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Pressure Maintaining Performance of Shield Screw Conveyor

Based on Herschel-Bulkley Rheological Model
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Abstract: In order to give a better prediction of the pressure maintaining performance of shield screw conveyor
with earth pressure balance, the pressure difference between inlet and outlet of screw conveyor was analyzed on the as—
sumption that the conditioned soil is a viscoplastic fluid, and the pressure maintaining mechanism was explained from

the perspective of energy conversion. A steady calculation of the flow state of conditioned soil in screw conveyor was
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carried out by using computational fluid dynamics (CFD) method, where Herschel-Bulkley model was used to describe
the rheological behavior of conditioned soil, and the rotation of screw blade was fully considered by using multi—refer—
ence frame (MRF) method. The influence of soil fluid parameters and the working parameters of screw conveyor on
pressure maintaining performance was obtained, and a comparison between the simulation results and the indoor test
results was carried out. The analysis result shows that the pressure maintaining performance of screw conveyor in—

creases with the increase of yield stress, viscosity index and power—law index, where the influence of viscosity index
and power—law index is more obvious. The mechanical energy loss of screw conveyor is basically proportional to the
rotating speed of screw and soil removal efficiency. Fast rotating speed and high soil removal efficiency result in ex—
cellent pressure maintaining performance. The relationship between the mechanical energy loss, rotating speed and
soil removal efficiency can be estimated by using binary linear regression model. The trend of simulation results is
consistent with the indoor test results, and the Herschel Bulkley rheological model can be used to calculate the pres—

sure maintaining performance of screw conveyor. However, the prediction of pressure maintaining performance is con—
servative. Finally, based on the results of numerical calculation, the optimization process of screw conveyor pressure
maintaining performance is proposed.

Key words: screw conveyor;shield tunnel ; computational fluid dynamics; Herschel-Bulkley rheological model
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Fig.1 Working mechanism of screw conveyor
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Tab.1 Reference value of rheological parameters

PR AR 70/Pa E/(Pa+s") n SCHR A
MK 10.3~105.1  32.8~156.3 1 [12]
Jgz it - 21.9~68.0  41.1~86.4  0.43~0.44 [19]
CMC 0 223~57.0  0.42~0.58 [19]
*2 iHEIR
Tab.2 Simulation cases
o WESH TAEZHL
AN
70/Pa  k/(Pa-s") n r/(remin™) n/%
PO 40 70 0.6 20 60
10 70 0.6 20 60
Jet iR 73 70 70 0.6 20 60
100 70 0.6 20 60
40 30 0.6 20 60
LR 40 110 0.6 20 60
40 150 0.6 20 60
40 70 0.4 20 60
FEREL 40 70 0.8 20 60
40 70 1.0 20 60
40 70 0.6 5 60
Wt 1 40 70 0.6 10 60
40 70 0.6 15 60
40 70 0.6 20 40
HER 40 70 0.6 20 80
40 70 0.6 20 100
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Fig.3 Results of conditioned soil in control group
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Fig.4 Calculation results of screw in control group
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Fig.5 Changes of pressure with x—coordinate

under different rheological parameters of soil
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Fig.8 Velocity distribution of soil in x cross section

under different screw rotation speeds
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Fig.13 Screw conveyor model machine
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Fig.14 Rheological test results of conditioned sand
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Fig.15 Comparison of calculation and experimental results
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