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Fig.1 Geometric model of the multi-chamber continuous

mixing equipment
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Fig.2 Two-dimensional finite element model
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Table 1  Experimental formulation
D% ik (B0 /%
Na, SO, 54.5
Bk 33
B4 12
[ k35 K /N A3 ) 0.5

0 20 40 60 80 100

K3 PBX BELURH 3 B I K4S

Fig.3  Viscosity test results of PBX simulant
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Table 2 Physical parameters of each phase

Yt BH HfE
TARARZE B/ (kgom ™) 1 800
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P EAAI R B 25 2 (1) BE T Ry TC 3 # W1
PR THT 5 W T A 1 A 32 5 R TR A P — B
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Table 3  Simulation values of the maximum pressure at the

bottom of each mixing chamber

RE=E IR T1/Pa
TR % 60 504
RAMRE 1 61 884
TRA IR == 2 59 814
TR M= 3 62 574
RA MR 4 59726
RE=E 62954
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Table 4 Simulation values of the maximum shear stress of

each mixing chamber

RAEE HRBY VI J)/Pa
TR % 21798
RAMREE 1 17572
TRA IR 2 17 598
TR IMsE=E 3 16 733
RAMRE 4 15707
RIEE 4657
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Fig.4 Contours of volume distribution for the particle phase at different times
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Table 5 Particle volume fraction of each detection point in different mixing chambers

PP
= RAIRZE 1 RA = 2 RAE 3 RERE 4 FIRE

1 38.65 30. 63 31.59 32.29 32.74 32.78

2 32.93 31.76 32.48 32.31 32.93 32.99

3 36.35 28.67 30.34 32.11 32.24 33.35

4 30. 31 27.12 31.86 31.74 32.47 32.62

5 27.31 34.44 31.81 31.62 32.11 32.55

6 26.97 28.61 31.31 31. 66 32.42 33.02

7 29.61 32.46 31.33 30. 98 32.84 32.71

8 24.19 31.59 31.32 31.79 32.49 32.86

9 29. 48 33.57 30.35 31.92 32.02 33.18

10 31.23 29.42 29.56 32.48 32.14 33.14
SEH{E 30. 70 30. 83 31.20 31.89 32.44 32.92
bR 4.3588 2.3576 0.868 8 0.4372 0.3178 0.2603
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Fig.5 Principle prototype of multi-chamber continuous mixer
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Table 6 Experimental values of the maximum pressure

at the bottom of each mixing chamber
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each mixing chamber
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Table 7 Aluminum powder content of each sample in different mixing chambers
e B & it (B 5140 /%
TR = RA RS 1 RA R 2 RAINsRE 3 RAINRE 4 HIEE
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Fig.8 Comparison of distribution uniformity between

experimental results and simulation results
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Flow field simulation and experimental verification of multi-chamber
continuous mixing equipment

JIN WenQiang' CHEN Song'*  XIE ZhongYuan' QIN Neng' WANG YanlJie’

(1. Xi’an Modern Chemistry Research Institute, Xi’an 710065 ; 2. Shanxi Jiangyang Chemical Co. , Ltd. , Taiyuan 030041, China)

Abstract ; In order to reveal the dynamic change rule of flow field characteristic parameters in the mixing process of
multi-chamber continuous mixing equipment, a multi-chamber continuous mixing process model with a single cham-
ber volume of 2. 5 L. under typical working conditions was established by numerical simulation methods. The rules
governing changes in the mixing pressure, shear stress and distribution uniformity were obtained, and the simulation
results of mixing pressure and distribution uniformity were verified by experiment. The results show that the mixing
pressure difference between the mixing chambers of the multi-chamber continuous mixing equipment is not signifi-
cant. The simulation value of the maximum mixing pressure at the bottom of the pump chamber is 62 954 Pa, which
is much lower than the maximum mixing pressure of the 1 L two-propeller planetary mixing equipment. The shear
stress in the premixing chamber is large, and the maximum shear stress is 21 798 Pa, which is much lower than the
maximum shear stress of the 1 L two-propeller planetary mixing equipment, indicating that the safety of the multi-
chamber continuous mixing equipment is higher than that of the traditional two-propeller planetary mixing equip-
ment. The standard deviation of aluminum powder volume fraction ( simulation value) in each mixing chamber de-
creases with the increase of the number of mixing chambers, and the standard deviation of the aluminum powder
volume fraction in the pump chamber is only 0. 260 3% . The experimental results are consistent with the simulation
results. After the material state is stable, the deviation between the simulation value and the experimental value of
the mixing pressure is within 5% . The variation trend of the distribution uniformity of aluminum powder in the sim-
ulation model is the same as that in the actual mixing process. When the feeding speed is 20 kg/h and the blade
speed is 45 r/min, the distribution uniformity of the mixture material increases with the increase of the number of
mixing chambers. The standard deviation of the aluminum powder content in the mixture material does not decrease
significantly from the beginning of reinforced mixing chamber 3, and the six-chamber structure is the best structure
for equipment of this magnitude.
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