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1. Introduction

The long-term operational use of pipelines catisaisthick and nodular
layers of hard sediment are being deposited indifiective cleaning of the
water-pipe network with hard sediments depositasilais a problem difficult
to deal with. This sediment is distinguished byhhigardness and adhesion to
the substrate because of its major constituengs, dompounds of iron,
manganese, calcium, aluminum and silicon. It acdates on inner surfaces of
the water-pipe network mostly in the form of scale.

This sediment, until recently, was removed by dleafror mechanical
methods using different types of scrappers or spong. flexible and porous,
plugs forced through pipes. Work on cleaning thpepi making use of
highpressure water jets was started in Ireland §h2] Great Britain [11] where
nuclear systems were cleaned in this way. Thisulseéthod at the end of the
1980s was modernized and adapted [1] to the dfficikaning of long water-
pipe sections. A visible increase in effectivenalssleaning such the pipelines
[7] had been achieved when the conditions of usimg method [3,4] were
optimized [5] and its further development was stated [2,4]. Nowadays,
similar techniques have also been used for theniclgaof sewage systems
[8,10] and various pipelines [13,14]. Cleaning dpgs in petrochemical
industry [14] demand usages of water jet with clamiadditions [9] and
electro-aerosol [15] making easy removing of degosi

This work presents unaided accomplishments infidid of efficient
water pipe cleaning using highpressure water jets.
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2. Theoretical basis

The fundamentals of hydrodynamic pipeline clearteaghnology were
worked out on the basis of long practical expereand previous unaided
analyses [4,5] of parameters of various materilaning. The most important
practical quantity, i.e. a coaxial pull force otl@aning nozzle was determined
as a result of multi-aspect theoretical analysjsofza pipeline cleaning model
and process kinetics, and hydrodynamics of elemefitavs:

i=n j=m
F,= p(Z An, cosa [tosp - z A, cosy @OSJJ , )
i=1 i=1

where:
p — working pressure of a water jet,
n, m, - number of water orifices in a nozzle directecckveards and
forwards respectively,
A, A, —cross-sectioareas of respective water orifices,
a, y — angles of water-orifice orientation in coaxialgeoss-section (Fig. 1),
p, 0 - angles of water-orifice orientation in normal gebss-section,
i, 1, —coefficients of water flow efficiency through thezazle.

Fig. 1. Geometry of water orifices in a cleaning nozzle
Rys. 1. Geometryczne usytuowanie otworéw wodnych w gtovazyszcacej

Sample results of the pull force defined by foran@l) for a dozen
nozzles selected are presented in Fig. 2. Theghgican be used to determine
a hydrodynamic state under different conditionpiptline cleaning. Thus it is
possible to estimate the pull force and the ratevofking system (cleaning
nozzle - feeding hose) along a pipeline in the sewf cleaning as well.

220—— Srodkowo-Pomorskie Towarzystwo Naukowe Ochimyowiska



Basis of water pipeline cleaning using highpressure water jet

450 -
400 | 1
350 + 2
300 - 3

Z 250 -
u® 200 A
150 -|
100 -

50 A »

0 el : | | | | |
0 5 10 15 20 25 30 35 40

pn [MPa]

(GRS

[iy
cwmo~N O

-
[

Fig. 2. Theoretical interdependence between pull forced waater pressure for
different nozzlesi - 4x@2.0mm;2 - 6x@1.5mm;3 - 6xpl.4mm;
4 - 4x@l.5mm; 5 - 6x@l.2mm; 6 - 6xpl.0mm;7 - 4xpl.2mm + forwards
@1.0mm;8 - 4x@1.0mm;9 - 3xpl.2mm + forwardspl.0mm;10 — 4xpl.0mm
+ forwardsgl.0mm;11 - 3xpl.0mm + forwardgpl.0mm

Rys. 2. Teoretyczne zalmosci pomigdzy sik uciagu a nominalnym énieniem wody
dla r@&nych typéw gtowic roboczycht: - 4x@2,0mm;2 - 6x¢pl,5mm;
3 - 6xpl,4mm;4 - 4x@l,5mm;5 - 6x@l,2mm;6 - 6xpl,0mm;7 - 4x@l,2mm
+ przeciw@l,0mm;8 - 4xpl,0mm;9 - 3x@l,2mm + przeciwpl,0mm;
10 - 4xpl,0mm + przeciwpl,0mm;11 - 3xpl,0mm + przeciwpl,0mm

3. Experimental

Theoretical analyses let to design a few typesoaizles (Fig. 3). They
underwent versatile trials on test stands fed witler at very high pressure (up
to 75 MPa). They were [5] used to carry out compterestigations on losses of
pressure, water flow rates, and shapes of watertfgust, recoil and pull forces
along with unit pressure, energy and water jet pofeg several dozen
combinations of technological equipment. Results tlsése investigations
confirmed validity of theoretical assessments ® finl extent. For example,
influence of water pressure and hose diameter ensditer working pressure
flowing out of the nozzle is presented in Fig. 4hé&kkas, the loss of working
pressure in the function of hose length and watéce diameter of six-orifice
nozzle, is presented in Fig. 5.
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Fig. 3. View of sample cleaning nozzles
Rys. 3. Przyklady ré@nych typow gtowic czyszazych

p [MPa]

Fig. 4. The influence of water pressure,@nd highpressure hose diameter (length
50m) on the water working pressure (p) flowing ofithe six-orifice cleaning
nozzle (6 orificegpl.0mm)

Rys. 4. Wplyw nominalnego énienia wody (p) i srednicy wysokoginieniowego wza
(o dlugaci 50m) na robocze diienie (p) strugi wody wypltywacej
z széciootworowej gtowicy czyszeej (6 dysapl,0mm)

Taking into account a limited length of the papenly a sample
dependence of the pull force for a few differentzies on the water pressure
are presented here. For example, in Fig. 6, ther@r@sented diagrams of pull
forces for several nozzle types equipped in watdfices directed only
backwards. All those diagrams are described by fil®wing empirical
equations:
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Fig. 5. The influence of hose length and water orificentbter of six-orifice cleaning
nozzle on the loss of working pressure for hosendtar of 12.5 mm

Rys. 5. Wpltyw dlugdici weza (os$rednicy =12,5 mm) isrednicy otworéw wodnych
w sz&ciootworowych gtowicach czyszgzych na straty énienia strugi wodnej
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Fig. 6. Real values of pull forces for different néez as a function of water press
(feeding hose: [F12.5 mm, L=100 m)

Rys. 6. Rzeczywiste wart@i sit uchgu dla rénych typéw glowic czyszezyct

w funkcji nominalnego énienia wody (wiz zasilajcy: D,=12,5 mm, L=100 m)
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1. F,=10.16 p- 15.222 R=0.9914 2)
2. F,=8.3667 p-8.7222 R=0.9943 (3)
3. F,=7.8933p-19.333 R=0.9873 (4)
4. F,=55133p+3.7222 R=0.9823 (5)
5. F,=4.98p-25 R =0.9747 (6)
6. F,=3.54p+0.9444 R=0.9964 (7)
7. R, =2.4267 p-8.4444 R=0.9335 (8)

In turn, in the Fig. 7, there are presented pultds for a few work sets
equipped with small nozzles with water orificesedied backwards and one
forward, what was described on the diagrams withd word ,forward”.
Individual values of those forces are describedthwy following empirical
equations:

1. F,=4.52p-24.027 R=0.9932 9)

2. F=3.3127p-13.918 R=0.9915 (10)

3. F,=3.0582p-17.645 R=0.9792 (11)

4. F,=25891p-22.836 R=0.9961 (12)

5. F,=1.6982 p- 15.882 R=0.9749 (13)
180
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Fig. 7. Real values of pull forces for different nozzlesaafunction of water pressure
(feeding hose: 8 mm, L=50 m)

Rys. 7. Rzeczywiste wartai sit uciagu dla rénych typow gtowic roboczych w funkgcji
nominalnego @énienia wody (wz zasilapcy: D,=8mm, L=50 m)
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The comparison of these graphs with theoreticdlyaea (Fig. 2) points
a close analogy between them.
Analyses of these investigations made it possdferm many detailed
conclusions concerning the physical phenomena Hodet to determine the
following technological fundamentals of the process
* Mean rate of nozzle travel while removing the veerd solid sediments
from pipelines should amount tg=1.5 — 3 m/min.

* The number of water orifices arranged in the nodepends on a pipeline
diameter and a thickness of sediment.

 Minimal value of the relative water requirement érmd amounts to
w=0.5 l/dnf.

» Unit thrust and pull forces are a derivative otaail force of a single water
jet, whereas their vector sum gives a pull forca ofeaning nozzle.

4. Outline of hydrodynamic cleaning technology

In order to realize the hydrodynamic cleaning afefines [2,6] it is
necessary to carry out excavation and cut out amiog in a pipe allowing
a nozzle with a water feeding hose to introducelesThe nozzle has suitable
water orifices that discharge at a rate of 200 6-#ds coherent water jets with
high concentration of unit power. Hydrodynamic matgion of such high-
pressure water jets causes all the sediment temhoard disintegrate and then
remove it outside the pipeline. If process paramseteere selected properly, it
would be possible to clean a 400 — 500 m pipelimenfone opening. When
cleaning of the pipeline section is completed ihéxessary to reassemble the
opening fixing it with watertight joints. Selectiai proper design for a nozzle
and optimal cleaning process parameters is caotgeach time depending on
a quantity and hardness of sediment, a type, aead@amand an operational
period of a pipeline. It enables us to obtain #staitory value of coaxial pull
force (Fig. 6 and Fig. 7) of a self-driven cleanimagzle and proper trajectories
of respective cavitations stream.

A field investigation is the final test verifyintpe developed profile of
pipeline cleaning technology. Technological cartexys (Fig. 8) were build in
the Center of Pro-Ecological Technologies to alleuch water pipe-line
cleaning process. Effectiveness of hydrodynamiardhey is illustrated by
samples of water pipes in Fig. 9. Such cleaning amé result in any strain or
other damage to the pipeline and therefore it mayapplied to all types of
pipelines ranging from 25 mm to 1000 mm in diameter
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Fig. 8. General view of two mobile test stands based ohydro monitor with
a highpressure pump
Rys. 8. Samochodowe hydromonitory wysokéueniowe

Fig. 9. Example of effective cleaning of a water pipelafeer 50 years of use
Rys. 9. Efektywndi¢ czyszczenia rurogagu wodocigowego po 50 latach eksploatacji

5. Summary

On the basis of the whole work it should be mermiere that this
method of water pipe cleaning ensures high effentigs of the process, since
solid sediment is removed from 93 — 96% of totadide area of a pipe.
A significant rate of pipeline cleaning (of the erdbf 100 — 120 m/h) at low
consumption of process water (less than ¥h)mensures low cost and short
processing time. Moreover this cleaning method rigirenmentally friendly
because a working medium is clear water.
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Podstawy czyszczenia sieci wodociggowej
przy uzyciu wysokocisnieniowej strugi wodnej

Streszczenie

W wyniku kilkudziestcioletniej eksploatacji na wewtrznych scian-
kach rurocigbw wodnych osadzajsic grube guzowate warstwy zanie-
czyszczé utrudniajce przeptyw wody. Osady takie odznaazajic duzg
twarddcia i przyczepnécia do podtaa, bowiem ich gtébwnymi skltadnikami s
zwiazki zelaza, manganu, wapnia i krzemu. Skuteczne czysizczar wodo-
ciagowych stanowi wic istotny problem.

Na podstawie wieloletnich analiz teoretycznycloswdadczer prakty-
cznych zdobytych w Centrum Technik Proekologicznymiddczas poligo-
nowych préb, wielokrotnie przeprowadzanych na ryegztych sieciach
wodocihagowych r&nych miast, opracowano efektywrtechnologt hydro-
dynamicznego czyszczenia rurggdw. Na tej podstawie stwierdzona takie
czyszczenie nie powodujeadnych odksztal@e lub innych uszkodze rur
wodocihgowych, dlatego me by stosowane do wszystkich rodzajéw ruro-
ciagow osrednicach od 25mm do 1000mm.

Taki hydrodynamiczny sposdb czyszczenia rugimiv wymaga wyko-
nania odkrywkowego wykopu i wygiia fragmentu rury dla wprowadzenia gto-
wicy roboczej wraz z wzem doprowadzagym wod: pod wysokim dinieniem.
Dobor odpowiedniej konstrukciji gtowic roboczycharametrow procesu czysz-
czenia przeprowadzagsiv zaleenosci od ilosci | twarddci osadow oraz rodzaju,
srednicy i eksploatacji ruroggu. Gtowica robocza zaopatrzona jest w odpo-
wiednie dysze wodne, przez ktore wyptywajpredkoscia 200+400 m/s kohe-
rentne strumienie wody o dej koncentracji mocy jednostkowej. Hydro-
dynamiczne oddziatywanie takich wysokggeniowych strumieni wodnych
powoduje odspajanie i rozdrabnianie osadéw orazumiwanie na zewtrz
rurociaggu. Ponadto zapewnia to korzystne trajektorie pregr@inych strug
kawitacyjnych oraz zadowalgh wartcd¢ poosiowej sity ucigu
samonagdowej gtowicy czyszcgej.

Omawiany spos6b czyszczenia rusgéw wodnych zapewnia wysak
efektywnd¢ procesu, bowiem osady usuwang B 93+96% powierzchni
wewrgtrznej rury. Poprawny dobor parametréw procesu @daw na
oczyszczenie 400+-500 m ruragu z jednego wykopu. Znacznae@kosé
czyszczenia wodogju (rzdu 100+120 m/h) przy niewielkim zyciu wody
technologicznej (niespetna 6°tm) zapewniaj niskie koszty operacji oraz
krotki czas (rzdu kilku godzin) wyhczenia sieci z eksploatacii.
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