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Cold Model Experiment of Gas-Liquid-Solid Three-Phase Fluidized Bed
Zhang Jubing, Li Yaning,Qian Shulin,Yang Hongmin, Piao Guilin
(School of Energy and Mechanical Engineering, Nanjing Normal University, Nanjing 210042, China)

Abstract: A gas-liquid-solid three-phase fluidized bed with inner diameter of 50 mm and height of 500 mm is established
by using nitrogen as gas phase, distilled water as liquid phase and copper powder as solid phase. Pressure fluctuation
signals obtained in the region upon the gas distributor are analyzed by Hilbert-Huang Transform method. The effects of
gas flow rate on gas distributor pressure drop and differential pressure between two fixed measure points are studied.
Minimum fluidization velocity of the three-phase fluidized bed is obtained from cold model experiments and further
confirmed by high speed photography. The results show that solid particles strike each other violently with the gas flow
rate of 14. 85 mm/s. Gas phase,liquid phase and solid phase mixes well under such gas flow rate. With the increase in
gas flow rate, differential pressure between two fixed measure points decreases at first,and then increases,and decreases
at last. The minimum fluidization velocity of the three phase fluidized bed is determined as 17.4 mm/s and finally is
verified by high synchronous image acquisition.

Key words : three-phase fluidized bed, pressure fluctuation signal , minimum fluidization velocity

A=W - AR Z RS E0h R 22K E 5 R B A S TELMER N NS —, B8 TRRBR
I = A A I S MR R DR A A R, BRI T 22 K sl A 5 19 20 A Ak B L 282 O R 5 = A O Y — b i
Bt g S v AR (FFT) 43877 TR N AR D T AR R 22 Bk S 15 5 i A B e
FFEN T2 IR T B AR X S 534 - BOARA — 5 B SR IR, 91140, FET 35 3 A i 2 ISl f%
BRI T BTSSR S SR E AR IKOC R M/ NS B b B 5L R B 5 25 2 Wik, DAL 3 284307 J7
ARSI -1 AR R 32 3 1 BRI

Hilbert-Huang Transform ( HHT) J& 53 #b—Fh i FH (5 5 Ab B J7 vk 207 2l 15 5 A% B R i 2 45 A AH
[Fi) i 5 R KN, B O 1 5 R SO R A, DT L T S AR 5 SR e ) 20 BT, BN g 2 ) e T S
WL AR 5 40T (1 T R 2 HHT 4347 5 26 3 T AN A5 B (T 28 S0 M85 43 % ( Empirical
Mode Decomposition, EMD) T B AR 5 a0 i i T P B4R PR 4 (Intrinsic Mode Function, IMF) ; % %

Y 7E B HA.2014-05-26.
ESTE LA K HRFEFE 4 (12KIB480006 ) L4 A ShFH# 54> (BK2012851).
BIRBCR A L 5KE IS B PR BIF5E T ) - RORE L AR BT T M A R AE W BUIRS UABAE . E-mail ; jubingzhang@ njnu. edu. cn



BRIV F R (TR ARR) 55 14 #4554 (2014 4E)

IMF J3 54T Hilbert 784850 35 B I 5 A< R R 0 1, 12 A4 Jsmse DO 4355 O T Ik 1] R R (L (RE L) 23
A ) =4k [, Bl Hilbert-Huang 35 .

ABIFTE R 22 R A8 16 R ) - T =TT = AR A PR A 1 T 22 Bk sl 5, 8 1 HHT ¥6 X5 % bk 3h 15
SHEAT T AR ARSI, SR TSI — [ = RH VR A PR B BEAS i s LA R AT T 4, () IRt oy ) 2 - T -
“HAA RS S AR 7 S E ) R B AR

1 SRy

1.1 EFENEE
S B TR B AR Ak 1 P,

1.2 Sp¥i= F1 TRXFREZRNE
*E?E +, j& /_:\ —Y& = ;FH fi @ %% H"J R _‘J‘ L%'H“ Lr-ﬁu Table 1 Experiment reagent and experimental apparatus
S SRR E A N e I S B WP RN e REER SO s T RS
GBI VLALPR AR A S0 mm, G By B TR R AR
O ’ ik 1
200 mm, Ai KA LA E 358 5385 B2 2 500 mm i Jir FE A X B TlL% R ROET AR 7
B Ry ik UERE BE 20 pm WY& B AR GRS, R 8 2 Hasikil  sp3os SO ] R AT RS

i SRRSO SO AR WA AR (150 BRI RBHSSI-13 LRI AR AR
~220 ) o AR 900 R 130 mm, A KB E B MS55K S2 JNEE K Mega Speed Corp /A ]
AL RAR FFRER A XUBR 218 18 mm F168 mm

AP R BE AR BEE T Py Py APy 3 NI e, A0 20 1) 5 DR AP S ) i — 2 1 22 T 28 T 78 2% s
AR R 225 S5 i s ot B R AR i A By B A 5 BT U= 22 155 0T i TSR
fiti. KE N [FREATE T P, , EZEH T hm e A WU T 2.

1

A5 WA

Av B

Bl S-R-ESHRUEREEERGREE
Fig.1 The system flow chart of the gas-liquid-solid three-phase fluidized bed experimental facility
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Fig.2 IMFs of the pressure fluctuant signals obtained at P, measure point under gas flow rate of 12.73 mm/s
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Table 2 The mean square values of IMFs under different gas flow rates

S5/ (mm/s)  IMF, IMF, IMF,  IMF,  IMF, IMFg  IMF, IMF IMF, IMF, /% IMF,_¢/% IMF, _o/%
8.49 0.0687 0.0531 0.016 8 0.0122 0.0083 0.0039 0.0012 0.0015 0.0011 83.0935 14.628 3 2.278 2
10.61 0.0613 0.0517 0.0128 0.0316 0.0199 0.0062 0.0144 0.0087 0.0077 58.7028 26.9249 14.372 3
12.73 0.0441 0.0206 0.0124 0.0301 0.0256 0.0187 0.0243 0.0175 0.0085 38.206 1 36.868 2 24.9257
14.85 0.0197 0.0182 0.0212 0.0329 0.0253 0.0174 0.0235 0.0197 0.0177 30.2147 38.6503 31.1350
16.98 0.0215 0.0204 0.0177 0.0363 0.0284 0.0244 0.0277 0.0316 0.0251 25.5684 38.2240 36.207 6
19.10 0.0175 0.0021 0.0199 0.0178 0.0132 0.0085 0.0203 0.0121 0.0079 33.1098 33.1098 33.780 4
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Fig.3 The effect of gas flow rate on gas

distributor pressure drop
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Fig.4 The effect of gas flow rate on differential

pressure between two fixed measure points
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Fig.5 The effect of gas flow rate on bed pressure drop
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Fig 6 The distribution image of gas phase and solid phase in liquid phase under different gas flow rates
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