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Abstract: The traditional duct ventilation system of underground wastewater treatment plants

features a complex structure and occupies a considerable space with the duct. As a novel ventilation
mode, the duct less ventilation system can curtail the construction of the duct, decrease the buried depth
of the box, and possesses a wide application space. Taking an underground wastewater treatment plant in
Hebei Province as the research subject, a model was constructed to analyze the advantages and
disadvantages of the air flow organization and the air age distribution of the traditional duct ventilation
system and the ductless ventilation system under the conditions of 4 times, 6 times, 8 times, and 10 times
air changes per hour. The ductless ventilation system demonstrated the merits of a more stable air flow
organization and a shorter air age under diverse working conditions, and the ventilation performance was

superior. Under the same working condition, the wind speed of the ductless ventilation system distributed
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at each monitoring point was higher than that of the duct ventilation system, and the overall wind speed

difference at each measuring point was approximately 0.2 m/s. The air age of the duct ventilation system

was mostly above 500 seconds, while that of the ductless ventilation system could be maintained below

200 seconds.
Key words: underground wastewater treatment plant;
flow; computational fluid dynamics (CFD)
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Fig.1 Schematic diagram of operation floor of

underground wastewater treatment plant
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Fig.2 Schematic diagram of current traditional duct

ventilation system
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Tab.1 Boundary condition of duct ventilation system
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Tab.3 Results of simulated wind speed and

measured wind speed

i E| 4% /h |6 /M| 8 Y/h |10 Y/h

HEXIE 1 3D 5 (mes™) | 3.30 | 495 | 6.60 | 825

HEXIF 2 3 h 5/ (mes™) | 1.15 | 1.72 | 230 | 2.87
HERG: 3 M F/ (m-s™) | 0.82 | 1.24 | 1.65 | 2.06
Kl RS 721 5 /Pa 0 0 0 0

ZER D R 135 Pa 0 0 0 0
Fx2 ENEXEBEBXARMBFEME

Tab.2 Boundary condition of ductless ventilation system
It H 4 /| 6%/ |8/ |10 K/
RO VEED A/ (m-s) | 0.59 | 0.88 | 1.17 | 1.47
KR 2B E R A/ (m-s™) | 118 | 1.77 | 236 | 2.96
HEX D 1 BEN L/ (m-s™) | 044 | 0.66 | 0.88 | 1.10
EWBA ARSI Pa | 0 0 0 0
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F5 MEHUE/ (mes™) | SEMIME/ (m-s™) TRZE1%
1 0.042 0.041 2.659
2 0.033 0.031 5.161
3 0.131 0.130 1.131
4 0.114 0.110 3.282
5 0.065 0.065 0.631
6 0.023 0.023 1.348
7 0.116 0.120 3.033
8 0.162 0.160 1.356
9 0.207 0.210 1.648
10 0.047 0.047 0.596
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Fig.5 Wind speed of duct and ductless ventilation systems

at 1.5 m plane
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Fig.6 Location of monitoring lines A and B
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1.5 m plane
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