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Table 1

The list of the experiments.

Type Pipe or Rubber tube length Variable # of
(m) experiments
uPVC only 6.17 Flow rate, At 9
Rubber tube 1.2 Flow rate & 9
a At
Rubber tube 15.0, 5.0, 3.0 &2.0 Flow rate 22
2
Rubber tube 10.0, 7.0, 5.0, 3.0 &2.0 Flow rate 29
3
Rubber tube 5.8,5,3 &2 Flow rate 23
4
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Table 2

Results of Modulus of Elasticity for uPVC main pipe.

Test Area Youngs Inner Outer Stress@Peak
No (mm?) Modulus diameter diameter (Mpa)
(Mpa) (mm) (mm)
1 170.989 2392.795 15.5 21.4 18.691
2 170.989 2530.952 15.5 21.4 24.727
Min 170.989 2392.795 15.5 21.4 18.691
Mean 170.989 2461.874 15.5 21.4 21.709
Max 170.989 2530.952 15.5 21.4 24.727
S.D. 97.692 4.268
C. of 3.968 19.659
V.
LG 170.989 1584.149 15.5 21.4 —16.635
Opi = ps'dpf (4)
2,
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Table 3
The physical pipe parameters.

Pipe/ Average outer Average wall Average inner D/e
Rubber diameter (mm) thickness (e) diameter (D)
tube (mm) (mm)
uPVC pipe 33.4 3:15 27.1 8.6
Rubber 19.105 3.0625 12.98 4.24
tube Type
1
Rubber 24.595 2.8425 18.91 6.65
tube Type
2
Rubber 30.75 3.185 24.38 7.65
tube Type
3
Rubber 23.2 2.405 18.39 7.65
tube Type
4
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Pezzinga & Scandura 1995 [34]

Giuseppe Pezzinga 2002 [35]

Kubrak et al 2021 [22]

This research

The system

The main pipe
material

The celerity of the
main pipe

The flexible tube
material

The flexible pipe
Elasticity Modulus

The celerity of the
flexible tube

% flexible tube
diameter / the
main pipe

The pressure source

The flow velocity

The closure time
(scenario)

Measuring the
celerity

The studied range of
Va/Vp

The reduction ratio of
the pressure rise

The effect of the
flexible pipe length

The tube is connected through a short
joint section of the same diameter as the
main pipe.

zine-plated steel pipe

Calculated 1360 m/sec

One pipe of HDPE pipe

Not Measured

Not applicable

Two diameters (246%-308%)

pump
0.022-0.27 m/s

One scenario 0.04 sec

Not measured

0.04-0.37

No certain value was given. A significant
reduction,

Has a considerable impact on reducing
the pressure change,

HDPE pipe was fixed to the
main pipe through one
connection

Zinc-plated steel pipe

Calculated

Two pipes of HDPE

Not measured

Assumed 1750 MPa

Not applicable

Two diameters (246%-308%)
pump

0.25-0.3 m/s

One scenario 0.04 sec

Not measured

0-0.25

No certain value was given. A
significant reduction,

Has a considerable impact on
reducing the pressure change,

HDPE pipe was fixed to the main pipe
through a smaller pipe connection

Steel pipe

Measured 1143-1200 m/s (rapid closure)
One pipe of HDPE

Not Measured

Not applicable

One diameter (100%)

Pressure tank

0.39m/s

Rapid (0.12-0.15sec) & slow
(0.77-4.87sec)

Celerity was measured in all cases.
0.02-0.08

No certain value was given. A significant
reduction.

Has a considerable impact on reducing

the pressure change in case of rapid
closing only

A rubber tube was fixed to the
main pipe as a by-pass pipe.

uPVC pipe

Calculated
541.92 m/sec
Four tubes of rubber

Measured

14.4-52.27 MPa

Calculated

63,5-92.3 m/sec

Three diameters from 48% to
90%

Pump

0.14-2.3 m/s

One scnerio 0.23-0.26sec
Not measured.

0.04-1.00

40-62%

Has a considerable impact on
reducing the pressure change,
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