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Abstract

Predicting the impact due to thater Hammer phenomenon is ve
important in the design of the pipe line and Water Hammer co
equipment. Different numerical methods are used to solve Water Ha
equations. In this research, Chebyshev spectral method and Chel
superspectral visosity method have been used to solve these eque
in the case of sudden and slow closing of the valve with steady; c
steady and unsteady roughness coefficient and were comparec
experimental data. In the case of rapid closing of the valve spetttral
methods with unsteady roughness coefficient have high accura
predicting the pressure and the results of both methods are
However, in the case of slow closing of the valve with unsteady rougl
coefficient, at the beginning of the Watdammer, there is an error
calculating the minimum and maximum pressure, and over time, the
decreases and the pressure values are predicted later than the re
Comparison of the results of Chebyshev super spectral viscosity m
with the finite difference method shows that the spectral method F
higher accuracy in fast closing of the valve than the finite differe
method. While in the case of slow closing of the valve at the beginni
the Water Hammer, the finite difference metiad a higher accuracy |
calculating the minimum and maximum pressure values. But over
the results of the Chebyshev viscosity spectral method conform t
results of the finite difference method, and both methods predict pre
values later.

1. Introduction

Rapid speed changes in the pipes, which occur due to the sudden opening and closing of the valves,
turning on and off the pumps, etc., cause a Water Hammer. This phenomenon leads to pipe breaks and
destruction of pumping stations. Because Water Hammertiensiaare partial parabolic partial
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differential equations, they are solved rarely mathematically. Various numerical methods have been
used to calculate the pressure and velocity of unsteady flow in pipes. These methods include the
characteristic line metid (Wang and Yang, 2015; Mehdizadeh, 2017), finite element (Jovic, 1995;
Shu, 2003), finite difference (Chaudhry and Hussaini, 1985; Sepahran and Badrinoudeh, 2012) and
finite volume (Zhao and Ghidaoui, 2006). Except the method of characteristic, othedmetquire a

large number of computational nodes to achieve the desired accuracy. Spectral assgeptiadi

methods that have been developed in recent years are able to calculate the answer with greater accuracy
than numerical methods using fewer noded less time.

Chen and et al. 2013 used Chebyshev spectral viscosity method to solve the Water Hammer equations
in the case of abrupt closing of the valve and compared the results with the method of characteristic.
Their results showed that this methdaddition to the desired accuracy, does not have the instabilities

of the Chebyshev spectral method. They calculated the roughness coefficient under steady state
conditions.

In this research, the Water Hammer equations are investigated using the Chabgsll viscosity
method in the case of slow and sudden closing of the valve. Also, the roughness coefficient in the
steadystate, quassteady and noesteady flow conditions is calculated and with laboratory results
Bergant and et al. 2001 is compared.

2. Materials and Methods
In the Chebyshev spectral method, the series expansion for a functipn 2 LQ WKIHH]BDQJH >
approximated as follows (Roger Peyret, 2002).

N
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KHUH 2 DU Hlepénhdeht series spectral coefficients an(krare Chebyshev polynomials of
degree k and are defined according #o[x1,1] as follows:

Te(X) cos(kcos® x 2)
And x interpolation points known as Chebyshev points:

X; COS '8 012 b )
©

And using the inverse relation, the coefficients can be calculated as Equation (4):
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Where ¢ and ¢for k in the range i = « N-1 are equal to one ang=cy = 2. The nthorder spatial
derivative of the series expansion of the function[ 2 DW WK cBrRju@dM¥ing the
Lagrangian polynomial analytical derivative, and if the function is written as relation,(8)abnatrix

(N + 1) x (N + 1) ltwill be that D (1) = D = d and is obtained from Equation (6) (Roger Peyret, 2002).

u” D"u (5)
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Using this matrix, instead of calculating the series coefficients, the sentemckde calculated at
each location.

3. Results
The results of solving water hammer equations with spectral methods show that in theBeagaruf

and et al(2001) forrapid valve closure Chebyshev spectral method and Chebyshev super spectral
viscosity methodavith unsteady roughness coefficient have high accuracy in predicting the pressure and
the results of both methods a@me(Figure 1 & 2)
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—— Chebyshev spectral method
80t —— Chebyshev super spectral viscosity method
2 o © 0 o Experimental data (Bergant and et al. 2001)
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Figurel. Pressure in the middle of the pipe with unsteady roughness coefficieapahdalve closure
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Figure2. Pressure in the end of the pipe with unsteady roughness coefficigapahdalve closure
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Figure 3. Results of finite difference method and€hebyshevsuper-spectral viscosity methodn the middle
of the pipe with unsteady roughness coefficient and rapid valve closure

Figure 4. Results of finite difference method an&€hebyshev super - spectral viscosity method in the end
of the pipe with unsteady roughness coefficient and rapid valve closure

Comparison of the results of Chebyshev super spectral viscosity method with the finite difference
method shows that the spectral method has a higher agdaraapid valve closure than the finite
difference methodFigure 3 & 4).

However, in the case of slowly valve closure with unsteady roughness coefficient, at the beginning of
the Water Hammer, there is an error in calculating the minimum and maximwunerend over time,

the error decreases and the pressure values are predicted later than the rdadjumaes (& 6).
Comparison of the results of Chebyshev super spectral viscosity method with the finite difference
method shows that in the casestafwly valve closurat the beginning of the Water Hammer, the finite
difference method has a higher accuracy in calculating the minimum and maximum pressure values.
But over time, the results of the Chebyshev viscosity spectral method conform to the réisalfsité
difference method, and both methods predict pressure valueHgiae(7 & 8).

Figure 5. Pressure in the middle of the pipe with unsteady roughness coefficient and slowly valve closure
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Figure 6. Pressure in the end othe pipe with unsteady roughness coefficient and slowly valve closure

Figure 7. Results of finite difference method and Chebysheuper-spectral viscosity method in the middle
of the pipe with unsteady roughness coefficient and slowly valve closure

Figure 8. Results of finite difference method andChebyshev super - spectral viscosity method in the
end of the pipe with unsteady roughess coefficient and slowly valve closure

4. Discussion andConclusion

Different numerical methods are used to solve Water Hammer equations. In this research, Chebyshev
spectral method and Chebyshev stgpctral viscosity method have been used to solve these equations

in the case of rapid anslowly valve closurewith steag, quasisteady and unsteady roughness
coefficient and were compared with experimental data(Bergant and et al., 2001). In the case of rapid
valve closure, both spectral methods with unsteady roughness coefficient have high accuracy in
predicting the presse and the results of both methods are same. But in Chen and et al., 2013, there is
a difference between the results of the two methods. In Chen et al. 2013, the pipe line had an initial
velocity of more than 6 m / s. While in the laboratory set (Bergaait,e2001) the velocity are much

lower.

The results of Chebyshev sugsgrectral viscosity method were also compared with the results of finite
difference method (Bergant and et al., 2001). In the case of rapid valve closure with the unsteady
roughnessaefficient, the Chebyshev supgpectral viscosity method has almost the same accuracy as
the finite difference method. The finite difference method calculates the pressure values more and the
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spectral method calculates the pressure values less. Themi#ebetween the two methods is about

4% compared to laboratory data. However, in the case of slowly valve closure at the beginning of the
water hammer, the finite difference method has a higher accuracy, but over time, the results of both
methods coincideBoth methods have a pressure difference of 7% at the end of the pipe and 2.1% in
the middle of the pipe.

In addition to the desired accuracy in calculating the pressure, the ease of coding the Chebyshev spectral
method is much greater than the finitefelience method. Also for the pipe line investigated in the
article and the time step is“18econds, the execution time of the program is a few seconds. It should

be noted that the coding of the spectral method is done in the MATLAB software. But toreompa
runtime with the finite difference method, both methods need to be coded in the same programming
language. Six important references
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Solving Water Hammer equations by Chebyshev supespectral viscosity
method and unsteadyroughness coefficient

Mohana Faraji!, Elham Darvishi?

Abstract

Predicting the impact due to the Water Hammer phenomenon is very important in the design of the pipe
line and Water Hammer control equipment. Different numerical methods are usetvéoWater
Hammer equations. In this research, Chebyshev spectral method and Chebyshepesirr
viscosity method have been used to solve these equations in the case of sudden and slow closing of the
valve with steady, quasiteady and unsteady rougdss coefficient and were compared with
experimental data. In the case of rapid closing of the valve, both spectral methods with unsteady
roughness coefficient have high accuracy in predicting the pressure and the results of both methods are
same. Howevelin the case of slow closing of the valve with unsteady roughness coefficient, at the
beginning of the Water Hammer, there is an error in calculating the minimum and maximum pressure,
and over time, the error decreases and the pressure values are piatictéaan the real time.
Comparison of the results of Chebyshev super spectral viscosity method with the finite difference
method shows that the spectral method has a higher accuracy in fast closing of the valve than the finite
difference method. Whilenithe case of slow closing of the valve at the beginning of the Water Hammer,
the finite difference method has a higher accuracy in calculating the minimum and maximum pressure
values. But over time, the results of the Chebyshev viscosity spectral mettfochtto the results of

the finite difference method, and both methods predict pressure values later.

Keywords: Super-spectral viscosity, spectral method, Water Hammer, unsteady roughness
coefficient, finite difference method
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