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a. GUA PG 1A AL
a. Configuration of cross-flow grain cleaning device

b. AU R S E ) = A5
b. Three-dimensional diagram of cleaning chamber and airflow expansion
channel
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Bb 6 WEEHLAE 7B LW 8. SHIRBHAL o 4Rt
10. BN HEAE
1. Cross-flow blower 2. Airflow expansion channel 3. Feeding roller
4. Feeding roller frame 5. Feeding hopper 6. Cleaning chamber frame
7.Belt 8. Electric motor 9. Collecting trays 10. Cross-flow blower frame
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Note: OBCEDFGH is the airflow expansion channel; CDGHLKIJ is the
effective cleaning zone in the cleaning chamber; O is the origin of cartesian
coordinate system; Ox is the positive direction of x-axis; Oy is the positive
direction of y-axis; Oz is positive direction of z-axis.
A1 RAXSHFAEERA

Fig.1 Sketch of cross-flow air separation unit for grain

1.2 BEEHIMER S

WK 1o FroR, Sy SRSk 5 2
FROGEUN = g5 bk, N Gambit BAPRSmY
T 0 R I = 10 BB TR e A Oy R 45 R 40 DY T
PRRASAR, RILA R A 41092 A4S, FIC 40 826

Ao TR AN R AT AR, DRk
RN FA S008I HA St . T5I%E
Qb Ry SE A OT AR B AR R T, DRI ASE R 1 i
WOE A A S . HoARa FReE I BETHI
2 BMFREEPSERBREE
2.1 SHEHFERE

(EZ8T prive o W AR W )| (DY s A S AP PN N s e
B N AR E BE LT AL, X AR SR LR
W ARBOTIE = NN Buler ids, T [EIAH
BT LU, AMAZEZE JEASAR R e, R
7 FEURLN S B 5, B SR FH X m) #8 5 hr BA H
W, EARIAEROR A AAAE IS 7 >R 1R B n s o, ot
I AR I A 2 5 R
o, . 0 ~ 0 Oud, ,
a(pui)Jrg(pujui)—a(l“wg)ﬁLSw+S¢ (D

j j i
R i
szCﬂKz/e

A e K MFEHUR ¢ BN 2 M e
ENE

Iy=plo, s p=p+pu=plV,+v) ;

0 0
—(a.pK)+—(a_ piu K)=
at( LK) a»( U K)

J

2
N S
x;, o, 0 s T TG
0 0 _
—(a, pe)+—(a, pii &) =
5 (%eP?) axj( PUE)
(3>

0 Q.M. O¢ &
— (= —)+—a,(CG, -C, pe
axj o ij) X g( 155 2 PE)

Oii. Ou. Ou,
AF: G =y (—L+—L)+—L.
. , ”T(ax. ax.) ox

Abe a, a2 AR x. y J7 I RS, /s
t TR, s T, NS REG S, T ARAHA L 16
Tits S2 A RIUREAR A AL I R B INIR I 0, DR
Prandtl #(; Cp A ¥R R RE p A AEE,
kg/m’; p HTAKBIVIZEE , kg/(ms); v WiBSh AT,
m/s; ur NIRVREE, kg/(m's): Gy 2imshag k4
Ry ag NG C RS RELL B 0.09.
WA HEAE : C =144, C=1.92, 0,=1.0, 6,=1.3.
2.2 FRIEEFER

A WA A5G 1 = 1 SE A R S R 2 D01
WA, MR EZ, KR R Iz 5,
AR FEURL 2 T IR SRR 25 . R MDTE I = N IR
] P A 00 T AR AR IS P ARG, BT AR DL s
Z IR EAE AU, e BN AR S B




%3

FhoNeRaE: BEMNAPi 1 B]  AR SR S 29

BLE/NAT ML SRS R ZEAT, B
43000, 1200, 320 A1 150 kg/m®, %X Le ik 41
SAELL RS 1) FrA SRR M BRTE AL 2)
FURL 2 TR A A EAE I s 30 JBURLAR A 2 TR
A ST A . ST B R, AR A
R TR A s O RN, A
ARAT ORI 18 Bh 3 728 o
dii,,
"
A m RoRBUREL i TR, kg a, ROBORE i 1)
BN, m/s: F RN BT EINA DT, N,
FEARER ). BARiE ). Basset JJ. Magnus
Ji+ Saffman JJRIE JyBERE 12520, (HRAE K 2%
THOLT, BRT Ry, B BASE)), K
A ) #8T LIS AR DRIE, UKL S B T
FEnr DU R A — 2P 3Rk .

g

4

da, .
py =F(,,(ug —upl.)+
_ (5)
50—yl o+ ( Lz, e
g ppz p pi pp]. pi aﬁ
s Fy T BU R 7R sR
C Re._.
= 181/2 di* Cpi (6)
ppidpi 24
g pu, —u_.d .
Rqﬁ:,Jflé__JlJl 7
14
Cy=
24(1+0.15(Re )" ™)/ Re,; ------ Re <1000 (8)
044-----.. Re,, >1000

At i, AT, miss p A ERE, kg/m's py
JofORL @ TEEIE, kegm’s g NTEJJINIEIE, mis’;
F (i, i) HRRL i BRI BN R T), Ns e
IBURL i TR Rey MARXT TS dy WKL i
ITEAR, my Cy AURE i (KRN REG 7 K71
3 AYFEREFSERERGERLIS
e
3.1 SRAMEHNMELRE

R YL AT R e 2, o
ML RSP A 7 mvs, DLILAE A YI%RI4
Jro&tE, R Fluent PO RS B 401 £ %
U HATEAA ST, 158 T IE S Wz 2)
TSR . 18] 2 itk 5 A A IS B () e
ORI, A WU R AT 30 I 7 B B
K, BT 100 mys, TMAE TR PIIBIE SR/, AL

h 5.0 m/s, FEANHIL S NS N y T3
SPIHT (y=87.5 mm) FH z J5 [ HO P (2=290 mm)
BT Bl 3 RIEEE 2 7 P (2=
290 mm) MIIE R EE, MWEIPHLIEH,
T R MK, SE0EEE E T
A T8 B AR TP TR s B, AR — 8 1K
PRI, X E AR 23 S A AR
YR s S e, A T A R
(5.0 m/s) ¥ A& AR P 1A 20 T P Y L (4.1~
16.6 m/s) , Jt LA 289 53 B R (5 AN K
4 EFEE y RO (3=87.5 mm) 1S
T E R R, T RS E TS AR ) YA,
5 B0 3 = RS PRI TR AU T I v R AR
TR, PROUNEERR BT (R e, AR BAE

17T x-z ISR, AR
¥ Velocity/(m-s™)

10.1

9.66

| 923

851 AR
8.03

7.62

7.22

6.81

0.40

| 5.99

5.59

5.18

i

i3

3.55

N
733
1.92 Z)\X

B2 FRAEFERALAGOEELZA
Fig.2 Vectorgraph of airflow velocity in cleaning chamber
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Fig.3 Vectorgraph of airflow velocity in plane of z=290 mm
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Fig.6 Distribution of grain components at landing area
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Fig.7 Photo of test rig of cross-flow grain cleaning device
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Table 1 Components and parameters of experiment material
in cross-flow grain cleaning test
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Component Whole grain _ Short stem Immature grain
Ll
89.2 6.9 3.9
Percentage/%
W
Moisture content/% 15720 42765 2326
BIFLL 72 36 55
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Fig.8 Moving area of threshed crop material in cross-flow
grain cleaning chamber at 40 Hz blower speed
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Fig.9 Moving area of threshed crop material in cross-flow
grain cleaning chamber at 50 Hz blower speed
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Fig.10 Moving area of threshed crop material in cross-flow
grain cleaning chamber at 60Hz blower speed
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Numerical simulation and experiment of gas-solid two-phase flow in
cross-flow grain cleaning device

Du Xiaogiang®, Xiao Menghua®, Hu Xiaogin®, Chen Jianneng®, Zhao Yun'?
(1. School of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: The airflow pressure field in the cleaning chamber of the traditional grain winnowing device is irregular,
and is not applicable on occasions where high cleaning efficiency is required. Meanwhile, the centrifugal blower
is hard to use to obtain a wide and steady wind source. Therefore, a cross-flow grain cleaning device was designed
by employing the cross flow blower that is theoretically distributed evenly in the direction parallel to the blower
shaft no matter how wide the blower is. And a horn-shaped airflow expansion channel was designed to increase
the height of the blowing area. A feeding hopper and two feeding rollers were installed above the cleaning
chamber to extrude the materials into a thin layer and accelerate the material layer to a certain speed. Based on the
standard K-¢ turbulent model and particle dispersed phase model, the characteristics of a gas-solid two-phase flow
in the developed cleaning chamber were numerically simulated. The airflow model was developed by setting the
inlet of the airflow expansion channel as the velocity inlet boundary, the outlet of the cleaning chamber as the
outflow boundary, and the others as wall boundaries. The unstructured tetrahedral grid was applied to mesh the
cleaning chamber model in Gambit. And by making the assumptions on the grain components which mainly
consisted of gravel, whole grain, immature grain, and short stems: 1) All particles were modeled as equivalent
spheres; 2) There was no interaction between particles; 3) There was neither heat nor mass transmission between
particles and the gas phase, and the bidirectional coupling Lagrangian scheme was utilized to trace the particles’
movement. Finaly, the distribution of airflow velocity and the particle trajectory was simulated after setting the
airflow velocity at the blower outlet and the material parameters. The simulation results indicated that the airflow
in the cleaning chamber presented a certain delamination where the airflow near the top and bottom walls had
lower velocity than that passing through the mid-chamber and the airflow distribution in each layer was stable
without an obvious vortex. Each grain component had respective particle trajectory and was distributed at the
bottom of the cleaning chamber in different arc-shaped areas which should be due to the high airflow velocity
near the front and back sides and low airflow velocity in the middle of the cleaning chamber caused by the
inward-incline of the front and back side boards of the airflow expansion channel. A test rig of the cross-flow
grain cleaning device was built to verify the numerical simulation results of the gas-solid two-phase flow in the
cross-flow grain cleaning device. A high-speed photographing system was used to record the motion graphics of
the whole grains, short stems, and immature grains at a rate of 250 fps respectively. Then the trajectory of each
component was identified by the graphic processing. The experiment results showed that the distribution area of
the whole grain in the cleaning chamber did not overlap with that of the impurities. The trajectories of the short
stems and immature grain were found to partly overlap in the experiment that was different from the simulation.
The main reason for this phenomenon was that the short stems were modeled as an equivalent sphere in the
gas-solid two-phase flow model. However both simulation and experiment results demonstrate that the whole
grain could be separated from the impurities effectively in the developed cross-flow grain-cleaning device.

Key words: grain; high speed photography; agricultural machinery; grain cleaning; cross flow blower; gas-solid
two-phase flow; trajectory
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