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Abstract — In order to design and select appropriate operating conditions for the practical operation of chemical-looping
combustor, which consists of two interconnected fluidized beds (bubbling fluidized bed and fast fluidized bed), minimum flu-
idization velocity and transition velocity to fast fluidization were measured and investigated. Oxygen carrier particle of NiO/
bentonite particle (specific surface mean diameter: 0.181 mm, particle density: 4,080wagnused as a bed material. The
minimum fluidization velocity was determined by measuring the bed pressure drop in the pressurized fluidized bed (0.052 m
i.d. and 1.66 m high) with variations of temperature (25-190)Gand pressure (1-6 atm). The transition velocity from bub-
bling to fast fluidization was determined by means of emptying time method in the high temperature circulating fluidized bed
(0.02 m i.d. and 2.0 m high) with variation of temperature (25°690The measured minimum fluidization velocity was
increased with increasing temperature and pressure. The measured transition velocity to fast fluidization was increased with
increasing temperature. The previous correlations on the minimum fluidization velocity and transition velocity to fast fluidi-
zation were compared with the present measured values to develop new correlation.

Key words: Chemical-Looping Combustion, Transition Velocity, Oxygen Carrier Particle, Circulating Fluidized Bed, Pressur-
ized Fluidized Bed
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Fig. 1. Schematic diagram of a pressurized fluidized bed.

1. Mass flow controller 8. Cyclone
2. Water feeding pump 9. Sample pot
3. Steam generator 10. Filter

11. Condenser
12. Water reservoir
13. Control valve

4. Preheater

5. Pressurized fluidized bed
6. Electric heater

7. Solid hopper
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Fig. 2. Schematic diagram of hot model circulating fluidized bed.
1. Riser 5. L-valve
2. Cyclone 6. Differential pressure transducer
3. Downcomer 7. AID converter
4, Solid hopper 8. Personal computer
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Table 1. Particle properties and experimental variables
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Particle NiO/bentonite
Specific surface mean diameter 1810
Apparent density 4,080 kgfm
Bulk density 1,407 kg/m
NiO: bentonite wt. ratio 3:2

Experimental variables

Minimum fluidization velocity

Transition velocity to fast fluidization
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Fig. 3. Effects of gas velocity on the pressure drop in the distributor (&)
and bed (b).
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Fig. 7. Comparison of transition velocity to fast fluidization betwen
the measured and the calculated values. Symbols: measured val-
ues, Solid lines: previous correlations.

1: Lee and Kim [30], 2: Peraleset al [31], 3: Bi and Fan [32],
4: Adanezet al [33], 5: Tsukadaet al.[25], 6: Chehbouniet al [34].
Dash line: present correlation, Eq. (6).
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Lee and Kim [30]
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N =
Ar : archimedes numbepy(p,-p)ad /p? [-]
d, : particle diameter [m]
D, :column diameter [m]
g : gravitational acceleration [m]s
G, : solid circulation rate [kg/Rs]
k, :constantin Eq. (3H
k, :constantin Eq. (3) and (4y]
Re, : reynolds number at minimum fluidization velocity [
Re, : reynolds number at transition velocity to fast fluidizatigtl, 8, /1 [-]
U minimum fluidization velocity [m/s]
Uy minimum fluidization velocity [m/s]
U, : velocity of the solids [m/s]
U, :transition velocity to fast fluidization [m/s]
Jz2|o|A 2K}
€ :void fraction in a bed]
€n - void fraction in a bed at minimum fluidization conditiof] [
M :gas viscosity [kg/m-s]
py : gas density [kg/f)
Pp :apparent particle density [kg?n
@, : sphericity of particle]

1.

kg

—_

I

Mimura, T. H., Shimayoshi, H., Suda, T., lijima, M. and Mituoka, S.,
“Development of Energy Saving Technology for Flue Gas Carbon
Dioxide Recovery by Chemical Absorption Method and Steam Sys-
tem in Power PlantEnergy Convers. Mgmg38, S57-S62(1997).

. Herzog, H. J. and Drake, E. M., “Long-Term Advanced, C@pture

Options,|IEA/93/0ES6, IEA Greenhouse Gas R&D Programme, Chelten-
ham, UK(1993).

. Akai, M., Kagajo, T. and Inoue, M., “Performance Evaluation of Fossil

Power Plant with CQRecovery and Sequestering Systéngrgy
Convers. Mgmt36, 801-804(1995).

. Kimura, N., Omata, K., Kiga, T., Takano, S. and Shikisma, S., “The

Characteristics of Pulverized Coal Combustion y00, Mixture
for CO, Recovery,Energy Convers. Mgmt36, 805-808(1995).

5.1EA Greenhouse Gas R&D Programme Report, “Greenhouse Gas

6.

10.

Emissions from Power Statidras/ailable on http://www.ieagreen.org.
uk/srlp.htm(2000).

IEA Greenhouse Gas R&D Programme Report, “Carbon Dioxide Capture
from the Power Statiohayailable on http:/Mww.ieagreen.org.uk/sr2p.
htm(2000).

. Wolf, J., Anheden, M. and Yan, J., “Performance Analysis of Com-

bined Cycles with Chemical Looping Combustion for ,GCapture;
Proceedings of 18th Pittsburg Coal Conference, December 3-7, new-
castle, NSW, Australia, session 23, CD-ROM(2001).

. Ishida, M. and Jin, H., “A New Advanced Power-Generation System

Using Chemical-Looping CombustibBnergy 19(4), 415-422(1994).

. Hatanaka, T., Matsuda, S. and Hatano, H., “A New-Concept Gas-Solid

Combustion System MERIT for High Combustion Efficiency and
Low Emissions;Proceedings of the Thirty Second IECHEC 944-
948(1997).

Ryu, H. J., “C@NO, free Chemical-Looping Combustion Technalogy,



WAk 7Rd] AT ol

KOSEN Advanced Technology Report, available on http://www.
kosen21.0rg(2003).

11. Shin, B. C., Koh, Y. B. and Kim, S. D., “Hydrodynamics and Coal
Combustion Characteristics of Circulating Fluidized Bed@/A-
HAK KONGHAK 22(5), 253-258(1984).

12. Han, G. Y., Lee, G. S. and Kim, S. D., “Hydrodynamic Characteris-
tics of a Circulating Fluidized BedKorean J. of Chem. End2(2),
141-147(1985).

13. Ryu, H. J,, Lim, N. Y., Bae, D. H. and Jin, G. T., “Carbon Deposi-

tion Characteristics and Regenerative Ability of Oxygen Carrier Par-

ticles for Chemical-Looping CombustiokKbrean J. of Chem. Eng.

20(1), 157-162(2003).

Botterill, J. S. M. and Teoman, Y., “Fluid-Bed Behaviour at Elevated

Temperatures; innt. Fluidization Conf. edited by Grace, J. R. and

Matsen, J. M., Plenum Press, New York, 93-100(1980).

Botterill, J. S. M., Teoman, Y. and Yuregir, K. R., “The Effect of Operat-

ing Temperature on the Velocity of Minimum Fluidization, Bed \Voidage

and General BehaviduRowder Technolog®l, 101-110(1982).

Ergun, S., “Fluid Flow Through Packed Coluin@sem. Eng. Prog.

48, 89-94(1952).

Wen, C. Y. and Yu, Y. H., “A Generalized Method for Predicting the

Minimum Fluidization VelocityAIChE J, 12, 610-612(1966).

Ryu, H. J., “Slug Characteristics and Transition Velocity to Turbu-

lent Fluidization in Gas Fluidized Bédah.D. Dissertation, Konkuk

University, Seoul(2000).

Leva, M.,Fluidization, McGraw-Hill, New York(1959).

Goroshko, V. D., Rozembaum, R. B. and Toedes, O. H., “Approxi-

mate Relationships for Suspended Beds and Hindered Radktiya

Vuzov, Neft'i Gazl, 125(1958).

Bena, J.Chemchy PrumysllO, 285(1960).

Baeyens, J. and Geldart, Int. Symp. on FluidizatignToulouse,

182(1973).

Knowlton, T. M., “Pressure and Temperature Effects in Fluid-Parti-

cle Systerhin “Fluidization VII," edited by Potter, O. E. and Nicklin,

14.

15.

16.

17.

18.

19.
20.

21.
22.

23.

s 631
D. J., Engineering Foundation, New York, 27-46(1992).

24.Bae, D. H., Ryu, H. J., Shun, D., Jin, G. T. and Lee, D. K., “Effect of
Temperature on Transition Velocity from Turbulent Fluidization to
Fast Fluidization in a Gas Fluidized BddWAHAK KONGHAK
39(4), 456-464(2001).

25. Tsukada, M, Nakanishi, D. and Horio, M., “The Effect of Pressure on
the Phase Transition from Bubbling to Turbulent Fluidization; J.
Multiphase Flow19(1), 27-34(1993).

26. May, W. G. and Russel, F. R., Paper Presented at the North Jersey
Section of the A.C.S., Jan(1954).

27.Zenz, F. A. and Weil, N. A., “A Theoretical-Empirical Approach to
the Mechanism of Particle Entrainment from Fluidized BedlsChE
J., 4, 472-479(1958).

28. Chan, I. H. and Knowlton, T. M., “The Effect of Pressure on Entrain-
ment from Bubbling Gas-Fluidized Beds; irFltidizatior]” Proc.
4th Int. Conf. on Fluidizationedited by Kunii, D. and Toei, R.,
Engineering Foundation, 283-290(1984).

29. Knowlton, T. M., Findlay, J. and Sishtla, C., “Attrition and Entrain-
ment Studies Related to Fluidized-Bed Gasifiers; Final Report for
U.S. Dept. of Energy, DE-AC21-85MC22061(1990).

30. Lee, G. S. and Kim, S. D., “Bed Expansion Characteristics and Tran-
sition Velocity in Turbulent Fluidized Bed&®owder Technolog$2,
207-215(1990).

31. Perales, J. F, Call, T., Liop, M. F,, Puigjaner, L., Araldos, J. and Cassal, J.,
“On the Transition form Bubbling to Fast Fluidization Regifies,
“Circulating Fluidized Bed Technologylédited by Basu, P., Horio, M.
and Hasatani, M., Pergamon Press, New York, 73-78(1990).

32.Bi, H. T. and Fan, L. S., “Existence of Turbulent Regime in Gas-Solid
Fluidization; AIChE J, 38(2), 297-301(1992).

33. Adanez, J., de Diego, L. F. and Gayan, P., “Transport Velocities of
Coal and Sand ParticleBowder Technology' 7, 61-68(1993).

34. Chehbouni, A., Chaouki, J., Guy, C. and Klvana, D., “Effets de Dif-
ferents Parametres Sur Les Vitesses de Transition de la Fluidisation
En Regime TurbulentCan. J. Chem. Eng73, 41-50(1995).

HWAHAK KONGHAK Vol. 41, No. 5, October, 2003



	매체순환식 가스연소기 산소공여입자의 최소유동화속도 및 고속유동층으로의 전이유속
	류호정†·임남윤*·배달희·진경태
	한국에너지기술연구원 청정신공정연구센터 305-343 대전시 유성구 장동 71-2 *한양대

	Minimum Fluidization Velocity and Transition Velocity to Fast Fluidization of Oxygen Carrier Part...
	Ho-Jung Ryu†, Nam-Yun Lim*, Dal-Hee Bae and Gyoung-Tae Jin
	Advanced Clean Energy Process Research Center, Korea Institute of Energy Research, 71-2, Jang-don...

	요  약
	1. 서  론
	2. 실  험
	3. 결과 및 고찰
	4. 결  론
	사용기호
	참고문헌



