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Abstract;In order to improve the fiber shaping quality and the smoothness of the discharge of high
moisture extruded protein, on the basis of establishing the geometric model of the forming mold, the non —
steady state flow field model of the plant protein in the mold flow channel of the twin — screw extruder was
established by using the Polyflow software in the high — moisture extruding environment. The orthogonal
experiment optimization of the high moisture extruded protein extrusion process was carried out with the
cross — sectional aspect ratio of the flow channel in the cooling zone of the forming mold, the cooling
temperature and the inlet flow rate as the influencing factors, and velocity uniformity, pressure drop,
shear stress, and tensile stress of plant protein materials in the flow channel as indexes. In addition, the

comprehensive evaluation was conducted by grey correlation analysis. The results showed that compared

with other factors, the cross — sectional aspect
75 H H#7:2024 - 06 -20; & [E] H #2025 - 04 - 16 ratio of the flow channel in the cooling zone had the
EETH : [HKE LN AT RIS (2022YFD2100304 ) 52023 greatest influence on the optimization objective,
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wang@ jiangnan. edu. cn, 2.5¢ —6 m’/s, the best shaping quality of the

and the grey correlation analysis revealed that
when the cross — sectional aspect ratio of the flow

channel in the cooling zone was 1:3, the cooling
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extruded protein could be obtained, and the corresponding grey correlation value was 0. 723 5.

Key words: plant — based protein meat; high moisture extruded protein; fiber forming; forming channel ;

flow field simulation
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Fig.1 Schematic diagram of the structure of the

forming mold
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Table 1 Orthogonal experimental factors and levels

K A BT B ENEE/C C AOHE/ (m'/s)

1 1:1 50 2.5¢e-6
2 1:3 60 3.0e -6
3 1:6 70 3.5¢e-6
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Table 2 Orthogonal experimental design
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Table 3 Velocity uniformity index of 9 experiments

L aes o, N aes o,
1 0.730 9 6 0.788 9
2 0.732 4 7 0.823 5
3 0.735 8 8 0.800 9
4 0.763 9 9 0.802 3
5 0.766 0
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Table 4 Range analysis of velocity uniformity index

WiH A B C
k, 0.733 0 0.772 8 0.773 6
k, 0.772 9 0.766 4 0.766 2
k, 0.808 9 0.775 7 0.775 1
R 0.075 9 0.009 3 0.008 9
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Table 5 Pressure drop of 9 experiments

R Ap/MPa 5 Ap/MPa
1 6.178 6 8.620
2 7.530 7 30. 688
3 8.556 8 20.030
4 15.174 9 22.477
5 15.851
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Table 6 Range analysis of pressure drop

Tt H A B C
k, 7.421 17.347 11. 609
k, 13.215 14.470 15.060
k, 24.398 13.218 18.365
R 16.977 4.129 6.756
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Fig.3 Cloud diagram of shear stress at the exit

section of 9 experiments
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Table 7 Shear stress results of 9 experiments kPa

NCTRTE

s s As, IR 5 As,
1 34.49 38.52 6 44.58 12.47
2 41.03 23.12 7 97.62 78.92
3 45.69 15.36 8 62.62 18.28
4 66.29 32.00 9 67.72 26.23
5 68.74 35.18
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Table 8 Non —dimensional processing results of shear stress test data
e Si(si) S:(As) 9, e S;(si) S:(As;) 9,
1 1.000 0 0.608 0 0.764 8 6 0.840 2 1.000 0 0.936 1
2 0.896 4 0.839 7 0.862 4 7 0.000 0 0.000 0 0.000 0
3 0.822 6 0.956 5 0.902 9 8 0.554 4 0.912 6 0.769 3
4 0.496 3 0.706 1 0.622 2 9 0.473 6 0.7929 0.665 2
5 0.457 5 0.658 2 0.5779
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Table 9 Range analysis of shear stress
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Fig.4 Cloud diagram of tensile stress at the exit

section of 9 experiments
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Table 10 Average tensile stress of 9 experiments
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Table 11 Range analysis of average tensile stress
K- A B C

k, 39.66 55.98 47.20

k, 60.78 53.74 54.42

ky 61.56 52.28 60.39

R 21.90 3.70 13.19
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Table 12 Grey correlation

R g, Ap 9; o g (o,) &;(Ap) £;(9;) g (op) Yi
1 0.730 9 6.178 0.764 8 33.89 0.333 3 1.000 0 0.732 1 0.333 3 0.613 1
2 0.732 4 7.530 0.862 4 40.29 0.3370 0.900 6 0.864 0 0.377 4 0.619 6
3 0.735 8 8.556 0.902 9 44.81 0.345 5 0.8375 0.933 8 0.416 4 0.624 9
4 0.763 9 15.174 0.622 2 63. 66 0.4372 0.576 6 0.598 6 0.730 3 0.569 9
5 0.766 0 15.851 0.577 9 65.95 0.446 1 0.558 9 0.566 5 0.804 0 0.575 6
6 0.788 9 8.620 0.936 1 52.73 0.572 3 0.833 8 1.000 O 0.508 1 0.723 5
7 0.8235 30. 688 0.000 0 70.40 1.000 0 0.3333 0.3333 1.000 0 0.666 7
8 0.800 9 20.030 0.769 3 54.97 0.672 0 0.469 4 0.737 3 0.5419 0.598 3
9 0.802 3 22.477 0.665 2 59.31 0.6859 0.429 2 0.633 4 0.622 1 0.5856
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