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Fig. 5. Pressure variability during the transient pipe flow in the polyethylene pipe with the length of L = 52.32 m, outer diam-
eter d, = 20 mm, wall thickness b, =2 mm, at an initial pressure of H,= 0.5 - 10 Pa, and an initial speed of v,=04m- s
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Fig. 6. Pressure variability during the transient pipe flow in pipe made of half of galvanized steel and half of high-density
polyethylene with total length L = 52.32 m, at an initial pressure of #, = 0.5 - 10° Pa, and an initial speed of v)=0.4m - s!
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Fig. 7. Pressure variability during the transient pipe flow in pipe made of half of high density polyethylene and half of gal-
vanized steel with total length L = 52.32 m, at an initial pressure of A= 0.5 - 10° Pa, and an initial speed of v)=0.4 m - 5!
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Table 1 presents the values of the pressure wave
velocity determined on the basis of pressure meas-
urements in characteristic cross-sections of the tested
pipeline.

Table 1. List of parameters determined for the pressure wave
on the basis of empirical research results: ¢ — the pressure
wave velocity, L - the length of the pipe

The parameter c L
Pipe material ! m-s! m
steel 1090 52.32
polyethylene 247 52.32
% steel 1308 39.17
and % polyethylene 246 13.15
Y steel 1224 25.30
and %2 polyethylene 245 27.02
Ya steel 1351 13.24
and % polyethylene 245 39.17
Y4 polyethylene 205 13.24
and % steel 1286 39.39
Y2 polyethylene 219 25.30
and 2 steel 1142 27.33
% polyethylene 245 39.17
and Y4 steel 426 13.15

Based on the results from table 1, one can no-
tice a manifest influence of both the position of the
individual sections relative to the tank, and of their
length, on the velocity of the pressure wave created
during the water hammer phenomenon. When com-
paring the values of the pressure wave velocity for
pipes made of homogeneous material with the pres-
sure values determined on the basis of formula (5)
amounting to, respectively, 1412 m - s~! for steel pipe
and 333 m - s7! for polyethylene pipe, we observe
significant differences mainly due to the fact that
theoretical formulas do not account for all the fac-
tors affecting the speed of the pressure wave (Gietka,
2016). Considering the speed ¢ values for pipes made
of non-homogeneous materials, it is evident that in

the case of plastic, the position relative to the tank
and the valve and the length of the pipe do not have
a significant impact on the velocity of the pressure
wave, because the latter has similar values to the ve-
locity in pipes made of homogeneous material. In the
case where there are short sections of the plastic pipe
from the side of the tank, the velocity of the pressure
wave in these sections is lower. This is related to the
pressure wave duration in this section of the pipe,
which is relatively large compared to short sections
of steel, and the time of pressure wave persisting in
the tank. The situation changes dramatically in the
case of a steel pipe, for which both the length and
the position relative to the tank and valve affect the
speed c. It is evident that in almost all cases, for the
pipe made of steel, the velocity of the pressure wave
is greater than the value for a homogeneous pipe. It
is only when the 13.15 m steel pipe is at the valve
that the value is more than two times lower than for
the homogeneous pipe. However, if the 13.24 m steel
pipe is located on the side of the tank, the pressure
wave velocity is the highest.

Considering the results of pressure measurements
for the final cross-section of the presented measure-
ment series (see: Fig. 8), one can notice the obvious
impact of the position of individual sections relative
to the tank and the valve on the variability of pressure
over time. When the polyethylene pipe is on the valve
side and the steel pipe is on the side of the tank, then
the pressure wave has a similar shape to the pressure
wave for a homogeneous plastic pipe. The peak is vis-
ible only in the first stage of the wave, and its position
depends on the length of the polyethylene segment of
the pipe, whereas it is related to the wave reflection at
the connecting point of the pipes where the velocity
of the pressure wave changes. The situation changes
when there is a steel pipe on the valve side and the
polyethylene pipe is located on the side of the tank.
In that case, a much greater dynamics of the phenom-
enon is visible due to the overlap of reflected waves
at the connection point of the pipes. This results from
the difference in velocity of the pressure wave in the
tested pipes, as it is much larger in the elastic pipe than
in the viscoelastic pipe.

! The sequence of materials in the table is given from the side of the talk, towards the valve.
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Fig. 8. Pressure variability during the transient pipe flow for the final section

CONCLUSIONS

From the carried out tests, it is clear that both the length
of the pipe and its position relative to the valve and the
tank affect the value of the velocity of the pressure
wave of the water hammer phenomenon. The lowest
speed values occur in the case of the pipe with vis-
coelastic properties, and the largest occur in the elas-
tic pipe. Connecting pipes with different mechanical
properties means that the speed in individual segments
is variable, whereas a partial reflection of the pressure
wave occurs at the spot of connection. For this rea-
son, the course of the phenomenon in time is different
than for pipes made of homogeneous material. Know-
ing that the plastic section in the installation made of
elastic material changes the waveform of the pressure
of the water hammer and reduces the wave speed,
this solution can be applied in engineering practice —
whereby the elimination of the negative effects of this
phenomenon can be expected, along with a reduction
of the maximum pressure increase that occurs in the
first period of the pressure wave.
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BADANIA EKSPERYMENTALNE WPLYWU ZMIANY MATERIALU PRZEWODU NA PROPAGACJE FALI
CISNIENIA W TRAKCIE UDERZENIA HYDRAULICZNEGO

ABSTRAKT

Zaprezentowano wyniki badan zjawiska uderzenia hydraulicznego w przewodach niejednorodnych mate-
rialowo. Pokazano wptyw zmiany rodzaju materiatu przewodu na predkos¢ rozchodzenia sig fali ci$nienia
powstatej podczas przeptywu nieustalonego w przewodach pod cisnieniem.

Badane byty przewody wykonane ze stali ocynkowanej oraz polietylenu wysokiej ggstosci. Pomiarow
dokonywano za pomoca tensometrycznych czajnikow cisnienia o duzej doktadnosci pomiardw.

Wyniki pomiaréw predkosci fali cisnienia dla uktadéw przewodow polaczonych szeregowo, czgsciowo
z PE-HD 1 stali ocynkowanej wahaja si¢ w granicach od 205 do 247 m/s dla polietylenu oraz od 426 do
1351 m/s dla stali. Widoczne jest zatem, iz zmiana rodzaju materialu przewodu wplywa w istotny sposob
na warto$¢ predkosci fali. Na warto$¢ tej predkosci maja wplyw nie tylko wlasciwosci samego materiatu
przewodu czy tez cieczy, ale takze jego dtugos¢ oraz potozenie wzgledem siebie. Widoczne jest, ze wartos$¢
predkosci w przewodzie polietylenowym nie zmienia si¢ w znaczacy sposob w stosunku do sytuacji, kiedy
przewod jest jednorodny materiatowo. Sytuacja jest diametralnie r6zna w przypadku przewodu stalowego,
gdzie predkos¢ fali cisnienia ulega zmianie wraz z dlugoscia przewodu i jego potozeniem wzgledem zbior-
nika. Najmniejsza warto$¢ predkosci w przewodzie sprezystym osiagana jest kiedy znajduje si¢ on od strony
zaworu 1 ma dtugo$¢ jedynie 13,15 m. Najwigksza natomiast jest osiagana kiedy przewdd stalowy o dtugos$ci
13,24 m jest polozony od strony zbiornika. Analizujac wyniki pomiaréw cisnienia poszczegdlnych czujni-
kéw dla przewodu niejednorodnego materialowo mozna zauwazy¢, ze w miejscu potaczenia dochodzi do
czgSciowego odbicia fali ci$nienia, dlatego zmienno$¢ ci$nienia w czasie dla przewodow niejednorodnych
materiatowo rdzni si¢ do zmienno$ci cisnienia dla przewodu jednorodnego materiatowo.

Stowa kluczowe: uderzenie hydrauliczne, predkos¢ fali ciSnienia, materiat przewodu, rurociag sprezysty,

rurociag wiskoelastyczny
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