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Simulation analysis and experimental study on processing

parameters of soybean oil single screw press

GUO Qing WAN Zhihua
(Wuhan Polytechnic University, Wuhan, Hubei 430048, China)

Abstract: [ Objective] To explore the influence of different process parameters on the single screw press of soybean oil, and improve the
pressing efficiency and oil yield. [Methods] An Eulerian model for two-phase flow of water, soybean oil and soybean particles was
established. The fluid characteristics under different chamber temperature, chamber pressure and rotary speed in the pressing process of
soybean oil were simulated and analyzed by ANSYS FLUENT software, and the validation test was carried out by using 100-type single
screw oil press. [Results] The extremum range of soybean oil volume fraction was 6.06%~19.80%, the extremum range of fluid pressure
was 4.990~15.079 MPa, and the extremum range of soybean oil flow velocity was 0.20~7.46 m/s. The chamber pressure had a highly
significant effect on the flow velocity of soybean oil (P=0.001<20.01), and rotary speed had a significant effect on the flow velocity of
soybean oil (P=0.014<20.05). The chamber pressure had a highly significant effect on the volume fraction of soybean oil (P=0.000<C
0.01), and rotary speed had a highly significant effect on the volume fraction of soybean oil (P=0.000<_0.01). [ Coneclusion ] Under certain
conditions, the fluidity and oil yield of soybean oil can be improved by increasing the rotating speed of press and the chamber pressure; The
pressure of screw is concentrated in the oil transportation section and the initial pressing section. Enhancing the rigidity of screw at this
position can improve the working stability of oil press.

Keywords: single screw oil press; soybean oil press; process parameters; fluid properties
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Table 1 Physical parameters of soybean oil under different

pressure and temperature of chamber

MR MR
J#/MPa  JE/C

g LA/ RhEE/
(kg'm ) (Wem "-K ") (J:-kg K ") (Pa-s)

5 50 909.926 1 0.124 3 2098.8 0.018 4
80 891.088 1 0.121 0 22173 0.009 3

110 872.5219 0.117 7 2334.0 0.005 6

10 50  905.7733 0.124 3 2102.2 0.018 3
80 887.368 1 0.1210 2221.4 0.009 3

110 868.970 6 0.117 7 2338.9 0.005 6

15 50 907.868 7 0.124 3 2100.4 0.018 4
80 889.2437 0.1210 22192 0.009 3

110 870.760 7 0.117 7 2336.3 0.005 6
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Table 2 Diameters of screw mm
i I8 B iE MR [y K
1 100 66 63 110
2 100 66 63 110
3 100 66 63 97
4 100 80 63 108
5 100 80 50 50
6 100 80 50 68
7 100 80 50 75
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Table 3 Dimensions of cone ring mm
e P e EAR A 3t B AR 953
1 66 90 18
2 80 90 21
3 80 90 24
4 80 90 27
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Figure 1 Geometric model of screw
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Figure 2 Fluid model
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Figure 3 Cavity section of fluid model
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Figure 4 Mesh division of face
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Figure 5 Mesh division of volume
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Table 4 Design of simulation test

WS MEERESC HEEE/MPa FERAHLEE /(- min )
1 50 5 30
2 80 5 35
3 110 5 40
4 80 10 30
5 110 10 35
6 50 10 10
7 110 15 30
8 50 15 35
9 80 15 40

22 RBEEBEWBSIHILE

P 3k R i, S R N AE AR K L R R T O 1 TR
W DI EE 7K AT R SE O 1.5 mm oK G R TR A
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ZIJJQ TTHT I R LG T R S R T S O A IR
FE R ORE R SR A9 AE Ak o4 R B 28, R A k-epsilon
Realisable i i 455 # F1 A ¥ J& BE i bR %, BE £ Phase
Coupled SIMPLE # % I £ & 09 £ & 18 i &
1000 &2, ST 4 Z% A A3 4043 0l (—58,0,0;5 — 58,
0,708) A 112k 1.(58,0,0;58,0,708)A £k 2.(0, —58,0;
0,—58,708)1 H £k 3.(0,58,0;0,58,708) H 4k 4;3 T
Z ) B 250 mm B9 48 1) #5165 — T Z il o 59 e
1T SR UL K PR R L I O 3 B RN 9 A R Ay AL
AR
3 g5k 5nbr
3 HESWER

T 7 LR B0 T T AR 0 AR R SR L Z kT e
SR MR SO EE R R S~ R TR, 2
SR RV IR 80 C  ME M R 15 MPa 4 il HILFE T
40 r/min [0 & F T, W AR RS8R 5K, o 15.079 MPa; 78 15 it
1 50 °C  ME B R 38 15 MPa WM LSS 33 35 r/min (1) 4514
T, 5 Bh R R, R 7.46 m/s; A VE B TR 50 °C A%
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Table 5 Simulation results of fluid pressure
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Table 7 Simulation results of soybean oil volume fraction
%

1 4.991~5.076|| 4  9.989~10.078| 7 14.988~15.075

2 4991~5.077|| 5  9.990~10.076| 8 14.991~15.078

3 4.990~5.077| 6  9.987~10.078|| 9  14.989~15.079

Fo6 THMmIMEEMELER

Table 6 Simulation results of soybean oil flow velocity

m/s
WS HZ H%2 HZ3 H%Z 4 e

1 0.96~6.53 2.36~5.78 2.20~5.54 1.02~5.44 0.96~6.53
2 1.09~5.72 0.30~5.72 1.35~7.08 1.98~5.90 0.30~7.08
3 0.99~593 1.34~5.53 2.16~5.93 1.54~593 0.99~5.93
4 0.79~5.78 1.26~5.47 0.55~5.71 1.10~6.77 0.55~6.77
5 1.36~5.96 1.20~6.58 1.48~5.57 0.55~5.59 0.55~6.58
6 0.35~6.89 1.95~6.04 0.55~5.77 1.77~5.73 0.35~6.89
7 1.52~6.48 0.41~5.84 1.95~590 2.21~5.51 0.41~6.48
8 1.36~7.46 0.20~5.88 0.88~5.95 0.59~6.10 0.20~7.46
9 1.64~6.28 1.45~5.68 1.97~5.95 2.22~5.57 1.45~6.28

s H&I HZ2 H3 HZk4 Befi

1 8.39~19.40 9.13~19.40 8.08~19.50 9.35~19.00 8.08~19.50
9.22~19.50 8.78~19.00 8.39~19.50 8.39~18.50 8.39~19.50
8.25~19.50 8.96~18.70 8.91~18.80 7.86~19.10 7.86~19.50

A W

7.86~19.20 8.83~18.40 8.12~18.70 8.91~19.50 7.86~19.50
7.95~19.40 9.22~18.70 8.52~18.00 8.78~19.50 7.95~19.50
8.52~19.40 9.35~19.00 8.56~19.00 8.91~19.10 8.52~19.40
9.13~18.10 8.56~18.40 9.35~19.00 8.25~19.80 8.25~19.80
8.78~19.60 8.43~19.10 8.52~18.80 8.52~19.80 8.43~19.80

O 0 9 N W

6.06~18.70 9.13~19.80 7.86~18.30 7.95~18.50 6.06~19.80

JhE 3% 15 MPa W& I HLFE 2 35 r/min A4 0F T, il ARRR
SR A, R 8.43%~19.80%
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Figure 6 Surface pressure of screw
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Figure 7 Radial section of fluid pressure
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Figure 8 Radial section of soybean oil flow velocity
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Figure 9 Axial central section of soybean oil flow velocity
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Figure 10 Soybean oil flow velocity distribution curve

along the straight line in the Z-axis direction
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Table 8 Variance analysis results of soybean oil flow

velocity
H % SEOTA HmE ¥y Fid PiE
T i i 0.059 2 0.030 1.021  0.495
T i R 5 52.534 2 26267 904720  0.001
Tl WL 3 4.222 2 2.111 72713 0.014
30 r/min 254 F GIHARFL A B0 AR = B 1 A 12 57

Ao H LD AT AL, RL A A A TR AR R AR Y Y X
B WP VEIR R S S 2 R T B s A TE B R
a7 e T R R T IV 0 RE A TR B By BRI T
THUNE WU 3T A M SR T, S SN g A 42 Sl TR R 30T 43 A S
16 BE R BE S0 °C L BE B 9 5 MPa, B i BL 5%
30 r/min 240 T, W Z 5 7 1) 4 4% BRSO AR AL S oy
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Figure 11 Radial section of soybean oil volume fraction
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Figure 12 Axial central section of soybean oil volume

fraction
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Figure 13 Volume fraction distribution curve of soybean oil

along the straight line in the Z-axis direction
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Table 9 Variance analysis results of soybean oil volume

fraction
5 TR AmE By Fid P{E
g Mt Uik 2 0.206 2 0.103 16.617  0.057
i R 51t 558.793 2 279.397 44 983.355  0.000
MEmpLEE . 43.779 2 21.890 3524270  0.000

4 JEFEREE LR

i FH 100 4 202 5E 4 3l ML EA T3 46 960, 55 I 56 K
TR AR RS kg, NG 10 s o 45 W, 704 e I
JE 50 °C BE B R 3% 15 MPa  HE M AILES 3 35 r/min (iR 58 8)
AT, KGR . R S 5 B g5 R A
— L IRZEN 5%,
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Table 10  Results of squeezing test

HR /% IR %
55 BN Tass
EREH KRE EREH R E
1 19.06 18.61 6 19.14 18.65
2 19.13 18.70 7 19.20 19.00
3 19.03 18.56 8 19.33 19.04
4 18.90 18.54 9 18.92 18.73
5 18.95 18.59
5 &5k

h R S R T A AR AR AR AN Y i A
[7a) 5, 328 J Fluent {7 36 570 A% 2o it v AN [5] e M a2
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TRITT TAE A A X K23l M 280CR 1 5 W) A 4 85 T P 280
BB G AR R o 5 R 3R WD, e Mt R Xk 7 9 14 9 A
PR AR B0 e A S 35 5 M Sl AL S0 9 Y 3 S )
0k 7 A AR FR 23 B R A A 5 T A I A R AR 1)
AR AR X R 23 A R GERE BB B . T B BRAEUIR S T
114 He i o R T R S5 M AT T 0 A, e e e o g
AR 2 A ST 58 R O 45 R R A HE — 2 4R v 4 Y OfE
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5% 30k
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