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Fig.l1 Diagram of internal structure of Y-type mesh filter
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Fig.2 Sand grading with median grain size of 180 um
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Table 1 Orthogonal experimental factors and levels

KF JEM LA A FEE T {E kAR
Levels  Screen aperture/um Inlet pressure/MPa  Median grain size/um
1 210 0.03 120
2 180 0.06 160
3 150 0.09 200
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1.Water storage barrel 2.Centrifugal pump 3.Mixing motor 4.Agitator
5.Partial pressure pipe  6.Ball valve  7.Aqueduct  8.Electromagnetic
flowmeter 9.Pressure gauge before filter 10.Y mesh filter 11. Pressure
gauge after filter 12.Return pipe 13.Water intake
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Fig.3 Diagram of interception rate test device
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a. Cumulative volume percentage
distribution (250 xm)
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b. Volume percentage
distribution (250 xm)
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¢. Cumulative volume percentage
distribution (150 xm)
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d. Volume percentage
distribution (150 xm)
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Note: V50, V75 and 190 are the corresponding sand particle sizes when the volume accumulation percentages are 50%, 75% and 90%, respectively.
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Fig.4 Dynamics of particle composition of effluent sand for filters with different screen apertures at inlet pressure of 0.02 MPa
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Fig.5 Relationships between inlet pressure, screen aperture and
median particle size and screen interception rate
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2T 88.94%. 250 pm JEMFEN T E5EN 0.02 MPa I
RN 47.59%, 0.10 MPa JE3&I A 65.91%, b
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Table 2 Comparisons of calculated and test interception rates

JEMFLAZ s AL AR 1R 2%
Screen aperture/um  Test values/%  Calculated values/% Relative errors/%
355 20.94 20.16 -3.72
300 21.88 22.75 3.98
250 36.82 38.20 3.75
210 48.25 46.96 -2.67
180 41.61 40.63 -2.36
150 34.49 35.57 3.13
125 32.23 33.14 2.82
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Kl 6a H1, 0.02 MPa A 1354 T H K RD R AR FR 2
FUE 3 Bt 28 B e 1) 254k E e 2 2, 0~20 min PYAS A
] 2k 22t Fa s, Ao 10 min B2 2R3N . B 6b
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5 P 6a M - B 6a H 24 RALE 73 H0A ] 100%H7,
20 min FFUGIHZELE 239.8 um FifR AL ES, WES SN
e, B 20 min JEPEACRERE, HOKRR R KEN
239.8 umo PLHITEILACPE T UEMIEFERNE, /T 20 min JE
DFLEE N 132 HEAR S B T H KD KR AR 43 A 35 5] A8 4k
IS, 20 min J5 TR RIEDE, HKKR DA IRTRE .

Kl 6¢c, N\ IR 3E N 0.06 MPa IS4 26 A 15 min NAF
%1, 15 min [5G RREALANE B kN . 1B 6d [F]
FERRRIGHT 15 min 28 FIUEEDR 22040 K H 39 5],
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ik F) 100%I}, 15 min R HIZEAE 230.7 um 4L EE, H)
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IR L 0 e A% 2 i H KR AR B K AR DS

K 6e, LIRAE 0.10 MPa i, HHZEZERT 10 min 21k
2\ 3957, 10 min 5N, B 6f R R £ 1K 10 min
Je 22BN, KD RRLAR S A B AR S, WRLR R
BERE A EGLE] 100%87, M 10 min B FF 45 #h 46 75
2129 um A EE, BI 10 min &5 MERCR LS, W H
IKRLAZ B KAE A 212.9 umo AHEZ 0.02 A1 0.06 MPa, JEGF
TE B[R] R ZE RS R i -, AR Ja H/KRLAR B KB 58/
PR SRS, EEERA.
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time periods under 0.10 MPa

B 6 250um FLRIE R RRIA D ESRAAT 8] T B /KA F AL 12 20 A%,
Fig.6 Particle size composition of effluent sand with different entrance pressure and time for 250 um screen aperture
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a. JE5#0.02 MPajfi#0.98 m-s"
a. Pressure 0.02 MPa and flow
velocity of 0.98 m-s!

b. JE50.06 MPaifi
b. Pressure 0.06 MPa and flow
velocity of 1.82 m-s!

c. JE5#0.10 MPaifi#2.33 m-s!
c. Pressure 0.10 MPa and flow
velocity of 2.33 m-s™

41.82 m-s

B 7 250 um JE R REEZRAAR T ARM EHESE 5

Fig.7 Distribution of sand blocking position on the 250 um filter at different pressures and flow velocities

2.6 EXREEBRAELERSOH
ffi /1l Design-Expert % IE A2 iR 302 A3 5L 45 R kAT
WM AT 2200, G5 R IAR 3 MR 4.

x3 EMEEEERRBERRESH
Table 3 Range analysis of filter screen interception rate
orthogonal test results

JEMILAE AR sz - or
= LA R
5 Screen Inlet qudﬁ*ﬂl. VI s I LE&ZK.
No. aperture pressure g 1an grain acant nterception
(AA) (BB) size (CC) column rate/%
1 1 1 1 1 42.74
2 1 2 2 2 50.08
3 1 3 3 3 57.23
4 2 1 2 3 37.78
5 2 2 3 1 41.65
6 2 3 1 2 53.47
7 3 1 3 2 29.62
8 3 2 1 3 39.83
9 3 3 2 1 4591
ki 150.05 110.14 136.04 130.30
k> 132.90 131.56 133.77 133.17
k3 115.36 156.61 128.50 134.84
2 Range  34.69 46.47 7.54 4.54

S0 Sum  398.31

x4 EMEEEREXRBAESRER
Table 4 Analysis of variance results of orthogonal test for filter
screen interception rate

gk PETAR g

Sum of

¥y F1§ P

Sour.ces of squares of Degrees of Mean square F value P value
variance L freedom
deviation
7 Model 571.19 6 95.20 54.16  0.0182
AA 200.57 2 100.29 57.06 0.0172
BB 360.64 2 180.32 102.59  0.009 7
CC 9.98 2 4.99 2.84 02606
% % Error 3.52 2 1.76
AE 574.71 8
Deviation
7 (Note) : Fo.05=19.0 Fo.01=99

HIZE 3 R, REMAE AR AR A BT I
FURSE. JEMILAE BPRIRERAE. EARIER 4 ATk,
PERRFLARAMIN 1 S 5 2 AR S 2 25, N 1 I 58 %
RN N B2, BRI A B2 . IR
B 77 2% A1 IR I 32 E DR UIE 8 W o A T R o
Ry L Y<C WIRTIR T, REEHUBOR IR AR
TR FLAE

3 i i

AIFFAFER 250 um FLZIEMN, 7E&H/DN O LR
0.02 MPa &R, JEUHERE, JEMIEERIZ, 20 min
Ja KR TP G Fa 2, 20~30 min H 7K EbRL 2 B AR

/N, FoAd g X LA FIN 1R 30 45 F T I TR 1 3 S A
YEMIEFE TR L T2 551 (BT 6a) i B B[] X
30 min . IR NG T PER IO JEES, FEVE M
A B B AEDE, X2 OB SRS R IR R &
IR JIILERE, A SR 2 18] (9 AH EORG & ) NANBERS
PR B 0 T SO A8 2 T VR R DU B i
NI, AT IR FIRIL G, X g T U R
ROEATRLE AT, Wil 8 o, RILEJZE IR KRR
K, FTEMWRRARE N, 75 E 00 E A e 2/3 4b. 5
(Al 2 E B AR AT A S /N IR R R A 7K I g N [ [X A
BEiR X, OB DU TE I 8 A% N il i XN, 1X
o /NSRRI DIARTE T2 IS4 5, HUHJE
O PR I v DR A R K i A T T VR B ¢
WK B 7 PE A N u i J HLE 26 7E 2 B0 DU I BN R
by AT RO RN R KRN E IR .

< 1007 P
g .
=8 5 f
22
o 60f
& -
BRS 40t ) —a bR
= [ Sand in lower layer
Tz 20} : 7 o L RHbKL
= $ <’ Sand in upper layer
I 4
3 Or

00400 600 800 1000
PR £ Grain size of sand/um

B8 0.02MPa/E3% T 250 um 78 P8 55 F s 3k LT BAV L E
R4,
Fig.8 Particle size composition of sand in upper and lower layers
at the lower end of 250 um screen aperture under 0.02 MPa
pressure
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Calculation of interception rate of mesh filter and analysis of its
influencing factors

Zhang Kai, Yu Liming, Liu Kaishuo, Cao Dongliang, Li Na*, Wu Feng
(College of Agriculture and Food, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: This study analyzed effects of inlet pressure, filter screen aperture and median particle size of sand on interception
rates of filters in order to maintain the good permeability of filter screens and improve the interception rate of the filter screen
in the engineering application of the screen filter. A full test and a three-factors-and-three-level orthogonal test were conducted.
Five different inlet pressures were designed including 0.02, 0.04, 0.06, 0.08, 0.10 MPa. Seven kinds of filter screen apertures
were 125, 150, 180, 210, 250, 300 and 350 um. The median particle size was from 60 to 300 um. The results showed that the
cake produced in the filtration process was the main reason of the interception phenomenon. The larger the inlet pressure of the
filter tended to lead to more significant interception phenomenon and the higher interception rate. The inlet pressure had a very
significant impact on the interception rate of the filter. The interception rate increased with the increase of the filter screen
aperture when the ratio of the filter screen aperture to the median size of sand was less than a critical range from 1.80 to 1.88.
However, the interception rate decreased with the increase of the filter screen aperture when the ratio was higher than the
critical range. A model of intercept rate estimation was fitted with the determination of coefficient of 0.94, indicating that the
model has a high accuracy. The larger inlet pressure of the filter could result in the more concentrated distribution of
intercepted sand particles at the outlet. It indicated that filter performance could be improved by reducing the skeleton density
of the filter element at the outlet and designing the filter outlet segment into a circular arc shape with a large front and a small
rear to increase the water passing area at the outlet. When the inlet pressure increased from 0.02 MPa to 0.10 MPa, the
interception rate of 250 um filter increased by 38.49%, while that of 125 um filter increased by 88.94%. At the 15 min of the
experiment, the composition of the sand particle size in the outlet water from the 250 um filter under the inlet pressure of
0.01 MPa was similar to that in the initial outlet from 180 um filter under the inlet pressure of 0.02 MPa. The filtration
accuracy of the filter after a period of operation was more than expected. Therefore, the inlet pressure rather than adjusting the
whole equipment could be an option to obtain good performance of filtration during short-term irrigation processes. This study
provides valuable information for improving the interception rates and filtration effects of filters in irrigation projects.
Keywords: pressure; filters; irrigation; interception rate; screen aperture; sand particle; median particle size; interception
position



