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Fig.1 Structural diagram of hand-operated cleaning screen filter
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Table 1 Grain size distribution of sand

HEAZ X [H]/pm Bt/ % WL 53 A7 1%

0~45 1.69 1.69

45~175 2.48 0.79
75~100 6.06 3.58
100~200 43.74 37.68
200~300 74.57 30.83
300~400 89.99 15.42
400~500 96.70 6.71
500~600 99.17 2.47
600~700 99.89 0.72
700~800 100.00 0.11
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Fig.3 Head loss curves of filters for cleaning water
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Fig.4 Trend curves of head loss for sand water under different discharge (S=0.13 g/L)

SEVE (0=40m’/h) RIGLE BIE 5 R, A
F SV BT, 2 ANk as K Sk I R A BE I 7] & T
K. XTELEE 5 (a) RIS (b)Y, AHFE SV ESAET,
B B JE A KGR I 4 AR L L A B pEds e, 1
JESEIHTE A, B AU JESRE S EN 0.13 g/L i
JEFEHHN 25 min, 11 A BRI pESS L E A N 16 min.

[F) — 3L 90 2 1 sk 91 ) A i 5 v ) 3 ORI
A%E, W B BB JERE SV RN 0.03 o/L I L JE A
W8 67 min, TMEVYEN 0.08 g/L B pEEHH Y 39
min, HEVWE/MKIREKIEZ /N,

I 4 Fn1E S vl 5, 98 RIRE 0~1 min B, 7K
SKARH IG5, Bl e AP AR, X2 RO RES
NIFFEE IV e, B3R DTS ER, R K F 45y
AL, ERRZE, FEEISIERIEAT, WRLIER
PEEEH TSR A, FIMERIER . teah, RER
68

ACKIRARL BN I8 K B BRI JERS, 7EREN 40
m’/h FIE VRN 0.03 o/L M TIAHET, ACkHR ik
B 12 m R e R R A 67 min, /N T 92 PRAVEE
RGP I REE IR o 13 R Sz Br v B I € R Gt
i EA DU, BT JERS TSR N RZ Y
BRI RN, i R K O &b eERoR, Bt
N B JE 2 A KRR VD Bk th %2, 1X A A it € 16
b e ¥ e = A SO i R SRR oA [T
222 JEF ¥ EALE T HE

JRE N %1908 X 3 T T T A 1% I 1) Y ) 3 2 T A
o5 T VI O I A 0 R T AR ) 2 L

2
% ZHUL%“%%Bﬂ(%@E‘\%: hl: é,;_jgy (1)
BiMZETB: A= -0, 2)



FERBF 5. T REIE Ve G JR AR K 0 PR RE IR W 7T

oI RIPEREE 2B AR e, = 2% x100%, (3)

=

b moNER i INZIREACKIRR (m) 5 v 5 i

ZIIE (nvs) ¢ A4, N5 @ FZIE TR (m» g

e iR (m¥h) 5 e WA | I IR MBS FE AR
14 r

E 9}

§ SR

QK Al —e—0.03¢g/L
N = 5009° —a—0.08 g/L

—8—0.13¢g/L

10

15 20 25 30 35

(%) 5 Ag NTERFIEM A RO IER (m®) 5 CNJF
HARCKIR R RE T OIS SE AR, A
T, B E=15 g NE IR (m/s®) , BL9.81.

i 8] /min
(b) B %3t g 2%

B5 RRA&YE 54T ARMK Tt & (0=40 m’/h)

B [E]/min
(a) A BUIT e 2%
Fig.5
20
80 |
J70F
ﬁ 60
& oo [ e
% 30 —6— 30 m%
20 —A— 40 m3h
10 —B—50m%h
0 & 1 1 1 1 1 J
0 5 10 15 20 25 30
B [8)/min
(a) AZUITIE RS (S=0.13 g/L)
90
80
70
£ 60
2
iﬁ 50 Ayl B
% 40 AP
3 30 —6e—0.03¢g/L
20 —A—0.08 g/L
18 . . . —5—013g/L
0 5 10 15 20 25 30
fiF 8] /min

(©) AZUiEESS (Q=40 m¥h)

Trend curves of head loss for sand water under different sediment contents (Q=40 m*/h)

S
i
aﬁ
#
Fis
‘ —8—50 m#h
0 [} 1 1 1 1 1 ]
0 10 20 30 40 50 60
B []/min
(b) B AL JE3S (5=0.13 g/L)
§
i
e
#
b

fiF 8] /min
(d) B RS UERS (Q=40 m*h)

B6 FRIAHFHTLRESHEELE TG

Fig.6 Trend curves of clogging degree under different working conditions

K 6 i I IERE E AR £k . AT,
SEFERE MR AR, Bl A AW/, X 57Kk
KA S o 2R BIATIHIIE =D RI A 2o
JE T AR RN, AEE R A SR ZE AN K B I TA] Y
HERE, WRLZBTORAEIE R L, (B R g T AR N
0%, ISRV SRR IBATIN, VDRI 15
5 FR1 32 B B TR P Y R [R] — X3, RN S
FEASWTIE N, AEAFACKIR R IR LB AL R BT,
HI3E ZERE AR AL 2] 1, LA S VD Rl JER
S SRR NG s EAHIRIA LOLARE R, B AU B AR i
FEH LR A TR AR 1S, 1L DB EE . XFELIET 6
(a) A 6 (¢) , MFAEWET, MEXIEERE
Rz AN, TIA R, RS b E 2 (a3 28
e A 2R Z2 AR, U] & Vb A B 4% 2E AR

Efiol-2 RN
223 JERAZ & R AL AT

JEMFEVD BT — @R E AT DL st g 2% i 4
WhE . ESVE—ER (S=0.13g/L) , 2 /il yEs
Y EmE 7 (a) , ABRE I BEIR 3G KA Bk /)
A, IR RN R B i A B, (A5 2V b s ]
B, PR EN. A RIRJERR VDR 3R E K
T B A pERY, HEN, —HMEEBK.

ERE—ER (0=40m’/h) , 2 Fhid sty &
wE 7 (b) , R BEE S VDRI AWK
fkash. SvhEM 0.03 g/L 255 0.08 g/L i, #¥b
N 3 6%, MmEEM 0.08 g/L #3013 g/L
i, £y s R, XUHATE N RESVE
X (8], AL IER Vb B

69



FEWEHEK 4R http://www.ggpsxb.com

300 @ AR i A
250 oBALT JER
=200 %
™
. A
0.03 0.08 0.13

EIbE(gLY)

(b) 0=40 m*/h

B7 ARAIAEHTIRRZESZ

Fig.7 Weight of grain interception under different working conditions

400 ¢ OARLL IS
350 ¢ DB
300 |
2250 |
- 200 ¢
i 150
100 | / / %
50 | / / /
0 ﬁ ﬁ o
30 40 50
Jik (m3n1)
(a) $=0.13 g/L
F50 m%h
600~700 |, ©40 m#h
i = 030 m#h
= 400~500 == O SR AV RRAR
x| 200~300 [P
©
2 75-100
0~45 \ \ \ \ ,
0 10 20 30 40 50
RAE X [E] 45 E/o%
(a) A BUEJER (S=0.13 g/L)
@013 g/L
g 00.08 g/L
600~700 £0.03 g/L

O JR G vD RO AR

0 10 20 30 40 50
RAZ X [F] H 45 L/
() AT VESS (0=40 m*/h)

B 8 R IR Tid

B350 m?h
040 m#h
230 m?h
O R sy Rk AR

600~700 L

5— 400~500
I

X 200~300 f
@ =
2 75-10
0~45 B ,
0 10 20 30 40 50
AR X [H] H 45 /%
(b) B AId €SS (S=0.13 L)
2013 g/L
30,08 g/L
600~700 L 80.03 g/L
5 400~500 O J IR KL AR

=
X' 200~300
NG} .

0 10 20 30 40 50
AR X IR 5 4 Lh/%
(d) B Tt €% (0=40 m¥/h)

I R EA AR X A

Fig.8 Size range of grain interception under different working conditions

14 r —a— 40 m$n-Cycle 1
12 t ——a-— 40 m¥n-Cycle 2 0P A
—6— 50 m#-Cycle 1 ’ ;
10 r
=8
=
Zof
X 4}
2
P2
O 1 1 1 1 1 J
0 5 10 15 20 25 30
fiF 8] /min

B9 FikHEF AT K KBMK TAMAE (5=0.13 g/L)
Fig.9 Trend curves of head loss for sand water
before and after cleaning

BRELvb Al JEMEL RO A R ) Wt S 2
PV R VB ZVEN TR AR, /NIORE (5 EL S e BBk
TP BPEVO ORI . VP RN 0.13 g/L I, Xt
FLE 8 (a) R4V 5 RIGI A TT1], KifelX (8]
0~100. 100~200 um FIFHRL 5 HIFEF BN 30 m'/h
140 m’/h B e 22 HEOKC T R AR B /INIORE | H
il A TR A8 A /N B I o A R e 0T
XA RO TE K& 21 T I BT, /KR s 77 55,
BV K AR YN 23 il 2 K 2 S R I o R 2 AT ]

70

8 (b) &KFl, BAILJEREAE 30 m*/h A1 50 m*/h KV E:
TEBELZH 0~200 pm K/NFk . WEN 0=40
m’/h i, A RS e SRR VD 0~200 pm /N R A
VPN 0.08 g/L F10.13 g/L I 5 Eb e R 8(e)),
B RS E 0.03 g/L I/ NSORL 5 E R, #2480
REL (E8 (D)) o LA ERTFEE 0~200
wm [R/NBURE & B 2 AR AT 0, 2 Rl AR AE 30 m/h.
0.08 g/L ) THLAFAF T RILE LT
2.3 WIEREHESH R

PL B Uik 2% 0t 500 GO e HE S5, ATt
JERRAEHES TE VERT 5 KSR R AR, AW T2
TEVEM T SRR TE TR AR, R 9 iR, 52
AN IEE T (Cycle 2) BIFIEE K AR IAH KoK kA5 2k
BFEA S 1 A (Cycle 1) JLUTAHIA, BP
16 2 A AR B TIE e LR fa , IEME SRR RA S
TERIEM GREE 2 ACKIR S LEM A . 1X
R, BB FRIEG AL IE RS EAVE 1hd 8 TAE
W, HEGRE I AEIA RN E R, 7E PRI R S A (Al Ek
TAESE T A B



FERBF 5. T REIE Ve G JR AR K 0 PR RE IR W 7T

33

OB AL B AR IR L S MILRS , HoCk ik 2e

MBS B A YO BRI, FREHR VM UL iE s 1
ABIoh, FEAE TR, KSR R KRR,
K% [ iEved s e e I AT R KR 12,
— ISR S BUKCRUR B I BLR s T F-HRid vk
A PR ACK AR I KB ), X R S ARER %1
WGP EREA R FRIGTEM S IEERIEM A S &
ZVRIE R, — R EA AT U8 I K P A s 22

BOBBBIRRIILR A, REMS IE I DE AR A I A i

R, X b ale HodE A

NRE— DR T U8 A5 AR R AN S5 FERE A
ST E—E Bk

FARIIS, 3 AR A N AR S ZEREE, K
AN 12 m K ZERE AN, X RBIREMOK,

HCKARSRBR, SEIEREFE A —E R, PR E
X 7K SRAT R BRI ST B00] 1 FE AR L OS2 e S WY 5 [ L

fE B — & HISZER N, 357

XA

[ RISk, RIS VD BB, KRR, 28
FEFERBOR, IR S Vb8 1 ZE R L 20 5 060 7K
SKAFRAIFE A =

ASCAE M TR Ve AL g & TAEPERERT, A

BV T ACGKIR R AIIEZEREE 2 AN 7T, AR ] LUK R
B2 AR AR, DT it ik 2 e 70 $R (1L 58 Ukt )
SHEMAR; A, AR HE 3 NREM 3 NSV
B, RAEHIASEE, i By iRk
1, WEFE R B g e ORI, AR 2 A4
I JE B AE B A 30 m/h FIE YN 0.08 /L ik
RCRTELF, RoRIE T B E L 1 iEiles, wite
R FEFVER, AR it s TAE R S i

MEME I E,

4 45 i

D) FREIE e 2 i 827K kR B i A 5 b

BHHIZETIE R, HEIER N SRS Y )
FHIR o LR 7K SRAR I R RE MR O 3 28 R FEE PR 20 B

WA, b B FERE R AR M R 7K SR R 5
GEER

BT EmEECR R SURFMAT,

2) JHRZRAEN S 2 Fh IS 1 I AR T T P £k

Za A%

PR D R A AR D B o AR A% X 1) 43 A B T A A
N 2 R eSS AR B R ARG 25 1E R, 2 SIE R E N 30
m’/h A8 0.08 g/L I £V EEK, W /INSkL Y
PARCRE A EAE TR, B AU pE Rk kiR
F3E SERE AR LA A TUGT 8 2% T 248, S JR A [R) A X6
T, (HEHKCKIRRBNTYES), $HPETEZL,

3) B BUL g AR AOUE I UL 5 /K Sk R AL

HEETEHTREA — B &3] 7B MK, Bk T
FRREVE M L Ve S TE VR .

S :

[

[2]

B3]

[5]

[6]

(8]

[9]

[10]

[11]

[12]

[13]

ZHOU B, LI'Y K, SONG P, et al. Anti-clogging evaluation for drip
irrigation emitters using reclaimed water[J]. Irrigation Science, 2017,
35(3): 181-192.

X G, A, 22, A S RN B Ve U B R K Sk
W72 9] HEWHEK 4R, 2019, 38(12): 44-50

LIU Zhenji, SHI Kai, LI Man, et al. Experimental study on head loss of
vertical and horizontal self-cleaning mesh filter[J]. Journal of Irrigation
and Drainage, 2019, 38(12): 44-50.

ZONG QL, ZHENG TG, LIUHF, et al. Development of head loss
equations for self-cleaning screen filters in drip irrigation systems using
dimensional analysis[J]. Biosystems Engineering, 2015, 133: 116-127.
WUWY, CHENW, LIUH L, et al. A new model for head loss
assessment of screen filters developed with dimensional analysis in drip
irrigation systems[J]. Irrigation and Drainage, 2014, 63(4): 523-531.
AR, XK, XI5, & e B gV RO RS IR T
VL] AOH IR AR, 2012, 43(11): 107-112

ZONG Quanli, LIU Fei, LIU Huanfang, et al. Calculating and
experiment on drainage pressure difference of self-cleaning screen filter
for drip irrigation[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2012, 43(11): 107-112.

SEAH, RITR, XSS, A R ERRE S e U B AR AR5 KR
[9]. 4k TR 244, 2012, 28(16): 86-92

ZONG Quanli, LIU Fei, LIU Huanfang, et al. Experiments on water
head losses of self-cleaning screen filter for drip irrigation in field[J].
Transactions of the Chinese Society of Agricultural Engineering, 2012,
28(16): 86-92.

B I RILL « BIASHORAR, PRIH « nh TR A, ARl - 385, & 7
W i g s HET G I TR AR I ST []. Aol TRE 24, 2018, 34(S1):
192-199.

ALIPUJIANG - Abulimiti, HUDAN « Tumaerbai, MULATI « Yusaiyin,
et al. Experiment on optimization on discharge time of torpedo screen
filter[J]. Transactions of the Chinese Society of Agricultural Engineering,
2018, 34(S1): 192-199

MESQUITA M, DE DEUSF P, TESTEZLAF R, et al. Design and
hydrodynamic performance testing of a new pressure sand filter diffuser
plate using numerical simulation[J]. Biosystems Engineering, 2019, 183:
58-69.

MESQUITA M, DE DEUS F P, TESTEZLAF R, et al. Characterization
of flow lines generated by pressurized sand filter underdrains[J].
Chemical Engineering Transactions, 2017, 58: 715-720.

BOVEJ, PUIG-BARGUES J, ARBAT G, et al. Development of a new
underdrain for improving the efficiency of microirrigation sand media
filters[J]. Agricultural Water Management, 2017, 179: 296-305.

VLY, ARFQFS, THEERR, 45, UEMIFLAT XS P =i i 25 A E A 1 S i
[3]. FEHEK 24, 2017, 36(12): 68-74.

TAO Hongfei, ZHU Lingling, MA Yingjie, et al. The effect of screen
aperture on internal flow field in automatic screen filter[J]. Journal of
Irrigation and Drainage, 2017, 36(12): 68-74.

2y, BRI, BB, 45, LT 2 LA BT T IR M =g JE % CFD
TR AL I B T 3], HEREHE K 224, 2016, 35(4): 14-19.

LI Hao, HAN Qibiao, HUANG Xiugiao, et al. Turbulence model
selection and flow field analysis of the micro irrigation screen filter based
on porous medium using CFDI[J]. Journal of Irrigation and Drainage,
2016, 35(4): 14-19.

BT JJRTLL « BUAS BOKAR, PRE « nh DR A, AR « £385, 55 ol
£ 8 o O E A AR I BUE AL [T, Rk TRE 224, 2017, 33(3):
107-112.

ALIFUJIANG + Abulimiti, HUDAN ¢ Tumaerbai, MULATI * Yusaiyin,
et al. Numerical simulation on flow field of screen filter with torpedo in

71



FEWEHEK 4R http://www.ggpsxb.com
micro-irrigation[J]. Transactions of the Chinese Society of Agricultural [17] ERJCEE, X, B EHE. S e Ml — Kb 4 Bt iRk g []. 4ol

Engineering, 2017, 33(3): 107-112. TFE%44R, 2016, 32(5): 77-81.
[14] e, 40, B3, 2% 2T CFD-DEM B &M =id JE2skibiz QIU Yuanfeng, MENG Ge, LUOJinyao. Experiment of screen
BEE R[] AU, 2018, 49(3): 303-308. hydrocyclone separator for micro-irrigation[J]. Transactions of the Chinese
YU Liming, XU Zhou, YANG Jurui, et al. Numerical simulation of water Society of Agricultural Engineering, 2016, 32(5): 77-81.
and sediment movement in screen filter based on coupled CFD-DEM[J]. [18] rhde N BRLRNE (R 55 A I 2 5. tE TR ER G GBIT
Transactions of the Chinese Society for Agricultural Machinery, 2018, 50485—2009[S]. Jbat: Hf FE - Hi AR, 2009.
49(3): 303-308. [19]  WhARTE. ST PR AR K S Rt R X R Ab B B8 J9 W #E[D]. b at:
[15] VrZEHA, 4RI, M RL5, 5. CFD-DEM A% AR = JE#% R i € rhE BB, 2010.
[3]. Ak T2 244, 2018, 34(18): 130-137. YE Chengheng. Study on hydraulic characteristics and sediment removal
YU Liming, XU Zhou, YANG Jurui, et al. Numerical simulation of local capacity of typical filters[D]. Beijing: University of Chinese Academy of
clogging in screen filter based on coupled DEM-CFD[J]. Transactions of Sciences, 2010.
the Chinese Society of Agricultural Engineering, 2018, 34(18): 130-137. [20] #AREIE, B, (EAGHE, 5. B R I IER K SR PR RE SR A VPN T
[16] #Rz, E3UK, HHEE. TR MRS Ad jE4 7K i Re i WHFE[]. Al TAE 2%, 2019, 35(19): 134-141.
IO 7). HEWEHEK 244K, 2017, 36(1): 57-62. YANG Peiling, LU Ping, REN Shumei, et al. Comprehensive evaluation
QIN Tianyun, WANG Wen’e, HU Xiaotao. Hydraulic performance of method for hydraulic performance and filtering quality of laminated
screen and disc filters for drip irrigation[J]. Journal of Irrigation and filter[J]. Transactions of the Chinese Society of Agricultural Engineering,
Drainage, 2017, 36(1): 57-62. 2019, 35(19): 134-141.

Experimental Study on Hydraulic Performance of the
Hand-operated Cleaning Screen Filter
DU Sigi'?, HAN Qibiao', LAN Jinhui®, GUO Zhixin', LI Hui', HUANG Xiugiao'"

(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences/Key Laboratory of Water-saving Agriculture of
Henan Province/Key Laboratory of Water-saving Irrigation Engineering, Ministry of Agriculture, Xinxiang 453002, China;
2. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100081, China;
3. Beijing Xinhua Water Saving Products Certification Co., LTD, Beijing 100053, China)

Abstract: [Background] Drip irrigation has been one of the most effective irrigation technologies to improve the
water use efficiency in the worldwide, however, the drippers are likely to be clogged by small particles of irrigated
water. To alleviate this problem, technical filters are usually set up in the forepart of the drip irrigation system. The
hand-operated cleaning screen filter is a new type of semi-automatic cleaning screen filter, which costs small energy
and would not stop filtering while doing cleaning, and it is being gradually applied to the micro-irrigation engineering
in China.[ Objective 1 The objective is to analyze the performance of the hand-operated cleaning screen filter, including
its head losses ( energy consumption) and cleaning capability, and thus to provide technical support for the selection of
micro-irrigation filters. [ Method] Two types of exiting hand-operated cleaning screen filters (A and B) were taken as
the subjects. The head loss tests of filters under different flow rates with clean water were conducted to obtain the head
loss curves; the performance tests using sand water mixture with different flow rates and sediment concentrations were
conducted to analyze the filtering efficiency; the cleaning efficiency tests were also carried out using filter B to detect
the cleaning ability. [Result] The head loss curves for cleaning water accorded with the power function. The head loss
of filters for sand water mixture climbed with increase of flow rate and sediment concentration. The influence of flow
rate on the head loss was more significant than that on the clogging degree, while the influence of sediment
concentration on the clogging degree was as obvious as that on the head loss. For both 2 filters, the head loss for
cleaning water was less than 2 m, the condition of 30 m*/h in flow rate and 0.08 g/L in sediment concentration resulted
in more interceptions and 0~200 pm small particles. Filter A had more steady change of head loss and more
interceptions, while filter B had slower change of head loss and clogging degree, as well as longer filtration cycle.
After cleaning, the filtering screen was as clean as before, and the change law of head loss was basically the same as
before as well. [Conclusion] The hydraulic and filtration performance of the hand-operated cleaning screen filter is
excellent, and it is suggested that filters should be selected according to different irrigation requirements and water
source conditions. Besides, more experiments could be conducted to analyze the interaction of flow rate and sediment
concentration, thus to find out the best working conditions of different filters.

Key words: micro-irrigation; the hand-operated cleaning screen filter; hydraulic performance; cleaning capacity
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