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Fig.1 Schematic diagram of the micro-pressure

filter circulation system before the pump

13
28
38

B2 k& =tH

Fig.2 Three-dimensional diagram of water separators
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Fig.3 Internal view of the pre-pump micro-pressure filter tank
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Table 2 Particle size distribution of test sediment samples

KiAz/mm <0.075 0.075~0.1 0.1~0.25 025~05 05~1
TR /% 2.83 1.07 93.93 2.13 0.04
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Table 1 Experimental setup
£ i BBk B g
Eiv/ $ 73 W6-125-075 1 i ESRAKFRBIDHEH S
TR WQD12-20-15 1 H 8 K U N IR 58
FHRHRBAERRET MSDS-3000H 1 JEHRL R MR K/
TR YP2002N 1 FRHURE i o
AR AR DHG %3 1 ATRDFEAEAR T
LT AN DE6830B 1 IR R K IR
GES - 1 IR
Hr AL E4E EOS 77D 1 EELIGER IS
SRR 1000 mL 25 FE S R EORE 5 U
JEAR ®18 cm EMIRAEK 3 TR A A YD
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SR DCOEBLOK IR Z MK, BASWER. b
ANIURE R, PRI 2 AT b E AR T 2.0
kg/m®, LS TE Vb8 0.69 kg/m™®, Jyfi
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2.1 EXRWERRIRES

KA ERZ R &I, a2 E—MRERE,
FrIE 25 A= NI, IR Rk 3 k.

HEE 3H, K Kow Kav Ky Al Ks 230 515 R &
B FACKIRRIEF, ki kov kav kg FT ks 53
NS HE RSN KT AR R EME . 2 L g
TR KSR N EARPRINT, 7K Sk A5 2R 35 {8k /N T
RIIK S Re Ly, AR T L IERET. HE 3
LI R M ZE Mg T J, sefE LN AB,CyD,,
W4t EN 2 mih, SV EN 05 gll, 73Kk
Ay 38, JEMITEF N 1 582 cm? I 7K Sk 2k 5t
No KRR TR
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P v P,
Zl+p—;+2'—g'=zz+p—;+z+hw, (2)

R hy AKKIRE (M) Zy FI Z, AL B Kk
(m); LIMZDHER S (): o Flo 55930
BIEIERE, BN 1.0. mARATH, B, K
ARG, BRI R B NI R 2 mYh
ARG R BN B VDR ETH ORI, K R kL
BaEote, FR/KRIEENRBSHEK, it
] AR K. Ft, YREMEYER
fe/MER, A Rk R /N TE AR R I
It TN ABiCiDy, S ZESHTEAL TIHANA .
Rlt, N T 3R R &S AER T 5, fEbKE
g2 mih, BVERN 05 g/L, Zp/KERK 37,

JERITAR S 1 582 om? I #EAT R, IG4E BE K
SKHURN 0.049 m, 53 3 HRIGEs AT, WE T
YT RANRAE T . B, H 52 f fE T ykk
a2 mih, SUEN 05 glL, 4rKEMR Sy 38,

JE N T A A 1 582 cm?.

LA A VD R AR N SRR AR, D
JFR B 1) 350 (LK ) 3R B 7 122 R 56 4% 1F T I X P T
B RRID iR, SRR EE R, WL H
AOKBE NI K. HE 3 B R EWE ST
T, BRAETHLE ABsCiDs, R4t KLEN 7
m’h, HibEA 25 g/, HKEMAN 3 A, JER
AR A 2 060 cm? I AOARYD R B B Ko IEAS iR idk
(f e TN AsBsCaDyy SR ZE /M it T AN
R, NIRIEZ T A B HER AT 58, EdKREN
7 mih, EUEH 25 g/L, AKEEN 31, JEM
THALUA 2 060 cm? I FEATAREG, 64t 8 WD IR
BN 536 g, AR 3 IR AL, AE T Z TR
NEAET . B, ST KR E 7 mh, &
Vo 25 gL, ZpKEEE 3 A, JEMIENAN 2 060 cmP.

DL PR AR 1 I R R AE N SR AR AR, A
Tk 91 R (1) 35 R K 3R W AR AR 6 2 A T e A
PR TR LR R, HKKREWDEEN,
& 3 PR IR TG R AT A, e T
J& ABiCiDs, HIMHE/KIEERN 4 mih, SVWEN
0.5 g/L, 73/KesMR )y 38, JEMHAA 2 060 cm?
I} ) A S AR B o DL JE B N R bR
W22 TR 52 I A T LA AgB1CyD3, T IEAZ IR
P R e TN AsB1CaDs, SR ZE Tt T
MAE. Hk, RIUEZ T RS HEWR TS, Fit
KRN 4 mh, SUEN 05 gL, SSKESHR N
37, JEMITFA 2 060 cm? I HEAT ik, R4S
T RGN 0.961, [FFE 3 HHikIesh BAHLL,
A 7 %05 RNRAE T . Bk, S T ik
MR 4 mih, SUE 05 g/L, 4pKEeAs 3, U
W EAH 2 060 cm?,

22 FEDH

R A RNTENKKIRI T Z 50T, Gt B K
BN 0.05, 24 P<0.05 I R H =R %,
& 4 1A, STt ARSI Rk, it
KX VE K K Sk AR R I B ., U IRk
AW IS G R BN R, Hiked
Wi, RERIEMER, &E-S KSR G
REE).

B REM T Z ST aE R WE 5 Pk, IR 5
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FAE PV R B MRS, W SRR
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G R KER, RERIKRE GEMARE).
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VERFA NSRS IERCR e i 2 3, SUIIEMIE SV E, ARERSKSERA, REREKRE GE
PO S e A SO IR AR oA R, ke AR,
k3 EAKRKREIBK, BRI A ERLTEXEGRENNER
Table 3 Range analysis results of muddy water head loss. trapped sediment mass and total filtration efficiency
RHREHH R N epm U kIR EEEmRm? FES KSHkm WSRRG MR

(mhH *
1 7 1.0 2 % Type-2 1582 3 0.135 2126 0.908
2 2 05 A0 Not used 1105 1 0.046 103.0 0.895
3 7 05 ASJm Not used 1582 2 0.118 105.6 0.920
4 4 05 3 7 Type-3 1105 3 0.079 106.8 0.916
5 8 2.0 1% Type-1 1105 2 0.268 400.1 0.844
6 4 25 A5Jm Not used 1582 2 0.133 497.4 0.859
7 8 15 37 Type-3 1582 1 0.155 3233 0.895
8 7 2.0 37 Type-3 1105 5 0.198 420.85 0.860
9 6 2.0 A0 Not used 2060 3 0.139 409.6 0.885
10 8 1.0 AT Not used 1582 5 0.152 201.1 0.893
1 4 2.0 2 % Type-2 1582 1 0.126 426.3 0.882
12 7 15 AT Not used 1105 4 0.183 293.4 0.847
R 45 R 13 6 1.0 ANHN Not used 1105 1 0.141 199.2 0.863
14 4 15 A Not used 2060 5 0.099 309.6 0.891
15 8 2.5 A0 Not used 1105 3 0.282 475.9 0.830
16 2 25 2 71 Type-2 1105 5 0.096 500.1 0.844
17 6 25 37 Type-3 1582 4 0.163 523.0 0.891
18 2 1.0 37 Type-3 2060 2 0.068 2152 0.930
19 7 2.5 17 Type-1 2060 1 0.202 521.4 0.885
20 6 05 1% Type-1 1582 5 0.116 106.9 0.941
21 2 15 17 Type-1 1582 3 0.089 3175 0.902
22 6 15 2 7 Type-2 1105 2 0.185 3015 0.855
23 8 05 2 71 Type-2 2060 4 0.136 107.2 0.956
24 2 2.0 A0 Not used 1582 4 0.078 404.7 0.866
25 4 1.0 17 Type-1 1105 4 0.116 205.3 0.895
Ky 0.377 0.495 1.371 1.594 0.670 - - -
Ky 0.553 0.612 0.791 1.265 0.772 - - -
Ks 0.744 0.711 0.678 0.644 0.724 - - -
Ka 0.836 0.809 0.663 - 0.676 - - -
YRR R I Ks 0.993 0.876 - - 0.661 - - -
WE 5t ks 0.075 0.099 0.137 0.159 0.134 - - -
ka 0.111 0.122 0.158 0.127 0.154 - - -
ks 0.149 0.142 0.136 0.129 0.145 - - -
Ky 0.167 0.162 0.133 - 0.135 - - -
ks 0.199 0.175 - - 0.132 - - -
Ky 1540.5 529.5 2999.5 30062 15732 - - -
Ky 1545.4 1033.4 1551.2 31184 15198 - - -
Ks 1540.2 15453 1547.7 1563.0 15224 - - -
K 1553.9 2061.6 1589.2 - 1533.6 - - -
VbR R Ks 1507.6 2517.8 - - 1538.6 - - -
Wz b ks 308.1 105.9 300.0 300.6 314.6 - - -
ka 309.1 206.7 310.2 311.8 304.0 - - -
ks 308.0 309.1 309.5 3126 304.5 - - -
Ky 3108 412.3 317.8 - 306.7 - - -
ks 3015 503.6 - - 307.7 - - -
Ky 4.435 4,627 8.746 8.647 4.419 - - -
Ky 4.442 4.487 4.465 8.954 4.407 - - -
Ks 4.433 4.389 4.445 4546 4.440 - - -
Ky 4.420 4336 4.491 - 4453 - - -
AR Y Ks 4417 4308 - - 4428 - - -
W5 b ks 0.887 0.925 0.875 0.865 0.884 - - -
ko 0.888 0.897 0.893 0.895 0.881 - - -
ks 0.887 0.878 0.889 0.909 0.888 - - -
Ky 0.884 0.867 0.898 - 0.891 - - -
ks 0.883 0.862 - - 0.886 - - -
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Table 4 Analysis of variance of the muddy water head loss

RERE  CPAM AlE Y7 F 18 P1H
HEKGE 0.046 4 0.012 25861  1.519%105x**
SR 0.019 4 0.005 10329  1.007x103**
ARSI 0.002 3 0.001 1.567 2.529%10"
JEMAT  0.006 2 0.003 6.919 1.134x10%*
R 0.005 11 4.49010™
Mt 0.078 24

WM, ROR p<0.001, **FIR p<0.01, *FIR p<0.05.
%5 BV REWY T ENH

Table 5 Analysis of variance of the trapped sediment mass

WERE  CPHM BEE B175 F1i PE
HEKE  248.006 4 62.002 1.182 3.714x10™
&ybE 501171628 4 125292907 2388.086 4.434x107xxx
SPKEHA 1161915 3 387.305 7.382 554710
JEMITEAN  792.438 2 396.219 7552  8.625%10°%**
WL 577.124 1 52.466
Mit 503951112 24

%6 BEREN T ENHN

Table 6 Analysis of variance of total filtration efficiency

R ZE KR FHM AdE ¥7 FE P{E
HEKE  9.346x107° 4 2.336x10°  0.609 6.645x10™"
Rl 0.013 4 0.003 87.810  2.850x10%xx*
4pKERR 0.002 3 0.001 20.352  8.530%103***
JEM TR 0.008 2 0.004 105722 6.576x108%**
W 4219<10" 11 3.835x10°
St 0.024 24

FOEEM, **p<<0.001, **p<<0.01, *p<<0.05.
2.3 EXRIELERNEE DT

T — A2 B IRFR I IEAS Rk B, W57
FH BT B SETl 5 B — 4R bR 1R A2 wER 2 AH R
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JARES, BT/ ZAF AR T il Rk . 4
PRI 25 AT ATy, 7 XS SR bt
T——00, AT IR, SAEHRR
HE. AR RS, BERREN: HEKAE.
FV . KRB ARGEM A, P EER K Sk
e, BT JERCRAE N RS, B
F R RN F IR R, 8IS e A T

X 2.1 A AR ZE A AT E— 2
B, BT SR bR I BT 15 B P SRR A — 2L
DAL I 75 B L5 A T 5 5 SRR AR M I O R, 1 HH A
A TT
231 #KREHEFRKAITH 0 EZ S0

7K B VA 7K K S 45 2R 1R 82 i R /N HE S — £
RNELERZER, B A Bk R RN Ho T #b i
HRMAEE T, NIRERZE, B A, Il HxT
SOT USRS T, NIRERER, B A, &,
DRI A RZEL Age (H2 A B Ag IS 7K Sk 2R AN ISR
TR kAR e /ME, BRI AP R 2 OOR T 5 K

Wi, SEBRLBRK, GEHESERZER,
ME A BN A RHERERHE .
232 BB EF KA RO E ST

VR T ACKIUR PR HESE A, B By &
U s HEID R E R mHEE —AL, B Bs B ER4T
Foh s SRR s HE SR — £, N EERmE R,
B By sl ¢ b, &vbE B WHL Byak Bs. {HIE,
Y B I By X Tk THL b RN, AFF5LRR
B, AT OPTKCKIRA . B E. BaliEReR
Z AR FR, B IEHCH By KT, BEAIERIERBARHIZK
SRR, ST DU B AR R AL R AOR
2.3.3 S KB A XM EF RIBARR R0 LE 0T

a3 KRB A KSR I sEmHESE DY, B Cy
U HOED R E RS =, B Cy Bl HXY
ML PERCR M HESE =47, B C, Bl b, &
KA Cy fie e
2.3.4 JEF @ AR & F RAGARH R 69 42 S AT

PEP TR K S R R HESS =, B Dy s
HX 8 R E RS =, B Ds W fefd Hxts
RERCR R HEESE =, B Da fefdEs ik, JEME
FUATEL Do 8K D3 24 D EHUN D B 7K Sk3i 2 ik
T iRk, FAD R AL IS R AR S b T
B 24 D B D, I 7K Sk R B, HIEEY
J B AR PR S R K P A ZE AN K, MU
ACKBURAEHLE, D Wik Dy, MED RS
PR ITH# FE, D Ak Ds.
2.35 BT H T

gELATR, B LB KIRER A, SUE
B HX B3, r/K#sMCEL Cudpefd:, JEMITHIAREL Dyy Dso
Bl A;BsCyD, Fll ABsCuDs, iEN 4 mih, SVbEN
15 g/L, Zp/Ke8H 0y 3 A, JEMTEAA 1 582 cm?
BLEIEMIAR Y 2 060 cm?. AEMIFIZ T R R B,
KR I AT A . 43K EN 4 mh, &b
BN 15 gL, k&R Ay 38, JEMHIFRY 1 582
cm? Ny, IRIGLE L, VEAKKLARE A 0112 m,
HIPFEN: 3163 g, MiLIEMNEN: 0878, it
IKIEHN 4 mh, SUEN 15 gL, SKESARN
3/, JEMTAN 2 060 cm? i}, RIGLE R, V%
KAk A 0115 m, #PFEN: 3222 g, &
REPERCE N 0.906. RIGSE BT LL AT, Kk R
FZEARKR, AH R B KA GE W 4 24 58 KA
IR BB IERCR, PR EARLE Sy 2 060 cm?.
TR0 R L8 I B AR A R 22 F b 8 25 SR 43 M 1)
B AR, T SE bR T2 o E R e % % 2245
br, BB, SRAZEA TR E SE L. %,
XS 2 N B AR S A o W B E T R AR A -
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BEKFE 4 mih, SV E 15 g/L, ZpKERRa 3 7,
JER AR 2 060 cm?,
33 it

AR SCIE L T5 2 S TR ST A5 H kK R S R AR
BT JE AR AR UR I MR R . T RE
5 R 25 A N B S AR AR IR AR I T, B R
FAEE @Y R I E TR TR
B0 P A R B R, T 9T 4 SR R I K Sk AR K i
EEBTI b0 I NITF: 7 NS v & ) 2B 7 O 1
F6F o 2t A KGR BRR A E ERA . R AT
JE I E 28 R AR R A A R AT I, T RS
J& R R A R I AT I IS AR BN £, Y
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T A 3 R % A 3 91 A0 3 i 3n R T R R 5 b ke 3
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(1 0o 2t gr Bt e RE I, R RS A R s R g
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2, K5 R B R ORI A% AR A IR R 3
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AR TR 8. KRS, B
R 4 NSHEOTH R RTHUE g Ak . DR
AL JERCR R, AT RRLAR . JER H £
LMK, ESENHFARTESHEEZM
S [R] 2% 5% 25 i o 95 2 (40 7K 7 e R e g 1
R o 75 AREE o ZE A U I 88 R T T
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FH AT 4 G E VBRSNS 7, A G
U o 28 I
4 25 ip

AR SCAE R 2 A o i 2 AT P A BB A
IHIERE B, BT T K E. SWE. K
s JEMTE RO Ak B ARYD B B AR e R
szmm, JEId T Za R, SRR KRR R T

S N BEKRE. SV E. IEMEAL 2K
WG B EEN IR N SR,

MR 7r K. K E: BREX A
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R HEKGUR; WX 2 A BRI S 0 M
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SEMRAETHA: HKGE 4 mh, & 15 g/L,
Ay/K A 38, JEMTEAN 2 060 cm?.
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Optimizing Operating Condition of the Filters in Micro-irrigation Pump

TAO Hongfei*", SHEN Pingping™?, ZHOU Yang"?, WU Zijing"?, LI Qiao*?
(1. College of Hydraulic and Civil Engineering, Xinjiang Agricultural University, Urumgi 830052, China;
2. Xinjiang Key Laboratory of Hydraulic Engineering Security and Water Disasters Prevention, Urumgi 830052, China)

Abstract: [Objective] A porous filter is often used in micro-irrigation systems to filter debris and sand particles.
Its performance depends on many factors. The purpose of this paper is to present a method to optimize its operating
conditions. [ Method] The studies were based on a micro-pressure filter. We took water pressure loss, sand
interception rate and filtration efficiency as assessment criteria. In the experiments we measured and calculated the
combined impact of inlet flow, sediment content, water-separator type, and filter area on operation of the filter. The
results were processed using the analysis of range and variance. [Result] The factors that affected the head loss of
muddy water across the filter were ranked in the descending order of inlet flow > sediment content > filter area >
water separator type. The factors that impacted the mass of sand trapped by the filter were ranked in the descending
order of sediment content > filter area > water separator type > inlet flow rate. The factors that affected the total
filtration efficiency were ranked in the descending order of filter area > sediment content > water separator
type>inlet flow rate. [ Conclusion] The two factors that affected water head loss across the filter, sediment
filtration and total filtration efficiency most are sediment content and filter area. Comprehensive analysis shows that
the optimal operating conditions for the filter are sediment concentration 0.36 kg/m? inflow rate 4 m*h, water
separator type Type 3, filter area 2 060 cm®.
Key words: filter; micro-irrigation; orthogonal design; analysis of variance
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