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BT BRI IA 2% R P a8 AR A we T H i B 1,
SR I KRR PN 3 22 43 S 1 SR E AR AL HBIX D5 4T
ERBRH AT URAA F A2 20 R R & B AR TR AL B Al
1 HETEERESHESE
1.1 HETEESR

AR A 2H. 15 BF P Pk Jk bR P9 168 0k L 2R s 7 11
PN 8 48 A —— I KGR P TE 2 2 S DV R AR A .
HIRAG SR A IS 7] R4 K ikciR %2
S O NIEE AR RGP E N 1200 mm, F
K 500 mm, FUES*J]K 600 mm, 724 100 mm,
B )RR NS = A I O MR 420, IR
THIE 5 R SO T e K RS 3, 3l
T8 B 5 BT B 2 20 S DV PRER e # g,
BEKEN 1100 mm, FHEIEEBER 10mm, BEEHSKE
500 mm, SRR 22 40 3CH DV 5 4 2 248 550 mm
MRS, HAKE RN 600 mm. AR 557 H O B PEANE
FHIE X Bk bR 42092 A AR A A 11 43 3 A A
[F) I A 20 43 > EVAE Y B DU (] 18] 25 78 etk py i i
2oy CH RS B B35 51 AT . LI JCHR P e 18 R A
B R W IEIE 2 4 SO D S E 1

I —g

o

uj%ﬂﬁﬁ( "! E uj{m42 °
large/f Outlet angle 42 °©
f Enlargg

Blade angle 4/2///;

e == X Y

a. HPICIR A JBIE AR 5™ b. HHCIR P S 8 2 LA IR A
a. Leaf vein shaped inner channel b. A porous pipe flow channel model
deep loosening shovel for leaf vein shaped internal channels

LTS 2 A 3 RFAGT T TR AR 42° 4. BT IO SUBE B2 6. K i
GrSCHYE 7.9 SO DA 420 8. Ay SCH A 9. A IHIEA O

1.Main channel 2.Deep loosening shovel body 3. Deep loosening shovel blade
angle 42° 4. Straight pipe section 5. Curved tube section 6. End branch outlet
7. Branch outlet angle 42° 8. The head branch outlet 9. Main channel entrance

A1 et AR BB IRAN G St R 818 % 5 %
d v A A
Fig.1 Structure diagram of deep loosening shovel and a porous
pipe flow channel model in leaf vein shaped inner channel

1.2 BERBEMER S

HOAE AP T SR e EAR) ek R Py B TE 22 LA i A
THRR IO @ E N B OR 2 2 S Ak SRHA
ICEM 1] O-Block B ARBEAT AT SR 11431, Wy
ARATECHHE 1) S5 40 R AR AN L )3 5 J2 A% . T B3R
JHAE 7 P2 A P A 5 40 Y T A DX A% AT ) 23, SRR
W TIERE, KRHFEEPM T2 (American Society
of Mechanical Engineers, ASME) 7% [ X 4% it S i 24
GCI HEAT W A% B HIOR Z [ A T, X A% 3R AT T8 R A B
ENT), R A s R R A R, G PR Y O A
198353, R ECN 43799 AN, FRAG A R RS )

&, SRERPMEETE. fnEAHRE L 58
0.837. 0.228. 1.85, FrAE B A% 1 i A =y, FF A AL
THAEZR,

1.3 HETESZERREILIT

1.3.1 M HE7%

K 2 NZ LB EI MRS . RN DAL T B 34
Tisty, H O FIEE S LS o s b, KR
BIE A, BEMARERNTEEEN, HERAEHA
A AR B AS K, BE L FUE BN T A, X
TH OB R, RAKE G O A &4 J1E R o,
B K ST NFRAERSERY . R k- iR R, R &
BORAR J7 25 3R AR A Fluent BEAT SR AR, £ 2 ALK
By FimE N D, Ll a5 5 2 AL
TEZ 3 IEIE N HFUE T A B2 e RAS I 1 P 8 % 7 3¢
H R

0.900 m
]

0.225 0.675

B2 %ilERsExs
Fig.2 Grid division of porous tube
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E P FHE R R N IEIE > X2 ALE, HE
FEGRFAIERE T 23 SCHS PV HS AV 250 R FIE S 70
T T2 B 1) g BEL 1 FRD, ] I A A S ) X
R SR B AT A B R e I T A A 2 S Y
TR EE B — @ ER, R AR SO DR E R A
B g R, i KR RIS R I, HBCIR A I8 TE Y
sz (fLie. LR, fL¥0 KisfrZ# (FliE
N ERUE ) 50 73 32 H 1T PR R IR0 B2 B VR TR P T e 31
EVEME . IASCE R SO D LR FLIEEE. 5L
KL BN ORE N L R A fLAR R 2 3O
P EAR, SLIAEERI A SB I 4 70 SCHE BE S, FL3K
Ry y SO O HH,  FalTE N R B 9 e R AR
FEIE AL

455 bR Lo K 2 IR PR KB, 2» SCH 6 mm
PR LA BT AL B VB0 7E TR R T 72 v AN e 18 T K 4
ANTRF G457 1 76 45 7 o HOVBUBE,  BIDAS BE ORAIE I B 2R
Rl EFE 6 mm LA B FLARREAT 1R 403 A ALIEER
PR /N S AL EE D MK AS 2173 J2 B B A 2 2 R UZ
T IR T 75 AR RN 43 5 H F L) R R 8 DR OR M AL
2 WA B R S 7 S HE VB R /N o PR DR %% 2H 73 S 1
R T AR KT 1 m/s BAK Pt AR VA 8 % A 5 71
T T VBB R R4 TR, 9020 5 IR P9 3 29 32
FLAE FLIEE . FLECR £ 3838 N\ FR IR 4 AR KP
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WALV T T e 5 P 3R 07 O, o0 PR R KT
BEATYIE L, A E 5% R B it AR L, Bk
DI KF LA 1o W1 70 B DR 300 45 21 7 S T (1 52
UL P R ES NV STV S

®1 MICKABEZ FLERERLNSH

Table 1 Numerical simulation parameters of leaf vein shaped
inner channel porous tube
e A - e ==
L ARHOTLE 4y H DLl ER LK JEJ\_Z_kE_I)\D/}ILJE
IKF Branch outlet Main channel
Branch outlet . Hole number R .
Factors aperture D/mm hole spacing B inlet velocity
P A/mm Clm-s™)
1 6 80 3 3
2 7 90 4 4
3 8 100 5 5
4 9 110 6 6
5 10 120 7 7

P 7 S AT A e KA B D SR T AR B K
Jiod, PIETE 7y ST P E AT SR R S
PR AR I AN R 8T F R 1 — 45y
SCHY A RI Dy o 1, BRSO 1 e ) — 2 4 S
PRIy R S Y s SR I8 TE N R AR AR 225 i o B
RS 7 3 HH I FR) U0 T 9 PR R DA S AR S Y 11 3
ik FHEN HRUEAARRE B % 3 H K2y
T AR5 T E N 1A A B AR B D9 A A i
PURF, DASRE AL RAE T BN R 20 & 3
PR 2 2, BE I 50 A AN [R5 0 DR 2 71 X JAL 3 )
SEMA RN B S R PR R S5 T I DR
PR 25 S 3 S R s R Y R R A T
N VB I 25 AR B o S I s AR Y iR Ok
ST i SRR 2 AR S 2 ST AU i
17338 40 % 28 55 T o ) 170 A K 5 Rl AN 1 AT
I ECAE AR Y o A0 R R 48 T R I r Bk 5
FAIEN PR LA & R D A RUR R E T
PR S H 11 70 A48 2k 5 1 i 20 S I A A LU
SRRSO
HMECKRIBIE S 57 3 H O ERIER AL
B 3 Dy fBCER P TE S EIE R R . B 3 R
W JRCIR E T8 A RE I8 AL 3 O S5 1B T KR B
P/ DA BICIR Y 3E 22 73 52 R 2 IEIE B4R 10 mm,

2

2.1

IA
22 ?Lg;?p;rﬂ;re/;r(l)m 1.8 4LIW#iHole spacing/mm
T 20 I . o 1718090100 - 110120
£18 N .
® 5 16 Mz
£g 14 L E213
i ° 12 1 912
T g 1.0 STy
£ 08 510
Z 06 z 82
B, B, B, B, B " B, B, B, B,
P IE % S P TE &S

Each branch outlet of the inner channel
a. LR

a. Branch outlet apertures

b. 7332t FSLIBE

b. Branch outlet hole spacing

Bs

Ty

Each branch outlet of the inner channel

WIEIE > X B A f% 6 mm. FLIEIEE 100 mm. L% 5.
FEE N 5k S m/s B 960, KR 3 E oK
TR 5.736 m/s, B/PNIIEN 0. WFERUE M ik
FF U 20 37 38 0 T 25 1 2HL 40 S 1 A b s O B VR R A
KAE, Zad ¥4y S R i R R T N, Rk F
A 43 5 S R ORI N B ME . BB
TE P R AL T ST T B K ST RN R R, T e
FE SRRV O R s SRR, EEEIE N
HR P A SRR L DB 5, A S P VR AR R SR
TR K B B KA B R VAR i 4L P S S
HOJEE AN, BRI Z 5, IR T 4R E
RN o

# % Velocity/(m-s ')
5.736
5.181
4.663
4.145
3.627
3.109
2.591
2.073
1.554
1.036 B H
0.518 —Tiead end banch outlet
0 ] oy S|
A Second banch outlet
f EEVi S SN
y /f hird banch outlet

/ Sy S T

F 4
p M ourth banch outlet
y 4 AR 43 3 H
/ End banch outlet

e

B3 PRk A RS £ AL E
Fig.3 Flow velocity profile of main channel in leaf vein shaped
inner channel

2.2 BREARAELHER

T 6T A0 R R 1R M I TR P 38 S S A
(R 22 AT B DR R AR, AR X 38 50 40 B 25 DR 2R 0
S AR S L, e S HGu R, 4
RE 4 s .

A [l i#Inlet velocity/(m-s ™)
22,73
~—~ 24 e = o0l
[ . [ . .5
g 21 fL¥Hole number g 18}-6
<18 ~3.4-5-6-7 = 1647
2 ; ® >4
515 =5 5
=) a2 L
3 12 23 )
B
gu 0.9 g‘) 82
g 06 g 04
<03 S <02 5
B, B, B, B, B, B, B, B, B, B, B, B,
P %43 S H P %4 S H

Each branch outlet of the inner channel
d. FIHEEN CHE
d. Main channel inlet velocity

Each branch outlet of the inner channel
. A S LA

c. Holes number of branch outlet

VE: BN By NS AT By NS =AY ST By ONEBIUAY ST B, NEB N4 SCHIT; Bs Al B, ARG SCH
Note:B,is the head branch outlet; B2 is the second branch outlet; B; is the third branch outlet; B, is the fourth branch outlet; By is the sixth branch outlet; Bsand B, are

the end branch outlet.

A4 BBEETABESLE O -FHRE

Fig.4 Average flow velocity at the outlet of internal channel branches under various factors
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2.2.1 oo LR RER ok

RG] 4a T, Bl PYIEIE 4> 52 H O FLAR 3G I,
A — 73 > VR B IRE N, B — LR T & 32
R E BN ML 6 mm N E] 10 mm B,
% T AR B KL T 1) o ot T A0 R 26 . R i HY 140 T
PR 28 R I H 1 A0 TR Ok 3B 3 o, ML
6 mm I, 3 I A 5 KU B = R AR R R N
4.43%. 38.52% M1 35.67%, 1N/, [FINBEE LR
BT PN 3 S H P RO ) g 20 A R R
Uty H 1 23 S A 2R 36 R B R i 143 A K 2R R RE 1R
W, LA 6 mm I, PSS 1) =R SR R
RArHN 67.14%. 58.32% F1-26.83%, I AN/, fLiE
H 6 mm EHNE] 10 mm &, PIEIE 5 3 DR EA R K
R N 1.567 m/s, A /N 1.878 m/s; 7
I S Y IR 0.657 m/s, A H RGN 1.475 mis.
FRHE 25 BB R PE FIEEN DRESE — WL, W
EIE 53 > LA RN, AH QI 23 32 1A IR 22
AR /N, B 2 S D fLE R, Al —+fLE T~ A
AT 43 > 1 HE TR 2 A IR RN, T A A AN 4 S
H O SPEIRE RN . fEFLAEA 6 mm I 1A H 9 T R A
P, R AR AR OK,  REAEIA 2 B M EBH I H 1.
DRT SH A0 12 H et JePR: P R T 22 LSS Y Al T 40 S HH AL
1N 6 mm.
2.2.2 4R o sl SRR AR 690k

MR ) 4b AT 017E P IEIE 23 32 H OFL TR B 0 4
T, PO A S R g R O RE OK,  AR
TRIAE ATk N, IX R RA 7 S H I e il 2 LR P 3
R =X O ERIEFF R [[—FLEE T
0 S H AU BEAR F s, A 24 AR Y 80 mm
BF 2523 32 H IR ISR B IS 8 o 24 FLIRIFE A 80 mm B,
T i 1 43 Ja 408 2 26 () FAth £ L 1] BE AR b B KA 26.30%:
TR S H T VA5 R 8 R R s 120V A5 2 2 JR] He A AL
] PEAH EL /N, 20 BN 60.22% A1 46.02%. 4 FLIAIEE A
120 mm B, 75 ¥ o 120 S0 450 2% 26 A B e /NN 15.46%:
AUty H 1 3Gt A 2k 36 R R i 143 45 2K 2R R] LA AL
i) FEAH EE B K, 20 N 68.58% 1 62.83%.  [R] I Fiti % £L
(i) S (1) 358 00 PR 388 4 S HE 1P 350 R0 1) i ) T 0 A A
JRER L AU 2 AR R 2R B 1 R g AR R AR
b R 2R AR S R AR b a3 — ¢ . FLIRIPE F 80 mm 3
BOE] 120 mm B, P IETE 53 32 H 12 T AR SR T B O
H 0 0.542 m/s, R RS 0.418 m/s; ~FH43 IR
T T3 0.268 m/s, R HY F1E/ 0.285 m/s. 73
BIEANORESR —WIER T, AEE S S H DL R
N 43 S T R g DS G R R AR RO, R
T A B 11 R VA BE M AR AL/, £ LIRI R 90 mm
BME] 110 mm B R AR AR K, 31X 2 I BCHR P4 i 3E 43
S X — s R, BLEST IR R K I AR i R i
R LR, KA TAEMREE 2 DI E
R F B o5 R TR AR R A B 9B BE IR AL, DA AR R ik
RN EIE X — g T o R R, B R

A EEHX— B K. BHEE S LR R,
T HE I CHR: P 383 22 LA A P B TE 2 S D FLIR R 90
100. 110 mm 34T Box-Behnken 17 H i3, #— LR 5
FLIATEE F & R R /KA B R 70 3 s (1 sl
2.2.3 o3l v Il R R

HEAE B 4c mTRIFE A IE3E 2 S H D FLES I rI S o T,
PR3 T 4 S H R A S R e, TR LB &
533 VR AR F o i, R LB 3 i
B I O RS . FLEh 38 m B 7 5, i@
T8 73 3CH SR TAAR S R AR 1 8 o H e ik . R
Ui 1 J 408 2 26 1 g A w1 43 A 2k 22 38 S MG hn s
N, HFLECR 3 B, SRR R N BN, 53
9 10.23%. 21.49% F1 12.54%. H{FLECN 78, B
Ui VIR R AR IR, 43 N 24.20%. 67.44% Fi
57.05%. [FIB it 25 LA 3G o oy 3 3 43 52 1P 3 3k
B g AR A e e R 1 TP R 2R R R g
N i 7 e e Y A 11128 NS B ok O 2 R = S
FLECH 3 B NE] 7 B, AIEIE 4 S D3R T AR R R IR
T o H 9> 0.698 mYs, ARt L1/ 2.298 m/s; 3
T S H 0 0.455 m/s, A H DN 1.663 m/s.
TEFIEEAN DRES — O, A IE S S H 1AL
R/ S B 43 SCFL I T A TR Sty 2L HE I R T AR A R )N
JE G B T DA S FLALAE 4~ 6 B R 2 M AR AL TR
&, [FIER T BB G LR ie R 2, ik e fik
R IEE 2 LSRR @ TE SO O fLE 4. 5. 6 HHAT
Box-Behnken fj 3%, #F — B R T FLEKT 43 3 H
A2 .
2.2.4 FBFA TR IRE A

FRAE ] 4 d AT HI7E PN IE S E IE N LT G 0 1
LR, PETE & S TR R IR K, [ —
TEIE N CURE R %43 > A S0 38 0 J5 128 d /e F
JEIEN D 3 m/s BEINE] 7 m/s i, PEIE S S H O
0 THI AR B UL T8 1) o v o 1 A A R BB M G 0, K iy
2 AR R SRR D, M I IE N RN 3 m/s
F, i AR S R A EL A /N A 14.83%; A H 11
G3 AR R 2 % E R g H 1 A YA R 2R A b B KN 82.74%
M 79.74%. M F@EIEN DRIEA 7 m/s B, B H 45
TARR R F L E RN 26.03%; A H 4 R 2 K e
AR g Y 13 A 2% 22 7] b e /NN 54.53% HH 38.53%.  [F]
T it A5 8 TE N 11 0 T 1) 19 0 P 3B TE 4y S HS 1S B
) g 120 R0 2R 28 5 b JE B, IR o H 1 2 da 4
SR T A b IR e R k> . 24 IEIE N
N7 m/s B, w g ORI R N 78.58%, AU H T
I3 R AR T Rt AR S 2R 74.38% F1-19.58%,
BINE AN EHABRRAZRIEL T, FEE AN hE
N5y 64 7 m/s B O mBUR R K
A2 T R i Y O Ar T R 2R B S R, R AR ik
HH IR P E TE 22 LAY YR TE 4 32 D s N O
WA 5. 6. 7 m/s #E4T Box-Behnken 1/ B ik, #F—
SCER I IMIE N DR 43 3 H s (R
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3 Box-Behnken {HFEIRIE

B WS e IR v Ry ey i E2 N PR e P 4
ORI VA IEAZ 1R, J ST JRCIR P S 2 S P 4
[IERERY, DA R S8 AP, i 4y 3 P AL
e R F I T Dtk R AUEY 6 mm, HABREE
KF U0 2 fi7R, Box-Behnken 36 15 11 f 45 i 4& 3
Fs o

Fz2 REFRKEER
Table 2 The factor level table

AN i N Vg 25
= 43> H A FLIR EE S aIRER Il@&)\u/nu]ﬁ
K Branch outlet Main channel
. Holes number of branch . .
Level hole spacing tlet B inlet velocity
A/mm outle Clm-s™)
-1 90 4 5
0 100 5 6
1 110 6 7

% 3 Box-Behnken i35 i& 1+ KRR

Table 3 Box Behnken experimental design and results
5 No. X, X, X, H 33 Outlet velocity/(ms )
1 -1 -1 0 6.069
2 1 -1 0 5.896
3 -1 1 0 5.483
4 1 1 0 5.889
5 ! 0 -1 4.713
6 1 0 -1 4.961
7 -1 0 1 6.456
8 1 0 1 6.806
9 0 -1 -1 4.903
10 0 1 -1 4.769
11 0 ! 1 7.263
12 0 1 1 6.334
13 0 0 0 5.621
14 0 0 0 5.685
15 0 0 0 5.679
16 0 0 0 5.558
17 0 0 0 5.681

PIEIE 7> > T FLIA IR, 42 L 3R iZ el AR A i 1 B 2%
AE8 vl SE AN S B JL S, A T2 i B br
P IAIAIE FR TII 53 T

% 4 Box-Behnken XI5 E= ST

Table 4 Variance analysis of Box Behnken experiment

W Xy X X 00N S CFLIR PR 0 3 DALER. FRi@IE N D E
KB

Note: X, X, X; are the levels of branch outlet hole spacing, branch outlet hole
number, main channel inlet velocity respectively.

Box-Behnken iR 5 22 /0 M4t Nk 4 fin, & 4
I Mras BT 50, Xy X A XGXG X1 450 vk 3 5 v g 3 i
Xy XX X PP XX X
X7 PR R B2 . B P<0.000 1, 1B
(o] A R B O s AR UL P>0.05, ik BH A AR 4L
PARE, BB AFERER. FIHTRERE R R=
09911, KIEPTE RZE R=0.9796, 5 1 dFH L, H
A5 BB CV=1.75%. WRIWLH¥E FIEBA. £Wi%
FSEROEEE 105 ATy iU N O - N N B2
BRI X P A i s Y A, 6 R 2 R R
oM MK BN R IEIE N DR P 4> H DAL

Y ~/A‘»/‘ i/‘ > SZ T
ﬁ_ﬁﬁ 575 I H 2 Rl P Pl
Variance Mean Degree of Sum of
F-value P-value
source square freedom square
% Model  7.830 9 0.870 86.21 <0.0001"
X 0.086 1 0.086 8.55 0.0222"
X, 0.343 1 0.343 33.96 0.0006"
X 7.060 1 7.060 698.99  <0.0001"
XX 0.084 1 0.084 8.30 0.0236
XX, 0.003 1 0.003 0.26 0.6273
XX, 0.158 1 0.158 15.65 0.0055"
X2 0.012 1 0.012 1.18 03141
X2 0.078 1 0.078 775 0.0271°
X 0.006 1 0.006 0.54 0.4849
Residual 0.071 7 0.010
AU
Lack of fit 0.059 3 0.020 6.39 0.0525
Ui
P"J“*i 0.012 4 0.003
ure error
B Sum 7.900 16

e RIS E (P<0.0D), *RUHIEE (P<0.05).
Note: ** indicates that the impact is extremely significant (P<0.01), and * indicates
that the impact is significant (P<0.05).
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V =5.64+0.104X, —0.207X, +0.939X; +0.145X, X, +
0.026X,X; —0.199X,X; + 0.053X; +0.136X; +0.036X;
(1

£ Design-Expert 11.0 #AF B LA S, B4 3C
HE P 3 I A KB GG HARAE, R = [ml U 5 A
X (D PRI BZFTG GG AT IR, KA AL
ZHUH G YN IEIE 73 S I FLEEE 110 mm, A IIE 73 5C
O 4, FIWIEAN DRE 7 m/s.

NI BRI TS, RS HRAT T
BEAT 3 K Fluent 7/f H B, 13 25 3t B P B 0R0E A
3.262. 3.255. 3.275m/s, VBN 3.264 mi/s.

4 XIEIOE

MRE B E L E R LS B &, T T 5%
TR0 AR I JUICHR A I 2 AL, 2 TE N ) St B
WIS T AR RSk S A B B K
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B D E R T R, R E s B K
SKhrde B I 5.

PR JC i EL R 5 4570 S VR, R 5 A A,
WP 5RO BT S R, SRR
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SCH TSP 2,
Q=SV (2)

X QAN E, Lmn; SHGCHHHEHR,
em’s VNS SCH FSFIIAGE, m/s.

—

a WA s e T

a. Schematic diagram of liquid flow path

b. P FCIR P JEIE RFA 5 BN LR EL ¢, IBICHR P JEIE 70 32 HH FATE ] ke
b. Leaf vein shaped inner channel c. Flow velocity measurement device for
deep loosening shovel branch outlet of leaf vein shaped
equipment internal channel

LI JCIR P 38 T8 R FA 57 2. BR AR R A 3R BT 4. 884845 3k 5KAE 6. L4
THE 8. A 9.3 D

1.Vein shaped inner channel deep loosening shovel 2. Deep loosening shovel
caliper 3. Flowmeter 4. Reducer union 5. Water tank 6. Frame 7. Hose
8. Counting cup 9. Branch outlet

BS5 vTHRABES S X h A TERARBRRER
Fig.5 Schematic diagram and experimental setup diagram of multi
branch outlet flow in leaf vein like internal channels

HERNSHAET, & 3 RELWH R HH
PETE 43 32 H P AN 2,988 3,102, 2.824 m/s,
HAF¥IMER 2971 mis. S5 RAEFIRZEN 897%, &
WE T BB T S, [RGB P I S5
A TR . 2081 43 S ISP 3 s /N T4
B, 3 ROZ A S 10 R IR AT R SRR 2 Ay ST FL AR
ASEEE, I T I CHR P I TE 2 4 S AR 4 K
T, SERRE ST LEARRE AR, o AL HR
LR AR BN BUR,  FLAR AR R 2 % B I
IR E RS .

5 & 1

1) JE A B0 45 2 IR P TE 2 L E Ed
b=l MR Y S BT S Y E K S et N SR A NP2 o -8 TS9N
N 1 Rb T 46 320 8 186 o B 2 i 4 S HH 1 &b ik 38 A2
T e KR, 8 g 43 S H S S S AR IR )
TEIA B 5 AR 2H H 1 ity J I 2 A /N 22 e /M E

2) KA ENENT 4 NERIATYIBIE,
PLE S RONRTHE, ik H I IE 2 S H DL 6 mm,
FLIAIEE A 90 100, 110 mm. fLECH 4. 5. 6. EiEIA
ANHRE N 5. 6. 7m/s.

3) FIfH Design—Expert 11.0 X7 EEFEHEAT 047, R
fRAS B B S HA A 9 I8 TE 73 32 H TFLIRIEE DS 110 mm,
FLECN 4. FIEIEN DVECN 7 m/s. WHESZ M R K
MRIRCR FIEEN CRGE  NIEIE S O FLE, s
TE 5 S LAl

4 TERMSEAEE T E SR, WisiE
43 3 AP 4 A 3.264 m/s A 2.971 m/s, R
N 8.97%.
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Analysis and experiment of the factors influencing the velocity of branch
outlet in subsoiling shovel blade veined inner channel

WANG Jingli, JING Haiyang, LIU Min, FENG Weizhi, GUO Yingjie, XU Tianyue™
(College of Engineering and Technology, Jilin Agricultural University, Changchun 130118, China)

Abstract: Deep pine shovel is one of the protective tillage machines for the soda saline-alkali soil in Northeast China. Among
them, the subsoiling shovel blade is one of the main working components in the deep pine shovel. The liquid lubrication and
drag reduction have been explored in the self-developed deep pine shovel with the structure of leaf vein-like inner channel in
the early stage for the saline and alkaline land improvement. This study aims to determine the effect of self-lubrication and drag
reduction of deep pine shovel on the application of the modified liquid layer. The modified agent was also utilized for the
layering of self-lubrication and drag reduction in the process of liquid flow rate within the leaf vein-like inner channel. The
simulation analysis was adopted as the computational fluid dynamics with the physical test. A systematic investigation was then
implemented to clarify the influence of structural parameters (inner channel aperture diameter, aperture spacing, and the
number of apertures), and working parameters (inlet flow velocity of the main channel) on the liquid outlet velocity of the
branch outlet. Firstly, the simulation model was established with the initial and boundary conditions, meshing and irrelevant
verification. The single factor test was then carried out, where the structural and working parameters were taken as the test
factors. The optimal level range was also achieved after optimization. The initial conditions were set for the simulation: an
inner channel branch outlet hole diameter of 6 mm, a hole spacing of 90-110 mm, a number of holes of 4-6, and a main channel
inlet flow rate of 5-7 m/s. After that, the Box-Behnken test was designed and then carried out, according to the single-factor
simulation test. The target value was taken as the maximum liquid outflow velocity at the outlet of each branch. The structural
and working parameters were optimized for the multi branch outlet pipes in the leaf vein shaped inner channel. The analysis of
variance (ANOVA) of the test was used to establish the second-order regression equation between the influencing factors and
the branch outlet flow rate. The optimal combination of simulation parameters was obtained to optimize and solve the equation.
Finally, a field test was also conducted to verify the model. The results show that the better performance of the improved model
was achieved for the further prediction analysis of the target mean flow rate. The ANOVA results showed that the influencing
factors of the mean flow rate were ranked in the descending order of the main channel inlet flow rate, the number of branch exit
holes in the inner channel, the spacing of branch exit holes in the inner channel. The second-order regression equation was
optimally solved to take the maximum average flow velocity at the branch outlet as the target value. The optimal combination
of parameters was achieved in the inner channel branch outlet hole spacing of 110 mm, the number of holes at the inner channel
branch outlet of 4, the inlet flow velocity of the main channel of 7 m/s, and the hole diameter of the inner channel branch outlet
of 6mm. Moreover, the average flow velocity at the branch outlet of the inner channel was 3.264 m/s under the optimal
conditions. The physical test was then performed on the optimal combination of parameters for the leaf vein-like inner channel.
The maximum flow velocity of 2.971 m/s was found in the inner channel branch outlet. There was the average error of 8.97%
between the simulation and the physical test. Therefore, the reliability of numerical simulation was verified to examine the
optimized design of the leaf-vein-like inner channel structure. The finding can provide the theoretical reference for the coupled
deep-pine and chemical improvement using the leaf-vein-like inner channel with the multi-branch outlet pipe structure in soda
saline soils.

Keywords: subsoiling shovel; numerical simulation; parameter optimization; leaf vein internal channel; outlet flow rate
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