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a. Schematic diagram
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Fig.1 Schematic diagram of test and material object

b. LA
b. Physical diagram
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Table 1 Performance parameters of tested emitters

ik S IR BUE TR EARH s 5 il & fh 22
Emitter Appearance Installation method Rated flow/(L-h™") Discharge coefficient Flow index Manufacturing deviation /%
El PR A X 1 0.86 0.17 2.70
E2 R 8 7.40 0.01 2.60
E3 =l 4 3.43 0.03 5.70
E4 R 2 1.79 0.01 1.03.
ES i 4 3.50 0.03 1.70
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Ja— IR 10 NKJEAFE (32 2), X5 RSk BT Bt
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Table 2 10 kinds of experimental water treatment
e EORTIR W R
KIS ; . . ;
Particulate causing ~ Concentration/ Mass ratio of
Water treatment -1 : :
clog (gL particle sizes
1 YD 1.0 1:1:1
2 LN 2.0 1:1:1
3 Yy 2.0 4:1:1
4 B 2.0 1:1:4
5 BRIV 3.0 1:1:1
6 VEE R 1.0 1:1:1
7 FIYERy 2.0 1:1:1
8 FE 2.0 4:1:1
9 AGERD 2.0 1:1:4
10 AR 3.0 1:1:1

e R BUR L 3 MR 43 9 <0.063. >0.063 ~ 0.075. >0.075 ~
0.090 mm.

Note: The 3 particle sizes are < 0.063, 0.063 ~ 0.075 and 0.075 ~ 0.090 mm for
the particle size mass ratio.
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Table 3  Size composition and particle size statistical magnitudes

KA 3 TR IR Rk & b W E AR FHRAE
Sectionalization/mm Source Clay grain content/% Silt content/% Sand grain content/% Median size/pum Mean size/um

BV 4.73 77.84 17.43 42.7 435

< 0.063 e
AR 32.63 61.32 6.05 14.1 20.8
HY 4.49 39.14 56.38 67.0 66.0

>0.063 ~ 0.075 e
FgEry 3.00 54.63 4237 55.5 60.3
HHYD 4.48 22.41 73.11 82.4 80.1

>0.075 ~ 0. -
0.075 7~ 0.090 R 0.44 19.42 80.14 101 111

e —— |
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b. Quartz sand

—
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B2 FREAREHT RRARRLNYZ T EE 6 SEM A
Fig.2 Observation on Yellow River sand and quartz sand of different particle size groups by SEM at different magnifications
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Fig.3 Deviation of clogging Dc for average relative flow rate with different irrigation water
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Fig.5 Statistical characteristics of the amount of flow reduction
for individual emitter
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Table 4 Statistical analysis of the relative flow rate greater than 110% of emitters under different irrigation water
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Table 5 Clogging degree Dcr of five kinds of emitters under different irrigation water
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Standardizing the irrigation water sources for emitter anti-clogging test

REN Xiaoyu'! , LIU Yanfang'™ , ZHANG Zhenhua® , YAO Fugqi' , JIANG Yaxin?

(1. School of Hydraulic and Civil Engineering, Ludong University, Yantai 264025, China; 2. School of Resources and
Environmental Engineering, Ludong University, Yantai 264025, China)

Abstract: Anti-clogging test is one of the most important steps to design the emitter and type selection. However, it is still
lacking on the standardized irrigation water in the testing procedures. In this study, a series of emitter clogging tests were
carried out with the commercially available quartz sand and natural Yellow River sand as the clogging substances. A
comparison was also made on the emitter clogging characteristics of the quartz and natural sand using standard test. Five kinds
of emitters clogging performance tests were conducted with prepared the test water: three ranges of particle size (>0.075-0.090
mm, >0.063-0.075 mm, and <0.063 mm) and three mixing ratios (1:1:1, 4:1:1, and 1:1:4) at three concentrations (1.0, 2.0, and
3.0 g/L). The distribution of particle size and morphologies of both materials were analyzed at the same time. The results
indicate: 1) Yellow River sand particles exhibited the high roundness and low clay content, while the quartz sand particles were
characterized by the low roundness, sharp edges, and high clay content. These differences in particle size distribution and
morphology led to more severe clogging with the quartz sand, compared with the natural sand. The deviation of clogging (Dc)
was used to evaluate the difference between the average relative flow rate of Yellow River sand and quartz sand during the
experiment period. And the Dc value was higher at 1.0 g/L or the predominant 0.075-0.090 mm particle fraction. However, the
Dc value was the minimum at 3.0 g/L or with a predominance of particles smaller than 0.063 mm. 2) Both quartz sand and
Yellow River sand exhibited the similar trends in the decrease of individual emitter flow rates, due to clogging. The drop from
normal flow rate to complete clogged (flow rate reduced to 0) was usually completed within 8h. There were also the similar
flow rate recovery and flow overload (exceeding the emitter rated flow rate) of clogging emitter in both particles conditions.
However, the average and maximum of emitter relative flow rate (the maximum relative flow rate of 150.36%) with quartz
sand were much larger, when the overload occurred, compared with Yellow River sand. 3) The clogging differentiation (Dcr)
was used to evaluate the differences between the clogging behavior of the five kinds of emitters, indicating the even
distribution. The clogging of quartz sand was more serious than that of Yellow River sand under the same conditions. Quartz
sand demonstrated the higher Dcr at lower particle concentrations, but the lower Dcr at higher concentrations, compared with
the Yellow River sand. 4) A systematic analysis was made to consider the clogging deviation of average emitter flow rate,
individual emitter flow rate variation, and differentiation of clogging among five kinds of emitters. It was concluded that the
quartz sand can be expected to replace the Yellow River sand as clogging substances, in order to prepare the standardized water
for the emitter clogging performance tests, when using 1:1:1 mass ratio mixture of the three particle size ranges (0.075—
0.090 mm, 0.063—-0.075 mm, and <<0.063 mm) at a concentration of 2 g/L. This finding can provide the scientific evidence to
standardize the emitter anti-physical clogging tests. A viable approach can be offered to select the quartz sand as the substitute
for the natural Yellow River sand, in order to optimize the water source for the emitter test.

Keywords: emitter; anti-clogging ability; physical clogging; yellow river sand; partical size
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