.

Research Paper

Iranian Journal of Irrigation and Water Engineering

Investigation of transient flow field data in water transmission
mains using Bentley Hammer software (Case Study)

Ali.Reza. Khoshfetrat !,

Rasul. Daneshfaraz 2, Javad. Behmanesh 3

' M.Sc. Graduate of Civil Eng.- Hydraulic Structures, Faculty of Engineering, University of Maragheh ,Iran ,

Alirezakhoshfetrat@yahoo.com

2 Prof. of Civil engineering, Faculty of Engineering, Civil Eng. Dep., University of Maragheh, Iran, daneshfaraz@yahoo.com
3 Prof. of Water engineering Department, Urmia University , Iran, j.behmanesh@urmia.ac.ir,(*Corresponding Author)

d 10.22125/IWE.2020.229048.1344

Received:
April.29.2020
Accepted:
October.13.2020
Available online:
October.05.2022

Keywords:

Bentley Hammer,
Conveyance lines,
Piranshahr, Pumping
satation, Unsteady
flow

Abstract

Water transmission systems consist of storage reservoirs, pumping
stations and pipelines. Pump station power failure, opening and closing of
control valves and pipe rupture because transient conditions in pipelines.
Transient flow principal equations such as momentum and continuity
equations are mainly analyzed by the method of characteristics using
engineering software and under boundary conditions. In this study,
friction head losses were calculated by Bentley Hammer software under
steady, quasi steady, unsteady and unsteady-Vitkovsky states and the
results were compared. In Piranshahr water transmission system, the
pressure changes were measured using a rapid and sensitive pressure
indicator at the pumping station and under critical conditions of electricity
power failure. Field data were compared to the Bentley Hammer output
data using statistical methods. A comparison between the two,
demonstrated the correspondence of time periods. Under unsteady-
Vitkovsky method, the mean absolute errors were 5.13 and 5.45 mH2o for
the initial stages and full period of data logging, respectively. For the
maximum pressures values, the maximum difference was observed in the
unsteady method (-14.62 mH20) and the least values were associated with
the steady and quasi steady method (-4.58 and -4.56m H2o0 respectively).
As for the minimum pressures, the steady method yielded the highest (-
5.55 mH20) and the unsteady method the lowest difference (-1.52 mH20).
Increasing and decreasing the wave speed directly affected the maximum
pressures while having an inverse impact on the minimum values. Based
on the results of this study, the use of unsteady-Vitkovsky method in
hydraulic modeling is recommended.

1. Introduction

In a water pipeline under steady flow conditions, flow variations are constant. Abrupt changes
of control systems such as power failure or pipes rupture, cause unsteady condition. During unsteady
conditions rapid fluctuations include enormous pressure differences occur, hence disastrous collapses
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in hydraulic systems and water mains. The complicacy of analytical solving of the unsteady flow
principal equations such as momentum and continuity equations leads to use numerical methods. This
is a necessity to evaluate and recognize control methods of possible high pressures in hydraulic systems.
Plenty of engineering soft-wares are using to simulate unsteady flow and design of pipelines.
Understanding of these simulations outputs is essential for engineers to comprehension of transient
hydraulic phenomenon and engineering judgment. Use of characteristics method in a computer program
declared that Poisons factor and Elasticity module affect pressure variations in a pipeline. Owing to the
low elasticity module of pipe's material wave celerity reduces, which causes to reduction of water
hammer impact in pipes. (Kandil et al., 2020) Comparing outputs of experimental and computer
programming with Crank Nikelson method elucidate acceptable results. Characteristics method consist
of fewer calculation steps in comparison of Nikelson method and results are more accurate. (Behroozi
et al., 2020)

2. Materials and Methods
This research concentrates on a pump station in Piranshar situated in West Azerbaijan province

at the North West of Iran. Analyzing of transient flow is done by Bentley Hammer V8i which is suitable
for water pipelines design and able to design of transient wave control systems. Characteristics method
is used to solve primary water hammer equations and the software uses this method. The software uses
four methods to calculate unsteady conditions head loss consist of Steady, Semi Steady, Unsteady and
Unsteady Vitkovsky. Digital Pressure transmitter and data logger is used to log data. The transmitter
pressure sense range is between -1 to +40 Bars with 4 to 20 mA output signal. Due to the occurrence of
maximum pressure at the start point of the pipe line, the transmitter installed in the end of the pump
station discharge collector pipe. While the pumps are working and the flow regime is steady, recording
of data is started and by turning the pumps off unsteady condition starts and after a while the process
of data registering is cut down. The pressure data are registered in 245 samples per second rate with
data logger. The statistical methods of RMSE and MAE are used to compare field and simulation output
data. The water main diameter is 500 mm and the material of pipes includes Ductile Iron, Steel and
Asbestos cemented with 6270 m of long.

3. Discussion and Conclusion
Based on field pressure data and calibrated simulation outputs with Bentley hammer software

at the end point of discharge collector, results are demonstrated as graphs for two periods of 0 to 30
second and 0 to 230 seconds for different methods of head loss calculation. From the graphs It is obvious
that there is close superficial correspondence between field data and hydraulic model results. Errors
investigated by two procedure present that Unsteady Vitkovsky method has superior outputs in
comparison with other methods in time period of 0 to 230 second. The method of head loss calculation
does not affect results at initial times. Owing to considering of unsteady conditions in head loss
calculations for Unsteady Vitkovsky method optimal results are reached in this way. At initial times the
differences of maximum amounts are similar for filed data and simulation results in each method which
elucidates the occurrence of maximum transient pressure at first 24 second. The greatest difference for
maximum pressures are achieved with Unsteady method (-7.96% of errors) and the lowest difference
related to Steady and Semi Steady methods (-2.48%). Unsteady Vitkovsky method situated between
other methods by -3.65% of error. For the maximum pressures values, the maximum difference is
observed in the unsteady method (-14.62 mH20) and the least values are associated with the steady and
quasi steady method (-4.58 and -4.56m H2o0 respectively). As for the minimum pressures, the steady
method yielded the highest (-5.55 mH20) and the unsteady method the lowest difference (-1.52 mH20).
Increasing and decreasing the wave speed directly affected the maximum pressures while having an
inverse impact on the minimum values
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4.  Results
Transient flow occurrence causes more pressure than steady flow in water mains. Investigations

on field pressure data and simulation outputs errors by statistical methods for Piranshahr pipe lines
demonstrate that the Unstaey Vitkovsky method of head loss calculating had lower errors than other
methods. Research on the amounts of maximum and minimum pressures illustrates the utmost numbers
had lower errors in comparison with smallest humbers. Due to the lower quantities of minimum
pressures, net difference is not great figures. Calculating of head loss in transient conditions by using
of the Unsteady Vitkovsky method is preferred to other methods and recommended to practice in
hydraulic model preparation.
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Investigation of Transient Flow Field Data in Water Transmission Mains
Using Bentley Hammer Software (Case Study)
Ali.Reza. Khoshfetrat! Rasul Daneshfaraz?, Javad. Behmanesh®*
Abstract

Water transmission systems consist of storage reservoirs, pumping stations and pipelines. Pump station
power failure, opening and closing of control valves and pipe rupture because transient conditions in
pipelines. Transient flow principal equations such as momentum and continuity equations are mainly
analyzed by the method of characteristics using engineering software and under boundary conditions.
In this study, friction head losses were calculated by Bentley Hammer software under steady, quasi
steady, unsteady and unsteady-Vitkovsky states and the results were compared. In Piranshahr water
transmission system, the pressure changes were measured using a rapid and sensitive pressure indicator
at the pumping station and under critical conditions of electricity power failure. Field data were
compared to the Bentley Hammer output data using statistical methods. A comparison between the two,
demonstrated the correspondence of time periods. Under unsteady-Vitkovsky method, the mean
absolute errors were 5.13 and 5.45 mH2o for the initial stages and full period of data logging,
respectively. For the maximum pressures values, the maximum difference was observed in the unsteady
method (-14.62 mH20) and the least values were associated with the steady and quasi steady method (-
4.58 and -4.56m H2o respectively). As for the minimum pressures, the steady method yielded the
highest (-5.55 mH20) and the unsteady method the lowest difference (-1.52 mH20). Increasing and
decreasing the wave speed directly affected the maximum pressures while having an inverse impact on
the minimum values. Based on the results of this study, the use of unsteady-Vitkovsky method in.
Hydraulic modeling is recommnded

Keywords: Bentley Hammer, Conveyance lines, Piranshahr, Pumping satation, unsteady flow

Hydraulic modeling is recommnded
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