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Abstract

The dual fluidized bed gasifier is designed by the concept of FICFB
(Fast Internal Circulating Fluidized Bed). It is separated in two parts: the
gasification zone and the combustion zone. Two zones are linked together as
a circulation loop by flowing solid particles and the heat produced in the
combustion zone can be transferred to the gasification zone, supplying the
energy that biomass needs to gasify. In the loop seals, steam is injected for
fluidizing the solid particles and separates the gases produced from
combustion and gasification reaction. In this way, the syngas in gasification
zone is free nitrogen. In the present study, an analytical technology for the
simulation of a dual fluidized bed gasifier will be developed for the
multi-phase reaction of biomass fuel by using the commercial CFD software,
FLUENT. The particles flow pattern in the dual fluidized bed and the
modifying geometry will be analyzed. Also, the biomass gasification
reaction will be analyzed. The model will be improved based on the one
build last year. The operating parameters which will be studied include the
difference of steam/biomass ratio between 2D and 3D and the bed material
circulation rate. The flow simulation model will be first validated by the
experimental data, and the physical and calculation models will then be
further modified to improve the accuracy of the flow simulation model. The
literature review of dual fluidized-bed gasifiers, the improved flow
simulation model for the dual fluidized-bed gasifier, the grid independent
test of the dual fluidized-bed gasifier, and the particle’s flow situation in the
dual fluidized-bed are presented in the present report.

Keyworld: Dual Fluidized-Bed Gasifier, Computational Fluid
Dynamics, Biomass
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Bulk Gas Phase
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BIP 75 * BOME 7 5 %2 3t 0 bl4otf [38] 14 PCGC-3
AR R T R A L £ & 4% OofCoal
H,O/Coal % %-diceh » 5 $ 17/ 4 AR B PFRE R F g2 & 3§ o
B o R AR o B S AREHE R R TR Ry

ARG rF 2 £ 8 S8 %] T %% PCGC-3 #4258 2 7 i o

el T
b
\\ﬁr

35 [39) 642 * PCGC-3 4758 » 11 = A5 fds 40 b ks e i
Bef SR 2 MR F B WORL RSV AR RS L T
FERVHUEREARN 2T M o BFEH OJC - HO/C ~ 5% ks
Sl R F Rt d BB S AT o d HERFR F RS
SR O,/C 1 " pE s Bl & CO, ~ H,0 4 & £ » CO~Hy
3 CHy % % 84 o § 208 O, 8 8 OJC 1t )% (P> ] ¢ 8 CO, ~
COZ HO 4 S88" s Hy % CH 4 S5 4c 0 b Prf M0 fEAL
B g R4 ok HOIC v blH s pE s F AR BT £ 0 F BARE ¢ 1
BoXAARS 2 Hyo @ adc AuCH 2 2 BB > Hyd & B 5
doo ¥ obH 4 HpOIC v b ~ i EE JEE Sl BT 0 b et

MR R L R
20



B AR P 2 E R - ER AR ¢
P8 2 % o Hernandez-Jiménez [40]) & « $ftie ingg i i (7 =
HBCEAF > VREREIRE S LB NL R cEHA A KA
Gidaspow model 4= Syamlal-O‘Brien model = f&:& {7 fidt - H &7 7 %
FIrE4 HAl - AR B %2 4 & F]F oa %45 0 Syamlal-O‘Brien
model st 538 & FEip| = MLk ¢ oendkie S 4 & - Taghipour [41]) & <4
Hoag BB R F RREFRHE o 2 F Syamlal-O’Brien,
Gidaspow f= Wen-Yu drag functions = %27 F 3] 2 v g 0 5 5% 3 )
B o 3o I 2 206 3 M AT IHECAIE R Sk 2 B chip
i} o Marques % 4 [42] 44444 f2 (5% 44442 7% /% & (Conical Spouted

Bed, CSB)i& 17 7 CFD 2 ##t3- 5 » A 4748757 i b ¢ eP% § -3 A4

-

ZREFnnE 7T B REF R Y

R

e
Syamlal-O'Brien Drag Model #gcdesfF % 4pin #5237 12 23 55

SA5PE TR R 22 FARRE AR A S ehin B B {odh By o Min & £ [43] 41

CFD ##i2 7 R34 ML » 1 2 5 R M~ E gl s sk 2 ikl
v kK )%J& . &—L% b"""a,%}jaﬁ;%xkiﬁ‘ L’*ﬁ@,)’élﬁul—}"ﬁ E@&%;}p AV

i# * Syamlal-O‘Brien Drag Model eficsset5 3 3 Spiplon g8 P 20 F
AT E o4 227 > Wen-Yu Drag Model e 8% & £4z 115 8

g0 Esmaili & 4 [44]) ie 7§ -AEe Nt 3D B s d
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FERR O MEFTRY A RIEA R grtk o F g BE-w
F#-3] - £-%f Richardon f- Zaki ~ Wen-Yu ~ Gibilaro ~ Gidaspow -
Syamlal-O‘Brien ~ Arastoopour ~ RUC ~ Di Felice ~ Hill Koch Ladd ~ Zhang

fr Reese 12 2 Adjusted Syamlal -7 :& {7 +* $o 3 314 _Syamlal-O‘Brien

i
S

A NFEF FEAE > RS S RIRTT R % % - Behjat ¥ £

(451014 % § TR A 1 B £ Mo it 7 HopedR od oAl b 4 o 2t
WG o HATRTERIE AR 2 F S Bhp i T RO ERERCD] - 5 %RE
FoA o #Ap R B TR R R o R B G 2 M R BB
AP AR (70t o v B 15 0 SR HEAT AR B TERF R T R
2 in4 7 % o A1+ 4p 41 Syamlal-O‘Brien Drag Model {= % %

AR 0L € o

do IV HN Y T F R MR R A Y 2 5 A TR
X I T R TR S Af R T L SIGCC ¢ > 1 iE 7 43%

Mb 2 B RRE BRI R F AR TR F e F G & R

WRF BT B TSR R S 2 f R A
3o }%#E%‘Z’ ,SVE\-—\ e ’EﬁlL‘}%%’ IL‘J}JE 7 ’}l—’%;{ l" fL IE.‘@\
B2 - TR A TR R BT R L S AR R A fe s

BHESF R
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Privanka [47 [49])] & A s # et 7 & 25 8MW £ 7 £ 4
Teng (Y HIUE PHET chZ ficd] o Thapa [50)] & 4 & S # en* 3

¥ #r %% Barracuda virtual reactor, VR15 - Eulerian-Eulerian %
Eulerian-Largrangian = #& = ;= X% = &g i % #-3] - Song [51]
$AEFETF% o BREF VR R % steam/biomass ¢ ¥ i F A
ﬁ‘gﬁéﬁﬁ”l#f; ‘?'LrZ"]L%\’—"Fmﬁ%{ﬁ“"'”‘ﬁ,ﬁ'&kﬁ‘»\ﬁ#ﬁ'ﬁ"a?
SHEEFR G HOERE L I E F AR T - § D

2

A% 1 2 ;steam/biomass +* $ & & F hB T A

/\~
-
SRy
"3\
|
|k
)
=y

Rk g A F B AR S 820°C % steam/biomass vt 5 1.4 pF

FIEAE F P RDED 7T §EF steam/biomass bt g 4e @

N
-

% steam/biomass ' £ 0.8 F 2 3 1A P& S P> Higomgit ¥
= o Woei [52] # A 3|35 > 2 Fac angfl? > % biosolid ¢ v

B i F AR vk o Bull [53) #5 4 M S A 2 D

FREPE R R gREGF A -F RIS A o F

Lo TR R e g F P e 2> R R F 2

— § f*p27 *¥ ; steam to biomass ratio + < € i+ & F A (%

o
St
f‘m
<

BLPAR) D F a S - F RTE TR i E
L5t B4 P RS B A d SRy B fRAET

Fo TR A F A - FURDERTE o § PR G E R F
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Blb A g R EF - F R T a0 A 2 F atfe Coatd
P e A e Y S B~ F RS e

B3 PRLA S ERE 0 TR D g f S

Weimer % 4 [54] & g4 1 EFH DAL 7 * 23 250
fe2t B kiTiw o 2% Guerrero & X [55) EisshH~ o ¥ U F P { By
hx S Jl AL TLF S AP T E o FE A [56] F1* £4cfIA K 2 R
B iz z 30KW F e S ind it A F B E o 54N M ER B
A L&A F CO~CHy~Hyehg B30 7 g 5g2 Hi4e > @ COPIF 2. o %
"LEREBF > CO-Hyeng 2 gig2 2 > @ CO R & 2 » CHy »
CoHnRIF12 £ 7 % i 9484 7 P &7 - Kantarelis ¥ + [57] # 7 45 ¢
Boudouard » 22 k% % F RSB R E F A e @ 4 2 5 ¢ e1CO -~
H, 5 # ¢ %4 > # ¢ > Boudouard 7 e & 1 ¢ fdf= 830 A pFag
R FECF o 5% d ddn e B A rF TR R RERRE i
* (58] A3 MIEBF Ao F 7 g IR R - g i
Firdhd Flesat o3 SgFRROERF A+ e R
040 B EgEiha 3 g0 B R A5G b b 3 R IEE S i

i

7 4 6
=

AT B S S EZEL Y L BRI RN R
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7L EE S F A 2 m I ApES P BEBR A TR o T A
B A4S KRN > & 35 1 2LARIR T gERERCY » 2L9R R Flamelet
w38 VEDC (Eddy Dissipation Concept) % & CHEMKIN it 5 & J&
¥;\ ~ 2 FREDM (Finite-rate / Eddy-dissipation)#i-5% % ¥+ i-#% & 55 B
ZHFRERFEFNAT c B 2y Y T A H T RRAEERE S
Fvsko o a7 8 ek RV F ML F ok o AT Y EIFE
A BB G e PR 5% P TR E
(REFHIDFF EHEZTF 4§ ARFEZ Tk iEF RA
FHEFRERRA AL SERCF RELEYEF EF
RAEI T BERAWAL T LT ¢ (PEMFC)2 =
B s ki e Flut o AR R BRI R R 1 peE 2 2 AT
o4 A A# > £ Hofbauer % 4 2 s #-3) [19)] 244 - 22 g
AR F o F MR A TR RERRAS T R KR
AT BIREFER R Pl MR A AR APER
2 G ED SR F R R BRSO 5 AFERR
CEArFlRF E R e TR g AF WAV RIFE R g L
FR R i 7o 4R R R AR R e i 8

Bk TERERFBERSF G = B2 5 0

(=
F_&
[

-
(—%3—
pi

AT e A ACIE ) e By MR G e £ e e R
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AT e b oA RR G o R R R IR R i E IR % o
BTN 0 s A Z AR A F R B i g
RV RO DR A ERS F R F MR PR

i
l

26



RS E V-1 3

AFE G A A E 58 ANSYS-FLUENT i (7 s 8 - o
R Rt P RS BB S 0 % & * Eulerian-Lagrangian = 2
BZ BB 238 TR o Tt > AT 7 #2 Eulerian-Eulerian = 2 4+
Hondg itk M SARIRE 2 A TR 0 R AR EAR S T AP

% g AR kRS o AR P R M AT SR RM o

-~ AR

1 Bo 2882 afHixe

2. FRAEDIEILIE F MR A2

3. $REAPES g=9.81m/s°

4. FAFEE 3 O, Hy~ CO~CO,~H,0~CHs~ Ny 5 Fdp &
z Char ~ Si0, » ¥ 2 Si0, i 5 & & o

5. 24 BB ASh)H» F L2 B8 A A o Bk
P BETE F LY o

6. A FUSEIIHF RE F RS PE o Flt A FEE A
UCOVITER R R N 2 AT AR 0 T A ERRR T 0 AT
TEXA TR AL BT R X IHEF 0 5L

(Char) ~ 4% 4~ (Volatile)fr-k Z T d » v g ® Hig » o
27



7. o %l\‘\:}{@;:ﬁ”m%%?"‘ Av\-:j‘#';ﬂ ’ ﬁtgﬁ,ig TLi;"ﬁ’;}’lfﬁif,«—rﬁ,f‘:@‘
AEEE RFILZREIEN-FCERE B AN REFR

h
$#t o

=~ s 4l
BFARQE ARG F M FFRE R R BENE EATES A
;¢ [46]:

(- )ik 4 > #=3% (Continuity Equation)

%(“gpg) +V - (agpgly) = titgg )
%(asps) +V- (aspsvs) = _msg )

oot M A K
v B R
pr A
Mey « AT F ARZ T E

AP FARHA (LA W) R ILEF A AN 4T

Po Ry ®)
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2711 1pi (4)

L

ot B BEALRR

(= )# & = {=(Momentum Equation)

a —_ —_— RN N

E(agpgv:cz) + V- (agpgVyVy) = —ag VP + Vag - 15 + agpgg + B (Vs — V) (4)

a —_ —_— —_ —_—

7t (aspsv.'s) +V- (aspsVsVs) = —a;VE& +Vas 75 + aspsg — B(Vs — V) ®)
H ¢

B¢ o VP AR F T S 2 FAp R4
B A2 2 ik
s - AT AR

TRt ER

A RETA

w’<

FARE B AR AT 50
Ty = Ggltg[— % Agtg (va)] (6)

2 —_ —_
Ts = asps[— 3 @shs (VVS)] + agds - VU (7

R (7P 2 A A B ARt (bulk viscosity) > ¥ 4 Lun [59)] % 4 3% 42

AN & AT
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(]
As = Zaspsdsgo(1 — e)(2)°5 t)

A (7)Y 2 ug » AR T 4407 4 Gidaspow [60]) #77]2 & f25¢

Fo FAR T 2 4 2 3% 1% (collision part) 3 # st 78 (Kinetic part)z :

0.5

sds\/g_ (€]
= bl e Al [1 + gasgo(l + e)]z + gaszpsdsgo(l + 8) (;) (9)

S 96(1+e)go

AR A 2 T ED NS HP AR e 0 & % % 38 (collision

part) % #- i 3% (Kinetic part) :
P = a;ps0 + 2(1 + e)as?gops® (10)

Hoe 43508)~(9) -~ (10)¢ J13hz B L— HP 4T
O : 48 & (Granular Temperature)(¥ = 5 ms™)

Jo AL & F 3 #ic(Radial Distribution Function) :

g0=11- (=) (1)

®s,max

e 1 TR R I ke

F(10)7 dihz e AREAZ R Gl - a3 ce 208102

B [61): @ AAT g wrdk® 2 & 5 0.9

AR E AN O F-FA AR AT IR 5 F L g E R T2



3agagp Res\ 15
=252 % -7 1)
H ¢
Vs = 0.5(A — 0.06Re; + /(0.06Res)? + 0.12Re; (2B — A) + A? (13)
¥ a, > 0850 :

B =a,>% (14)
¥ a, < 0.85p% :

B = 0.8a,"** (15)
He

_ gpgds|Vg=Vs|
Reg = i (16)

¥ Reg, < 10000 :
Ca = — (1 + 0.15Re,"*%) (17)

¥ Re, = 1000p% :

C, = 0.44 (18)

¥ J& ¥+ 8 B (Granular Temperature) » & | £ 5 ek & & i

(Fluctuating Kinetic Energy) - Z_& 3f#.8 & Q4 (Granular Temperature) :
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0, = Vs’ (19)

(= )3 ki 18 5 12 25 (Kinetic Theory of Granular Flow)
F4p iv £ i #(Solid Fluctuating Energy) 2. @ ;= 423 -

270 — —
3 [5 (CZSPS@) +V- (aspsVs ) @)] = _(PSI + asTs): VIG+ V- ksVG) —Yy+ q)s

# e
(P + asty): VW, @ % 4 #7127 i 24 o £ 2 H 4
V- koVO : Hac it B (K 5 e s K)
y 2SR RE i X ehgR i i AT 4

by A AR i B 24E=380

@ (18)5% 2 ¥ 4x M #ick, ¥ d Gidaspow % 4+ [60])] z = 258 & 71

__150p5dsVOT
S 7 384(1+e)go

6 ©
[1+asgo(1 +e)]? + 2psasds(1 + e)go\/;

AP i iR iR AT A

4 /0\05 —
v = 3(1 = e)aspsgo® [- (—) - V-V

T
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(= )2 & % 7= -3 (Mixture Turbulence Model) :
BEFT RS FEaad o Kk BH YIS & 2 @iﬁ;?]—;’ #2 7% (Mixture
Turbulence Model) :

52 (0l + V- (punVink) = V- (*E2VK) + G = pme

a 7 m
3t (pme) + V- (pmeE) =V (% VE) + % (C1eChom — C2ePmE)

F(22)22(28) % 2V ~ T A IR B RS BAT LT S
Pm = Xi=1; P;
= I aipiV,
V — =1 “1lF1
m Z?:laipi

2

Htm = PmCy k;
T Gy 5

G = Hem (W + (VW) ) : V¥
MoR e P TR 2 AP B S ¥ BicheT™ [62])

C,=009
C, =144
C,. =192
o, =10
o, =13

(7 )at £ = 2 (Energy Equation)
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(25)

(26)

(27)

(28)

(29)



%(“gngg) + V- (ag0gVyHy) = VAgVT, + Qs

a —_
ot (aspsHs) +V- (aspsVsHs) = VAT + ng
hsg : ff: 2 [ - S

Qgs * # 1P T Apz it £=—Qy

Qg™ TR
ng = hsg(Ts_Tg)

h. — 6kgasagNug
sg — .2
(4

(= )£ 45 5+ (Radiative Transfer Equation)

Mool Budg st P 0 BEE S * 2 P-1 Model [63]) -

m RS g,
¢, = —TVG

G & » ¥ & £ (Incident Radiation) » £7 45 5+ 3 & 7 B -

G=["1d0

AT RS AR 2ZBE TN

_ 1
3(at+ap+op)

a: F Moo

a, - 3 BT h ik
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31)

(32)

(33)

(34)

(35)

(36)



ﬁ%%ﬁiﬁiﬁﬁ%ﬁi@ﬁ%ﬁﬁ»@@@ﬁ%?ﬁ:

-Vq, =(a+a,)G —4n (an2 UTT‘}) (37

( )d\- =5 fg 50

9 q ) Zay.a) —

~ (%) + V- (pla®VyT) =

74 q R

—V(aq]l )+aqRi + Xp=1(Mpgi —Mgp,) + R (38)
:/E!Cl, .ﬂqigdlg\:’\sz'gFﬁ?’_7 /—"é.»
M%7 > ed qIIIpAn > 3 jeiFL FEEH
R#TREARF 2 F ik
7 qip 2 WA 5

YaZm qpi= 2 FEAF

= ~(pDim + £~ Dr; ) (39)
Hoo D s & 502 JREc ik
Dy = # 4 #ac ik
W » K ok T dc

St & %5 @ #r#ic (Schmidt Number)

(M) FinF st
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BRI Y O RF D IE B 5 3 Ui F 038 (Finite-Rate Model)
% W48 Feiff i i) $oHC5" (Eddy Dissipation Model) 5 st #25¢ shg ¢ 5 4

Eﬁ%ﬁ;f@ﬁﬁ ,qr’" ]Kvli'}i‘tl! ;F —\.IJA ?‘I,,L/,bé‘,ﬂj\';\:,’:&;ﬁ,-’?

.

R R BRSPS AR F R FRBE KT 4o

-L,»L

BT
Ri = min(RArrhemius;RTurbulence) (40)

SRR T

He o fozh R o#rg F (Arrhenius Rate) & 71 4o

RArrhemius = F(vi,r —Vir )kfr l_[j =1 [Cj,r]nj‘r N (41)

[' © % = #4(Third Body)
Kie © F J& r e wig 3 ¥ #ico 12 Arrhenius 3] 3¢ £

-Eq
kpr=ATPeRrT (42)

e .

Rrurbutence = vi,r,Mw,iAp % ming (er'Mw R) (43)
' Y

RTurbulence vl T MW lABp (ZNU PTIIPM ]) (44)

He

7

N, P F T chit B4 Figp
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Cir: FIor? 5485 o2 24 jeni kA

Vie! E TP F fsde i chit 8348 ik

Vil FET S A S i it 838 6

Niet F R0 ? RfEF ot 2 S5 jenl vk i R dpdic
nie DT F ERE e A A4 j e F O Rdpdic
Yo: ZimAt P2 FlAF

Yo tHFEF B RZFESF

At sk d 540

B: &% W# 5 05

y P g R MBS HEARS 1 (Unity) e 284741 18 0 A
ANSYS-FLUENT ¢ 3 i@ ¥ AT Sl Fl = ;¢ (Finite-Rate/Eddy

—~

Dissipation Model)#-5¢ ® 3 5] > 5 @ F it A2 > € #5715 = 22§

|l

I A e e S 0.01 -

(1)R 40 F B2 F ¢ & (Heterogeneous Reaction Rates)
BRSPS AT 2 ke AR g

B 4p & J&(Heterogeneous Reaction) » # & i F R¥ d T 3V & 7 ¢
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kmol

R = kIR % +1000)° 1073 (55 (45)
H o

Vid 7 i iz R A

NR % 7 B F ot 2 #ic P

Pip % 71 ip 40 2- W A% % & (Bulk density)

VOF, % 7+ Ip 4p 2 %8 4% & 5

MW, % 7 F 4 = i» 2. £ £ (kg/kmol)

st & 71 F B4 2_ 1v B3+ & tx #c(Stoichiometric Coefficient)

k#7@F ¥ k= A( )bexp(ﬁ) (46)
He
Ty, 4 7 ip 4p2 8 B

Trep © %% i8R » @ ¥ 5 298.15K

S 2 L A

bt BRI $ 205 0% ANSYS-FLUENT &% 3+ % % (Coal
Calculator)2 3+ 3 » p av gk * 2 38 # F 5 Ci67H3340157No.10s6 (& 7% S
&) o

He v B R JgE3\e 2N T ERPFIBE Z R FE R B
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b S lched 3100 E A R AR G R T R g
$ A5 B % & (Char) 2 L% 4~ (Volatile) [54) - @ § 4p & s>
Ple 37 e 4p B eng v (Oxidation) & &2 % -k & i 4% (Water Gas Shift)

FRR B FE RB4cT @

C167H33.40157Ng 1056 = 0.0528N, + 13.2C0 + 3.5CH, + 2.5H,0 + 7.2H, (R-1)
CO + H,0 = H, + CO, (R-2)
H, 4+ C0O, - CO + H,0 (R-3)
CH, + H,0 —»3H, + CO (R-4)
CO + 3H, —» CH, + H,0 (R-5)

H ¢ (R)EIDH B 2R 25 - 5 P RJEA S 2 b s
FiEF R A F bde(R-2) 1 (R-5) o

ST S TS B SNEN S ey

C(s) + CO, > 2CO (R-6)
C(s) + H,0 - CO + H, (R-7)
C(s) + 2H, - CH, (R-8)

4031 ER Rk

Equation Pre-Exponential Activation Reference
a Factor(A,) Energy(J/kgmol)
(R-2) 2.78e+03 1.2544e+07 [64]

39



(R-3) 1.05¢+05 4.5544e+07 [64])
(R-4) 0.3 1.25¢+08 [50])
(R-5) 2.65e-11 2.7353e+08 [50])
(R-6) 76.31 1.88¢+08 [65)
(R-7) 76.31 1.88¢+08 [65)
(R-8) 79.2 2.18e+08 [66])

INER =N Y
G TEE LA SR A A A £ 3-22 4 3-8 5 A4 A7 (Ultimate

Analysis)fr1 ¥ 4 47 (Proximate Analysis) » 4v™ % :

Fo 32~ 2 FESRE A 2. 2 & & 17 (Ultimate Analysis)

Ultimate Analysis | Wt%
C 51.85
H 6.34
@) 41.58
N 0.22

% 3-3~ 4 Frgla i 2. 1 ¥ 4 45 (Proximate Analysis)

Proximate Analysis | Wt%
\olatile 73.3
Fixed Carbon 6.34
Moisture 12.1
Ash 0.6
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T F R R R

~ < 12 Hofbauer & 4 & B 3 )z = il i g kS5 R E % o

FUEPHRESFINRZHERY 0 T S EFREE 0 4oR 3-1
)’:Li— T ©
| flue
—
. gas
% A
§ ﬁ feedstock
w
o | hopper 2
© J i
w $ |
M\
\ g 1 product
[ i —r
ﬁ} L m 44)_ gas
14 LR o 14 .
O 1: RS & |9 sampling
5 il Flag o point
33 = 2
g 2
Zg Z o
(OF= g =
=S 8
q= é 2 feedstock
Q 3 T hopper 1
== o pp
O
o K

secondary air =

auxiliary fuel ===

primary air =
Bl 3-1-Fk%EE [67]
“F %7 A4 * FICFB (Fast Internal Circulating Fluidized Bed)%
& KRFIF LSk FICFB chpr & H K- 5L b oy 4 1t e £ A7

ARA A BRERFRG Lok AuEF L RIONER 5 R
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BRI Reyaiide kA58 - B RRE R R WA ERE S g 4 H
TRER RES G R F R FE s S o RS B
“ Rk R P AT G AR TR T R RN 2 TR R

HF R e F R AT E T B R AL A

G
&
ul
Ny
=

LG § F ateihe e hRPHLLLF M F BRERE A
BN A L TR - BRI ER BERRL N T 57
ST HANKE BN E SRR 2 SUE O S S E UL Rl
Flpt o PHER N T B PH e T E G LR SRR BERF
i TRond RE I GER Barcka FHAIFL A XA B RS K

FAME > FIU T UED A G § o s F e

sl

Foib Rl 2 P iraE it
AT AR AT EEFEERF S T x=0 0T 5 &
s A ke TR B 3P Ao R 32977 o H ¥ F %
FHFRL32C 1T G -G JARF AR T AT
BEEMNEARHNTZAF R LR Y & @ HEE RV RE
FRARGHERE LHFHT R 4 FYOR 0 L Aipd g
“H AT 102 % rud o~ o EMARZ AR R G L2 a8 .

AR R B a] o 2P E R L 2 Rt

42



Yo 3-3 4rF o FEARRtREci 190,826 0 &Y FAMEAERTE A 05
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1 BFRALH

- RTCEERRR R F %2 e R
d 3T AHCR A AR B Y B HCR] 0 BN R R ARARAR 5 3 AR%
H2 g e ameit g4 3 10,~CO-~CO;~Hy~H0 ~
\olatile ~ N, ~ CHy 5 F4pR] & % Si0, 2 2 C(s) » I 11Si0, 1% 2 R F) o
M A AR P2 FE 4 2] 4 Gidaspow Model :z i Syamlal-O’Brien
Model -

VLA ¥ B 50024 2o - B RGBT B rE S A2 R 0 2 FHAp
A A S4B 4-1 9770 o« R FARE R > 4cBl 4-2 977 0 F U F IR
ALV RTRCHEGHMEFILART I s PEREF AR AR
P e FIARF AR 4Rz i B 4p £ ¥ 4 > Syamlal-O’Brien
Model #i-#t 2. % % #= Gidaspow Model #-$t2. % % keh & 12 > 4@ 4-3

,
P:"—’--/—F o
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EL_J_ _E*
(a) (b)
Bl 4-1- 7 Fred 032 FARREAE A 5
() Gidaspow Model (b) Syamlal-O’Brien Model

4.00e+00
3.50e+00
3.00e+00
2.50e+00
2.00e+00 '
1.50e+00
1.00e+00
5.00e-01
0.00e+00
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7\ N ~ "

(b)
B 42~ Fapdd 0 e e Fipid B (M)
(a) Gidaspow Model (b) Syamlal-O’Brien Model

g7e
B.14e-+H10
4.91e+H10
3.68e+H10
2.46e+H10
1.23e+10
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