETHRESINLLDOTH S, LB, D7 I
774 bMiE. EvFENL Y —LLTHWE2—-7 X270 XKB. HKHE
EsmtLboTh s,

Table 5-1 Characteristics of the graphite employed

Fixed Ash € °p Dp Ag

[%] - _
carbon [(¢] [-1 I[kgem 31 (um] [mz-kg 1]
Graphite A 88.0 12.0 0.26 1670 37- 74 1.8X104
- 37 1.8x104

37- 74 1.7x10%

Graphite B 99.9 0.1 0.21 1780 3
' 149- 250 3.7X10

3

1000-1410 -2X10

-
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ERELIBDEFIZLR, Araib 2 H B WiEBasub I HRALAL LD ZHER
BETFNVIZEIDSBHEEERE GC-DE2IFITFENEMXNELLTHEAL L,

dx _ kAg(1-x) Po,
dt
(5-1)
Af, xERIBFE A BRNFONBEREAR. PoBBALSXOBEIEZ
Y. 2 kRERREEZEZEBRTH D, Eq. 5-2)D X 5 L Arrhenius®N THRT Z
ENTE B,

~
]

(

m
K kP02

(5-3)
Eq. G-DHDxB IV dx/dUIER KD ER (T6CH -7 ) BIUVEZDHM o E (DT
GHA—T) & EthEFhBHZzIT- %

5-3 LMERBIUVZE

5-3-1 HBINVIF—DOHE BRLZLHUVECRBFOHNHEHOVE
BXFLEBWT, BARGCOII L RBEASRZNOIE>IHAE. ABRE
NDERECINVABEBEELFHUERE Lt ODBICEEZVFALZILEBFILN S,
g, ARLZBEEFPERINV IS —OBRBIUMEOEZR REFOHEIL
2EBOMBRFEOHBICL>TOLAELZTHEFH L, £ T T8 TR
BRIV —CRAGCEENRLLIAREM -AERO2EZHVWE L ELIZ X
RoDBREERZC, RABABRFORBBET 0 L FHBPBET W L DBE
ZrzPELL 24 REBFOMBEICHEL EFRIBEZEALITVERRLEL,
Zh (3 2<BABLEZWT NI THRND2EBEZHWTRARET -,
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Fig.5-2 Difference between sample temperature
and controlling temperature during the

combustion
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NBErPORBMARAELBALTWEY, BREBITOE RAHFROFERED
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Fig.5-3 Influence of gas flow rate on combustion

characteristics during the combusiton
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Fig.5-4 Influence of heating rate on combustion

characteristics during the combustion
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Fig.5-5 Influence of mass of sample particles on

combustion characteristics during the

combustion
1.0 T T T I |
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Fig.5-6 Influence of particle diameter of sample
particles on combustion characteristics

during the combustion
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Fig.5-7 Freeman-Carroll method to calculate the

reaction order, n
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Fig.5-8 Relation between combustion rate,

d(1-x)/dt and partial pressure of oxygen,

P02
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Fig.5-9 Recalculated results of TG and DTG curves
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Fig.5-10 Comparison between in the condition of

constant heating rate and temperature

T (K1
1000 800
T ! 1 I |
Graphite A
10— Dp=37~74pm
.CP 0,= 21°%%
a
O|R=15K-min’
P Isothermal exp.
o, X=0.3
‘w10 —
oL A= 424 . 2000 | 1000
o kg -mskPs®
= g 10°
u ® E =169.9 kJ - -mol
x
10°— —
107
O
Op Kol
00 .'{,105
10°— - €
o
-1 ] | | | | | x
1.0 1.2 1.4 1.6 “10
17 Torsx 10°LK™ x
16°
1 1 1 1 | 1
04 06 08 10 1.2 14 16
1/Tas x10° LK™
NO. Equipment Sample Resercher Ref.
1 Various samples Smith 14)
2 Entrainment reactor Coal char Smith et al. 13)
3 Drop tube furnace Coke Sadakata et al. 12)
4 Coal char Lewis et al. 7)
5 Flat frames of gas Graphite Matsui et al. 8)
6 Fixed bed reactor Coal char Smith et al. 13)
7 Thermobalance Graphite Hill et al. S)
8 Thermobalance Graphite Andrew et al. 1)
9 Themobalance Carbon black Miyajuma at al. 9)
10 Flat frames of gas Electnode carbon Basu et al. 3)

Fig.5-11 Comparison between the combustion rates
presented and those proposed by other

studies
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Nomenclature

A = frequency factor

Ae = relative surface area

Do = particle diameter

E = activation energy

K = combustion rate constant

k = reaction rate constant

m = partial pressure order of oxygen
n = reaction order

P = partial pressure

Q = flow rate

R = heating rate

Re = gas constant

T = temperature

t = time lapse

We = mass of the sample

X = conversion

€ = voidage

o) = apparent density of sample particles

{Subscripts>

sam = sample
fur = furnace
02 = oxygen

__96_
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8 Compressor

9  Mass Flow Seasor
10 Needle Valve

11 2-Way Valve

12 Blower

13 Glove Valve

14 Orifice Meter
15  Ball Valve
20 16 Riser
Ql . .

£ L 17  Bubbling Fluidized Bed
= i - 18~19 Heater
o 20 Free Board
8 Nw X  Thermocouples
-— o

Fig.6-1a Experimental apparatus employed for the

heat transfer experiments
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Fig.6-1b Details of the riser pipe

-100-



Table 6-1 Characteristics of glass beads employed

d,.
sample p pp_3 ut_1 ¢s
[um] [kgem ~] [m*s ] [-]
.177-250 1.70
glass
297-420 2500 2.86 1.0
beads 4,6 590 4.21

MEVEREEL oG WHFAMEARA»®H. WA RBES G AODRTF
BREBIUVNTFTHBRZPAUETZ, X612 HF FZ&EMOEDEZRERE R
DERLDELBLYIAF—HWOKNTFER—ILET v 73, E—ANNLT (15)k2-
Way NV 7 (IDZ2RAKICAL2HHLABLEECI VB EL 2,

ARBTHEHALANTIE. Table 6-12R LA XD LHBORLZHF I A —
AT, ZDH#ALIZ6T0I-kg "K' TH B, LB, RPOERKEFEu . 2h 2
NOKRFORLHBERAWTRD .

6 -2 HF¥ HteBRERRBOMWFE

FEBRTE., SAF-—PHNIBIINT  GHhBEERB*ERABERLAVT
FLA UTR GRRBEEZRDOD2-0D0BFFER2RT. GRERZED
AHRZEB. FAF-—HNODHSABENFBLIVRFEBES»TORESFIVTR &
ZA5H NFIFABMFBMEITERVEHTELTNVBZ I HALRAT L2 LIEHE
THBEEZILNDE, 22T ABHTIE. BHFMNTFEREESHLTREL 2D
. METHETHAIAOHNABRET . BIUSAF—HAHARBET L AORTF
WET ZRAVWTEC (6-DIERTEIIALBRERELTTRELS, B, &
A, BIRXEMRLLT. MBARFELLVRCHFBIUSNIRAERIEIRETH 2
ERELTWS,

GgScpg(Tg-Tgi) = GgScps(Tsi-Ts)
(6-1)

EoT. SA¥-—HTORBEWMBEICS T2 TFEEIR. Eq. 6-2)TRE N 2,
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GqC
g-pg
TS = Tsi - (Tg"Tgi)

GsCps (6-2)
ABINLHNRABENTELEL (-DTRIWIHFEEHHLN., 4 F—0
HEEWE (21, 22) A TCORFEHEE h X A BERTEq. (6-3)D L S5iIc& X

na,

z
2—T 1

z

hp=
A(Tg-Tg)zy-z4
(6-3)

CZT (To-Todeo-2 1 BHF - HAMOPHEEZELRL, Fq. 6-4)TEHX
Ry, EEOHETRNEIOAAB IV FRENGPEARBHT LI L2 LD
R & 7,

S 1 zy
(Ts‘Tg)zz—z1 = m—— fz1(Ts—Tg)dz

(6-4)
Eq. (6-3)FDARNTF - BHhBOBMEREZRELTVSE, HNFREEREITAT

HFHEEHRCHFSLTVWELERET S L. AldEL (65D kS5 icKSh 3,

6
A = (1-e)V
dp¢s

(6-5)
—RIZ. BHEFHRETIE. BIHCRFA—NVET v 7OHBHEET 2 =
ERRONTVEY, BRTEBVWELZOHEBEEZ2 T2 LFBLOWERTS 2
Lebiz, FRBTHWAKRETE, BFMBEFR— LRy 752 WS
5IEeNTELWV, ToT. FEHTW. RO ABLECLI->TEALSE S
I —RNEKONFFR -V ET v 7 LB 1ENE—-RNTFOABFEAEZHANT
HFHLAMPBMBEFR LR v 70E WA MICEAR DT HET 22212
FOTHERMNFH—-—NVE7y X HHEEREL 2,
DER, FPHEHERRIE. FABRLTETLDEC 6-60)D L 52K LA 3,
GgScpg(Tgo-Tgi )

P " A'(Tg-Tqg)
S "9'L-0
(6-6)
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= dp = 420~590 [pum ]
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= 1-€ = 0.0127 [ -]
300 Key )
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O Solid Particles
290 | . . .
0 0.5 1.0 1.5 1.8
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- dp= 420~590 [ pum]
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0 0.5 1.0 1.5 1.8

z [m]

Fig.6-2 Temperature profiles of both gas and
solid particles and the gradient of the
particle pressure drop in the riser

(dp=420—590um)
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x dp = 297~420 Lpm
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Fig.6-3 Temperature profiles of both gas and
solid particles and the gradient of the
particle pressure drop in the riser
(dp=297—420Um)
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Fig.6-4 Temperature profiles of both gas and

2N F-¥: g
DL L EBEN

solid particles and the gradient of the
particle pressure drop in the riser
(dp=177—ZSOUm)

-105-



HwE/oNLDIE FAF-—THELEZBWTRTRESAEWSLIORTF - 4
AROBREVBLOWILBIVEBERENEREVWI LRI LDEEZ LR
5, ZDEILHMIBRNBELZEAIETCLEFEEREFTTCERRARTH >, L
L. BIZEFig. 6-4DBRT X I, do=17T~250uumnE WS R TIX. T4 F—
PEBREN. 20TTTIRABNPEIHICELTNWSE, 23 ), FHEEICRT S 2
TOERRII. MHEBERENFLEONBTLERFLWZ S, ThizBh
CIAF - ATMORTFR— NV IR Ty 7 HicE8RAL., #D0ELLOAFTH
SPAHARAEERE NFHRBREBIVHNBLEREBEIRZLEZLNS, #
2T, GHBOGEBRELAVWLERESRER YOt 20EERFZFTOIBR
BINBRE2EZRTILENV DS, 8B, —BHOLNTY Y 7HRHBTIZ. »
BRELTRAICHRNTFHERBICET LI LFAHREIRTWVWE Y,

6 -3-2 RAEGEHEFAHK

Fig. 6-5(3. R #E420~590unZ Vv, BEIE—-ZNTFHBRBORGETHRARK
HEEALIELLLEODRMERRBRh . oM Ao AR RT. FxHL L. BFifs
ARBEh , DERIAF-—THEEAREL, Z0BABRESILLBEIATF—H#
WEIDO0Suft ETRI—FBEERLTWB IR bH B, ZOKEIE. Fig. 6-
R LM MoONTENBRARABE LAROBEmMERLTWS, 22, hod
i, TAHREOBMRICELELL>»TKRKELS L > T Wb, Fig.6-6i3. R B H297
~40unDEBERTH Y. Fig. 6-SOMBLARLEMERLTWS, %8B,
HMERODGEHBBENOBVWIE, HEOBVWRIIRKREXEB IS ZAHENR W,
2% Ry THEOHBIZIZLNDEEZ LT3,

HBROh, DEIR. R LAWMEFARFR—NV KTy 7 A2 EBLALERT
HENDT, COFEVRYETHLILERET S L. XHRIT. 4 F—-—AToOR
F-H&EBORY vy 7HEMDSHICERALTWS LFHEZHNA B, Fig. 6-Ti2 Y
y7HE(Ue-u) LR GERRRM.OBFEE RS, 7L, CITOMTH
BFu-lB1BOR—HFOEPFERALINEHL-EZAVWE ZB8RbOE
#iIRanz-MarshallXZ2RLTW3", XML, BHEHRERL Y v 7HE
DERREIKREILTEHIEA2PHEHEAEARIRAR TSNS, EBEER L Ranz-Marshal
IRELICHBPALNREZNDIE, RXEDLRLTWBIILZRFHEOBE D 2 WIS

-106-



Glass beads
dy=420~590 um
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Fig.6-5 Local interfacial heat transfer
coefficient between gas and solid
particles in the riser(dp=420-590um)

T T T
Glass Beads
de = 297-~420 (um]
Key Ug 1-€
~ 100} [ms'] (-] J
« ° 5.77  0.0320
e A4 3.85 0.0449
2
< 50} J
] 1 1
0 0.5 10 15 1.8

z [m]

Fig.6-6 Local interfacial heat transfer
coefficient between gas and solid
particles in the riser(dp=297—420um)
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Fig.6-7 Relationship between the local heat
transfer coefficient and the slip velocity
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Fig.6-8 Relationship between particle Nusselt

number and particle Reynolds number
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A, A’
Ar

d,

Gs
ho

ho

Nu,
Ps
Reo

Mg
P o
b s

Nomenclature

contact area between gas ans solid particles
Archimedes number(=do3p ¢ (P ov-p0 o)8/ 1t ¢2)
specific heat at constant pressure

particle diameter

gravitational acceleration

particle feed rate

(m2]

(-]

(J-kg '-K 1]

(u m]

[m-s-2]

[kg-m~2-s7 1]

local interfacial heat tranfer coefficient between gas and

solid particles

[w.m—e.K—l]

overall interfacial heat tranfer coefficient between gas and

solid particles within the riser
thermal conductivity

height of the riser

particle Nusselt number (=hod,/kg)
particle pressure drop

particle Reynolds number (=do o ¢ (ug-us)/at ¢)
cross sectional area

temperature

velocity in the riser

terminal velocity of a single particle
volume of the riser

arbitrary distance from the distributor

voidage in the riser

= viscosity of gas
= apparent density of solid particles

= shape factor

{Subscripts>

* -111-

[Wem 2-K 1]
(Wem !-K ']
(m]

(-]

(Pa]

(-]

(m?]

(K]

(m-s~1]
(m-s~ ]
[m?®]

(m]

(-]
[Pa-s]
[kg-m~2)
(-]



= gas
= solid particles
= entrance

= exit

{Superscript>

= mean
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