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SREFL , & 4, BERY, BA%R, % |, Hy
(erpll K22 T2ERE, B 430070)

A% > X

W OE: FEGSEWCGR I T BARIK . AT PGB IR BB AR SE N, % U — Fh il S AT B R S SR D)
TR, LS IR VAL B 55 it =3 0 £ i =X 00 B A0 BB U 3K . SR DG IR iRtk 1% 5 IR JT (smooth particle
hydrodynamic-finite element method, SPH-FEMD #& 1/ B il =2 2T SH R S8 DI RS FE AT 7007, 87 -8l (A e i A%
R, SRR YIBIZN SR, @R REHT IR VIFRRISUE . B REW, KA 4 mm A2 IR B,
SR S8 20 MPa AR & B R 5 e 3 FE 4 Ao 741 A 411 m/s, 29 95% M R RAEEMRAS BR S99k B, Wi Mg AN
Yriiid B TR E B ARG, SRR TR O B A AR R ZY s SRR PR S e i A A N - WS - B K D i i 7R
¥ FE ST REREA R AR B AE s NTUE I 3 MPa 3 INE 10 MPa i, BRI KGHEEIETH R 31% FHEE 11%. S5 #E
3 MPa 5, BESTE38Em, SRR 7T Re-Bh R e 2 WA N s FEAR RIS AE T 0.1 mm R AR B L ) e R FE
0.3 mm KAZEERIR 19%: KRB BRI VIFIZ) AR, 0.3 mm B BERYIEI B Re oK, HikH 0.2 5 0.1 mm ki
BEERL; BERCEFELE 120 m/s B AT DLSEILZEAFAG 20008, X R E 712408 0.4 MPa; #EF# N 5 mm/s. FEFESE 10 mm
LA AT — R DI 254, BRIt 5 mmy/s B JCVE—IRYIWT 28T #E8E S mm. WAREIESE S mos B, FI3RTGH /N D)E
RAARAR, IO 5 ELE 1~6 mm 2 [A]; S UIEIRE ) 3 BB UV B B s, )R B EE R M AR X BN AT UL
REBZ AR, AR A R R RN o B FUARAE AT T AR SR EY 2R )], m ool AR B i = v 2
BRI R IR AR 5 HOR 3HE
KR AEES; A, RBRESD N FE;
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X BERLIRH AL IR I R 1 5 B RO 18 Bh AR MEREAT T 3 T e
F YL F B B AR AL (discrete phase model, DPM)
X AN [E]URLAA R B2 -2 o 252 ] VR P AR R AT SR A
o 7~ RIURE AR R A FEE L et T[] S8 it 9 A°0 e 9 50 42 T s 45
FUAE (K SCBEAL . 5B 250 SR ADAMS (automatic
dynamic analysis of mechanical systems, ADAMS) X i 3¢
EATEh AR FF e ae AT T T B 5 0T . B
ST ST T KRR AT SR BOT A, AT T S kR
i H A3 Ht. LEBLICQ 25!V T B Mo i A f vk 14
AT SR AT T AR SES SRA] SPH (smooth
particle hydrodynamic, SPH) 77 %X} % + B U fif S5 A5 4
HHAT TRAE. mEEY 5T SPH B A FEAR I A+
BEVIH IS RREAT TR

SHRVIEIB AR A VIER & B X SN,
TEM BRI AT 232 N« AH LGB 5 RAEY 24T
R EIRe I /DT &8 KM ARSEE, SR
FNH ARG T RAEMZATUIE] . A 78202 R 01 4
WMEARCZEE R T HRE &0 8 ESEWIE e F K
L, ZEARAEENR RUIRIE RS SR .
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FHWIAE: T SPH-FEM (13l 3 24T AL UASHA D) 07 5 156 83

HRIMBORR—, KBRBEFNINZZERFER B, &KL
& H —Fh#£F SPH-FEM (smooth particle hydrodynamic-
finite element method) [ 1 3 251 & & 185 1Y 41 3 7 92,
KH LS-DYNA ( life-simulating dynamics, LS-DYNA)
5 Fluent #4715 227 B b UM S i AR R Ao =X U0 e 7%
PiEHEFT, AN R B AR R )3 A 7= 3 s SR I ROR
B, WIS AR AT T AR E Z R EIEL, Rk
= fid X RARHE AR e % (T R AR iR A

1 BRSESRETERE

1.1 SPH-FEM fB&HERE

SPH /& — R JC M il i B i, SRAE RS 5
AR R ZIE M B R . X @ BA —ERE, N
R 7P ESE— AN B, IER R ALK T IE 8D,
ARG — N RALKL T 183 (5 BRIl g, HoE SO

[T r@=[ro)wendy (D

R PT Rm 3t R A R h AR IE,
T8 BB IS 1) R0 25 R AR Ak s kD9 T KL 2 TA) AR RS
Wik,h) %R E CIAEAZ) , 8 40 B B 2 o) 3E4T 2
S

W(k,h) = 0(x) 2

h(x)’

b d N YER: Pluh) RERWE R %L, HLAE SPH J5i%
rhiRc DTS =Rk, XN

1-1.52+0.754°, |u<1
P(u,h) =C, x{ 025Q2-u), I<|u<2 (3)
0, 2= |ul

Aot € WAL A 0=

fE LS-DYNA ', SPH KL # 4L 4 5 5k 47 sl 80T,
BRHISECONT dws . E LA E . SPH R4
FEM A [R oA &, i § e B0k i i EH TA IR
JCH IR, SPH-FEM #5A K H sl 2l 7 =0, #efms
R 5 X9 Node To Surface. SPH ¥i & X AMAK,
fl S B A PR T TR T O AR, ER—MTEE
A Ar WAB TEMTE Z BT 2R BT A R 5 AR TRl i A
AR, AR RE At WEEIE T AT, AT
BUFEEVARRE, W46/ A, 15828 35 F AR AT S
FEA T ZE F AR T 2 IR0 Bk AR . 5 B h B 5 A
AR R AT, T R B AR AT S o 0 A
2 8 5] N—ANFrindefih ), HRNS5ERE. Fi
WIFERCIE G . 35715 A o 7 FARTE, AT fr A 3
1 Bl A Sy R B R 7 0,
1.2 S-ERERRRE

Fluent H 2 #{ i # Y DPM ( discrete phase model,
DPM) R 5 g vHE Tl i 0 B R A AR S YA R T B2 AT 1
SO AR SC BT s B A & 2R, B 2b TR
THEIER S AR o A0 B B RS B g doE T
FRE BRI E R, SAFmTH SR B O R AOR, 3T

WA TE MBI, DA A& I A S AT I E EN
R 77 3 MPa, £ U AH I A I R S R i, ik 1
Fime SRR EOR T 430 292 I, kL 5 9 44 FE 15
FHasE, WM IoEUE CICRORR M, R 5
FUR R H50E N 430 292,

[
Finite element
node location

\
BEAINAE ] _{ [FE:Z 314

Stress and strain| Displacement changes|
I—i
O
B 1 SPH-FEM #&& RE % B
Fig.1 SPH-FEM coupling principle

oL T P A

Node-surface contact

\
\

N
ISR [ |

Acceleration Particle force

PUARA T
Double-phase
flowinlet

[ 5 JE
Nozzle fixing
base

TP I
Double-phase
flow nozzle

Pifl 0 532 mm
Double-phase
flowoutlet

a. WY B LA

a. Nozzle device geometric model

WA
Double-phase
flowinlet

A

Pressure outlet

b. PRSI PSR 5

b.Fluid computing domains and meshing

B2 AR R R AR
Fig.2 Nozzle model and meshing

®1 MBKEMNRENESRENE

Table 1 Impact of mesh quantity on simulation results
WA AE Mesh  FIURLEFE Particle velocity/  Jit#A# E Flow velocity/
quantity (m's ™) (m's™)
1400 502 312.15 637.31
1260958 312.18 637.56
430292 312.17 637.61
215105 313.04 639.87
107 668 311.56 635.24
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1.3 HRETEE-BHEAREY

TS ZEAT A2 B e T 252 HL R 485 K0 ) £ AR 2L R 1l
WEB AR, BRSSO R 2%, DCRARIT
B OB R AR SRR . Dy AR 5 SERR
155 TR 28 0y Ay 22 08 7 45 SR EE A, A SCR AT FEM-SPH A%
EITTE, RS ZEAT R — AN A PR TR
PN D9 TE O 5 BT S OC AR B R R OB,
K 3 R

ZERTH

Stem model

P Ah 253
Inside and outside stem
20 mm  contact surfaces

10 mm

BN

Shear stress

bRl

Normal stress
Fhah RS i
Tiebreak node to surface contact
B3 iR EAT L SARA
Fig.3 Composite model of rape stem
I A PR 70 5o # R =R 22T AR 2K R R, 6
WA 19 s BT R P RS B 2R A5 R, SR BR T
5570 RS VR IR 05, N A 25 2 TR) G I 2R AR 4 B i
TIEBREAK NOED TO SURFACE X8 7 #i &, it
W3t PN AP ZE N [ A R A B H AT L 2 Hp 9 AR
JIFEREE
1.4 EPRYIENEE R AR
IEFECR IR E RIS, R 1S mm. KFE
60 mm, FHAH e ¥ SPH-INJECTION K19 55 &
MM FRATASEET . BRI AN S H0L R SRR 6
R E S, 40 % B LS-DYNA o NULL 44 R} A5 B A
GRUNEISEN ARA&FFEE XL (sl (4) Fig) B,
pcul=(1-2)-3]

2 3
K, :
H+1 (u+1)

P=

+(yo+aun)E
=S —Du-5,

4)
XA PRYILEIE ST, MPa; po NHEM EFE, kgm’s C i
vo—v, M ZE 8 S1, Sa, SaEv,—v, MIZRHIRI R REL
(v~ v o TR RI R P R SR TR, m/s)s v
J& GRUNEISEN J5 fR I % a Xty I — B R BUE IE
o HAERHARY, B AR S, R (5) Bk
ENHAARFINAE, Jm’s v=1 Bu=0, MBS HILEE 78]
AT (6) 8 o BERARI AR 3 B S H LK 2.
u=L_q (5)

v,

PZ')/()E (6)
H RS AARDRER TSR S 25 4T, HEZE2AT A
TESHE 3P,
R2 BERMRAEERESY

Table 2 Constitutive model parameters of abrasive materials

Z ¥ Parameter H18 Value
#J¥ Density py/ (kg'm™) 4000
i Intercept C/ (m-s™) 4569
12 R 3 Slope coefficient S, 2.56
R R H Slope coefficient S, 0
FHR R %Y Slope coefficient S; 0
—Br AR FME IE R 4L First order volume correction coefficient a 1
‘%1 Constant y, 1
Y14 77 Initial pressure P/ Pa 1 000 000
HHXH A Relative volume v, 1

®3 WERHEREF RN NWFESH
Table 3 Mechanical parameters of rapeseed stalks inside and
outside during harvest

24 Parameter (A Value
% J¢ % % Epidermal density/ (kg-m ) 94430
P ZEEFE Inner stem density/ (kg-m ) 782.60
R I By Y & Skin shear modulus/ MPa 5.07
O BY AR & Inner core shear modulus/ MPa 2.13
2 B2 At Epidermal Poisson's ratio 0.33
N 259 FA L Poisson's ratio of inner stem 0.33
R P11 B 77 Ultimate tangential stress/ MPa 5
B PR % 5] . 77 Ultimate normal stress/ MPa 40
SR N AR Failure strain 0.01~0.05

K MAT_ELASTIC #MEMRELE CZEFT AN KL,
BT 2RO 2 B e PEREIR, IS CEE MAT_ADD_
EROSION 1E R R AT o S ZEFF AN A RLER F AR 2K
RN, 7o S ZEFT PN SR RE SR N T 2 S o X i S
ZEFTA AR T AT RS TE o0 AT, SR H 3 MPa I g B
N EUR 233047 05 BT 55, SR D) BB 25T f KN 148
S RWME 4P, HMSEURT 452 072 BF, SRR 7
TRRE, EHOh SR B AR FCN 452 072

F=4 MBHENHNNZHEEREZMN

Table 4 Impact of mesh quantity on simulation results

[ 4% %4 & Mesh quantity K /5 Maximum stress/ x10°Pa
1533672 1.484
1186 158 1.485
452072 1.483
227 456 1.414
124 325 1.323

1.5 HRENHRMBAESE

ALK FH SPH-FEM 5 B 715, il =8 220 51 i
VB FRIAT I E A, WK 4 fios. Bk Bk
M CFD W A0 B 5 LS-DYNA BERLRL T 5h 2 2541 1)
EIMFEH I, M CFD A0 B SRR AR 1,
St ik, FHR R RS RS LS-DYNA #
BTN I B, SRR AR

7E CFD ik i Hrr, & CPIAHRA HONE I,
PIARTE S R T 1, AR o i B, T i R i
¥ k-¢ Realizable 15 7 1 B i 3 5 BETHT R 2, SRS Rl IE
FEOT R 45 (O ER R AA, B 3 A SR - 18 A R
FEN 4 000 kg/m®,  BERL T B W 0.02 ke/s. H TR
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517 0 RS, HET SPH-FEM [ 25 FE S B AU S P V) 0 2 5 R 85
F1%E R 0.1 MPa, {iESHILES., 0 MFEZIHR
— N £5 REHENREESH

Stem model

SHARA L
Jet flow intlet
SRR

Jet flow outlet

B4 BEAAIRS R ) 545 AR
Fig.4 Dynamic simulation model of abrasive gas jet cutting
FEZEF OV H o, S A E I SPH-INJECTION
BTSN, SRR AR T A AR S S L 0 A
S, SRR AL ISR R D) IR, e AR
FIHN A B2 13 o [ 5 SC4% - P9 SRR W o 3 1T T 4 R

9 e B Pk
Velocity/(m-s™') ~ Shrink segment Expansion segment
736.37 MR BE W A1

662.73
589.10
515.46
441.82
368.19
294.55
220.91
147.27
73.64
0

buidi
Velocity/(m-s™
625.55

Pipe segment Nozzle outside

AR

Section A

BRI

563.00 | 521.42
500.44 | 463.49
437.89 405.55
375.33 347.61
312.78 289.68
250.22 231.74
187.67 173.81
125.11 115.87
62.56 57.94

Table 5 Fluid simulation boundary condition parameters

Z ¥ Parameter H{E Value
A HJE 77 Inlet pressure/ MPa 0.5v 1. 3. 5. 10, 20
H4 1 JE 77 Outlet Pressure/ MPa 0.1
ik Ri42 Particle size/ mm 0.1. 0.2. 0.3
Wik % Particle density/ (kg'm ) 4000

2 {nE&RSH

AIERET R R BN RER IR A

PRI SR AR I W 5 s, AN
Sk Sl NIEEAE I B AL B Bt (Bl 5a), ek
Bl S 9L s 3G R T S, T 567.95 m/s (&) 56) 3
Nz 736.37 m/s (K] 5a), M4 MR s X 3
PR B 5 T8 R I, SR AR B AN T B S BT
SFPIRL R RO G PR TR AR A R 2

P
Velocity/(m's™)
693.76
624.39
555.01 |
485.63
416.26
346.88
277.51
208.13
138.75
69.38
0

bud 3

2.1

b. 10 MPa

Section B Velocity/(m-s™)

579.36

0 0
c. 5 MPa d. 3 MPa
Velocity/(m's™) Velocity/(m's™)

575.51

57.55
0

e. | MPa

517.96 SI1.15
460.41 454.36
402.86 397.56
345.31 340.77
287.76 - 283.97
230.20 227.18
172.65 170.38
115.10 113.59

567.95

56.79
0

f. 0.5 MPa

B s T\l’]E_iJ‘qu%ﬁ;/ﬁ \jﬁfg

Fig.5 Contour of flow field velocity distribution under different pressures

P 6 g S o T P A e 2 O3 A 2 AN R i
IR AE AR By W BLUA LY 5K B A I AR AL
B 5. Uit Id AR SR AR TR 5 TR K T B
Ui B v T AL B ) T Ao SR U R 3 T
(RIS, 2 AR v 7 e L S A AR R T I W i 1) 03 X8k
Wt 5 S L 7 RSN, PR 7 S O PR A S B0 e S 3
12 T I i AR AR UKD R RE AR AR DR E U A5 B B

TnsE, AR/ TS A AR AR 1 T O
THRE A AN 2 I A S s 7 %) 3 R e
nMio

W 7 BT s R B R0 I W s 42 o A M 42, S0
JE 771 0.5 MPa 1 i & 1 MPa I B ki fix K3 B 312 T+ 4
43%, [ 1 MPa #2712 3 MPa I BRI IEENRTHZ 57%,
H 3 MPa $& 1 % 5 MPa I B b i KO BEEH2 TH2) 31%, H

O

S B e
S L
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5 MPa $& 7+ & 10 MPa i & ki Bz KR B N2 11%, H
10 MPa $2&F+ % 20 MPa B B ki S5 KR AR THZ) 3%. A
[ 73/hF 3 MPa B 38 3k 32 v S 98 i 77 A7 3 T B s fie K
M, XK I 3 MPa B9INE 10MPa i, B i K GHEE
PTIFFRM 31% TR 1%, EFFE T 3 MPa i &
TR N B RE AR 2 KR T M. fERRIE A
20 MPa B, BEF g K 411.46 m/s, BERIZ) 95% JNl
WIS R AT SY KB, 10, 51 1 MPa 5t &
JIRBEROINEE RS 20 MPa JEA—5, 0.5 MPa 1 &
J17F BRI 5 B LT AN, 4 120.43 m/s.

Wi B B PIKBL WIMESNE
Shrink Throat Expansion Nozzle
segment segment segment outside

AR
Inlet pressure/MPa

+1‘
-3
-5
10
/ 20

800
700
600
500
400
300
200
100

7% E Flow field velocity/(m-s™)

_100 l 1 1 1 1 'l
0 50 100 150 200 250 300

44 1m) 37 Axial position/mm

B 6 Lk agiiE LR HmE

Fig.6 Velocity and pressure curve along axis of nozzle

BB WEREBL FTIRE BEUESNG i
Shrink Throat  Expansion Nozzle )\ H U_;jj
00 Seement segment  segment  outside  Inlet pressure/MPa
5 =05

S

=3

S
T

%)

(=3

(=]
T

[
(=3
(=]

—_

(=3

(=]
T

(=]
T

PRI Abrasive velocity/(m-s™)

(i) 5.0 1(‘)0 15‘0 2(.)0 25.0 3(.30

116 17 B Axial position/mm
B 7 BEHgEEANTENBE

Fig.7 Abrasive velocity and inlet pressure curve

FRELSHIAUE 7174 20 MPa I SRR A B B AL Y
JENp B, W 8 fiR. A #RH ST R 5 I R —
IR B IE e KT IRHE T e IR AR IR B, B AT X o g
SR AR S — UGk B e MR e T R NI IR AL B . A 2R
[0 AL N B s /N T A S, A A B AE 1
22 FRUR SR A WICAE, I E G B AT SR
Wi s, RN EE R TANE D), RS
R AMNEIK, R R R BT SRR 3
b SR K -1 i - B K s i AR, K ) R e A e
WARBNEE . SRR EAEA B R, H R
VARSEZS: VENpAkiEER

SHALE 30 3 MPa IV, A S48 Bk N\ i B I
BRI — IR NS 2 MPa /247, BLB s 8 5
AORURL I 25— UORWR _ETF W ETEE 25471 nvs,
WA B N AR s ) T B BE AR 2%, 5K IR Ut 7 3 B R ROk

B N R T 2% . IR B BB 5K B SR R T

HR AR TS 0.5 MPa, JEFEY 5K BL N2 FIE = 0.1

MPa, Ut 3% 3 B W M 34096 m/s i — SR F 2

637.61 m/s, TRAEEM 219.10m/s BT 273.17 m/s.

AR TE I T T AR B B, I AR TR AR AR

AT RURURLINE ,  RORLCE TS SN S8 e 2 312.17 m/s,

T B dpe R L S AT P o P T e (X A Mt P
5 T g PR S R A o

JE /1Pressure/Pa

9.71e+05

8.74e+05

7.77e+05

6.80e+05

5.83¢+05

4.85e+05

3.88e+05

2.91e+05

1.94¢+05

9.71e+04
6.26e+01

a. Afkif

a. Section A

& JiPressure/Pa
2.12e+06
1.91e+06
1.69¢+06
1.48e+06
1.27e+06
1.06e+06
8.47e+05
6.35e+05
4.24e+05
2.12e+05
2.96e+01

b. BRI
b. Section B

B8 20MPaAfAEHT A, BABRAOEN S H=H
Fig.8 Pressure distribution of sections A and B under 20 MPa
jet pressure

K9 AN [RPRLAR BE KL R B 70 AT, FEAH RS0
DB RL PSR ATE T B R i e ol R A% 1 KT 930N
RLAR B OR BT BRI OR, 75 BT R B 2 1 ) RE i
ki, ORI BOIERCR . K420 0.1 mm H
P8 7 5 R FE AR G 0.2 mm Sz A% 1) B8 R K FE 1 24
15%, 0.2 mm FAEA T 0.3 mm WA IGHE =2 4%.

ki s yikE wogshe SRR

Shrink Throat Expansion Nozzle ADrasive size/mm
segment segment segment  outside

400 02
0.3

=

—_ =N W W
[V =V B = O I = S
S O o o o o o
T T T T T

JEHLIH R Abrasive velocity/(m-s™)

_,,,,:-*—‘)
0 50 100 150 200 250 300
1) f7 # Axial position/mm
B9 AR E AR E At 4,

Fig.9 Velocity distribution curve of abrasive particles with

(=]

different diameters


http://www.tcsae.org

17 W

ERIM A, BT SPH-FEM HMIsE

ZEAT R STHA D) E 0 5 1 87

BE R/ DB ShRe A B, Wi 10 Fios.
T A0 [F) S 08 e 0 B B R 2 AF T 5 R AR R K B T 3R A5
FIDIEI SRR, 0.3 mm FifE BERL D) BIBhAE R, N
2.545 1, HJGHKUCN 0.2 5 0.1 mm KifzEERL, UIE|zhAE
AN 0.817 5 0.134 Jo HZRLAREEK, WEHE SR/ fL
RN 5y KA TE, GEAHERERA 0.2 mm RLAREE K
2.2 BEBRNSESTRUIEIDE

K 11 Fs ASHRE /19 1 MPay BERDRIAZ A 0.2 mm.
DIFIRE L E N 500 mm/s B, B ARG I D) 0 R
T34 = Be £ 0.00 197 s If, ZEFF 4025 52 B F0RL i o
RAETEVETZAR, P ZEph i AL N 19 8T R 5 AN ZE
PO R 3 B 11b~11c A4, SHAARLEY) )
TR SV RESNRE, BRI U R IR RN, B AT
TESHR AR VI B /T B 5 A B M EHE AR RN R, AN D)

V. /) Stress/Pa

1.331e+08
1.198e+08 )
1.065¢+08- SHALIX K
9.315¢+07- Jet flow area
7.984¢+07 VhES o
6'654e+07:I Outside stem \ e
5.323e+07- s
3.992¢+07~ 82 F73 O 1)
2.661e+07 Stress diffusion
l.33le+07:I direction
0.000e+00-
E3
Inside stem

a.0.001 97 s

N #7Stress/Pa

1.212¢+08 SFHRLIX 3
1.090¢+08 o Jet fl

57|‘37—: X et tlow
9.692e+07 - . — =
8.481e+07 - Outside stem,
7.269¢+07
6.0586+07:| s / o
4.846e+07 - o utt SS9 BT 1T

3.635¢+07 4| G Stress diffusion

2.423e+07 e direction -
1.212€+07:I b

0.000e+00 -

ES
Inside stem
¢.0.003 94 s
B 11
Fig.11

12 29 BB RS S 3t U Bt 2 b ZEAT U0 1R IR
Bl 120 DI R o i R AR T A, B o DI
LR A SRR A X 3K

a. DI R IE AL
a. Front view of cutting
process

b. PR KA I A
b. Distribution of failure units
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Table 6 Simulation parameter settings for erosion volume influencing factors

EALIESES T M I ELAT SRR SHRE S BRER
Influencing factors Nozzle pipe diameter d/mm Jet target distance L/mm Jet pressure/ MPa Abrasive diameter D/mm
I RFEEE Jet target distance 4 5. 10, 20. 30. 40 3 0.2
S YR K 77 Pressure 4 20 0.5 1. 1.5, 2. 25 0.2
el 0.4 MPa Itf, Gyt [ 7y sy, i) IS 22 ey, B R
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Fig.13  Effect of jet target distance on erosion volume
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Fig.15 Influence of low-pressure jet on abrasive velocity
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Table 7 Abrasive air jet cutting test parameters

iR el #mpE PIE Y5
Test group Target distance/ mm Cutting velocity/ (mm-s ")

1 5 5. 10, 20

2 10 5. 10. 20

3 20 5. 10, 20

EEE AN 10~20 mm YR B8 ZEFFAE R 56 5
K, HpavEEEZ )y 1000 MPa, BIYIREE 4N 0.5 MPa,
JENRRL S22 15 MPa, B KBIYIN 7179 1.33~20.03 MPa,
A LE 0.23~0.33. BR50 AT XA IR FE U1 X3 5
MEBHATHIUERRIE, 1P 18a Fiw, RISV EIEFEWIA 18b
Fi7R

I I . gy
I . Start II. Crack diffusion
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b. Experimental cutting process
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Fig.18 Cutting test
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Table 8 Cutting effects under different test parameters

B OIELREE BT B 5
Target Cutting

I 7]

distance/ velocit}]l/ Ctlllrﬁler;g Time/s hfvlilé tchl;Lt‘:rr:lg h&z t;l/lrt:ll;g

mm (mm-s )

5 1 0.4~0.6 1.87 6.23

5 10 2~3 0.8~1.4 3.09 6.76

20 2~4 0.9~1.8 3.21 6.97

5 1~2 0.4~0.9 3.14 8.21

10 10 2~4 0.8~1.7 3.56 8.43

20 3~5 1.5~2.1 3.83 8.77

5 1~2 0.6~0.9 4.11 9.78

20 10 3~4 1.4~1.7 4.24 10.15

20 3~5 1.6~2.3 5.37 10.37

MR DI 5 mm/s B, 5G4 1 D) SR E
N, R 2 5G4 3 thUIEIE R £ T 2 Ik
HRE UIFRIE L 09 10 mm/s fI26 1R, IR 1 UIFIK
B b2k, w230, IR 2 s UIRIKECN
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2R 4 BBEEEN 20 mmys T, W54 1
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Simulation and experiments of abrasive gas jet cutting for
rapeseed stem using SPH-FEM

HAN Mingxing , YU Kai , DUAN Hongbing™ , XIONG Lirong , XU Kun , LI Miao , LIU Qi
(College of Engineering, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Rapeseed harvest cutting tools have been confined to large vibrations, entanglement, wear, and low efficiency. In
this study, gas jet cutting was proposed for rapeseed stems using abrasive particles. This technique aimed to achieve the non-
contact cutting between the machinery and the rapeseed, thereby ensuring efficient and low-consumption harvesting of
rapeseed. The dynamic jet cutting of rapeseed stems was simulated using the smooth particle hydrodynamics-finite element
method (SPH-FEM). The energy transfer between gas and solid phases was obtained for the dynamic behavior of the jet
cutting. A test system was constructed to experimentally verify the jet cutting. The research results indicate that the maximum
speeds of the airflow and abrasive particles were 741 and 411 m/s, respectively, when using a high-speed nozzle with a 4 mm
diameter at a jet pressure of 20 MPa. Approximately 95% of the acceleration occurred in the throat and expansion sections. The
external flow field of the nozzle exhibited a fluctuating pattern with the first decreasing and then increasing. The greater the jet
pressure was, the more pronounced the velocity contraction and expansion fluctuations were. The jet beam primarily
accelerated during gas expansion-contraction-expansion, thus converting the pressure into the kinetic energy of the jet beam.
Once the inlet pressure increased from 3-10 MPa, the acceleration efficiency of the abrasive particles decreased from 31% to
11%. When the pressure exceeded 3 MPa, there was a further increase in the jet pressure, leading to a significant reduction in
the efficiency of converting jet beam pressure energy to kinetic energy. At the same time, the maximum speed of abrasive
particles with a diameter of 0.1 mm was 19% higher than that with a diameter of 0.3 mm. The larger the diameter of the
abrasive particles were, the greater the cutting kinetic energy they obtained. Among them, 0.3 mm diameter abrasive particles
exhibited the highest cutting kinetic energy, followed by 0.2 mm, and then 0.1 mm diameter. The minimum jet pressure of 0.4
MPa was required for the cutting rapeseed stems, with a lateral movement speed of 5 mm/s. Therefore, the stem was cut
through in a single pass at a target distance of 10 mm. Once the lateral movement speed exceeded 5 mm/s, there was no cutting
through in a single pass. When the jet nozzle was positioned 5 mm away from the target and the lateral movement speed was 5
mm/s, the minimum volume of cutting erosion was achieved in the incision widths ranging from 1 to 6 mm. The findings can
also be applied to the cutting of similar crop stems. Theoretical and technical support can also be offered for the non-contact
high-efficiency cutting equipment in modern agriculture.

Keywords: fluid structure coupling; simulation; smooth particle dynamics; abrasive air jet; rapeseed stem; stem cutting
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