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ABSTRACT

Drop shaft manholes are usually used in steep slope urban areas in order to reduce the
slope of outlet pipes when one or more of the inlet pipes have an invert elevation
significantly higher than that of the outlet pipe. Usually the invert elevation of the inlet
pipe is designed to be equal to the invert elevation of the manhole but in case of using
drop manhole the inlet pipe invert elevation is set to be significantly higher than that of
the manhole. Despite the wide usage of drop manholes structures there are no
systematical studies that restrict the height of the drop manholes except for the concern of
excessive aeration and corrosion in the drainage system as this may lead to poor
hydraulic conditions if the manhole energy dissipation rate is inadequate. The dominant
hydraulic features of the drop manholes depend on the manhole geometry, the tail water
feature and the flow regimes. Depending on the flow regimes, the energy dissipation can

vary within large limits, affecting thereby the downstream flow features.

This research will present a three dimensional numerical study of square stacked drop
manhole (SDM). The objectives of this numerical simulation are: (I) to study the
hydraulic performance of stacked drop manhole under several flow regimes with
different drops combinations, (II) to conduct a comparative analysis between stacked
drop manhole and single drop shaft manhole to assess the performance of both structures
in terms of energy dissipation efficiency, (III) to define the criteria of choosing stacked
drop manhole over single drop shaft, and (IV) to recommend the optimum stacked drop

manhole geometric combinations that give the best energy dissipation efficiency.

In order to achieve the above mentioned objectives, a three dimensional numerical
simulation for the stacked drop manhole structure will be carried out using a three
dimensional CFD software (FLOW 3D). The model will be calibrated using available
laboratory results in previously published experimental studies. Guidelines and
recommendations will be developed for the design of square stacked drop manhole under

different approach of flow regime.
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Numerical models are constructed using the CFD- FLOW 3D program to solve the three-
dimensional Reynolds-averaged Navier-Stokes equations with realizable K-epsilon
turbulent model. The Numerical models are calibrated by the calculated energy losses
efficiency with the efficiency results of the pervious experimental physical model done at

the University of Alberta.

The results of the numerical simulations include energy head variation, velocity variation
and manhole water depths. The present study finding suggests that stacked drop manhole
structure is recommended for total drop height <10D where D is the diameter of the inlet
pipe. Based on the flow regime, the best energy dissipation efficiency of this structure is
achieved when the first chamber drop height (H;) ranges between 60-75% of the total
manhole drop height (H) (i.e. H;/H=0.6-075). The optimum manhole geometry used in
this study is (3DX3D), and it is recommended to add 2D free board above the inlet pipe
to accommodate for the jetting splashes that occur in supercritical inflow. Exceeding
these limits didn’t add any significant benefits to the energy dissipation rates. The energy
dissipation efficiency was calculated based on the overall energy losses inside the stacked

drop manhole relative to the total drop height.
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