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Similarity between fluidization and phase transition

CHEN Wei, REN Ying

(State Key Laboratory of Multiphase Complex Systems, Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190,
China)

Abstract: Generally, single~component multiphase systems exhibit three different structures and properties in
solid, liquid, and gaseous state with temperature changes. The multiphase system consisting of solid particles and
fluids in a circulating fluidized bed also experiences three structures with the increase of gas flow velocity, namely,
bubbling, turbulence and rapid flow. Although the two systems are quite different in structure and nature, using the
concept of mesoscience to analyze the state of the system, the transitional parameter, the driving force for the system
state evolution and the underlying mechanisms, the two systems turn to be quite similar in nature. Their physical
roots are alike in all important essentials, which are the inevitable result of the compromise in competition between
different dominant mechanisms in the complex systems. After comparing the fluidization and the phase transition, a
new proposition based on the energy minimization multi-scale (EMMS) model is suggested to sufficiently

characterize the real non—equilibrium kinetics of phase transition.
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Fig.1 Schematic diagram of system structure evolution for mixed system of solid particles and gases with gas velocity increasing in

fluidization
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Table 1 Comparison of different beds ( taking gas—solid system for example)

Velocity range Fluidization form

Characteristics

0<U,<U,,

fixed bed
fluidized bed

Umﬁs U;;< Upl
U,<U,

gas—f{luidized bed

stationary particles locating at bottom with gas flowing through gap
heterogeneous structure with bubble / particle clusters

uniform dilute phase transport
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SEUS R I, FL 3 W ST A A [R) 1 I R R SR
FEL N AT A3 Ak 38 RS RS . DIOK AR AR
AR A AE— AR R AR (101325 Pa) T, vKAY
JE R 273 K, FEZER R AN AR B 55 T, 7R 06 SR
I, VORI AR A, RGenyii s o, 7R TR
TR BE S VKO i Al ie S oK, R Geab T
B IS A IR S B vKOKIR &9 5 Beit &
GEAAS T NS FEI st (R R R IR HIA R A
Ak, B UK AR E A A K . FE— SRR iR SR
(101325 Pa) 273 K i}, vKA= ¥Rk R K75 28 AP
W 335 kl/kg H g T, [RIAEHD , 76— FRifE RS
JE (101325 Pa) T 7K (435 15 R 373 K 7E 22 40 e A
U B v S, R R IROR ST IR 28 R R
IKZES ARSI T — B SR WA B FE Y N A
B RSS2 )5, R &b <
SLOWMEHRIFB EHA . E—DRHERIIE
(101325 Pa) 373 K I, 7K 2875 K AR 28 7 2N
AT 2257 k) /kg Y BERH,

XoF EERT R, 7K B2 T R el S i s o S A

T AL RS RN I $E AL Bl A , 6] 2 118 B4 2510
T B ATE R B 4 KGR R G BRI LT
T AR T ) B0 L 2 AR AU, i A RN 285 AH AR 2 10
T AR R B R R AR ORI R AL TR
IR IR 2 B A Z8 <% T BRI sh 2581
T A DR H 18 65 A 5, A A 28 AR A AR = R 2
THuAN ety 5 K, AR AE B IR [R] P ] B JoT £ 1Y
VR B AL A A S LT O AR R Y BB T FE
AP, U,
1.3 fHEMBELE

ORI A4 22 5 1) AH PR an 11 3 R, R o il 2
5 TR AT ST ORI R G (B B
i) 368 Ao BN T AR ) SR B B ) 5 25 AR S AR T (TR
R T R BT B ) B C R . TERE— DI D I,
2 T RN AU Ze S 0L, st i 80K 3t 1 R Ge sk T
s AR 25 RS AR AR DA T, 2 i = Bedd
s A2 B RN AR /I FR G b R AR S 1Y
R R B S LT P17, REEBAES A0
GEL) A3 ) b RN A e R A R 2R A DXRIAIR 2%



4 b T 2 W $704%
gas flow rate / (m-s™) ,/ —T=3210K
1601 ——T=3085K
e T=305.5 K
——7'=2945K
=120F ===T=2861K
‘E a,
& SOk
< S T
~
)
40r o B /.
0,
L

40

B3 ORI M R GE B AR P CBURLAL R G 5 ORA R i T
AT OCFR o HEAE i 3 AR AR
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dilute and dense phase coexistence line!"”')
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Table 2 Comparison of gas—solid fluidization and single component material system

. Energy to drive State
Ttem Transition parameter .
state evolution 1 2 3

gas—solid particle minimum fluidization velocity U, ;, critical kinetic energy fixed bed fluidization dilute conveying

mixing system velocity U, at which choking occurs
single component melting point of solid=liquid phase transition, thermal energy solid liquid gas

material boiling point of liquid—gas phase transition
comment A—A-Bin Fig. 6, A-B—B in Fig. 6 — dominated by ~ A-B compromise in  dominated by

mechanism A competition mechanism B
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