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Note: The diamond box indicates the cross-sectional dimensions of adjacent disc

runners with different tightness.
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Fig.1 Aperture-adjustable disc filter
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Diagram of internal
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Note: a, is the water-crossing area of the Ist section(water inlet) of the disc flow
channel; a, is the water-crossing area of the nth section of the disc flow channel;
ay is the water-crossing area of the Nth section(water outlet) of the disc flow
channel.
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Fig.2 Schematic diagram of groove size effect of disc filter from
top to bottom
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1.Water storage barrel 2.Mixing motor 3.Centrifugal pump 4.Pressure sensor
5.Disc filter with adjustable tightness 6.Tightness adjustment device
7.Electromagnetic flow meter 8.Valve 9.Data acquisition system

B3 XERKEHR
Fig.3 Test device diagram
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Table 1 Main structural dimension parameters of three kinds of
discs F1-F3
B FEAEHSH
Main structural parameters of disc Fl F2 F3
JFE Thickness/mm 2.19 2.03 1.50
il K F Length of flow channel/mm 15.00 15.00 15.00
B % Number of flow channels 380 470 560
VLB ST = A
Height of triangle outer section /mm 0.84 0.62 0.35
i T = T
LE YA = AT 0.58 0.42 0.25

Height of triangle iner section /mm
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F14000. ABBAEZ FEAF AU T /55808 8
LA, BT VeI R AR 4 N 0~ 54, >54~ 75,
>75~100. >100~125. >125~154. >154~180. >180~
200, >200~250 f1>250~300 pm 3t 9 MRI1E B, 405
XT3 M AR 3 B A AL 7 AT A R RAS B i
WEREE, WES AV IS A R B RS A R
JEFLAE E SUNEERR KT 90% HIvb kLB b B/ MRLAR BE T
J: BE{E[ZS-%] .
132 RREAREEE KR ITIE B KA MR KT

1) 35K E: SEPRERE L S 88 R K =D,
AR IG R R L JE B A E R E (30 m/h), ik E
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AR IEFLE B F kb pE SR FR E T ks O R
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Table 2 Proportion of sand particles in different gradations of
water containing sand

7 . Proportion/%

gﬁf 0~  >54~  >75—  >100~  >150~  >200~
54 ym 75 um 100 um 150 um 200 um 300 um
I 35.0 35.0 75 75 75 75
1l 75 75 35.0 35.0 7.5 7.5
1l 75 75 75 75 35.0 35.0
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Fig.4 Variation of effective filtration area of single flow channel with position under different pressures of three kinds of discs
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BOLPEIAFD JUP—3%. BAUNEE, &R diEaSnE
JFEN,  HidpEas sk Eg i b oy mplab S (e intiE )
N OR, AR FALE A S AN E A RGOS
PETHA G pERE M EE T B A F AR R0 (R™>0.98).
Ak, BEAE, IESS F1TE HARIRES I BN IE T3
HROT M A, N 0.949 mm?. HEPERA E R AT
B, Ag 0.949 mm?, R (1) Mk (3) 5 F17F 3
T T 3 N5 R O RA S FE 43 A 100% 89.54% F1 69.30%,
F2 5 S IR B 40 ) 68.03%- 49.49% A1 31.65%, F3
X} L FRIRA S5 43 N 30.40% 24.03% F1 17.30%.
212 REANEEE KR FHETIEILZHE

RIS BIA IR B S VWK A N AN RIS B
BT ESERDR SRR A8 (K3, |
3 UA, IR R R T A B 0T AR I R A R
ERSE, 8 A Re BRI R

#=3 TENEEERMNARNEEREEDASRIEA

AR
Table 3 Percentage of sand particles intercepted by discs with

different particle sizes in the test sand under different tightness %
9 Fy kDR A2 Bl Size range of 9 kinds of sand particles/pum

&/% 0~54 >54~ >75~ >100~ >125~ >150~ >180~ >200~ >250~
75 100 125 150 180 200 250 300
100.00 2.1 1.9 3.1 5.7 70 210 442 870 96.1
89.54 1.8 1.2 84 108 142 209 753 913 965
69.30 1.3 09 121 119 287 875 948 852 0644
68.03 138 13.0 284 540 735 894 964 752 568
4949 10.7 244 434 782 91.1 931 681 752 30.2
31.65 157 342 692 945 956 915 770 554 227
3040 592 752 892 979 80.0 629 349 177 8.1
2403 67.8 81.1 932 759 677 496 439 177 3.0
1730 86.5 919 886 743 691 469 418 13.1 0.9

e MK,
Note: ¢, refers to tightness.

ANFRS BB o JE AR AR KT 90% (VDKL B fil
/KL BE A 0 >250~300. >200~250, >180~~200-
>180~ 200. >125~ 150. >100~ 125. >100~ 125.

=5

>75~100 FI>54~75 umo. N4, 73 i HChRF B
EPRAE AR Dy id I8 4% REFE Ak ) i /INRLAR I BRI B I £ LA
XL AL, I AN RIS KR B i JE A i 2 ik
WEAENE 4. R ATH, ABFTIREEN 100% I,
B & R iiE A ot sEE AR R, MR AL M E K,
N300 um, BEAEFAREFERIE/N, &R R g AL AR IR
N, BRI TRV KA B 2 N, BB R IR E N
17.30% M AT 42480 75 pm Y270

R4 TEREEEBRTEF[LYSFLEN T IBILE

Table 4 Equivalent aperture and corresponding filter mesh

number of different tightness of disc filters

BRMEE HEALE
Tightness/% Equivalent apertures/um
100.00 300
89.54 250
69.30 200
68.03 200
49.49 150
31.65 125
30.40 125
24.03 100
17.30 75
22 AEFHEIEFLEE BRI
22,1 HAKFHTFARKIMA

MRIEACKH R REOTEAX (6) THEAARRZERGLE
LB A IR ESERE LR BN 104 15, 20+ 25 A1 30 m*h
THIREBAK Sk 2%, BFE S /T aE—ZR0d L AS A
T JE 2R R K S 351 2K R B T SHAE B KA R ZE AR
5.91%, ULIAEUE BEGRE /DN, IR ZETE T H 2V FI
BbAk, PR IIAS R S Rt B FL AR B A ik BB 8 1 R 3 K Sk
PUR R RE 2SS, HEESROSIEFLAR 138 K 3
Ko BB o 30 /K Sk A2 2% R BB S5 0L 36 FL AR (R 'R
B ARG, B T B A R e gs G e AL
7 (R R HREAKKIUR REMIFHI R, WE S
Fi7R o

BKFHTREKKIRR R R EER

Table 5 Calculation results of local head loss coefficient under clear water condition

&% dpm nfl'nz /(mgh,,) hm ¢ Eo||e aam rfr;lz /(mgh,l) Wmooe  F || a% dym nfr;lz /(mgh,.) mm & F

10 0.214 1326.71 10 0.201 894.05 10 0.218 422.72

15 0479 1319.82 IS 0458 905.42 15 0542 467.11
100.00 300 0.049 20 0.613 1323.61 1331.59|(68.03 200 0.041 20 0.822 914.07 910.03(|30.40 125 0.027 20 0.954 462.47 457.69

25 1.036 1332.16 25 1.289 917.36 25 1534 475.93

30 1.968 1355.64 30 1.86 919.26 30 2.136 460.21

10 0228 113331 10 0311 72244 100334 399.91

15 0506 1117.84 15 0.699 721.67 15 0708 376.76
89.54 250 0.044 20 0.904 1123.37 1140.52((49.49 150 0.030 20 1.258 730.57 726.27(|24.03 100 0.021 20 1.343 402.00 400.42

25 1478 117546 25 2022 751.53 25 2154 412.64

30 2.087 1152.64 30 2.732 705.15 30 3.088 410.81

10 0.308 917.04 100438 416.09 100439 27237

15 0689 911.74 15 0.966 407.85 15 1.075 29643
69.30 200 0.034 20 1.235 919.27 909.51 [|31.65 125 0.019 20 1.740 413.24 411.79(|17.30 75 0.015 20 1.895 293.93 287.50

25 1892 901.32 25 2658 404.00 25 3.054 303.17

30 2.715 898.18 30 2958 417.77 30 394 271.61

TE: & SRR, d IRB T EHOLIEILE, 4, FRILIER O BOLIEMA, Q RUECIE, b RACKIR, SIRREACKIIR REL HRFIREAK AR K RAL

Note: ¢, refers to tightness. d refers to disc equivalent aperture. 4; refers to total effective filtering area of filter. Q refers to inlet flow rate. /; refers to head loss. ¢ refers to local

head loss coefficient. & is average local head loss coefficient.
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Fig.6 Dynamic change of head loss of disc filters with 7 equivalent filtration apertures under different sediment concentration
and sand grading
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Fig.7 Sand interception of disc filters with 7 equivalent filtration apertures under different sediment concentration and sand grading
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Table 6 TOPSIS comprehensive analysis of optimal configuration performance of disc filters with different equivalent apertures

PN YN =) YN PN

g OF e a0 | oam R mwwene 20 || e DR wwnee sens
Sand d an Disc equivalent ~ . Sand an Disc equivalent & . Sand an Disc equivalent Scoring

grading ens1}l)// aperture/pum S.C orng grading de“S‘f?’/ aperture/pum S.C oring grading dens1}l}// aperture/pm index

(gL index (gL index (gL

75 0.445 75 0.266 75 0.506

100 0.445 100 0.568 100 0.461

125 0.439 125 0.565 125 0.441

0.8 150 0.276 0.8 150 0.342 0.8 150 0.582

200 0.338 200 0.427 200 0.602

250 0.259 250 0.489 250 0.419

300 0.267 300 0.489 300 0.521

75 0.594 75 0.501 75 0.504

100 0.443 100 0.451 100 0.580

125 0.438 125 0.352 125 0.463

1 1.0 150 0.394 il 1.0 150 0.305 I 1.0 150 0.386

200 0.325 200 0.352 200 0.473

250 0.273 250 0.451 250 0.637

300 0.270 300 0.501 300 0.532

75 0.674 75 0.185 75 0.492

100 0.589 100 0.519 100 0.504

125 0.559 125 0.547 125 0.406

1.2 150 0.390 1.2 150 0.244 1.2 150 0.481

200 0.359 200 0.421 200 0.455

250 0.276 250 0.420 250 0.540

300 0.272 300 0.483 300 0.609
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Design of adjustable equivalent aperture disc filters and its hydraulic
performance

ZHENG Changjuan’? , ZHU Delan'?* , ZHANG Rui'* , ZHAO Zejin'?, LI Luming®

(1. College of Water Resources and Architectural Engineering, Northwest A & F University, Yangling 712100, China; 2. Key Laboratory of
Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education, Northeast A & F University, Yangling 712100,
China; 3. College of Hydraulic and Civil Enginering, Xinjiang Agricultural University, Urumqi 830000, China)

Abstract: A disc filter is one of the key components in micro-irrigation systems, and plays an important role in filtering
impurities and reducing clogging of emitters. However, the disc filter cannot fully meet the filtration requirements of different
impurity particle sizes, due to a single type of discs and a narrow range of sand grain sizes for filtration. In this research, a disc
filter with an adjustable filter mesh size was proposed to reasonably change the tightness between discs. The disc filter also met
the filtration requirements in the different ranges of impurity particle size, in order to reduce the manufacture and operation
costs. A series of tests was carried out on the hydraulic performance of disc filters with different mesh. Five flow rates of 10,
15, 20, 25, and 30 m’/h were then set to test the head loss in the conditions of clear water with different mesh sizes of disc
filters. In addition, the head loss and sand interception of disc filters were evaluated with different mesh numbers under
different grades and contents. Three grades were selected as the small, medium, and large sandy water with less than 75,
75—150, and 150—300 um sand particles and three sand contents of 0.8, 1.0, and 1.2 g/L. The results show that: (1) Different
objectives of mesh filtration were achieved to adjust the disc tightness. Three types of discs were used to obtain 7 levels of
tightness under three motor pressures, corresponding to filter mesh sizes of 50, 60, 75, 100, 120, 150, and 200. (2) There were
some differences in the head loss dynamics and sand interception of the 7 mesh disc filters. In small graded sandy water, the
200-mesh disc piece shared the largest peak head loss, where all maximums were stabilized at about 16 m. The sand
interceptions of the 200-mesh disc were 54, 73, and 84 g, which were significantly larger than that of others (£<0.05). In
intermediate-graded sandy water, the head loss was greater than for 120, 150, and 200 mesh discs, with the maximum
exceeding 6 m. The sand interceptions for 120 and 150 mesh discs were 72, 92, and 103 g, and 81, 92, and 95 g, respectively,
which were significantly greater than that of the others (£<0.05). In large grades of sandy water, the 50, 60, 75, and 100 mesh
discs all shared greater sand interceptions and increased head loss. (3) The optimization configuration of the filter mesh size
was achieved using the TOPSIS. Therefore, a 200-mesh disc should be chosen in small graded sandy water. A 120-mesh disc
should be chosen in intermediate-graded sandy water when the content was high, and a 150-mesh disc should be chosen when
the content was low. A 50- or 60-mesh disc should be selected in large grades of sandy water when the content was high, and a
75- or 100-mesh disc should be chosen when the concentration was low. The best filtration was achieved to effectively avoid
the hidden danger of head loss surge. The finding can provide a strong reference for the rational selection and use of disc filters
under different sand contents in micro-irrigation systems, in order to reduce the head loss of the filter
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