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1: Tank A; 2: Tank B; 3: replenished water 
pipe;  4: upper hose; 5: lower hose 

 Fig. 2  Schematic diagram of siphon drainage system 
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Fig. 1  Scheme  of a practical siphon drainage 

1: outlet; 2: siphon hoses; 3: PVC pipe;  4: inclined 
borehole; 5: water storage pipe; 6: potential slide surface;  
7: underwater level 
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To explore the practical drainage efficiency and capacity of 
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Fig. 5  In an 8 m water lift, the siphon 
flow velocity varies with H1 

Fig. 6  In a 9 m water lift, the siphon 
flow velocity varies with H1 

Large Deviation 
 
 
 
 
 
 
 
Conventional hydraulics formula 
for the pressurized pipe flow could 
not really meet the precise 
calculation required of the high-
lift siphon flow velocity. 

Fig. 3  Gas columns in an 8 m water lift (left) 
and a 9.5 m water lift (right) 
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Fig. 4  Siphon flow velocity in a 50-m hose when the water lift 
is 8.0 m, 8.5 m, 8.55 m, 9.0 m, 9.3 m and 9.5 m, respectively. 
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Equation y = a + b*
Adj. R-Squar 0.99606

Value
b Intercept 0
a Slope 2.0067

Fig. 6  Fitting relationship between the 
critical elevation difference H1c and ΔH 
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ΔH = Hmax − H0 , 8m ≤  H0 ≤ 10.3m . 

7.5 8.0 8.5 9.0 9.5 10.0 10.5
0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

α

H0(m)

Equation y = (a - x)/(b - x)
Adj. R-Square 0.86181

Value
a a 10.30888
a b 11.32388

Fig. 7  Fitting relationship between the 
reduced coefficient α and the water lift H0 

Add a reduced 
coefficient α 

, 8m ≤  H0 ≤ 10.3m, V1 ≥ V2. 

The controlling 
factor of the siphon 
flow velocity   

The hydraulics formula for high-lift siphon flow velocity in a 4-mm siphon hose 
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     (4) A direct test is available for related data with respect to high-lift siphon flow velocity in a 4-mm siphon hose. The 
empirical formula is also a fairly precise way of accessing the siphon flow rate. The calculated values for the siphon flow 
rate can provide a basis for operational parameters, e.g. the number of siphon hoses and the layout of siphon drainage 
holes in practical engineering. 

(1) When the elevation difference H1 remained unchanged, the siphon flow velocity had a negative correlation with 
the water lift, but when the water lift H0 was constant, the siphon flow rate accelerated with the increasing elevation 
difference H1 until it reached the maximum flow rate and maintained a steady state. The stable flow rate was defined as 
the critical flow rate, at which the elevation difference H1 was the critical elevation difference H1c. The siphon flow 
velocity had a negative correlation with the length of the siphon hose. 

(2) In high-lift siphon drainage, the bubbles increased with the decreasing gas pressure and formed a gas-liquid two-
phase flow, affecting the calculation of the siphon flow rate. As a result, the current hydraulics formula for pressurized 
pipe flow proved to be an inappropriate way of measuring the siphon flow velocity in a 4-mm siphon hose. 

(3) The high-lift siphon flow velocity in a 4-mm siphon hose under standard atmospheric pressure was controlled by 
the hose section with the smallest hydraulic gradient. When H1 < 2 ΔH, the elevation difference H1 was the controlling 
factor for the siphon flow rate. When H1 ≥ 2ΔH, the difference between the maximum limit of the local siphon water lift 
Hmax and H0 was the most important factor. In an engineering setting, it is thus unnecessary to increase the siphon 
elevation difference blindly; this should approach the critical elevation difference and act as a convenient way of 
designing a practical siphon. 
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