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Abstract—The flow stability of circulating fluidized bed with polymeric particles was investigated from the pressure
drop fluctuation. The test facility was 5cm LD.X250cm long and the PE and PVC were employed as the bed materials.
The pressure drop fluctuations of the CFB was analysed in terms of standard deviation, probability density function. The
effect of addition of coarse particle and relative humidity of fluidized gas on the flow stability was determined from
change of pressure drop fluctuations. Axial profiles of pressure drop fluctuation were measured and results showed that at
the lower part of the bed the pressure drop fluctuation was more severe. It also showed that the addition of coarse particles
and humid fluidized gas prevented the particle agglomeration thus the narrower pressure drop fluctuation was observed.
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Fig. 1. Schematic diagram of CFB test facility.

1. Blower 9. Reservoir

2. Flow meter 10. 2nd cyclone

3. Humidifier 11. Compressor

4. Humidity probe 12. Pressure tap

5. Riser 13. Pressure transmitter
6. 1st cyclone 14. Data acquisition unit
7. Measuring column 15. Computer

8. Butterfly valve
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Table 1. Physical properties of employed particles

dpm)  plgm)  plhe/m)  Uydms) Ums)
PE 538 370 918 0.13 2.31
PVC 109 530 1400 1.008 0.362
Glass 2000 1552 2282 2.61 11.32
Sand 625 1680 2720 0.52 5.19
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Fig. 2. Pressure drop fluctuations for different G, and bed height(U,=2.69 m/s).
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Fig. 3. Standard deviation of pressure drop for different bed height
=2.69 m/s).

o(Pa)

E& Rk 18] Sl Be ASele 29 el wEo]
coarse particle S H713t 7971 782} F=A|5te 2 23k A9 nr}
HHRFo] L AL E 57 Ao 23 B), @ v A= &
TEFo] BT AL & 5 Yok olAL F1A9) fgo] FE A
¥ coarse particlee] %-¥-3] 5315 %] £3}o] baffle2] Jatg 34
3] s38la] Eahs Aoz AR, 71A9] f<0] Zr}spHA oF
HaFo] F43] Zage & 5 glr}. wabA coarse particleo] {13}
©] agglomeration& W33z baffle?] QL 317 sl 44
& o8 ZlAfrSe] doFe ¢ ¢ U =UE Aoz
o] TEFEES 2HAEA AR Eah= slugging o))
el gHeFe] Ao Jd&Hr. o2 e %e v
ETUAE ghe g A4 AS Fig 5ol Yehigich. 2864 v%



TEA AR AMShe £ERERAAY f5 A AT

8 20 20
— PVC bottom zone Pasve =65.08kg/m®  bottom zone Puspve = 4744 kgim®  bottom zone
© PVC+5lsand 1.5 —| Prusvcraans = 50.26 kgim® 1.5 —| Prssprcusans = 38.08 kg/m’®
& & 7 ppuepvc=96.41 kgm® 5 —re S e
n_? P vcrsang = 80.66 kafm®
g
a
g
O 7T O T T T 7T T | O T T T T T
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
3 20 20
Pumpvc = 25.06kg/m®  upper zone Puspvc = 1686 kg’ upper zone Pussvc = 16.71kg/m’ upper zone

Peus vcrsang = 19.05 ka/m®

15 —|Pauspversms = 14.02 ko/m®

1.5

s PGraana = 11:02 kg/m®

R
g
a
<
O4—y—7—71 717 717 17 1 O 17771717 1 | OTT T 1T T
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Time(sec) Time(sec) Time(sec)
(@Uu,=13mis (b) U, =1.45m/s (©)U,=16mss
Fig. 4. Pressure drop fluctuations at the bottom and upper zone for different gas velocity.
©] bottom zoneel}x}= 34 8-5-9] HAP7} 40-100 Pale] ¥} upper S E—ve— Paus 124 = 19.43 kg/m®
zonedl| A= 20-50Pa] & 2= A& G S ok oA eE 00000 | e 65%RH Peusssn = 16.57 kg/m®
2 A8t 3HE O FE5 54 Zethe AE RoFE Aol e ,_ PE Gy = 42.00 Pa
2} Sch E=q 7|49 S50l ZARe] Wby BEAAL ghol o Oesw = 10.91 Pa
A FAaFE B lod, o|2H {55 digt A/ o
Q& 53] wedFohy s g 4
A F 3
33 NifEHErEQI sk bottom zone
T3 4zFEZ ] v, aefa qixbe} wHwzke] whae) 9 0 | | |
T AR DR Q7L RS agglomerationg WA= ¥ 0 5 10 15 20 25
W02 53749 AdeEs WilsuaA 520 deT 3 N
& BASG, B Aol AR 73A SAE ¥ FAAFLS Puusszn = 1875 K0T
713 QoA HA WA sk Aee A oleh c e pa
Jiang S[1012 % Z7}el k& core regionoll A 9] 2AYA) 5 o 27 :m‘ ; 8 8'2 P aa
2] 71 2 wall regionof| 48] sA YA} FE r2RE HrHE oF oo
BEA o A Aste] op]H risere] A A9 S
2} Abo)¢] Ql#e] ZrAaEcky ¥ mElgith. & A7) 3ar) 2A <
o2 ¥ el aAYREY 8 F4aAA wall regions] _
A 2AYA FEE 22T o] 2 Aol WAYFo RS 55 0 middle zone
A7} FAshA Wslo] f5580] e Holet T 5+ gk 0 5 10 15 20 25
3
Peus.12% = 17.39 kg/m®
140 60 '
120 ] ® PvC ® PC Pousssx = 14.81 kg/m®
O PVC+s%sand 504 0O O PVC+5%sand s 5 01y = 33.28 Pa
100 o 40 g Ogsy, = 8.28 Pa
< 80+ —
g € a0 s
(=) = [+ . o
[ 3 1 —
40_ O . 204 . 4
- 10— O
20 o o upper zone
0 T T 7 0 T T Y T T T
12 13 14 15 16 17 12 13 14 15 16 17 0 5 10 i5 20 25
Uy(mis) Ug(mis) Time(sec)

(a) bottom zone (b) upper zone

Fig. 5. Standard deviation of pressure drop for different gas velocity.
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Fig. 6. Pressure drop fluctuation of PE particle for different relative
humidity(U,=2.69 m/s, G,=8.2 kg/m’ s).
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212 2] 3 A zkel L A" 5 ole A7 3hasted
A2} agglomerationo] Z}AdHe AFE 7hA e, wl=ha] gfes
o] EA3] 2AES & 5 Uk

olake] Az 22E coarse particle?] Frle} §-E3} 7)A9 AdS
=7 F5E5 50 A 2 des nRe g se] Wsle ey
o 4= 3lsdet
#Z A

B ATE GEAEAT T2 ATALARIo Johod el
g.om, A4del) ZHALERY .

N r=2 k-1

d, :mean particle diameter [um)
F, :adhesion force of attraction with dominating van der Waals force
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(N]

H :hardness of solid material [N/m’]

hw : Lifschitz-van der Waals' constant [eV]

G, :solid circulation rate [kg/m’-s]

P : pressure drop [Pa]

P :mean pressure drop [Pa]

R : characteristic measure of surface asperities [m]

U, :superficial gas velocity [m/s]

U,; : minimum fluidization velocity [m/s]

U, :terminal velocity [my/s]

Z, :=4x107", distance at which maximum of van der Waals
force is observed [m]

aa|ola 2xt

p, :bulk density [kg/m’]

p. : particle density [kg/m’]

¢ :standard deviation of pressure drop [Pa]
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