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Structure Optimization of Suction Device and Performance Test
of Integrated Water and Fertilizer Fertigation Machine
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Abstract; In order to optimize the integrated water and fertilizer fertigation machine and improve its
fertigation performance, the working principle of Venturi injector was analyzed. According to the table of
economic flow rate, the frictional loss and local loss of pipeline system as well as fertigation machine were
taken into consideration. Taking flow of fertilizer absorption as evaluation index, single factor optimization
experiment was carried out on some main parameters in Venturi injector which is the key component in
the system by using CFD numerical calculation, including tapered angle a, divergent angle 8 and throat
diameter d,. The influence rule of three parameters above on fertigation performance was obtained. Then
through the orthogonal test with 3-factors and 3-levels, the combination of optimal structure parameters
was got with CFD numerical calculation, that means, tapered angle a =20°, divergent angle 8 =8° and

throat diameter d, = 6 mm. And the best fertigation performance was got when the angle between the
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absorption tube and the main pipe of Venturi was around 40°. Comparing with the simulated data and

actual operation data of integrated water and fertilizer fertigation machine, it indicated that the fertigation

absorption flow of Venturi was increased by about 38. 6% after CFD numerical optimization, and the

overall fertilizer absorption flow was increased by about 47. 6% with fertigation machine matched with the

fuzzy automatic control system. The energy saving effect is remarkable.

Key words:; Fertigation machine
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Tab.1 Fertilizer absorption performance of Venturi

fertilizer under different tapered angles o

Waifh o/ i Rp v % AL 3/ A/

*) (m*-h™") (m*-h~") Pa

16 1.709 0. 090 43977
18 1.703 0. 096 34 831
20 1.687 0.112 31 602
22 1. 696 0.103 33537
24 1.691 0. 102 32935
26 1.698 0. 101 33902
28 1.696 0. 101 33470
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Tab.2 Fertilizer absorption performance of Venturi

fertilizer under different divergent angles g

Wiy B/ iS4 % A 3 it/ HaES s
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4 1. 691 0. 108 60 806
6 1. 687 0.112 31590
8 1.683 0.116 6778
10 1. 695 0. 104 -7272
12 1.691 0. 108 -21978
14 1. 694 0. 105 -24617
16 1. 690 0. 109 -25997

HEPE 2 2 B8 22 ) &L 4b B 7 B A i
WEHT A B Y AZ 1 il £ AT, R 1 S BE W JIES 4 1) T
HE A BT D A B Y o A B B S R AR Y
BB M4 ~ 16 B B AE 7° ~8°Ef
UG R HAE B>8°Ja, th H Ty 9 S fi, B
T RAE, B 3C i B IS &5 A REIE # TAF. &
TS, B M A RER /N, 75 W Bead 1, T 72 7K Sk 46
SRR RGN, H 80 38 T i ROR 25 B AR, il SC i L
W A 45 B B AR G 3 R P L IO R A AR ME B =
8°,

3.4 MEERER d, T IRAB 14 AE B R0

ARG I 020 47, B o« = 20° .8 = 8°, U R4S
1eodyo T WRAE B AR S WA AR AN 2 R OR & fi
o He T A TR Tk 22 2, EL AR IR (9 496 Jo R 22, 32 W
M 2R, B LLBROA W IR 48 B A% 5 0k v A A 2, D
dy =do REFIF AL, S 3C I B AL 4% 1 i
TR EAR dy, AT L RE D B8 fh o B AR P45 SR I
%3

HRAE 2 3 H3CHE 22 1l Wi A 7 8 il S LA ok 3
1o dy B R EL, I e B i3 3 T 4e
TR, 3 Fr B A 45 14 IR A O R AR ) LR

Tab.3 Fertilizer absorption performance of Venturi

fertilizer under different divergent throat diameters d,

W 78 A/ iR W JE 3/ S/
mm (m*+h~") (m*+h™") Pa
3 1. 006 0.793 -3482990
4 1.110 0. 689 -1058 150
5 1.339 0. 460 -283232
6 1.683 0.116 6778. 86
7 2.263 0. 046 122 168
8 2.815 -1.015 127214
9 3.444 -1.644 129 157

LU, 5 T T B R S LA /0N T G K, 22 0 L
& dy >7 mm B WAE R g S A, BP R SC e B
BMEIR ST py KT WILEE DT (48—
KA , AR T I ) BAE 40 B, B0 B %) 25 4 ¢ 8 ¢
ATHER, SCEBEE S O KT p, M d, B3 RE
JEI AT o T 24 M B AT d, <6 mm A, 3C e B R AR 2%
) T R ) o S, RIS TR AR T, BT HE R
IR FITR A OS RE L HE A8 38 00 A K, e B AL 25
WAREIEH TAE. 28 bR, f i S i B AR 45 19
M B2 RSF R dy =6 mm,
.5 HMSBEXRRERIBRESWT

38 3 T R ER A AT, A o A S B LRI
WHOHAR A o« ITY M BRI ELAR d, LSBT
B PERE Y 52 o T T E A 1E a2 i R Y ik
B DA E R R B et 4l A, B E e 00 W BE 2 BE 1Y
SC R HL AR g EE S

EHRAZEE S AKERIERIRB TR iR
B9 R 2K R 4 B 0w 7 R LA R o
Brange s prom. £ AB.C HHEZE IS,

PRI B 3 & g o PEA T8 A%, 76 A0 [ 1 30 A 5%
N8 CFX B EE AL, 15 2 9 A SC B e
PRGNS BRI X R R L TR 7 B B
5. N TIEM AR A o Y BT AR d,
3 A PR 2R 0 N A A A R TR R B 32 e R K
oAb 7 %8 % 1E A8 i B 45 AR E AT 1 A 22 40, 45 2R
=5 PR,



80 & o Bl B ¥ iR

2015 4

F4 HBEFERKE

Tab.4 Factors and levels of experiment

K A5
a/(°) B/(°) dy/mm
1 20 6 5.5
2 22 8 6.0
3 24 10 6.5
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Tab.5 Results of orthogonal experiment and analysis

% q/

3z p,/Pa
A B C  (kgs™h)
1 1 1 1 0.079 -72822.8
2 1 2 2 0.032 10472
3 1 3 3 -0.046 107125
4 2 1 2 -0.050 113218
5 2 2 3 0.086 141729
6 2 3 1 0.026 36779.3
7 3 1 3 0.028 -7424.83
8 3 2 1 -0.050 115212
9 3 3 2 0.082 -113038
k, 0.022 0.019 0.018
ky 0.021 0.022 0.021
q/ ky 0.020 0.021 0.020
(kg's™') R 0.0013 0.0034 0.0043

B A B, G,
E/NEES A,B,Cy
ky 0.065 0.057 0.055
k, 0.062 0.068 0.0064
ks 0.061 0.063 0.063
R 0.004 0.011 0.009
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p,/Pa
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Fig.5 Optimal model of Venturi fertilizer
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Tab.6 Fertilizer absorption performance of Venturi

fertilizer before and after optimization m’/h

W IS 45 25 4y 2 70 9 WIS 3
A S5 1. 696 0.083
EZAA 1. 683 0. 106
W 45 A8 1. 639 0.115
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