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Schematic diagram of SC-CO, plasticization extrusion device

1—motor, 2—hopper, 3—high-pressure anti-backflow valve, 4—barrel, 5—syringe metering pump, 6—screw, 7—cooling cir-

culation unit, 8—CO, cylinder, 9—die, 10—devolatilization control module, 11—cooler housing, 12—booster pump
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Fig.2 Schematic diagram of screw structure

a. fluid domain
TR A B R G A BR T AR A

Fig.3 Finite element model of fluid domain and metering section screw
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b. metering section screw
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Table 1

process conditions

Rheological parameters of materials under different

sample T Q R K
number /°C /mL-min” /remin”’ " / kPa-s"
1# 39 0.5 0.31 9 0.077  63.35
2# 43 0.5 0.31 9 0.079 59.81
3# 47 0.5 0.31 9 0.084 57.11
4# 51 0.5 0.31 9 0.098  49.29
S5# 51 0.1 0.31 9 0.063  58.42
6# 51 0.3 0.31 9 0.079  53.52
7# 51 0.5 0.25 9 0.091 58.48
8# 51 0.5 0.28 9 0.095 52.55
9# 51 0.5 0.34 9 0.098 47.20
10# 51 0.5 0.31 5 0.098 49.29
T1# 51 0.5 0.31 13 0.098 49.29

Note: T is processing temperature, Q is injection flowrate, c is solvent ra-

tio, R is screw speed, nis flow index, K'is consistency coefficient.
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Fig.4 Distribution of local shear rate on the outer wall of the
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Fig.7 Effect of different process parameters on shear viscosity distribution
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Fig.8 Effect of different process conditions on maximum shear viscosity and average shear viscosity
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Fig.9 Diagram of z axis value plane selection
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Numerical Simulation of Flow State on Extrusion Metering Section of Double-Base Propellant Plasticized
with Supercritical-CO,

GU Han, YING San-jiu, HU Qi-peng, ZHANG He
(School of Chemistry and Chemical Engineering s Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In order to understand the flow state of supercritical carbon dioxide (SC-CO,)-assisted double-base propellant within
the metering section during extrusion, and to analyze the distribution and variations of parameters such as pressure, fluid veloci-
ty, shear rate, and shear viscosity in the flow field, the CFD simulation software Polyflow was employed for simulating the flow
state of the material in the metering section during SC-CO,-assisted double-base propellant extrusion. The results show that both
fluid pressure and shear viscosity decrease with increasing process temperature, gas injection rate, and solvent ratio. An increase
in screw speed leads to a decrease in shear viscosity but a sharp increase in fluid pressure. The pressure on the outer wall of the
fluid gradually increases in steps, with pressure at the cross-section exhibiting an approximately annular distribution, decreasing
gradually from the inner wall of the barrel towards the screw surface. The shear viscosity at the cross-section forms a ring-shaped
high-viscosity zone on the center of the screw. The closer the zone is to the inner wall of the barrel and the screw surface, the
smaller the shear viscosity. Furthermore, changes in process parameters do not affect the distribution pattern of shear viscosity.
The shear rate on the outer wall of the fluid increases with higher screw speed and concentrates at the thread. The maximum flu-
id velocity at the cross-section occurs near the thread, while the fluid velocity close to the inner wall of the barrel is minimal. As
one moves away from the inner wall of the barrel and the screw surface, fluid velocity rapidly increases, with a greater gradient
observed in zones closer to the screw surface and the inner wall of the barrel.
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