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Abstract: The current study presents experimental results on how discrete top blockages alter the
upstream flow depth in a gravity sewer. A full-scale experimental circular open-channel system
(DN150, 30 m length) was constructed to simulate a gravity sewer. Discrete top blockages with
various heights (80, 90, 100 mm) were tested with various flow rates and channel slopes. For various
scenarios, the flow depths just upstream of the blockage were measured and analysed to reveal
the impact of the blockages. The measured flow depths consistently exceeded those predicted by a
reference formula from the literature, underscoring the difficulty in developing generalisable models.
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1. Introduction

A discrete top blockage acts similarly to the classical open-channel sluice gate example
by forcing the flow to constrict underneath the obstruction. Sluice gates have been studied
extensively for rectangular open channels. However, studies of sluice gates, also known as
“slide gates”, in circular channels are very limited.

Slide gates have mainly been used for flow control and metering in irrigation chan-
nels [1,2]. Hoseini and Vatankhah [3] noted that slide gates for irrigation flow control
and metering purposes, the focus of most previous studies, behave differently from in-
line slide gates installed in circular open channels (partially full pipes). Because both the
upstream and downstream flow depths are generally less than the channel diameter in
circular pipes, the inline slide gate is comparable to the discrete top blockage in sewer
pipes commonly caused by root intrusion, having practical implications for practitioners
managing sewerage networks.

The current research focuses on experimental studies on the hydraulic impact of
discrete top blockages in circular open channels. Three discrete top blockages were con-
structed and tested in an experimental circular open-channel system. The experimental
results were visualised, discussed, and compared with results derived from one of the
empirical formulas presented by [3].

2. Materials and Methods

The laboratory experimental system used was adapted from the one previously used
for the investigation of bottom blockages [4]. A schematic drawing of the system is given
in Figure 1. An upstream reservoir supplied a constant discharge through a 30 m long, 153
mm internal diameter clear PVC pipe. The discharge was controlled by adjusting a flow
regulation valve in the recirculation line. The flow rate Q was recorded using an ultrasonic
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flow meter in the recirculation line. The slope of the clear PVC pipe could be configured by
adjusting the height of the supporting jacks.

Cross-sectional
view of blockage

Adjustable height pipe 30mlong 153mm ID
jacks to control slope transparent PVC pipe

Upstream Blockage
Reservoir

Downstream
Reservoir

¥~ Flow regulating valve

Recirculation line
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Figure 1. Schematic of the experimental system for simulating a gravity sewer.

Three discrete top blockages (orifice plate style) were designed and fabricated. A
discrete blockage was created as a timber orifice plate bolted between two flanges that
connected two pipe sections (see the cross-sectional view of blockage in Figure 1). The
thickness of the timber orifice plate was 12 mm, and the height values of the three blockages
were 80, 90, and 100 mm. Note that the edges were a straight cut of the plate.

Trials were performed by varying the height of the blockage, the slope of the channel,
and the flow rate Q. For each blockage, two different channel slopes were tested, and they
were 0% (horizontal) and 0.7%. For each system configuration, several flow rates were
tested within the range from 1 to 10 L/s. The flow was increased from low to high for all
cases to establish the choked flow condition (i.e., the flow in contact with the top blockage)
from a free flow condition (i.e., the flow not in contact with the top blockage). For each trial,
after recording the discharge at the flow meter, the water depth in the clear PVC pipe was
measured 150 mm upstream of the blockage by using measuring bands wrapped around
the circumference of the pipe (more details can be found in [4]).

3. Results

The measured depth values upstream of the top discrete blockage are summarised in
Figure 2a for the 0% slope (horizontal) and in Figure 2b for the 0.7% slope.
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Figure 2. Flow depth upstream of discrete top blockages: (a) in a 0% slope channel and (b) in a 0.7%
slope channel. Dotted lines are linear trend lines; solid vertical lines represent the height of the three
top blockages relative to the results.
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All three discrete top blockages could introduce an upstream flow depth much higher
than that of the unblocked condition when the flow rate was high enough. With increasing
flow, the surface of the flow reached the bottom edge of the blockage, introducing choking
and turbulence upstream of the blockage and causing a rapid upstream depth increase.
The channel with a 0.7% slope resulted in more rapid depth increases (as shown by the
steeper gradient of the dash-dotted trendlines in Figure 2b) compared to the channel with a
0% slope.

4. Discussion

Hoseini and Vatankhah [3] studied the stage-discharge relationship for inline rectan-
gular slide gates in two horizontal circular open channels (194 mm and 290 mm internal
diameter). In their study, through experiments and dimensional analysis, the general rela-
tionship between the dimensionless flow rate and the dimensionless flow depth upstream
of the gate (measured at 0.6 m upstream of the gate) was described by empirical formulas.
The formula presented as Equation (25) in [3] is the most relevant for the current study and,
therefore, used for further analysis. Note that the exact location of depth measurement
(distance from the blockage) is not critical for horizontal channels.

Applying their empirical formula to the tested discrete top blockages, the upstream
depth /1 can be estimated using the measured flow rate Q and other known information. The
calculated results for the three discrete top blockages are compared with the experimentally
measured upstream depth in Figure 3.
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Figure 3. Comparison between the flow depth results upstream of discrete top blockages obtained
from the current research and those obtained based on an empirical formula presented in Hoseini
and Vatankhah [3]. Dotted and dash-dotted lines are linear trend lines.

Figure 3 shows that, for all three discrete top blockage sizes, the depth values measured
from the experiments in this research are higher than those estimated using the empirical
formula from Hoseini and Vatankhah [3], although the gradients of the trendlines are
similar. This demonstrates that the energy losses experienced in the experimental system
of this research were systematically higher than those in the system used by Hoseini and
Vatankhah [3]. It also suggests that the empirical formula is not generally applicable to
discrete blockages or even other rectangular slide gates in circular open channels. The
discrepancy as well as the lack of generality of the empirical formula are understandable
since it is reasonable to assume that the energy loss is system-specific. However, it highlights
the difficulty in deriving a general numerical model or formula to predict the hydraulic
impact of discrete top blockages in sewer pipes.



Eng. Proc. 2024, 69, 87

40f4

References

5. Conclusions

This research has provided insights into the change in water depth for partially filled
circular open channels subject to discrete top blockages. With the flow increased from low
to high, when the surface of the flow reached the bottom edge of the blockage, it introduced
choking and turbulence upstream of the blockage, resulting in a rapid depth increase. The
rate of increase in the channel with a 0.7% slope was higher than that in the channel with a
0% slope (horizontal).

The flow depth values measured upstream of the discrete top blockages in the current
research were compared with the values estimated from an empirical formula presented
by Hoseini and Vatankhah [3]. The experimentally measured depth values were higher
than the calculated values for all the cases. This demonstrates that the energy losses caused
by the top blockages in this research were higher than those embedded in the empirical
formula. It highlights that the energy loss is system-specific, and a general model or formula
to accurately predict the impact of top blockages would be difficult to obtain.

Author Contributions: Conceptualisation, ].G., ].S. and M.T.; methodology, J.G. and J.S.; software,
J.S. and B.Z.R,; validation, J.S; formal analysis, ].G., ].S., B.Z.R. and L.H.C.C; investigation, ].G., ].S.,
B.Z.R. and L.H.C.C,; resources, ].G. and M.T.; data curation, ].S.; writing—original draft preparation,
J.G. and ].S.; writing—review and editing, B.Z.R. and L.H.C.C,; visualisation, ].S.; supervision, J.G.
and L.H.C.C.; project administration, ].G.; funding acquisition, ].G. and M.T. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by Barwon Regional Water Corporation (Geelong, Australia)
and Intelligent Water Networks [https://www.iwn.org.au/ (accessed on 30 March 2024)] through a
collaborative research project (Project Code: PJ06416).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: The data are included in the article.

Acknowledgments: The authors would like to acknowledge the contributions and support of the
technical staff at the School of Engineering, Deakin University.

Conflicts of Interest: Author Michael Thomas was employed by the company Barwon Regional
Water Corporation. The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential conflict of interest.

1.  Cadena, F; Magallanez, H. Analytical solution for circular gates as flow metering structures. J. Irrig. Drain. Eng. 2005, 131,

451-456. [CrossRef]

2. Howes, D.J.; Burt, C.M. Accuracy of round meter gates for on-farm deliveries. J. Irrig. Drain. Eng. 2016, 142. [CrossRef]
3. Hoseini, P,; Vatankhah, A.R. Stage-discharge relationship for slide gates installed in partially full pipes. Flow Meas. Instrum. 2021,

77,101838. [CrossRef]

4. Gong, J.; Sim, J.; Rousso, B.Z.; Chua, L.H.C. Investigation on the water depth of choked flow due to bottom blockages in circular
open channels. J. Hydraul. Eng. 2024, 150, 06024005. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.iwn.org.au/
https://doi.org/10.1061/(ASCE)0733-9437(2005)131:5(451)
https://doi.org/10.1061/(ASCE)IR.1943-4774.0000930
https://doi.org/10.1016/j.flowmeasinst.2020.101838
https://doi.org/10.1061/JHEND8.HYENG-13905

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

