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ABSTRACT

The objective of this research is to study the pressure-head rising inside manhole in pipelines, in relationship with the ratio from
manhole diameters to its pipes diameters. The research team adopted CFD to simulate the manhole flows, at different conditions of
varying inlet and outlet pipes diameter and manhole diameters. The risk of manhole overflow can also be reduced by controlling how
fast is the rate of pressure-head rise per given flow rate. To reduce the peak and rate of rising of pressure-head column inside the
manhole to be attained, the ratio between manhole widths (diameter) to its pipe diameter should be taken into considerations. Based
on CFD analysis it is found that, ratios less than 3 are shown to have better results, producing lower peak values of pressure-head to
be attained inside manholes.
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1. INTRODUCTION

Sewer systems are designed to take household wastewater from toilets, bathrooms, showers, and kitchen sinks as well as
wastewater from industrial and commercial buildings. These systems can be overloaded due to insufficient capacity to hold the
huge residence or the inflow of storm water to the systems, which is seasonally happening on heavy rainfall. The overloading can
be the cause of leakage through broken parts, as well as overflow in manholes and treatment plants [1]. In our country, the
capacity of sewer systems in towns and cities is insufficient to the existing population of residence and industrialization [2]. Cities
are still encountering spillage of sewage or wastewater on streets and homes massively during rainfall, which put human
properties, environment sanitary and health of people at risk.

People residences, commercial areas like markets, institutional areas and industrial areas, are the main producers of urban
wastewater. Wastewater leakage in cities and other towns is a threat to human health as well as environmental sanitation. They are
collected and transported through the existing urban sewer networks which are composed of detention ponds or tanks, sewer
pipes, manholes, force mains, septic tanks, treatment plants, and waste disposal areas [3]. Each component of the sewer network
is crucial like the treatment plants which are responsible for changing the chemical behaviour of wastewater to reduce or eliminate
the health or environmental problems upon their discharge [4]. These systems are complex, as they depend on geographical
distribution with a hierarchical structure.

Various studies have been undertaken in the field of sewage systems for the main purpose of ensuring that collection,
transportation, and deposition of wastewater are achieved to the required level such as those done by [5] and [6]. These studies
have focused on areas like the optimization of the sewer systems, improvements on the performance of treatment plants, sludge
systems and the least cost design of detention tanks. Despite efforts done in solving problems related to sewer systems, still, some
challenges continue to exist such as leakage of wastewater from the system [7].
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This study is the continuation of the work done by [8] on the determination of an average uplifting force exerting to the manhole
cover during overflow. On controlling the wastewater overflow of manholes in sewer systems, using CFD, this study is focusing
on investing the effect of manhole width (diameter) to pipe diameter ratio on the rate of pressure head development. The pressure
head behaviour is going to be observed from the inlet and outlet pipe diameter variations against the manhole width (diameter)
variations.

2. MATERIALS AND METHODS
2.1. Model Equations

The problem entirely involves the simulation of the fluid flow behaviour on building up the wastewater column inside the
manhole. Governing equations providing the basis for modelling fluid flow in this study are derived from conservation laws of
mass, linear momentum, and energy after taking into consideration some appropriate assumptions [9]. The mass conservation law
is expressed by the continuity equation, equation 1; with o the fluid density and O is the velocity vector whose components in
rectangular Cartesian coordinates are U, V and W inthe x,y and z directions, respectively. The first term in equation 1 is the
instantaneous change of density with time in the control volume while the second term represents the rate of mass flux passing out
of the control surface per unit volume. It ensures that the net inward mass flux is equal to the rate of change of mass in the
computational domain. The linear momentum conservation law is expressed by the equations of motion also known as Navier-
Stokes equations, equation 2; with F , the force per unit mass, pressure Pand 7 being the viscous stress tensor. Equations of
motion are the generalization of Newton’s second law of motion for the conservation of linear momentum [10], by which for each
control volume, the sum of forces acting is regarded to be equal to the rate of change of momentum. The conservation of energy is
expressed by equation 3, with T the absolute temperature, ¢ the dissipation function representing the work done against the

viscous forces, Cp the specific heat capacity at constant pressure and o the fluid density [11]. It ensures the conservation of

energy distribution on the flow.
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Except for higher Mach number values of moving gas, water flows are incompressible [12]. The volume of every portion of the
moving water remains unchanged throughout the time flow. Therefore, the flow of wastewater is incompressible, its rate of
change of density being equal to zero. For a Newtonian fluid, the viscous stresses from its flow are linearly proportional to the

velocity gradient, equation 4, where X and y are indices for direction representation and 7, is shear stress acting along the X

direction perpendicular to Y the direction. Water is a Newtonian fluid, once inflow, the shear stresses are linearly dependent on
their velocity gradients [13].
ou ov
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The storm-water flow in the sewer system is isothermal, making heat transfer at constant temperatures. There are no significant

temperature variations in the fluid being flowing [14]. There is an exchange of thermal energy between the flow system in the pipe
and the surrounding environment which makes the temperature remain constant within the flow.

Due to the random and rapid flow of storm water over time that happens in full pipes, the k— e turbulence model is incorporated.
Reynolds’s averaged Navier-Stokes Equation contains more unknowns than equations due to Reynolds stresses [15]. The k-
epsilon (k—€) is a two-equation model making a closure to Reynolds averaged Navier-Stokes Equations for modelling
turbulence stresses. It contains two transport equations, for turbulent kinetic energy k, equation 5, and the rate of dissipation of

turbulent kinetic energy e, equation 6. Where P s the production rate of turbulent kinetic energy per unit mass and c_,C_,

Oy, O are model constants.
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The model equations for an incompressible, Newtonian and isothermal flow is given by the set of partial differential equations,
equation 7 to equation 10, consisting of the continuity equation, Reynolds averaged-Navier-Stokes Equations, the transport
equations for turbulent kinetic energyk, and the dissipation rate . The model equations will be solved numerically to produce
the results for the analysis between manhole width (diameter) to its pipe diameter ratio and the pressure head values.
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2.2 COMPUTATIONAL DOMAIN

The geometry for the computational domain simulating storm-water overflow is the cylindrical manhole with one inlet pipe and
one outlet pipe. The basic measurements for the manhole used are from the manhole multi-link experiment from Coimbra
University laboratory, Portugal [16], consisting of the 1 m diameter manhole with 0.3 m diameters on the input and output pipes.
From these basic manhole dimensions, variations are made on the manhole diameters, and upon the inlet and outlet pipe
diameters, Figure 1, to examine how the ratio from variation arrangement affect the pressure head development.

JL 4L 11

Figure 1 (a): 0.7 m manhole diameter,  Figurel (b): 0.8 m manhole diameter, Figure 1(c): 0.9m manhole diameter,

0.3 m pipes diameters 0.275 m pipes diameters 0.3 m pipes diameters
Figure 1(d): 1.0 m manhole diameter, Figure 1(e): 1.1 m manhole diameter, Figure 1(f): 1.2 m manhole diameter,
0.325 m pipes diameters 0.35 m pipes diameters 0.375 m pipes diameters
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Figure 1(g): 1.3 m manhole diameter, Figure 1 (h): 1.4 m manhole diameter, Figure 1(i): 1.5 m manhole diameter
0.4 m pipes diameter 0.425 m pipes diameters 0.45m pipes diameters

The free source FreeCAD 0.19, was used to prepare the computational domain, the manhole with two pipes joined to it, the inlet
pipe and the outlet pipe. The inlet pipe is the part of the pipe that carries the entering storm water to the manhole while the outlet
pipe is the pipe that carries the flowing sewage which is coming out of the manhole to other parts of the sewer systems. The mesh
of the geometries was done by using block Mesh and snappyhexMesh utilities in OpenFOAM 9.0. A sample of the mesh for one
of the geometries is given in figure 2.

Figure 2. The sample mesh

For each geometry, there are three boundaries; the inlet, outlet, and wall. There are two kinds of outlets, one at the outlet pipe and
another one at the top of the manhole. The inlet boundary is located at the patch of the inlet pipe whereas the outlet boundary is
located at the patch of the outlet boundary.

3. RESULTS AND DISCUSSION

An investigation was made on the behaviour of water column rise inside the manhole. The rising behaviour was observed from
variations of inlet and outlet pipe diameters and the variations of manhole diameter. The interval of 0.025 m of pipe diameters was
used to study the rate of wastewater rise in the manhole. Starting from 0.25 m, other pipe diameters that were used are 0.275 m,
0.3m, 0.325 m, 0.35 m, 0.375 m, 0.4 m, 0.425 m, 0.45 m. In investigating the change in column height with a change in manhole
diameter, the diameter of the manhole was changed to an interval of 0.1 m. Different values used were 0.7 m, 0.8 m, 0.9 m, 1.0 m,
1.1m,1.2m, 1.3 m, 1.4 mand 1.5 m. Figures 3 and figure 4 shows the pipe diameter variations and manhole diameter variations
against the waste-water column in the manhole respectively.
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Figure 3: Pipe diameter variation with waste-water column Figure 4: Manhole width variation with waste-water column

Figure 3 shows that at a constant inlet flow rate and manhole width, the waste-water column in the manhole decreases with
increasing inlet and outlet pipe diameters connected to the manhole. That is, the larger the inlet and outlet pipe diameters are used
on the manhole, the lower is the peak of the storm-water column to be attained. The smaller the pipe diameters are used in the
manhole, the higher the column peak to be attained and hence larger the rate of increase storm-water column in the manhole

At constant inlet and outlet pipe diameters and inlet flow rate, the variations of manhole diameters are proportional to changes of
wastewater column, Fig 4. The use of a larger manhole diameter at constant flow rates and pipes diameters corresponds to the
higher peak of the column height to be attained and hence, the larger rate of rising of the waste-water column. This is because the
increase of manhole diameter increases the capacity of wastewater to be reserved while the discharge rate remains relatively low.
Therefore with constant inlet and outlet pipe diameter, the increase of manhole diameter makes the discharge rate becomes
relatively low making the storm-water column increase rapidly. And for the decrease of manhole diameter makes the discharge
rate is relatively high.

Figure 5 shows the decrease of waste-water column height with the increase in manhole diameter when pipe diameters are
increased. The use of large pipe diameters on large manholes increases the discharge rate of storm water from the manhole.
However, the manhole diameter to pipes diameters ratio seems significant in explaining the behaviour of the maximum peak to be
attained. There is a common manhole diameter of 0.85m regardless of manhole diameter variations at constant pipes diameters
and variable pipes diameters, Fig 6. For diameter values less to it, the pressure-head value is always less than 0.75 m. But for
diameters larger than that, the behaviour of the change of storm-water column rise depends on the relative relationship between
the manhole diameters to its pipes diameters. The relatively relationship between manhole diameter to its pipes diameter is best
described using manhole diameter to its pipes diameter ratio.
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Figure 5: Manhole width variations with larger pipes Figure. 6: Manhole at constant and variable pipe diameters

The common manhole diameter whose peak pressure head is the same regardless of the variations corresponds to the manhole
diameter to pipes diameter ratio of 3. For manhole to pipes ratios less than 3, the column height decreases and is kept to be less
than 0.75 m for both cases, the one with constant pipe diameters, Fig.7 and variable pipe diameters, Fig. 8. Very higher ratio
values correspond to an increased peak value of the waste-water column to be attained inside the manhole as shown in Fig. 7.
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Figure. 7: Ratio at constant pipe diameters Figure.8: Ratio at variable pipe diameters

4. CONCLUSION

The manhole diameter and pipe diameters variations affect the rate of rising of the waste-water column inside the manhole. Larger
manholes with larger pipes decrease the rate of column rise and hence the peak to be attained. The risk of manhole overflow can
also be reduced by controlling how fast is the rate of waste-water column rise per given flow rate. To reduce the peak and rate of
rising of waste-water column inside the manhole, the ratio between manhole widths (diameter) to its pipe diameter should be
taken into considerations. Ratios less than 3 are shown to have better results of lower peak values of pressure-head inside
manholes.
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