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Water hammer is a phenomenal that occurs due to suddenly pump stop and closure of
valve in transmission pipelines and urban water distribution network. This phenomenon
is important in transmission pipelines project and ignore this phenomenon can cause a lot
of damage to project implements. Several software based on numerical methods have been
developed for water hammer analysis. In this research using AFT Impulse software,
Hammer software and written program by characteristics method, closing time pattern
and type of valve on water hammer in three sample problem is studied. The results of all
three numerical models were consistent and estimate maximum pressure head with a
maximum of one percent of difference. In the third sample problem that the valve closure
was exponential, hammer software estimate pressure head with 12 percent lower than
AFT Impulse. In other part of research, the effect of valve closure pattern on the water
hammer have been investigated and the results showed that the valves were closed linearly
are the most suitable valve for use in places where this phenomenon occurs.
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Introduction

Water is the most essential substance for the survival of all living beings. Access to water and
methods of water transfer have undergone significant changes over time. In the past, water
transfer methods were limited to digging canals, wells, and ganats. However, today, due to
limited water resources and the increasing population, new methods of water transfer have been
developed, one of which is pressurized water transfer. Flow in pressurized water transfer
systems is typically steady, meaning that flow characteristics such as discharge and velocity do
not change over time. In unsteady flow, however, these characteristics vary with time. One
example of unsteady flow is the phenomenon of water hammer, which occurs when a pump
suddenly stops or a valve is abruptly closed in a pipeline. These sudden changes create a
pressure wave that propagates through the pipeline at high speed over a short period. If the
system lacks the necessary protective measures, the entire system may be at risk of destruction.
Numerous studies have been conducted on water hammer. For example, the pumping station
and water transfer line from the Kouhrang River to the Marvarid Spring were modeled in the
Hammer software by Soleimani in 2015. Using value engineering, the construction and
operation time, costs, and the extent of water hammer and related issues were examined. The
results showed that the application of value engineering could lead to the elimination of surge
tanks, reduce the risks associated with water hammer, and save 20-30% in time and costs for
the procurement of various project components. Dutta (2020) investigated the effects and
performance of water hammer in a pumping system using an experimental model. This pumping
system, consisting of three valves, three pumps, and three pressure sensors, was used to study
water hammer under three conditions: the sudden closure of one valve, the sudden closure of
two valves, and the sudden closure of all three valves. The system's speed and pressure were
measured at different discharges, and then the problems arising from water hammer were
predicted using a linear regression algorithm. In this study, several water hammer scenarios
were examined using the Hammer and AFT Impulse models, as well as a program written using
the method of characteristics. The results were compared. The reason for selecting these
scenarios is their similarity to conditions in real water projects, so by applying changes in valve
closure time and type, the impact of these changes can be observed in the projects. Additionally,
another part of the study presents the effect of valve type and closure method on the height of
the pressure wave generated by water hammer, and based on the results of this section, the best
valve can be recommended.

Method

For simulating water hammer in water transfer lines, software such as AFT Impulse and
Hammer has been used. These software programs allow users to analyze water transfer systems
in both steady and unsteady conditions. Additionally, users can enhance and upgrade their
modeling by utilizing GIS and CAD data within these programs. The equations for water
hammer are a combination of momentum and continuity equations as follows:

dv 1 dp dz f _

dt p'dx+gdx+2DV|V|_0 Q)
d 1d

a2+ L= ™

dx p dt

These equations are solved numerically in the software to simulate the transient behavior of the
water hammer phenomenon. In this study, the capabilities of the numerical models Hammer
and AFT Impulse, as well as a program written based on the method of characteristics in Excel,
were evaluated using three sample water hammer problems.
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Results

The magnitude and timing of the maximum and minimum pressure wave heights in all three
solution methods have a good consistency with each other. Generally, all three methods
estimated the maximum and minimum pressure wave heights with a difference of less than
0.5%. The AFT Impulse software and the characteristic lines method predicted the magnitude
and timing of the maximum and minimum pressure waves very closely. Additionally, the
Hammer model estimated the maximum pressure wave height with a 1% and 0.94% error
compared to AFT Impulse and the characteristic lines method, respectively. Overall, it can be
said that these two software programs, AFT Impulse and Hammer, have a high capability for
estimating the magnitude of water hammer. In the third sample problem: the valve closure in
this case is an exponential function of time, closing within 1.2 seconds. The characteristic lines
method with the AFT Impulse model indicates a difference of less than 0.5% and has good
consistency. However, the results from Hammer differ from the other two methods by 11.8%,
with the difference in results from the Hammer numerical model compared to the other two
methods also related to the manner of valve closure.

Conclusions

In this study, several sample water hammer problems were investigated using two numerical
models, AFT Impulse and Hammer, as well as the characteristic lines method, and the
capabilities and abilities of these models were evaluated. In each sample problem, there was a
valve at the end of the downstream pipe that closed within a time interval according to the valve
closure equation. The impact of different types of valves on the water hammer phenomenon
was studied, and the results showed that valves with a linear closure equation are the most
suitable for reducing the undesirable effects of water hammer because they produce less
maximum pressure compared to other valves. Their minimum pressures are also acceptable and
do not cause negative pressure in the pipeline. After the linear valve, the plug valve is the second
most suitable for improving maximum and minimum pressures at water hammer locations. In
contrast, the equal percent 5% and quick opening valves are the least suitable due to producing
unacceptable maximum and minimum pressures, especially in locations where negative
pressures occur. The results of this study indicate the appropriate performance of the numerical
models Hammer and AFT Impulse in simulating water hammer.
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