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Analysis of Disk Filter Head Losses due to the Shapes of Disk Grooves in Drip Irrigation System
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Abstract

Drip irrigation system is a low energy cost method which can efficiently save and supply water by dropping water slowly on the crop’s root zone during
crop growth. In the drip irrigation system, disk filters take an important role to physically remove impurity (inorganic and suspended organic) particles
present in agricultural water which can cause emitter clogging. For the purpose, both top-and-bottom surfaces of the disk are grooved in micron size
flowing from outside to inside. However, many congested flow paths in disk filter media incur higher head loss of inflow water resulting in relatively
decreasing velocities depending on operation time than sand and mesh filters. Therefore, it is important to optimize the structure of disk filter in micro
irrigation system. The head loss of disk filter media takes also charge of more than 60 % of total head loss in whole disk filter. This study is to find the
appropriate cross-sectional shape of the disk groove to minimize the head loss by executing the experiment. The experiment used three disk filters that
have similar filter body but have a half-elliptic and two kinds of triangular cross sections. The experimental results showed that the disk filter with
half-elliptic cross sections of disk grooves have less head loss than the disk filter with regular triangular one.
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Fig. 1 Selected commercial disk filters for experiment

(a) Arkal

(b) Hanseul Tech

(c) Namkyung

Fig. 2 Shapes of disk grooves
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Table 1 Disk specifications

Disk Arkal Hanseul Tech Nankyung
Stacked number 280 190 240
Outer diameter (mm) 115 130 1175
Inner diameter (mm) 85 108 91
Thickness (mm) 0.95 1.2 1.1
Number of grooves on one side 480 600 518
Number of grooves in a disk filter 268,800 273,600 248,640
Length of grooves (mm) 15,70 11.70 14.76
Angle of grooves (°) 14.69 18.08 2278
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Fig. 3 Equipment for head loss test

Table 2 Pump specifications for head loss test

Model PH-1588W
Type Fluid pump Diameter 0.4 m
Pump capacity 70 L/min Suction height 8m
Minimum height 0.5 m Pumping height 55 m
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Fig. 4 Cross—sections of disk grooves
Table 3 FESEM images of disk grooves at 100X
Filter Hanseul Tech Namkyung

Arkal

Outside

Groove

cross—sections

Inside

Width of groove (um) 348.60

543,45 278.00

Depth of groove (um) 257.80

314,55 130.00
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Table 4 Relationship of head loss and flow rate
e Pressure t?eforg passing Pressure -after. passing Flov«g rate Head loss
through disk filter (bar) through disk filter (bar) (m°/h) (bar)
0.990 0.950 6.996 0.040
1.505 1.470 6.816 0.035
2.008 1.969 6.634 0.039
2.505 2.482 6.306 0.023
Arkal
2.985 2.965 5.962 0.020
3.501 3.476 5.559 0.025
3.998 3.978 5.158 0.020
4,498 4,485 4,791 0.013
0.990 0.950 6.988 0.040
1.501 1.472 6.742 0.029
1,998 1,968 6.655 0.030
2.498 2.477 6.334 0.021
Hanseul Tech
3.011 2.989 5.956 0.022
3.496 3.479 5,572 0.017
3.997 3.982 5.168 0.015
4.494 4477 4,796 0.017
1.030 1.100 7.035 0.070
1,512 1.566 6.863 0.054
2.024 2.071 6.639 0.047
2.47 2.516 6.349 0.045
Nam kyung
3.037 3.077 5904 0.040
3.503 3.542 5.538 0.039
4.008 4,042 5137 0.034
4,501 4.529 4,766 0.028
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71 Sk )2 Ba) Hojd & el i ol A

Type Total3 ik S fglow rate cz\;zr—asgeitg: O;I:sa veloé:\i/t?/reilgeafszove Z\l,:r:\aeligf FUEL
(m°/h) (cm’/h) (102 mmd) (cm/s) (mm) number
4.791 17.824 4.494 11.019 0.185 20.255
5,158 19,189 4.494 11.863 0.185 21.806
5.659 20.679 4,494 12.783 0.185 23.499
5.962 22.180 4.494 13.711 0.185 25,204
Akl 6.306 23.461 4.494 14,503 0.185 26.660
6.634 24,681 4.494 15.257 0.185 28.046
6.816 25,358 4.494 15.676 0.185 28.815
6.996 26.026 4.494 16.089 0.185 29,575
4.796 21.036 8.547 6.836 0.249 16.883
5.168 22.667 8.547 7.367 0.249 18,192
5572 24,438 8.547 7.942 0.249 19.614
Hanseul Tech 5,956 26.122 8.547 8.490 0.249 20,965
6.334 27,779 8.547 9.028 0.249 22.295
6.655 20,188 8.547 9.486 0.249 23,426
6.742 20,572 8.547 9.611 0.249 23,734
6.988 30.648 8.547 9.960 0.249 24,598
4,766 19.168 2,838 18,758 0.162 30.185
5137 20,662 2.838 20.220 0.162 32,538
5538 22.273 2838 21.797 0.162 35,075
Narmkyung 5.904 23.746 2.838 23.238 0.162 37.394
6.349 25,536 2,838 24,990 0.162 40.213
6.639 26.700 2,838 26.130 0.162 42.047
6.863 27.601 2838 27.012 0.162 43.466
7.035 28.293 2.838 27.689 0.162 44 555
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Table 6 Head losses of disk grooves under the same cross—section conditions

Total flow Groove flow rate Head loss in a groove (10”7 bar)
Type (m*/n) (cm®/n) Same depth Same area Same hydraulic diameter | Same perimeter
P Yy p
5 18,6012 19,9399 6.2701 1.1736 3.1655
10 37.2024 18,2247 371754 6.9585 18,7685
15 55.8036 334.8692 105,2985 19,7099 53.1614
20 74.4048 700.,9590 220.4143 41,2575 1112791
Arkal 25 93.0060 1,243,1914 390.9175 73.1725 197.3599
30 111.6071 1,985,4522 624.3191 116.8610 315,1958
35 130,2083 2,949.6147 927.4969 173.6103 468,2591
40 148.8095 4,156.0132 1,306.8450 2446173 659.7781
45 167.4107 5,623.7535 1,768.3712 331.0065 8927857
50 186.0119 7,370.9298 2,317.7652 433,8429 1,170.1546
5 21,9298 34,9931 93.3078 45437 13.6728
10 43,8596 165,5226 4413596 21,4926 64,6742
15 65.7895 410.8030 1,095,3905 53.3414 160.5121
20 87.7193 782.9461 2,087.6960 101.6629 305.9187
25 109.6491 1,291,1984 3,442.9314 167.6578 504.5070
Hanseul Tech
30 131,5789 1,943.1585 5,181.3583 2523127 759.2458
35 153,5088 2,745.3343 7,320.3295 356.4725 1,072.6782
40 175.4386 3,703.4503 9,875.1093 480.8807 1,447.0406
45 197.3684 4,822.6373 12,859.3788 626.2034 1,884,3379
50 219,2982 6,107.5585 16,285.5724 793.0461 2,386.3923
5 20,1094 1.2390 1.2390 1.2390 1,2390
10 40,2188 45578 45578 45578 45578
15 60.3282 9.7646 9.7646 9.7646 9.7646
20 80.4376 16.7662 16.7662 16.7662 16.7662
25 100.5470 25,5002 25,5002 25,5002 25,5002
Namkyung
30 120.6564 35.9200 35,9200 35,9200 35,9200
35 140,7658 47,9888 47,9888 47,9888 47,9888
40 160.8752 61.6759 61.6759 61.6759 61,6759
45 180,9846 76.9554 76.9554 76.9554 76.9554
50 201,0940 93,8047 93.8047 93.8047 93.8047
s esli=ty AT A2E, 2018 < 33



HAEOIE ClAT ofaplel ClAT & TR BN M2 45 24 S8 BY

Arkal: h, =9.5037x 10" x @™ (6) SHEH A by, o1/ 4% (10)

SHEE| A h, =18.0443 <1010 x @ (7 W73 b, cc1/ A (11

@i h, = 602003 10710 x Q1™ ®) & e o), weol, selshd A7, S a2
HHES ) O] ke vl O 2 Arkal v} RHSHI ALY &

Folxle] Bt 752 F2 frt wiEshal o] v A &GS Blehalal, 2L Ak Table 62 ).

whel
3 gl g, Al Al o) X4 o) wh
o AL W) gherh FATCH, oar) & e

43 A10) A 9), (10), (1)} o] Lhehd 4= 9lek

7

'\_‘
Aihs v Fdoldle, s7h o R Agh Alojl=
. 2.5678 e L Ie) =]
Arkal: h,cc1/4 ) Fese "9l UaA3rh P el eb
10000 10000
1000 1000
8 2 /
~ ~ .
2 2 /
o 100 w100 -
g g 7
=] o 7/
9 F] :
T I
./ s ‘
10 P 10 / Z !
’ Vs ’
’ ’
4 4
’ .
, .
s ’
‘ ’
4 4
1 1
1 10 100 1 10 100
Flow Rate(m3/h) Flow Rate{m3/h)
— - = Arkal Hanseul Tech = = = Namkyung — - - Arkal Hanseul Tech = = = Namkyung
(a) Same depth (b) Same area
10000 10000
1000 1000
2 =]
% 100 7 100
k k
= o
b b5
T T
10 - 10 - 2
/ A ’ 7 .
LA AR
" -
4 o
/ 4
1 1
1 10 100 1 10 100
Flow Rate(m3/h) Flow Rate(m3/h)
— - = Arkal Hanseul Tech = — = Namkyung — - - Arkal Hanseul Tech = = — Namkyung

(c) Same hydraulic diameter

(d) Same perimeter

Fig. 6 Head losses of disk grooves under the same cross—section conditions
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