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Abstract  The classical method of characteristics (MOC) is often applied to numerically solve the transient flow
equations of pressurized pipelines because of its simplicity and convenience, and the boundary conditions are easy to be
coupled and solved. For complex pipeline systems, limited by the Courant number, the method often requires wave
velocity adjustment or interpolation for solving, which may result in serious cumulative errors and numerical dissipation.
The finite volume method Godunov type scheme (GTS) has good robustness to the internal Coulomb number of the
pipeline, but the boundary condition adopts the exact Riemann invariant method, which is complicated to handle.
Meanwhile, previous water hammer calculations usually only consider the steady-state moiré resistance, which
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underestimates the attenuation of transient pressure. In this paper, a coupled GTS-MOC model considering unsteady
friction is proposed and derived to compute the internal control body of the pipe using the second-order GTS, which is
handled by the coupled GTS-MOC method at the complex boundary. First, the exact Riemann invariant method and the
MOC method are theoretically analyzed for the tandem and bifurcated pipe boundary conditions. The derivation results
show that the results of the two boundary treatments are consistent in the transient flow solution for pipes with small
Mach number (Ma), and the accuracy of the coupled format solution is verified by comparing and analyzing with the
experimental results. Finally, the coupled format is compared with GTS and MOC, respectively. The results prove that
the coupled format can achieve the same accuracy as GTS, and at the same time, the numerical dissipation exists in both
the MOC linear interpolation method and the wave velocity adjustment method in the series pipeline system and

increases more obviously with time, and the results of the coupled format have the accuracy and stability, which are more

consistent with the exact solution.
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Fig. 4 Comparison of GTS-MOC model pressure calculation results
and experimental results during water hammer in shut-off valves
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Table 2 Geometrical and physical parameters for pipe system
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Pipe No.

L/m Dj/m a/(ms™) coefficient f;
1 100 0.1 1000 0.03
2 100 0.1 910 0.03
3 100 0.1 1000 0.03
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Table 3 Wave speed, Courant number, and reach number for several discretization schemes in the series pipes system

Case Schemes Wave speed Wave speed Courant number Courant number Reach number Reach number
No. a/(m-s™") a,/(m-s™") Cry Cr, N, N,
exact 1000 1260 1 1 63 50
1 space-line interpolation 1000 1260 1 0.945 20 15
coupled scheme 1000 1260 1 0.945 20 15
exact 1000 970 1 1 97 100
2 wave-speed adjustment 1000 952 1 1 20 21
coupled scheme 1000 970 1 0.97 20 20
3 exact ﬁﬁ‘ﬁ Hﬁ, Yﬁﬁlﬁ]%ﬁﬁéﬁ/‘] RMSE %D NSE éj\%lj?‘j 0.68

—space-line interpolation
—coupled scheme

Y | A

-2
0 5
time/s
(a) 75 AIZL G
(a) Space-line interpolation
3
exact
ol — wave-speed adjustment

— coupled scheme

time/s
(b) VIR B
(b) Wave-speed adjustment

K7 A %R MOC I8 i IR A TR 145 5
Fig. 7 Pressure results in the downstream valve using the coupled
scheme and MOC
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