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Abstract; In order to solve the problems of low seed feeding accuracy and unstable seed feeding caused
by the fast seed conveying speed of the air-fed rice — wheat dual-purpose high-speed seeder, a seed
reducer based on the principle of cyclone deceleration was designed. The CFD —DEM coupling simulation
method was used to carry out a single factor test to determine the main structural factors and select the
appropriate size range. In order to determine the structural parameters of the seed reducer, the Box —
Bhnken orthogonal combination simulation test was carried out based on the single factor test results, and
the results showed that the optimal structural dimensions were 82.352 mm of cylinder diameter D,
cylinder length H, of 101.364 mm, exhaust port diameter D, of 25.000 2 mm, cone length H, of
67.902 5 mm, and the indica seed outlet flow velocity V, and seed vertical velocity V, were 5.212 m/s

and 0. 462 m/s, respectively. The seed flow velocity V, and seed vertical velocity V, of japonica rice were
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5.339 m/s and 0.473 m/s, respectively. The flow velocity V, and seed vertical velocity V, of wheat seeds

were 5.341 m/s and 0.408 m/s, respectively. The results of bench verification test showed that the

vertical velocity of indica rice seeds was 0.411 m/s, japonica rice seeds was 0.452 m/s, and wheat

seeds are 0. 457 m/s at the seed outlet, which was consistent with the simulation test results. It can be

seen from the bench test of strip sowing performance that the effect of strip arrangement with seed reducer

was significantly better than that without seed reducer, and the coefficient of variation of displacement

uniformity of indica, japonica rice and wheat was decreased from 41.61% , 25% and 37.84% without

seed reducer t0 9. 10% , 8.42% and 8.49% , respectively, which met the performance requirements of

seed reducer. The results can provide guidance for improving the seeding performance of air-fed rice-

wheat seeder in the future.

Key words: high-speed seeder; rice — wheat combined use; seed reducer; CFD — DEM
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Fig.2 Seed reducer structure
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with different cylinder lengths
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B b7 DR AR HE T K BE Ve H, T3
() A7 BR S v AN I 3 e K %2 2% I B 200 mm, 16
HUHE K B2 H 2 60,80 ,100 ,120 140 mm 43 5| #E 47
P B

(1) i B 6T 1 A 0 Ak A 3 B 14 5

P 20 S A [ S i < B b I 45 HH A AR
VL 20 TR BE A BRI RE S O, A
Aib SO R ST /N S M ORI A R R
HERT I 100 mm i HY Bl 14k 0 R A K, R
7. 134 m/s, S % B B G {E A 7E 120 ~ 140 mm 2
], AR N 5. 4 m/s,

P 21 Sy AN [ B ] 38 Ao il 3 45 A o = O 4 1t
FHES B, E 21 AT F 5 AR A X
() 458 A A 7 e R L J3E 22 BN R o A A BE S R
RBuS S U ot NI SR AN =R B o AW
R X7 " 422 sl e ) S, 5 P R BRI, TR IR
AT E .

(2) S fa] B B2 0T HR Ao 11 b 1% A ) 52 W)

P 22 Sy A [ S i 4 B b D 45 H A A el
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HEFT K BEH fmm
(&1 20 AN [m] 4 ) < B I R D g 1 A 1 Ak SO R

Fig. 20  Airflow velocity at outlet of reducer with
m

different cone lengths

=]
@

=
@
N O OO O it

O R N N o
=~ LI D= OO~
OO LI=DO0]
LREIDOCO~INF LD
RPN

2

=R NSCOO=tI RN

O U NN~ IOODOND e e e
AOOO~JNAILIr

@FW"OO@\]E%

i [ U O~ JIONON O e it ma
D i N A eI AN 100
QOB LIS O E oo ot o= o0

(a) H=60 mm

TSV — 5\
e S TN I A A
SR EOGO00000
QoS IR INGN000
LRI NN LI D
S =NIO—T

PR B S S A ol o0

SRR OI00

NN LI

S IR EL A
oinmL o=

(d) H =120 mm (e) H=140 mm
P21 A [ e ] I 32 ol 1 i 08 1 0 = O 4 TRT 2 S22
Fig. 21  Cross-sectional velocity of seed reducers with

different cone lengths at x =0
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Fig.22  Vertical speed of seeds at seed outlet of reducer

with different cone lengths
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JERGWR I 2, HE R BE ) 120 ~ 140 mm [, 1 i °F
N AT

P 23 S A [ o i 4 R b Dok 25 13 3l
AR 1B 23 7 B G R RS OR, H b  Ab B
BRELY Bt DNER W N U R B R N L S e
B30 vh AL AR A Vi A
vl(m-s) w(m )

v/(mes)

8.12 8.48 7.78
6.60 4 6.89 6.36
5.07 5.30 493 ¥
3.54 3.71 3.50
201 2.11 2.08
v 0.485 ¥ 0.521 ¥ 0.652

ZI_X ! 7 l__X 2%, Zl__X # \
(a) H =60 m (b) H=80 mm (¢) H=100 mm

v/(m-s") v/(m-s")
8.23 8.21
6.71 6.68 ==
5.18 515 %
3.66 3.62
2.13 2.09
0.611 0.559

Y Y

zbx LSS |\

(d) H=120 mm (e) H=140 mm
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Fig.23 Seed movement trajectory of seed reducer

with different cone lengths

g5 b X PR — S5 S 5 B A, T LR
f B R AR B R R HER D B R R R 4 A
AL 2R X o ol 4 BB 1Y) S Wik 5K [] I A E R U
s TR B S B AR N 70 ~ 90 mm, B fA K EE R
70 ~ 110 mm, HES H AR R 25 ~45 mm  HE K
60 ~ 100 mm,
2.5 Box — Behnken IE 37
2.5.1 it

VECIE i EAR DB B H, HER D AR D,
FHERE B H oI R fe Al /] TAE S 50 e A
F AL Fh 38 B2 Ry 5 m/s S BE R 20 m/s, Bl 3
WS /s LA AR VIR O A R
B VAR R 5 48 br , #E 47 P9 I 2R =K F 19 Box —
Behnken 1E3Z 20 & 1 Ak i 55, 12 55 F 3R 4 B 40 3k 2
s AR E R 3 WG BCF M. KT R 54
RFR 3 prow X, X, X, X, W RFGME.,

x2 HBEEEHD

AR

Tab.2 Test factors and coding mm
i1 B 7 E A2 P E  HROERE  HERKE
D H, D, H,
-1 70 70 25 60
0 80 90 35 80
1 90 110 45 100

x3 KEARS5ER

Tab.3 Test protocol and results

B HA O R DR T
e WEE Y,/ RHHEV,/
R € ) B C T
1 -1 -1 0 0 6.71 0.55
2 1 -1 0 0 5.22 0.53
3 -1 1 0 0 5.88 0.58
4 1 1 0 0 5.58 0.47
5 0 0 -1 -1 5.45 0. 47
6 0 0 1 -1 7.25 0.52
7 0 0 -1 1 5.04 0.58
8 0 0 1 1 6.48 0.54
9 0 0 0 -1 6.53 0.48
10 1 0 0 -1 5.79 0.47
11 -1 0 0 1 6. 00 0.61
12 1 0 0 1 5.32 0.53
13 0 -1 -1 0 5.29 0.54
14 0 1 -1 0 4.94 0.52
15 0 -1 1 0 7.20 0.54
16 0 1 1 0 6. 46 0. 49
17 -1 0 -1 0 4.94 0.57
18 1 0 -1 0 5.23 0.49
19 -1 0 1 0 8. 12 0.54
20 1 0 | 0 6.27 0.50
21 0 -1 0 -1 6.73 0.57
22 0 1 0 -1 5.98 0. 46
23 0 -1 0 1 6.12 0.57
24 0 1 0 1 5.25 0.59
25 0 0 0 0 5.30 0. 49
26 0 0 0 0 5.58 0.50
27 0 0 0 0 5.62 0.52
28 0 0 0 0 5.66 0.49
29 0 0 0 0 5.58 0.49
2.5.2 [l 5 R o K W S PR

FIH Design-Expert 12 % {4 X i 5 25 5 #E 17 43
B, 43 5045 20 T W R AR B VR R R
ELHE V0 A R 45 B3R R H 52 1 R 56
T8 bR 5 (14 7 22 S T SR 3% 4 Fiow .
(1) H R 10 A0 370 3k B[] O A 7R 5 0 2 P 4G 56
2% 4 nTE, YRR AR BV, Il A R A
JEM B . Hodh X X, XX, XX, X X, PR
F0.05, % V sgmAs i 3, R & T 2 JF B R
X7 W UAAE , H A 4 UM S, U6 WA 56 iR 6
FXF VR W AETE R OC &R RIS B3 15 B
KA HAh w2 W Z R IR . LB B E R
RO B I G P AT Z o0l A 45 8]V, RHE RN
V, =5.55 -0.397 9X, —0.265 6X, +0.906 2X, —
0.294 7X, +0.298 8X, X, —0. 535 6X, X, +
0.1857X; +0. 153 2X; +0.318 1X; +0.227 5X;

(1)
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Tab.4 Analysis of variance of airflow velocity and
seed vertical velocity of seed outlet in orthogonal

combination experiment

febr  WERW CFOIAM AmE ¥r F P
MR 16.15 14 1.15 32.26 <0.0001*
X, 1.90 1 1.90  53.12  <0.0001*
X, 0.8468 1 0.8468 23.68 0.0002**
X, 9.85 1 9.85 275.52 <0.0001*
X, 1.04 1 1.04 29.13 <0.0001*
X, X, 0.3572 1 0.3572 9.99  0.0069 **
X, X, 1.15 1 1.15  32.08 <0.0001*
WA X, X, 0.0010 1 0.00100.0291 0.8669
Swmd X, X3 0.0377 1 0.0377 1.06 0.3217
BV, X,X, 0.0036 1 0.0036 0.1017 0.7545
X;X, 0.0309 1 0.0309 0.8648  0.3682
X7 0.2236 1 0.2236 6.25 0.0254"
X5 0.1523 1 0.1523 4.26 0.00581*
X; 0.6564 1 0.6564 18.35 0.0008**
X; 0.3357 1 0.3357 9.38  0.0084*
%2 0.5007 14 0.0358
Qe 0.4220 10 0.0422 2.14 0.240 5
w2 0.0787 4 0.0197
M 16.65 28
FEE 0.0457 14 0.0033 15.81 <0.0001*
X, 0.0114 1 0.0114 54.98 <0.0001*
X, 0.0031 1 0.0031 15.02 0.0017"*
Xy 0.0001 1 0.00010.2908 0.5982
X, 0.0168 1 0.0168 81.21 <0.0001*
X, X, 0.0021 1 0.0021 9.96 0.0070*
X,X;  0.0005 1 0.0005 2.25 0.1558
WA OA X, X, 0.0015 1 0.0015 7.04 0.0189*
TR X,X;  0.0001 1 0.0001 0.3160  0.5829
BV, X,X, 0.0034 1 0.0034 16.67 0.0011*
X;X, 0.0018 1 0.0018 8.8  0.0102"
X7 0.0009 1 0.0009 4.57 0.050 7
X;  0.0035 1 0.0035 16.81 0.0011°*
X;  0.0005 1 0.0005 2.42 0.1424
X;  0.0023 1 0.0023 11.31  0.0046°*
%2 0.0029 14 0.0002
Jefl 0.0024 10 0.0002 1.78 0.3032
W2 0.0005 4 0.0001
M 0.0486 28

e XA B F (0.01 <P <0.05), #x RN W KB E
(P<0.01),

(2) R OO Rh 58 RV, ] A 5
K 5

PR 4 a0, AP O Rh 7 8 RV, ] S A
AR E. Kb X, XX, XX, X X, [P E
KF0.05,%F V5 m A g 3, A mi s B 3%, JF |
X, X, X, X XX, X, 5V, 5 i A i 2 U BH AR

IG5y R R XS A R SRRV, B 5 e A AE IR
KR RAUTIUAR 3, Ud WA A HoAth 1 3 PR =R 52 e ik
BAE bR o EBRAN W3 KR a2 B i 4T £ oo
AL A8 3]V, [ )5 FE N
V, =0.497 8 —0.030 8X, —-0.016 1X, —0. 002 2X, +

0.0374X, -0.0227X,X, -0.019 1X,X, +

0.029 3X,X, —0.021 3X,X, +0.023 1X; +

0.019 0X; (2)

2.5.3 1 g A

(1) 2 A0t A 1 A0 B2V, 18 52 1)

LHER O EHA N 35 mm HEFT K R 80 mm A,
[ 4 1542 5 368 K B X V) B 52 e n /] 24a TR
B 24a FT LA MY, 2 [ £ AR [ 5E B, VB T8
K 18 R 2 0N, I HL Y B R KR R 90 ~ 110 mm
IF, VR /M, 24 8] R R B g B, VBl A T
ARG KB /)N, 78 B A B4 80 ~ 90 mm B B
EHE /N I A EE S 90 mm HE R B2 80 mm
B, R AR S HEAR I B A AR B VY
S0 Gl 24b Rk, NI 24b AT E Y B B AR
52 I,V BEE HES D ELAR A G W R, I Y
HEA O E N 25 ~35 mm B,V B BU/IME . 44
SH EARREE, B A B AR B R & AR K,
VB O, AR B 30 ~ 45 mm I Fif B £
HERWK, V, B/, I B Bl & B8 70 ~
80 mm i, V, BUAS 3/ IMH o

J R Ay 38 K T R 4 B, FE Bl i) s K R s
SR, S SR 7] BE 1z 3l BB RO 22, 5 RE T i R
PR SR, PRI 38 O (B 5 B2 A A T ) S R 1
SR EE . R A AR R S TE R ) TR A e
FeoR AR RN ELAR G O, T I 5 R R AR, D Ok
R[5 e AR L BB /) i 1 Ak SO

(2) 4% PO Hh A 11 o e B R B2V, 19 52

MHARH EHAN 35 mm HERT K K 80 mm B,
B e B4R 5 I 6 R B X iy b 1 D 18 BBV,
SR E 24c iR, WK 24c AT, Y [ H B2
[ 5 B, V, Bt B B B 498 O S /N s 1 R e, OF
HY BB 90 ~ 110 mm B, V, B4 5 /ME ; 24
(Bl fA7 < B2 [ 5 I, V, B 3 B f A 1 B i sl /) | O
H YR 18 B4R 80 ~90 mm B, V, BG4 /M

5 A EE R 90 mm HES H H AR K 35 mm B,
(5 i B A28 5 AT 4 BE X o o 0 e e ORE VL
S QK 24d o o NIl 24d AT LA Y, Y B A
F8 I A I, V7, i T BE 1 3 DR i 1 Ok, O B Y
HERT R EE 60 ~ 80 mm I, V, UG 80/ ME 5 2 HERT K
JEE 81 2 ), V, Bt 2 [ ) A 3 & i)y, JF B Y
A A% 0 80 ~90 mm B, V, B A5 55 /IMH
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MR B4R 80 mm (HES T B2 K 35 mm B,
(5] e 1 B 5 B R B X Bl 1 A R BV,
N E 24e iR, MK 24e AT LLE ), Y B A K
JE [ 5 I, V, it 25 4 7 B 3 R e i/ N s 1 R 3,
I H Y HE R K B 60 ~ 80 mm B, V, FUAS 8 /ME 5 4
o AT B T IV, B (BT K R 3 R T a0, O
H Y B B2 90 ~ 110 mm B, V, BUE/IME S

MR 13 AR A 80 mm | (B A 4 B4 90 mm B, HE
AR AR 5 A R X R R R RV,
SZMUNE 241 o o M 248 i DUE S HERH B
T8 [ I, V7, it 25 A 7 B 3 KM 4 R, O HL M 4
KR 60 ~ 80 mm B, V, BUATHE/IME 5 24 8 7 1< 3 ]
FE I, Y HE A BE R 60 ~ 80 mm I, 3 K HES H A
1, VB Wi AR K, 2 HE AT B R 80 ~ 100 mm B, 3 K
HAROERZ, V,ZEE /N, It HSHE D HERER
25 ~35 mm I, V, BUS5/ME

TRFF A S S BN R o — 25 24,
1 [R]f) ELAR 3E R, R G A% N BB A B0 T R s Bl
It 52 850 J1 FRAG, [R] B SR iy BE i as AT R R K, 5
B T 22 (1) B B2 4 FE 185 i, DT I 348 R TR 5 AR 2 D/
EP ol 0 A Ao 5 Y (B R B O, AR A ) S K
Pl 732 B 1 B, Bl 76 158 B 7 ) 138 sh iR IS K Y
HERH B Z W K, Bl 980 80 25 o8 F8 O 4 o B A
KAB S I/ N 5 38 K, B 76 8 N 12 3l 32 20 9 4F H

S UL DR B A HE AR E AR R R B AR

U L R RN R S R YA R R R R RS
[ fi5) Bt =2 1] e 1 48 G, Bh 7 5 BE T Al S AR A
A el 5

Interaction response surfaces

2.5.4 28

R ARAG Tl ok g e A A5 A S8, LR B LR L
PR 2T 158 48 AR Y 2 W), >R H] Design-Expert 12 %%
FBEAT DEALSR i, B
minV,
minV,
s.t. (70 mm<D<90 mm

(3)

70 mm<H, <110 mm

25 mm<D,<45 mm

60 mm<H <100 mm
PeAEE R, S 8 A2 D o 82. 352 mm J5] f& K
B H, >4 101. 364 mm HS 1 EH 42 D, 24 25.000 2 mm ,
HERTICEE H. 2y 67.902 5 mm I, 32056 5 g Al AR 1
SRS BV, R R R RV, i
5.212 m/s 1 0. 462 m/s; iR 56 Fl + 5 B8 R W, ) Ff
FAR B BE V, RO - B V, 530 R 5. 339 m/s
F10. 473 m/s s CE 1 /N A I, HY R A0 EE Y,
AP E R V, 2058 5. 341 m/s #1 0. 408 m/s,
TE R 45 4540 F AT B 2R g e i g, i g 25 R R
B2 2 b ARl I A T Ak A s R Dy
0.411 m/s, 547 B 5 2264 0. 051 m/s; X 50 Fh ¥
SRR, O AR b R O 0.452 m/s,
D7 FOK B 25 (EH 0 0. 021 m/s; i 5 Ff 7~ S /N ZE ), i
Fofr 19 4 T B HRE SR 0. 457 m/s, 5 05 BRI 22 {6
70.049 m/s i 7 {5 2 B AL B4
BN A USRI CFD — DEM {7 38 70 5k 17
L T



232 g ok AL M ¥ Il 2025 4
] T 2 B, HERPROR B4, v B B E BRSOk
3 amiaRE i RS 9

O 56 UE Al 1 Uk o A5 45 4 T AT 4545 AT SCES 1
B 50T, FE AR PR RE LU 6 , 1 M b 1 sl
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Fig.25 Seed casting test bench

FRAE AR Ml DX 46 b A 25, B 8 AR 2% 16 46 b
9 120 kg/hm® A RS 45 & #6550 150 kg/hm® /N2 4%
A% Ry 240 kg/hm” | HA IR 56 45 0 35 5 0 B 56
PRFF—F, K 2 m L2647 2 98 20 em K 40 em #{(HL 5
B s rHlge .

HER RO Q& 26 Fros . MBI 26 AT LLE A
TCH -0 A 2 el 0 HE R SOR 25 S BOR, X Jo
R BE . 3N 5 -l e 3 TS| W =0 N e
FoRar A, B BURS FEAE 264 LA Il R A>T A
Pl I AR GO0, Ul A R 2 W A i T A &
LA B A O A% 16 IS e AR L, A R

I3 Uk W 1 22 0o D A e R R A R AR, 4 fl A%

16T N BR RS A o
bt o N
(a) JORh—F IR AT
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26 HER R
Fig.26 Seeding effect
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AR S Z B C AR 9.10% (8. 42% F1 8. 49% |, i
B - U T 25 6 F O [R] 25 A0 B 5l M A, (R
HIAEFl 7 T HAMNE R M 22 K, Z W AEM
J1 0 5% W) E /N OB RS R /IN 22 AR OB R 5 P BE [
il 5 A A5 R 25, HE ol 28 50 M AT G Al 7 28 b
T U A5 1, 3 2R HE R A0 M AR A 2 A
Fer AR RN 22 B HE R S MR R R A CL A0
41.61% 25% F1 37. 84% , it & T A5 Fh 1 ol 3 2% )
155 50, 15 B b - U6l 2 T BH S 6 b kS s R
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Tab.5 Seed reducer seed sowing test results of air-fed high-speed seeder

X/ g HeEE o) PEAE S R

At xw 1 2 3 4 5 e ¥ C,/%

3 AT b T 0.92 0.88 0.78 1.02 0.98 0.916 9.10

FlS TG o v 0.55 0.35 0.20 0.24 0.22 0.312 41.61

3 A7 o 1.85 2.14 2.23 1.98 2.35 2.108 8.42

FE T 1.02 0. 86 1.65 1.21 0.93 1. 134 25.00

A T 1.23 1.33 1.14 1.12 1.04 1.172 8.49

h o - i 0.54 0.21 0.80 0.63 0.43 0.522 37.84

1% D Jy 82.352 mm R K JE H, 2N 101. 364 mm ., Hf
4 g

(1) B P 3= B 00 25 R R W, B0 13 A 5 4%
70 ~90 mm , B 5 K B 70 ~ 110 mm, HES OB
2825 ~45 mm, K E N 60 ~100 mm, T8
PRl 2R 1k 6 45 R0k Bl e AR (TR R RE CHE R AR A
HEFE K 4 A~ Z IT B Box — Behnken 1F 38 4 &35
5, SR BT R B B LS B G, BVR

KHER D, A 25.000 2 mm FIHE K H R
67.902 5 mm, R 5 A RIAT I, A A
V, FIFh IRV, 5. 212 m/s Fi10. 462 m/s; i
5 A - S KA S, R R A BV, R R R
JE V, 435049 5. 339 m/s 1 0. 473 m/s; iR E R T R/
EWF, ARG EE V, MR TRV, N
5.341 m/s 1 0. 408 m/s,
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PO AR 7R E R R 0. 411 m/s iR FP 7R RERTHEE S E S R C i 41.61% TR 3
BF, o 0 A b 18 EHEE Oy 0.452 m/s; i /N 9. 10% s RERN FHERE A R R C, H 25% &
ZZ Bl P, Rl b 2 BB R 0. 457 m/s, 1 R 8. 42% s /NE Rl FHE R S AR 5 R C
S5 ERGERIEAY S, LBIERIRBL R L 37.84% FREF 8. 49% , Ul W Fh 1 Ul 14 2% it 1 2 11
B, A A AR ), 3 B R PP AR R . AR ROR R AR
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