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Diagram of frequency domain and time domain
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Fig. 2 Flow char of frequency domain analysis
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Fig.3 The actual network topology

24

12 [ 1RERR4
Tk i3
R EIR2
R

1.1

2 1.0

B8/

i \
doof |

0.8 VO]
0.7

2 6 10 14 18 22 0 20 40 60 80 100

ByE/h BERRGE)/m
(a) KR (b) BUER

4 —HEBKREREREEFR
Fig. 4 A set of water pump and pressure reducing

valve setting scheme
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Tab.1 Simulation results of representative pipe sections
with different pipe diameters

WE D B il o WE D B ol A

/mm  KHE/m /mm  JKHE/m

26 100 28.90 71 400 13.13

70 150 22.94 176 400 9.63

12 200 22.75 11 500 4,23
74 300 17. 86
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Fig.5 Comparison diagram without accident simulation
and with accident simulation pressure node 27 and 26
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Fig. 6 Comparison diagram of frequency domain analysis
between without accident simulation and with accident
simulation of node 27 and 26
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Fig. 7 Frequency domain comparison chart of leakage
at different locations of the pipeline
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mHE S | R S | R N | B K
0:00  26.2 040 || 7:00  50.3 934 || 14:00 58.1 151 {[21:00 55.468 41
1:00 63.8293 | 8:00 46.9333 [ 15:00 48.4 514 | 2200 56.489 18
2:00  65.6865 || 9:00 59.0486 |[16:00 57.1 115 |[23:00 70,742 52
3:00 64,0291 [ 10:00 43.4755 [[17:00 68.8 173 | 24:00 83.821 11
4;00 56,5328 ||11:00 48.4 772 [18:00 52.2 696
5:00  55.8639 |[12:00 56.5 961 |[19:00 64.6 833
6:00 70.6 101 |[13:00 56.0219 |[20:00 53.71 803
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Tab.3 Similarity comparison results

PR AL MRUE| BEES sl ARBUE| RS G| B MUK
fid/m /% |[f%/m /% |[fi&/m /% | B/ m /%

50 46.97 250 48. 85 450 48.00 650 47.55
100 18. 80 300 48.97 500 47.29 700 46. 98
150 49.17 350 48.56 550 49.17 750 44,02
200 18.07 400 44. 61 600 47.89 800 47.32
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A Frequency Domain Analysis Method for Node Pressure in

Water Supply Pipe Network Based on FFT
ZHU Zhaofjingla"“) , HE Li-xin'*'", ZHANG Zhengla’”) , LIU Zi*hang2 , FAN Yifei', LI Zhi-hui"
(la. College of Water Resources and Hydropower; 1b. Hebei Key Laboratory of Intelligent Water Conservancy .,
Hebei University of Engineering, Handan 056038, China; 2. Production Equipment Department
of Chengde Jianlong Special Steel Co. Ltd. . Chengde 067300, China)
Abstract: When there is a leakage point in the water supply pipe network, it is not easy to be detected due to its con-

cealment, and the long-term leakage accumulation will not only cause waste of water resources, but also lead to the prob-

lem of poor production and marketing of water supply. The frequency domain analysis was introduced into the water sup-

ply industry, and a node pressure of water supply pipe network based on FFT was proposed. Firstly, the specific method

is called EPANET by writing a program to optimize the operation simulation of water supply pipe network, and then

solve the optimal pump and valve scheduling scheme back into the simulated leakage point working condition. With the

help of Fourier transform to convert the time-varying node pressure into an amplitude signal, the pipeline node pressure

was analyzed from the perspective of the frequency domain. Therefore, the length range between the leakage point and

the starting node of the pipeline was judged. Through verification and compared with the previous pressure based analysis

of the leakage point, the proposed method can judge whether the pipeline is normal operation and the location range of the

leakage point from the perspective of frequency domain.

Key words: frequency domain analysis; leakage simulation; Fourier transform; amplitude





