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Abstract— This paper discusses the dispersion effect during the circulation of a tracer pulse injected into an internal loop
reactor by changing ratio of draft tube to reactor diameter, superficial gas velocity, and liquid circulation velocity. According
to Blenke's model, the Bodenstein number(Bo) which is the dimensionless group characterizing the effect of dispersion dur-
ing liquid circulation was estimated. Bo numbers estimated for the reactor lie in the range of 16-85 and the standard de-
viations are 16-35% compared with the experimental results. As the input gas flow rate increased, Bodenstein number was
incrzased and reached a constant value by the results of backmixing and gas disengagement during tracer circulation.
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Fig. 1. Schematic representation for the experiment of tracer dis-
persion.

Table 1. Specification of the circulation unit

Volume(L)

Height(cm)

Reactor diameter(cm)
Draft tube height(cm)
Draft tube diameter(cm)
Air sparger
Compressor(hp)
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9.8

89

2.9, 44, 5.6
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Fig. 2. The variation of tracer concentration with time in an inverse
fluidized bed.
Draft tube dia.=5.6 cm; Liquid circulation velocity(solid line: 10
cnysec, dashed line: 3.9 cm/sec); Superficial gas velocity(solid
line: 5.41 cmy/sec, dashed line: 1.35 cm/sec)
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Fig. 3. Liquid circulation velocity with superficial gas velocity and
various Dd/Dr.
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Fig. 4. Impulse responses in a tubular flow characterizing long-
itudinal mixing.
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Table 2. Determination of Bodenstein number

Estimation Standard Estimation Standard

value of Bo deviation value of Bo deviation
63 17.41 73 16.49
64 17.20 74 16.53
65 17.03 75 16.59
66 16.87 76 16.67
67 16.74 77 16.77
68 16.64 78 16.89
69 16.56 79 17.03
70 16.50 80 17.19
71 16.48 81 17.36
72 16.47 82 17.55

Experimental condition: Dd/Dr; 0.6, Superficial gas velocity; 5.4 cm/
sec, Liquid circulation velocity: 9.6 cm/sec
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Table 3. Estimated Bodenstein number and standard deviation

Draft tube diameter: 2.8cm

Liquid circulation 1.48-4.14 1.1-3.78
velacity(cm/sec) Standard Standard

Superficial Bo deviation Bo deviation

gas velocity(cm/sc(g\ (%) (%)
1.38 23 16 5 25
1.69 44 13 22 27
2.23 52 21 15 23
2.95 43 18 31 16
3.8 45 17 39 22
4.59 50 19 36 26
5.15 72 27 30 23

Draft tube diameter: 4.2 cm

Liquid circulation 5.6-10.71 2.14-10 1.39-9.23
velocity(cm/sec) Standard Standard Standard

Supertficial Bo deviation Bo deviation Bo deviation

gas velocity(cm/sec) (%) (%) (%)
13 32 32 31 16 20 17
1.7 37 28 28 25 25 22
2.04 45 17 51 33 60 16
36 62 31 50 18 56 23
4.8 58 30 77 26 65 17
6 78 25 63 35 66 16
7.2 65 18 82 25 68 32

Draft tube diameter: 5.6 cm

Liquid circulation 7.5-10.29 4.1-10.59 3.9-10.29
velocity(cm/sec) Standard Standard Standard
Superficial Bo deviation Bo deviation Bo deviation

gas velocity(cm/sec) (%) (%) (%)

0.8 32 27 40 25 55 25

1.34 48 28 40 30 48 24

2.7 47 29 47 20 70 30

3.38 49 20 55 24 75 32

4.1 66 32 90 26 77 34

54 72 17 80 18 80 35

6.1 66 25 85 29 85 33
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Fig. 5. Bodenstein number(Bo) change with superficial gas velocity
and various Dd/Dr.
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Fig. 6. The variation of Bo number by changing liquid circulation
velocity.
Superficial gas velocity O: 4.95cm/sec, A: 4.8 cm/sec, ®: 3.38
cm/sec.
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: concentration of tracer without circulation {%]
:concentration of tracer with circulation [-]
: tracer concentration at infinite time [%]

s axial dispersion coefficient [cm’/sec]

: diameter of draft tube [cm]

:diameter of reactor [cm]

: draft tube height [cm]

: characteristic length [cm]

:length of one circulation [cm]

: time [sec]

:relative time for circulation {-]

: liquid circulation velocity [cm/sec]

s superficial gas velocity [cm/sec]

:relative distance of tracer travelled [-]
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