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Fig.1 Schematic diagram of the experimental set-up
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Fig.3 Probability density analysis of pressure drop fluctuation for typical regimes(50°C, dy=2 mm)

1000

800 -

600

PSD

400

200

0 L L 1

(a) L=1.191 kg/(m?- s)
G=0.002 kg/(m?- s)

0 10 20 30
f (Hz)

40 50

20000 - ©
15000 -
o

% 10000 F

5000

L=4.530 kg/(m?- s)
G=0.023 kg/(m?- s)

L

0 1 2 3
f (Hz)

Fig.4 Power spectrum analysis of pressure drop fluctuation for typical regimes(50°C, dy=2 mm)

4

0.20 - (b) Foaming flow

L=4.530 kg/(m?- s)
G=0.012 kg/(m?- s)

9.5

c

5=

g

5 0.15 -

> L

2

< 010+

o

E L

2 0.05

]

o

S| I H

o 0.00 n oL [l Hﬂm 1
9.0 9.1 9.2 9.3 9.4

AP (kPa)
0.04

(d) Pulsing flow

c

<)

B 0.03 | L=4.530 kg/(m?- s)

E G=0.035 kg/(m?- s)

Z L

§7)

c

3]

©

2

=

[

o

o

o

19.8 20.0 20.2 204
AP (kPa)

2000
(b) L=4.530 kg/(m?- s)
- 2,
1500 - G=0.012 kg/(m?* s)
@ 1000
@ 1
500
0 L L L L J—AM’/\
0 10 20 30 40
f (H2)
12000
I (d) L=4.530 kg/(m?- s)
10000 L G=0.035 kg/(m?- s)
8000
B 6000
& H
4000
2000
0 S Y | P 1 - 1
0 2 4 6 8

f (Hz)

10



502
4 4(8) (b)
15 Hz
4(a)
(b 50 Hz 4(c) (d)
2 Hz . 4
s TBR
3Hz 1Hz
2.
(10]
3mm
2
Table 2 Variance and skewness of pressure drop fluctuation
Parameter Trickling flow Foaming flow Foaming pulse flow Pulsing flow
Skewness 1.2523 -0.7386 -0.7112 -0.3303
Variance 0.0004 0.0056 0.1616 0.0350
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Fig.5 Relationship between pressure gradient and gas-liquid flow rates
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Pressure Drop of Foaming Fluid Flow in Trickle Bed Reactors
LIU Guo-zhu, REN Yong-li, WANGLi, WANG Yaquan, MI Zhen-tao
(State Key Lab. Chem. Eng., Sch. Chem. Eng. Technl., Tianjin University, Tianjin 300072, China)

Abstract: Anthraquinone working solutions used in hydrogen peroxide manufacture were selected as the test system
to investigate the properties of foaming fluid flow in the trickle bed reactor (TBR). By the analysis of the
instantaneous pressure drop fluctuation a method was established to identify the flow patterns in TBR for foaming
systems and used to investigate the effects of the factors such as gas and liquid flow rate, and packing particle size
on the bed pressure gradient. The experimental data were correlated based on the empirical relationship reported by
Specchia et a. Comparison between experimental data and estimation show that the regressed relationship of
Specchiaet a. can be used to predict the pressure gradient of foaming fluid flow in TBR with an accuracy of 5%.
Key words: trickle bed reactor (TBR); flow pattern identification; foaming regime; pressure gradient



