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Parameter analysis and modified calculation method of siphon velocity
calculation for pipe with small diameter

DAI Xiaoyang, ZHANG Yingqiu, ZHENG Jun, SHANG Yuequan

(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract; High-lift siphon drainage can release a large number of bubbles. The pipe diameter d <5 mm should be
adopted to form slug flow, so as to prevent the accumulation of air in the siphon process from damaging the long-
term performance of siphon drainage. Due to the small pipe diameter and gas-liquid two-phase flow, the existing
siphon velocity calculation may have large errors, which affect the rationality of siphon drainage system design. In
view of the problem of large error in velocity calculation of small-diameter siphon, the velocity calculation
parameters were determined by analyzing the characteristics of siphon flow process. The Barr formula was
introduced into the calculation of friction head loss, and full-scale physical model test was carried out. The formula
of head loss coefficient suitable for the iterative calculation of siphon velocity was determined, and the calculation
method of laminar flow velocity in circular pipe was proposed by using the average head loss of cross-section to
reflect the influence of boundary layer. The reduction coefficient was introduced into the Barr formula to reduce the
calculation error of velocity in the critical Reynolds number region. Test results of the physical model show that the
modified calculation method improved the calculation accuracy of siphon velocity, which can provide reference for
engineering application.
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Fig.2 Experimental device of siphon physical model
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Tab.1 Experimental conditions m
PIE S H, Loy 1, Lonn
1 9.15 9.4 0.6 9.97
2 9.15 9.4 1.2 11.12
3 9.15 9.4 1.5 11.73
4 9.15 9.4 2.1 12.60
5 9.15 9.4 3.3 12.60
6 9.15 9.4 4.2 13.50
7 9.15 9.4 8.4 17.70
8 9.15 9.4 16.8 26.10
9 8.25 8.5 0.6 10.50
10 8.25 8.5 1.05 10.50
11 8.25 8.5 1.5 10.50
12 8.25 8.5 2.1 10.50
13 8.25 8.5 4.2 12. 60
14 8.25 8.5 8.4 16.80
15 7.35 7.6 0.9 8.40
16 7.35 7.6 1.5 10.10
17 7.35 7.6 2.1 10.10
18 7.35 7.6 3.0 11.70
19 7.35 7.6 4.2 11.70
20 7.35 7.6 8.4 15.90
21 7.35 7.6 16.8 24.30
22 4.05 4.3 2.1 21.00
23 4.05 4.2 4.2 12. 60
24 4.05 4.3 8.4 8.40
25 4.05 4.3 16.8 6.30
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Tab.2 Statistics of physical parameters of schemes with high error rates

25 d/mm Hy/m H/m  o/(m-s7") 0/(m-s7") A, A A/A, Re, Re,
1 5 9.15 16.8 0.5196 0.597 7 0.049 33 0.036 49 0.739 7 2159 2 484
2 5 9.15 8.4 0.519 6 0.596 5 0.049 33 0.036 64 0.742 7 2159 2 479
3 5 9.15 4.2 0.519 6 0.596 6 0.049 33 0.036 62 0.742 3 2159 2 479
4 5 9.15 3.3 0.5196 0.594 4 0.049 33 0.036 27 0.735 2 2159 2 491
5 5 8.25 2.1 0.477 5 0.574 0 0.050 17 0.034 47 0.687 1 2 054 2 469
6 5 7.35 2.1 0.493 4 0.608 8 0.050 39 0.032 80 0.650 9 2 029 2503
7 4 7.35 4.2 0.588 9 0.717 3 0.050 38 0.033 76 0.670 1 2037 2 481
8 4 4.05 2.1 0.575 4 0.669 6 0.049 19 0.036 02 0.732 2 2186 2 544
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Comparison of errors before and after correction of

Tab. 3

calculated values

@5 dom Hy/m Ho/m ANRIEFRE, /%
Eal EIE

1 4 4.05 4.2 14.07 4.78
2 4 7.35 4.2 17.90 0.47
3 5 7.35 2.1 18.96 0.94
4 5 8.25 2.1 16. 81 1.69
5 5 9.15 16.8 13.07 4.27
6 5 9.15 8.4 12.89 4.48
7 5 9.15 4.2 12.91 4.46
8 5 9.15 3.3 13.31 3.97
9 3 9.15 1.8 40.31 5.23
10 3 9.15 1.2 38.51 3.88
11 3 9.15 0.6 40.38 5.29
12 4 9.15 1.2 33.16 0.13
13 4 9.15 0.6 28.99 3.25
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Fig.9 Comparison between measured values of siphon velocity and calculated values by correction method
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