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Abstract

Introduction: It is common practice to partially drain pipelines for inspection and repair. If
not adequately controlled, refilling the pipeline can expose them to significant transient
pressures that can compromise the integrity of the pipeline and associated connections. So
far, the effects of using bypasses in pipelines during pipeline filling have not been
systematically studied. This research has investigated the key factors affecting filling
hydraulics using a numerical investigation. For this purpose, a numerical model for
calculating the filling hydraulics is proposed. The model uses the method of characteristics to
solve the water hammer equations and utilizes the discrete gas cavity model (DGCM) to
handle column separation. The model is validated with the experiment and the numerical
model presented in the literature. Extensive numerical exploration shows that the lack of a
safe filling protocol and the absence or inadequate sizing of the required hydro-mechanical
equipment can result in significant water hammer pressures. The results also conclude that it
is impossible to control transient pressures during filling without a properly sized bypass
and air valve.

Methodology: Extensive numerical exploration with a hypothetical water pipe system is
performed to analyze the key factors affecting the transient pressures induced during filling.
The pipeline has an undulating profile with a diameter, length, and acoustic wave speed of
0.9 m, 15900 m, and 1000 m/s, respectively. The pipeline is supplied by a reservoir with a
constant water depth of 5m located at the upstream end of the pipeline. The last 1600m of the
pipeline is assumed to be empty, and an air valve at the end of this section allows for air
management during filling. A bypass line at the upstream end of the empty zone is equipped
with a flow control valve to control the filling flow rate. Several numerical analyses are
conducted with different sizes of the air valve, bypass line, and opening times of the flow
control valve, and the maximum and minimum pressure heads induced during filling are
recorded.

Results and Discussion: The analysis of the numerical results shows that when the flow
control valve opens, the empty pipeline fills with a flow rate that depends on the size of the
bypass and the opening time of the valve. The rapid opening of a large bypass results in
significant positive and negative water hammer pressures in the system. The water column
front in the empty pipe acts as a piston and pushes the air out of the system through the air
valve. If the outlet opening of the air valve is large enough, the air pressure in the empty
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pipe does not increase significantly; otherwise, higher air pressures will build up, which can
slow down the filling water column. When the last air escapes from the system, the water
column is arrested, and significant water hammer pressures develop. The magnitude of the
resulting water hammer pressure depends on the speed at which the water column hits the
end of the pipe and the pipe acoustic wave speed. Numerical investigations show that the
intensity of the induced water hammer pressures rests on the diameters of the air valve
outlet orifice and the bypass, and the opening time of the flow control valve. For this
particular case study, the bypass line diameter = 0.2 m, the orifice diameter of the air valve =
1.5 cm, and the opening time of the control valve = 40 s can control the maximum and
minimum pressures within the acceptable range without unduly prolonging the filling time.

Conclusion: The proposed model can be successfully used to analyze the filling hydraulics
and design a safe filling protocol. The main findings of this study are as follow:

e Without a proper filling protocol, the resulting transient pressures can be severe
enough to rupture the pipeline

e Without a bypass, it is impossible to control negative pressures

e The opening rate of the flow control valve could play an essential role in controlling
negative pressures

e Reducing the diameter of the air valve's outlet orifice reduces the resulting transient
pressures and prolongs the filling

e An optimal filling protocol can be obtained by an iterative procedure in which the
bypass and air valve diameters and the opening time of the flow control valve are
determined.
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Table 1 Key hydraulic parameters for different valve opening time
To(s) ds(m) do(m) Tex(s) PIR(%)* PRR(%)** AH(m)
0 - 0.15 383 256.1 -3.92 650.2
20 - 0.15 373 256.3 -0.72 642.6
40 - 0.15 377 257 -0.16 642.8
P
(j - (Elevation )Bypass
PIR = Ve * Pressure Increase Rate
( H )Static
P
() - (EIevation)Bypass
7 Min .
PRR = ** Pressure Reduction Rate
(M)
Static
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Table 2 Key hydraulic results for different sizes of the bypass
To(s) ds(m) do(m) Tex(S) PIR(%) PRR(%) AH(m)
40 - 0.15 377 256.8 -0.16 642.8
40 0.6 0.15 395.5 256.88 -0.32 643
40 0.2 0.15 846.9 185.32 41.92 358.5
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Fig. 11 Transient responses of the system for valve diam. = 0.2 m, AV’s nozzle diam. =0.015 m and valve opening time = 40

1300 - - - — T 71— 1131450
: p l/,x/ """"" . 1
1250 ,,WW;“*MWWWWAZ/WWWWWMMWMWWM/ e v e veloeiym) {1400
. 1
1200 E 1 — — — Piezomteric Head(m)
i ] : {1350
1150 === mmmmmmmmm s 3 | ]
: ] H 11300
1100 | 3 ' ]
] 1
~ 1050} E 11250
£ g ] 2 1 { E
§ 1000 : z |I l {1200 £
5 os0f : E I l {1150
5 goof E 3
£ : ’ {l N"M! i 100 <
850 F A MaxPiezomteric Head 3
sobk T Threshold ] —_—— :I ‘ -1050
3 Min Piezomteric Head E : | 1
750 F profil E :‘ I 1000
700 o oy N o o
0 5000 10000 1500C 1000 2000 3000
Distance(m) Time (5)
(b) (a)

Fig. 10 Transient responses of the system for valve diam. = 0.2 m, AV’s nozzle diam. =0.08 m and valve

opening time = 40 s; (a) velocity and piezometric head time history at the valve location (b) Max. and min.

piezometric head envelopes developed across the pipe.

gl JS 50 il dnwgd G ag i gl Ao g atiin (B) (JyuS el oo ;0 S g ST teg i gl Sloj azsu )6

1300 . : ! T ! T 1

E 41250
1250 F B N Velocity (m/s) ]
1200 E \ ]

F 1 l| = = = Piezomteric Head(m) 41200
1150~~~ """ TrTTmmm s J ?""{M&W»ﬂ—; : 1
1100 [ ] ' ]

o 1 [} — 1150 E
1050 3 . ] E
£ 1000} 5 £ fheg, ] s
: g ] g 1 H" VYA Ju00 %
£ 950f 3 E ik 1 3
15 o 1 I 1 o
5 900 3 i
o E A MaxPiezomteric Head 1 : ] 1050

850¢ Treshold E ::::‘”'u\l ]
=== reshol ]

F o ) ] ey .,l‘, SRAAAR . 1

800 S Min Plepzunf\.tlerlc Head —: i::‘:"”" v 11000

E rofile 4 J 1

750 2 E : ]
700 L— L ] P BRI T M R 1950
0 5000 10000 15000 1000 2000 3000 2000
Distance(m) Time(s)
(b) (a)

s; (a) velocity and piezometric head time history at the valve location (b) Max. and min. piezometric head envelopes

developed across the pipe.
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