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Influencing Factors of Air-to-liquid Ratio in Vacuum Drainage Systems and
Determination of Their Values

YAO Yue, ZHOU Lyu, HU Ruo-lan, LIN Yu-xuan
(School of Environment , Tsinghua University, Beijing 100084, China)

Abstract:  Air-to-liquid ratio ( ALR) is the key design parameter for the vacuum drainage sys-
tems, and understanding its influencing factors and the determination of their values are essential for a-
chieving energy-saving and efficient operation of the system. Gas-liquid two-phase flow patterns are major
influencing factors for ALR. The nature of the relationship between both is the relationship between the
gas-phase velocity and ALR. The quantitative relationship between the gas-phase velocity and ALR was
summarized by means of gas-liquid two-phase flow theory and the rationality of the engineering experience
values of the ALR was examined. The results showed that the current empirical value could ensure the
formation of annular flow in the low area on the front of ascension pipe in the sawtooth vacuum drainage
systems, so that the wastewater could be transported smoothly. Accordingly, the engineering experience
values of ALR are universal for the sawtooth vacuum drainage systems.
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Fig. 1 Sawtooth profile design of vacuum drainage system
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Tab. 1 Estimation results of air-to-liquid ratio in vacuum
drainage trunk pipes

ETHEK INEEKEMAAEE/ (N -m™")
JE/m <0.05 0.10 0.20 >0.50
500 3.5~7 3~6 2.5~5 2~5
1 000 4~8 3.5~7 3~6 2.5~5
1 500 5~9 4~8 3.5~7 3~6
2 000 6~10 5~9 4~8 3.5~7
3 000 7~12 6~10 5~9 4-~8
4 000 8~15 7~12 6~10 5~9
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Tab.2 Maximum of houses and population served by vacuum

drainage systems

EIENAE d/mm | FRIRFSAETE | BoRMRSs AN
100 80 280
150 210 735
200 420 1 470
250 750 2 625
R BETEKEMOERARBERXNHEENRZ
Tab.3 Internal diameters of pipelines in different
vacuum drainage systems mm
AR | WA A BRI (A m )
JE/m <0.05 0.10 0.20 >0.50
500 100 100 100 100
1 000 100 100 100 150
1 500 100 100 150 200
2 000 100 100 150 200
3000 100 150 150 250
4 000 100 150 200 250
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Tab.4  Actual gas-phase velocity in different vacuum

drainage systems m-s’

ETEK WEBERKEMAREE/ (N -m™")
JE/m <0.05 0.10 0.20 >0.50
500 40.83 42.82 45.68 45.68
1 000 39.38 40.83 42.82 55.95
1 500 38.27 39.38 50.01 60.55
2 000 37.40 38.27 48.23 57.75
3 000 36.11 45.80 46.87 62.27
4 000 34.84 44.22 52.89 60.51
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