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Abstract — Effects of liquid viscosity on the solid holdup and heat transfer coefficient have been investigated in the riser

of a liquid-solid circulating fluidized beds, whose diameter is 0.102 m and 3.5m in height. Glass feads {07, 2.1
or 3.0 mm) whose density is 2,500 kd/mnd aqueous solutions of carboxymethy cellulose (CMEN.96-38 mPas) have

been used as the solid and liquid phase, respectively. It has been found that the solid holdup decreases with increasing liquid
velocity or viscosity, but it increases with increasing solid particle size or solid circulation rate. The heat transfiemtoeffi
decreases with increasing liquid viscosity but it increases with increasing particle size or solid circulation rate, however, i
does not change considerablely with increasing liquid velocity. The solid holdup and heat transfer coefficient have been well

correlated in terms of operating variables or dimensionless groups as fellow:
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Fig. 1. Experimental apparatus.

1. Riser 11. Low-pass filter

2. Dower comer 12. A/ID convertor

3. Hopper 13. Computer

4. L/S separator 14. Distributor

5. Pressure tap 15. Liquid reservoir

6. Butterfly valve 16. Punp

7. Control valve 17. Power supply

8. Flowmeter 18. Temperature indicator
9. Resistivity probe 19. Heater

10. Amplifier 20. Thermocouple
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Table 1. Physical and reological properties of liquid phase
Dynamic viooysityty Surface tension Density Kx10° n Diffusivity
Liquid (Pa-sx19) (mN/m) (kg/mP) (Pa-§ (cn¥ls)
water 0.961 72.9 1,000 0.1x%0 1 2.22x10°
CMC 0.1 wt% 11 73.2 1,001 21.69 0.882 0.48%10
CMC 0.2 wt% 24 73.3 1,002 43.82 0.847 0.26%10
CMC 0.3 wt% 38 73.6 1,003 71.69 0.825 0.19%10
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Fig. 2. Effects of liquid velocity on the solid holdup in the riser of lig-
uid-solid circulating fluidized beds (Gs=2 kg/nis, 4, =0.024 Pa.s).
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Fig. 3. Effects of particle diameter on the solid holdup in the riser of lig-
uid-solid circulating fluidized beds (Gs=2 kg/nds, y, =0.024 Pa.s).
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Fig. 4. Effects of solid circulation rate on the solid holdup in the riserfo
liquid-solid circulating fluidized beds (U, =0.24 m/s, ¢=1.7 mm).

Sl (U-Ug7th Ak 24604 2 98-8 Yehliginh. Fig. 34
B 7 50l 5 dA) 27071 271 o) et Aeeke
g4 o2& ol TUIIER FARE fredt 2094 fealA A
o] ARFEE 7RI €

MA-ZA 3FTF FeBIA FedA €8S FEUA
o] Al vAE GEFE Fig. 4 Uehi3lrh. ARy -25E o
AV G el FYEE AA FUAte] ool Sl et A

o VIAE B2 Fig. 5 BEhRh o] THNA & 5 o] 4
AN A AFFE AR ) FESE SR B 37 e
A% Uehigith, e o BaA e TAZ 85 ok A
91 )-SR £EHEFN A9 B SR wheh sk
A Blstel % 2 et MIRE BARAE A )3
A EAHFH) ASENN 55 TAYAY AFFE B Al 4
FRIRAA 4 (@)} o] ATl JB 0= ekl 5 A,

Ay

gg= O.783L{O.IOOG(S).164dg.302“[0.O36 (4)



032 T T T T T
—m— Gs=2ke/m’s
—e— Gs =4 kg/m’s
028 | —A— Gs =6 kg/m’s
—v—Gs=8 kg/mzs
024 | -
w{/’
020 |- .
0.16 | .
012 L 1 1 L 1 1 1 1 1

0 5 10 15 20 25 30 35 40
M X 10’ [Pa.s]
Fig. 5. Effects of liquid viscosity on the solid holdup in the riser of lig-
uid-solid circulating fluidized beds (U =0.4 m/s, ¢=3 mm).
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Fig. 6. Comparison of solid holdup between the experimental and the
calculated values in liquid-solid circulating fluidized beds.
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Fig. 7. Effects of liquid viscosity on the heat transfer coeffocient in the
riser of liquid-solid circulating fluidized beds.
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Fig. 8. Effects of liquid viscosity on the heat transfer coeffocient in the
riser of liquid-solid circulating fluidized beds.
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Fig. 9. Effects of |y on the heat transfer coefficient in the riser of lig-
uid-solid circulating fluidized beds (4 =0.024 Pa.s, Gs=4 kg/fs).
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