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Study on the Optimum Operation of a Pneumatic-cultivator
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Abstract

o

NS

A pneumatic-cultivator which has high-prpssufe air (about 10 kg/
cm?®) blown in deep soil (45 cm under soil surface) is different from
the traditional fmechanical cultivator in performance. Tests were
designed and conducted to find out the optimum operation model
of such a cultivator. The chosen sample crop was three-year-old
grape.

Results showed: ;

1. The allowable shearing force of grape root is proportional
to the diameter of the root, and inverse proportional to the distance
from the trunk to the trailed root. _

2. The force imp'acted to the soil by high~préssure air is pro-
portional’to~the "depth, and inverse proportional to the effect radius.

3. The optimum operation distance for three-year-old grapes is
72cm from the grape trunk.

4., The operation model built for grapes can be transfered to
other crops whose growing characteristics and root strength have
been known.
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Fig 5. The distribution of the grare roots.
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Fig 6. The relationship between shearing
force (Y) and distance from grape
trunk (X;) of grape roots.
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r=0.9266, r2=0.8586

(IR E 2B o

X2 (mm) -

Bt~ Bzhih () BRER (X)) 2H&-
Fig 7. The relationship [between shearing
force (Y) and diameter (X,) of grape

roots. A

QIRFRBZHAN HREERRE K o REM
EHRZER (X.)» HAMKRIRRGHAEES S
ﬁkﬂ%ﬂﬁ(Y)oﬁﬂ %ﬁﬁy,%jm@
X2°
L REA Y, X X SHE %T@mTZ&ﬁ
B R
Y==—49694+0004X1‘ AR
+1.872X3-0.001X,X, . 1(3)
r=0.9836, r’=0.9676 ..

FEFR(B)RRE » WAL Y, Xy, Xa» =HBEM
FWH THERBE=H mE X, X; hH—Ra
TRER Y B » AEFRDRORURY o =18
ERBAESREARESEE2HERE » §
#%%&mﬁZﬁ&ﬁiﬁ%ﬁ#ﬁﬁ%wZW%
 BECBARBEZ o

OrEEARR

LENERD R SKRZEE

THEBRERAH » HHRSE 20.76% ¢+ BN
& 51.90% » BAL 27.34% » B MERSE=A
W ﬁ%iﬁﬁﬁZiﬁEmﬁﬁﬁﬁi(mu
loam) o

+HAEAKEBAKRLHRBZ S (BhH
E 10 AR » HPHEKKS 9.26% » HBIE
ﬁZ%m&m,&iﬁﬁimamxﬁ@iaﬁz
BRI o

2.+ BB R 4

BRI iﬁzﬁgmmwiﬁmmm
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®| AR (penetrating resistance) kg/cm?
0 12345678 91

Svj

10-

BAGZE (penetrating depth), cm

304 ~ -
B > AR SRR % LR S

Fig 8. The soil -penetrating resistance
diagram ‘of soil bin.

- ARNZENEZEDRRA AT ZHE
(KPR RIRERZ A T B E
BEBAZREHE 9cm: EBEA Tcm RKEE
10kg/cm? ZHY o AR S RKREMLEZH
EREFHEL  RTRTHEZ RS Do
Wi Z AMARIR » TR H R 50
QRAREL > ERANTHAPEFZLHE
AMBURBAREHBEZOTRE » KEABDR
EAVRE 2 MO RE KT A SR L o
(3)Lh 5R=20cm RHR BB K2
Lo .
U MR NE BN TER » KEA

BAMS (penetrating resistance) kz/cm?
234567891

oy
15- {
20- |
251

» R=70cat ‘

BAZEE (penetrating depth), cm
% ‘
1

35 R=60cm
401 ' 7
454

R=50cm

B RERRERE AR R LINERERE

Fig 9. The soil penetrating resistance
diagram of soil bin.

RERBABEDRELGEN » TREFEEE 12
~20cm F¥ s BAORMMA + WERRRREWLE
BREZ - HPIERAZHE  KRAHE » FTLUN
ERFAUEZHAIERIZE S o BEE 20cm
LI LR » BH 740808 b o HBE D2 K/NTESEER
WhEE» BEEFE 30~50cm & HEARK
BRY RAERBREBEZ LR BIERE - 50
cm BB DEEHEM » EXE 55cm REE 10
kg/cm?e e R=20cm 21 HRESH
B —BREE 12~20cm’ 5—REEE 30
~50cm ZHE o '

AR PET » LHEFHEIRES » HE
ABAEEERS 2B EREIIL » FR— £
Bim o

F— HKEED Bem §F > ERALET » KEAENEEERDZ BEGHE -
Table 1. Depth range where the penetrating resistance has reduced apparently in
different radius, the injection point is 25cm in depth.

4 (Radius) cm . 10

ZEEHiE (Depth range) cm
BEEZE (Average depth) cm 25

20 30 40 50
12~20 5~12 — —
16 9 — —_—

£ BEEES 45om B ZRALET » HEAHNERERS 2 RERE -
Table 2. Depth range where the penetrating resistance has reduced apparently in
different radius, the injection point is 45cm in depth.

© 4% (Radius), ecm - 10 20
- BREYHE (Depth range), cm
BETIGME (Average depth), cm 45 42

25~56 - 33~52 35~45 80~35 23~33

30 40 50 60 70 80
5~13 — —
40 33 28 9 — —
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o H+ -~ thEREREERE (HMRARB) _
Fig 10. The path (curves A and B) of high-pressure air which moves in the soil bin. '

EHRE— B2EN ) REETISE » 78
HY 4 AP B BE 2 UM Y 45 S BB » B PR
o B A SEE - EE 25cm HER
EEESE2EBKRE c HKBRA 45cm FHEHAR
BEEERZEBKRE o HLL 45cm FZHEAME
BEY (mE+FR) ARSZRERPRZN
e TEYEESFESHEEZERAEK

D=1.0952—0.282R +0.014R*
r=0.9849, r*=0.9701

ARBPZEEEES 45cm » KHBEER
BB LEATKMA KRS R=68cm » HEE LEH
RM D2 NE » EE-+ 2R P B0 B RAEE%
EERSELEYELEZ RS 0 MEARROE 70
cmo LR @ RIESERFEZERERZER
¥t o

LI RN ZERE IR

BEAEH B ERESHZFRERFABES
FARIRE T RE M 2EE+— ) BHETR
(10kg/cm?) ZEHERBOR » MERPHRPTEHZ
.o (orifice)® @B 60cm RZMEE » Mt
BEHO @ BEARTEOD o HERERRH
Fetkdn o EEKERREEAS TR 0 &
hEGHBER o H—ER AMZHE TLSH
(isentropic flow) » HIfEMEEZ ERBRE(fric-
tionless adiabatic process) itz o th=E
Z2RBHEHLBUERE VERITZ » ZEE+—
B AS R B B2 Rk —— T AR R T L] R R
G4 s BB ©

(C))

E_ﬂ s
HHAK
; 120°

|

!

—~

FAN
@ 0

B+— - ESHEARZ MENBCE (D~@)
Fig 11. The key point in the cultivator,

R ¢
* : zaurEk (Reference state) » BhE§fREL
SHHIFRBENRE
M : Ei##% (March number)
t : #WLREE (Static stagnation state) o
7 WEASERRRSAERE B 7=
C,/C,» BR2T R 140
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Fig 12. Converging-diverging nozzle.

g P ARG » KB EER -
A g.=32174ft«Qb./0b, *sec?
4# g.=1mekg/ntesec?

R: EHEEN  H52R=286997 J/kge°k

A REK AHE m?

O T:WE AHB °K
P : EEJ)» A5 PP.(nt/m?) » BB
& kg/cm?
V :EE s 2FH3 mfsec
HRMHH M>1 MIR#EEE (Supersonic)
M=1: BISEE (Sonic)» M<l RISxEZTHE
(subsonic) o HEHR 2N » EWHERT
(Throat) & » 3 M=1+ HIZERERTRZM
EESH o Vs RWE Vi 40 O~ORES
KREE» £ M<l SRO~OBRATHERRT
ERTHEBXEE » BEROZ% [BE]) (Env-
ironment) FEDTTE o % Po>P: AIBXRZE
' 5 Po<<P; MIBAESE o MMk MEHE) » Zo4
WA ERAER S 02 HRE LA T
& ST
(DE+=ALOROZRES T

WARDAO 5\
4
= ( T j @ @

4
=(.78D (D
=1.781

Hrp: My=1>

o A§*= A,*(@%mﬁﬂg& Ayg*
Az=A2‘* |

A _ AS

. EORZREAES 162cm » £ORZHENEBELWE » XRAS 152cm » 585 lem o

HAR

ATy o 1
Ta 4,14 Z'—IMJ
T’ = 1 = :
Ta 08

4 14-1 -
1+~2— x12

T2=T..(0.833) =(273+25) (0.833)

=248.234°K = —24.766°C
% : Ve=Mias=17eg.ReTs
Va=1/1.4X%1x%286.997 X 248.234
=315.815 m/sec

e P, 1 _Tf
AR p 1+L2_—1~M22 T

)

(6)
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Ps 1 1.4/1.4-1 ,
P.. [1+ Ly R =0'528:
HEB Pu—10kg/cm“‘ P.=P;s
R :
=(0. 528) o)
. -528 kg/cm?
(2)@‘!‘—@&“3% @ZRETH
.i.ZﬂEﬂ
3
EFCI)
Fs ) 3F»
P = - 3 =Peyy
A .%’1 Aw 3Awm»

Hopi=1, 2, 3 FHFRAHE—~ W~ BERD ) JAE—-ROZEDER Pso

_ 1+.l_§LM3. (r+1)/2¢r -1)
H 3 1+I; Mﬂz
LA %_1'781 M:=1, r=147fRAOK > . . ®
G 1.781=T}E[141r2§1;43 ]2-4/0.8 , |
1781M’—[1+02M3] AT (10)

ERATBHBAXHFBERLT ¢
1-3.078M;+0.6M,%+0.12M,*+0.008M 6 =0

{EREEE M, RAREARR RHERER Bz FIA (10) KREAHFRE (trial and
error method) R/ M;=2064 B 0.349 0 X4 HRBFIREZHEES

(i) M;=2064° ZRO~@OZEERBETHNRE o

HHSE—R2 DML H-PRERE  RSH- SR RHEREPER W RAEN N EEE %
#ETF T~10cm BHEZ 10kg/cm?® » BARKAR TBB | ZENAR Py HFGBEBTERR o
bt Ms=2064 2B % BEREMHBERPERAREE P.<P; Zﬁﬂ?ﬁﬁiZﬁ‘%°ﬁBﬂ M;:=2.064 2
E—PRIT  BBELMRS o Penlo

(i) M;=0.349 RO~ BBRBRTERE o

RN 45— 1781 R(5) (6) (NHX » REMMMIER 2K TR » B

P, _ 1_ rir—1
Py 1+—M :

1 14/14-1
B [1+< 141 )(0349)=J
0919

Py ,Pu, Pu_ |
Ps= P, P, i €0.919)(1)(10)

=9.19 kg/cm?
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Ty _ .
T 1+

=0.976

Ty= %—3 . —T:—" » Tu=(0976)(1) 298)

=290.85°K =17.85°C
Vs=M;ea;=0349 ¢ /7 » gc* R+T,
- =(0349) v/ (1.4) (1)(286.997) (290.85)
=119.306 m/sec
Hitk » MEAFEHBELRA 2 B RESH L » HETH Dﬁﬁ%i@i‘l% 9. leg/cm’ BB 17.85
°C » ZEE S 119.306m/sec o
4+ RERRRE R EA D2 HE
HAERB IR0 BAEFRAEHBEORORZNERS
P:=10 kg/cm?, V=0
_ P;=9.19 kg/cm?, V:=119. 306m/sec
o RERRESER R EHEH a4 oA ) (elevatlon eneray) R EEJIE (pressure energy)
RIS RE » R RS (velocity energy) ’ ﬁlﬁﬁ

1 1
~1

Alme T+ (14

) 0349

E=—3-mV? DS R an

| EEFEENZEE (momentum) 5

mV =5 ‘ | 12

HEREAE AL F 2 H7ERE t HE LM & Fto .
K% Ft-mV——ZE ‘ (13)

T Sk A R 1 M A B S T AL 2 M » 10 E=Py
Fe= 200 ‘ 14

L po 2P% _ 2x10kg/eni®X22x10°cm’
TtV 0.1secx119m/sec

=3697kg-=37kg
Hp 'E=-EREAFAMZEE kg - m
m=FEZAZEE kg ‘
V=gEZKABEEHOZHE» m/sec, V=119.306m/sec
F=mEZARANR- M2 e RO MZRIEA T + kg (LR F=37Tkg HTHHE
FHOERESREARIHZ IS 37ke)
t —Egﬁiﬁ%ﬁ"iﬂZﬁﬂa‘] » seco

(simzremmers = BRABTEES o gy t=Olsec)

%ﬂﬂ%ﬁﬁ
v=fREZAR 2. 2.
Kﬁﬁ%“&"ﬁiﬁ&&&ﬁ%-ﬁ@iﬁﬁ% ﬁAiﬁ*ﬁTiﬁJféiﬂfif’Fmb Elik% P ERE
Zz Mo
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=~ NRAGALERIBEET » LMEERS (F) Z246HE
Table 3. The force distribution in the soil bin at different effect radius and depth.

5 em 4 & (Radius)R, cm

(Depth) D 10 20 30 40 50 60 T 80
10 878 878 952 511 405 263 219 138
20 2477 1095 5.84 5.00 874 175 185 0.92
30 1836 1125 6.19 483 288 . 166 . L4 0.67
40 1836 9.03 536 - 459 - 168 148 0.43 041
50 12.24 474 2.16 148 144 07 015 0.15

BHLMEEAD (F) RIFASE (R) REMEE (D) 2WF  HREREMER  WRTF

Z BB, :

D=10cm K  F1=10.9950-0.126R (15
r=09436, r*=08904

D=20cm F2=30.2496--0.945R +0.007R? (16)
r=09553, r*=09127

D=30cm, F3=23.6200—0.686R +0.005R? an
r=09880, r*=09762 o

D=40cm, F4=22.9452—0.696R +0.005R* (18)
r=09743, r'=09492 |

D=50cm, F5=14.9720~ 0.499R +0.004R* L (19
r=09423, r®=0.8880

15 ~19ERF R MR ERTH AR » E—EH
THRERFAPET » TRELEFTEZR
RS o MEA—BRERRIEM T » IR RBEL
(M EZIEHPE o KA RHRERR » ml+=
B o

27
24 Lk R
214 \ p=10cm B
\ D=20 CM—rs — o —e °
B ol
‘5,18 §\ p=30cm— — — A
x 151 "\\\\. D=40 em—-- - — o
w 121 4 §\ D=50em———— ~—= A
ol el
6 \ N
2 S
% 0740 20 30 40 50 60 70 80 90
R'(cm) _
E+= - 2aEEEE (D=10, 20, 30, 40, 50cm)
T DMRIEADREAPEZME -

" Pig 13.° The relationship of force and effect -

radius in variable depth levels.

=R MR A DRI PEREH o
F~R-D=EE2HK FA—Ea2ERR
RUEFZ '

- F=18.8014—0.590R + 0.004R* .
+0.247D —0.005D?
r=09146, r?=08364
 FREFRIERERDRMEERE. (2
RIEHERBRR I o '

R R R R IR 2R,

BhRREEEEKETERE (X) BE28
HREE  BRBBASZHE G (Y) EIWTHK)
RRH o BMBEETER (X2) TR IBEE
WAREEHEE » ATEHBARB-YHE o RAA
Xy 8 Xy ARETREBARE-NEZYHE o Y 1E

(20)

REEEEHK X, BERERERR 2B AN it

BB RRR LB ZRIERT » Bl Y2Fo 3

L BZAHRE (D)EA  RETHARMREZE

AHRHEE L EYBEEZREES MRS FRD

- fERAM~AGR (B (20). 30) o HIATRE—F

B (R) o fLPEAMEREEKRIER X, 5
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mm) RAQK » REELLBERZHITNR

Y =3.7996 —0.004(300)
=26kg

RERFHITHZ LRE Smm » ERREE .

BR 4mm » RARKFFTRBAERRS 4mm K
Z 58S o
Y=<16366+1.093 (4)
=27kg
HiRA Xi=300mm, X,=4mm » fRAB)RK
IR R
Y = —4.9694+0.004(300)
- +1.872(4) —0.001(300) (4)
=2.5kg
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» FE-R R HPIBY O AER AR E LR
BEzRIEMAT » Wik » F<25kg o TIEEIRZ S
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L T S AR B R R (X2 ﬁ
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Table 4. The costs of different cultivating methods

hooo#HH R MWRA  T/AE R (%)
(Caltivating methods) (Costs) (dollars/na) (Percent)
A #7 (man power) 11,201 100
R D H (mechanical-cultivator) 3,107 28
EARh#E (pneumatic-cultivator) 2376 21
i LR T AR 2 P AR A A 4B BHEEAY IR SR ERREEE
RBE s REANEEL 21% S22 76 T REBAEIREERESEGREMERK 72cm &
% o MERBHBEBARZWRBRE » KTH  RERH -
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