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Experiment on Performance of Disc Filter Based on Fractal Theory

YANG Peiling' LU Ping' REN Shumei' MA Zixuan® WANG Xiao'
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
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Abstract : During the operation of traditional disc filter, the head loss is steeply increased, and it is easy
to reach complete clogging in a short time, which affects the filtering effect. The existing research focuses
on the improvement of its macrostructure, and there are few studies on the optimization of disc flow path
structure. A fractal theory was introduced into the design of disc filter along flow path. A new type of disc
filter was proposed, and compared with the traditional disc filter at home and abroad on the performance
of head loss, sand interception, ds, and the uniformity of sediment distribution in the runner. Based on
the experimental comparison, the clogging uniformity index 7,, was introduced, and it was desirable to
determine the clogging uniformity by quantitatively characterizing the change in head loss during the
operating period. The results showed that the local head loss of the new disc filter under the condition of
clear water was 12% ~20% lower than that of the traditional disc filters, under the condition of sandy
water, the head loss of the new disc filter was uniform with time and lower than the growth rate of the
traditional disc filter; under the condition of different concentrations of sandy water, the average sand
interception of the new disc filter was 11% ~ 54% higher than that of the traditional disc filter, the
average ds, of the intercepted sediment was 39. 51 wm, which was smaller than the traditional disc filter of
59.04 ~87.60 pm. The research can provide theoretical and experimental basis for the feasibility and
superiority of fractal theory applied to disc structures.
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Tab.1 Particle range and particle size distribution

of test sand

RifE/ pm i 5y e/ % BB YR %

0~10 10. 68 10. 68
10 ~20 8.94 19.62
20 ~40 22.97 42.59
40 ~ 80 30.78 73.37
80 ~ 160 15.03 88.40
160 ~320 6. 64 95.04
320 ~1 000 4.96 100
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Tab.2 Regression equation of local head loss and

flow for five disc filters by using clear water

SUR/E 04 K IR T R
DN h; =0.004 47Q° 0. 989
DF1 h; =0.00529Q° 0.995
DF2 h; =0.005 230> 0.992
DCl h; =0.005 19¢? 0. 997
DC2 h; =0.005 02Q° 0.997
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Fig.6  Changes of head loss of five disc filters with time under different concentrations of sandy water
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Tab.3 Sand interception of five disc filters under

different concentrations of sandy water g
- BEKE W/ %

0.02 0.03 0.04
DN 46. 94 45. 40 38.40
DF1 40. 80 40. 47 36. 64
DC1 38.74 39.93 30. 04
DF2 31.97 30.29 22.11
DC2 20.55 21.74 18.19
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Fig.7 Changes of sand removal rate of five disc filters with time under different concentrations of sandy water
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Fig.8 Relationship between head loss and sediment removal rate of five disc filters when concentration of sandy water was 0. 03%
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Tab.4 Average sand removal rate of five disc filters when

concentration of sandy water was 0. 03 %

S D
DN DFI DCl DF2 DC2
S,/ % 10.79 9.40 9.02 7.26 5.97
S,/ % 11. 60 10. 31 9. 45 7.27 5.85
[—} % 40. 00 48.39 47. 62 50. 00 50. 00
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Tab.5 Clogging uniformity 7, of five disc filters under different concentrations of sandy water

K F VPR 0.02%

K G B 0.03%

BEK GV R 0.04%

FUR 0
k, R} k, R; 7. k, R} ky R; . k, R} ky R; 7.
DN 0.19 0.96 0.40 0.99 2.07 0.34 0.95 0.61 0.99 1.77 0.8 0.98 2.10 0.99 2.62
DF2 0.19 0.99 0.54 0.99 2.8 0.30 0.90 1.49 0.99 4.8 0.53 0.94 3.62 0.99 6.81
DF1 0.14 0.98 0.48 0.99 3.34 0.22 0.98 1.21 0.99 545 0.44 0.93 3.10 0.99 7.00
DC2 0.19 0.97 0.65 0.99 3.50 0.34 0.97 2.48 0.99 7.29 0.43 0.93 4.8 0.99 11.34
DC1 0.21  0.96 0.77 0.99 3.73 0.33 0.99 2.68 0.99 811 0.46 0.98 528 0.99 11.48
F,=6.28" F =11.59"
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Fig.9 Distributions of sediment particle size intercepted by five disc filters under different concentrations of sandy water
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Tab.6 Five disc filters intercepting sediment d,; and d,,

under different concentrations of sandy water pm

HEK G0 1 0.020 K S0 RE0.03% K fridblik 0. 04%

U/

dso dyy dso dogy dso dgg
DN 34.820 105.508 32.847 135.863 50.874 173.855
DF2 38.008 170.034 65.688 245.357 79.108 303.262
DC1 52.057 158.757 61.341 275.675 63.716 177.058

DF1 56.624 184.576 68.867 214.261 67.710 195.325
DC2 66.575 245.685 85.834 299.292 110.403 305.052
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Fig. 10  Sediment distribution on surface
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