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Abstract

The use of lay-flat polyethylene pipes for micrigation of horticultural crops has been
receiving a widespread attention in the last fewades. The industry has made significant
improvements in the hydraulic performance of lat-fhipes, so that their use is still expected to
increase, mainly because of the enhanced competdrovater worldwide, that imposes the use of
irrigation systems with potentially high applicatiefficiencies and characterized by a limited
installation costs.

However, even if hydraulic design procedures farvamtional microirrigation systems are fairly
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well established, there is still the need to knaw different pipe wall thicknesses of lay-flat pgpe
can affect the pipe geometry under different ofregapressures and the related consequences on
friction losses.

This paper, after comparing two different proceduiee. caliper and photographic method, to
assess the geometry of lay-flat polyethylene pipeder different operating pressures, usual in
practical applications, analyzes the friction I@sper unit pipe length, in order to identifies aad
assess a procedure for their evaluation.

Hydrostatic tests, initially carried out on pipeghavall thicknesses of 0.15, 0.20 and 0.25 mm (6,
8 and 10 mil), evidenced that the pipe vertical Andzontal dimensions measured with both the
methods are quite similar, even if the maximum ddaa deviations associated to the caliper, equal
for the three pipes to 0.11 mm, 0.19 mm and 0.1Q resulted higher than those obtained with the
photographic method, whose values resulted gegdmller than 0.06 mm. At the same time, the
tests allowed to identify that most of the changéshe pipe dimensions occur in the range of
pressure from O kPa to about 30 kPa, being therdimames quite similar at higher values, when the
pipes tend to assume a round cross section. Whiar pi@ssures increase over a certain lipit,
both vertical width and horizontal height still teto rise, because of the pipe deformation due to
the elasticity of the material, with a trend thesulted more marked for the pipe with the lowest
thicknesses. According to the experimental datae, ridationships between the pipe effective
diameter, to be used to evaluate pipe friction,lassl the water pressure, were then determined on
the three considered pipes.

On the other side, based on measured friction $oasd on pipe effective diameters, it was verified
that the relationship between the Darcy-Weisbawdtidn factor,f, and the Reynolds numbégr,

can be still described with a power equation incolhiby assuming a value of -0.25 for the
exponent, the coefficient resulted lower than tteotetical and equal to ¢=0.285.

For the three investigated pipes the errors adsucia estimated friction loss per unit pipe length

were finally evaluated by considering: i) the exmpental relationships between friction factor and

2
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Reynolds number and between pipe diameter and topepraessure (case A); ii) the same value of
c, but pipe effective diameters of 16.20 mm, 161 and 15.85 mm correspondipgpiim (case

B); iii) the standard procedure, with a value 00862 and the pipe diameter equal to 16.10 mm, as
suggested by the manufacturer. According to the RM&8ues associated to friction factor per unit
pipe length, lower for the case A, it was obserthed a suitable estimation of friction loss pertuni
pipe length needs to consider the variations opipe effective diameter with water pressure, once
disposing of a suitable criterion to estimate tiaibn factor. On the other hand, incorrect valoés
pipe diameter combined with a inexact values offtizéion factor, generate inaccurate estimations

of friction loss, with unavoidable consequencethapipe design.

Key-words: Lay-flat polyethylene pipes, Pipe geometry, Hydia radius, Friction losses,

Friction factor
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Introduction

Despite lay-flat tubing of different plastic matds have been introduced in the sixties for
irrigation networks, small diameters thin-walledpelaterals have been recently diffusing, mainly
to irrigate seasonal horticultural crops and wita &im to reduce the installation costs. These drip
lines, with diameters ranging between 12 mm andn22 and co-extruded emitters at different
spacing, are usually manufactured by thin-walled tensity polyethylene pipes, so that they are
used under working pressupe,generally lower than 150 kPa. Wall thicknessesabetween 6 mil
and 25 mil, corresponding to 0.15 mm and 0.63 nespectively. Compared to the thick-walled
pipes, characterized by wall thicknesses rangirtgvdeEn 0.90 mm and 1.20 mm, which are less
flexible, thin walled pipes become flat when emy,they can be wrapped in rolls, easier to be
transported (Provenzano et al., 2014).

The shape of such pipes and their degree of rowsdiepend on the pressure of water inside the
pipe: when the working pressure approaches toatwedt limit suggested by the manufacturer, the
pipe cross section tends to become flat, whereigsritund when water pressures exceed a certain
limit.

Usually, lay-flat drip irrigation systems are dewd by considering conventional methods,
assuming that the pipe cross sections is circutar the internal diameters as provided by the
manufacturers. Only a few years ago, Thompson.R@ll1) emphasized the lack of information
necessary to the accurate design of lay flat drigation systems. These Authors, based on an
experimental analysis carried out by using pipe$ wiall thickness of 0.125, 0.20, 0.25 and 0.50
mm, evidenced that estimation of friction losses ¢e improved if the pipe section is still
considered circular, but assuming an effective éi@m lower than the actual, dependent on the
pressure inside the pipe.

At increasing operating pressure in fact, the csesdional area becomes bigger and, starting
from a quasi-rectangular, it tends to assume ada@irape, as showed in fig. 1. These changes

result in a variation of the cross sectional ame@d @an affect the velocity distribution of pipevilo

4
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with the consequence that the velocity distributsdong the vertical direction could be different

than the horizontal one. Most of the energy losdissipated in the thin layer close to the pipe
(boundary layer), where friction plays an importasie; on the other hand, in the region outside
this layer, friction can be neglected (Provenzainal.e 2007). At decreasing water pressure, when
the area and the degree of roundness decreasdjothilary area tends to become larger in
proportion of the cross sectional area (Humphengslauritzen, 1964).

Being the friction coefficient dependent on theatiwke roughness and the velocity distribution,
any change in the shape of the cross section sftsath these variables and consequently the
friction losses. At the same time, pressure aldwgpipe is influenced by both friction losses and
elevation changes. When a lay-flat pipe is laidzmntally, its geometry varies from one section to
another along the flow direction, according to teduction of pressure head. The flow regime
assumes therefore a steady state condition antibfritoss along a certain pipe length is quite
difficult to determine (Rettore Neto et al., 2014).

When the flow velocity distribution is known, itsexage value can be determined by integrating
the velocity profile, so that the flow resistanaerlcan be deduced, as theoretically done by circula
and very wide rectangular shapes, under specifindary conditions (von Karman, 1934; Prandtl,
1935). According to the Darcy-Weisbach equation,aaircular pipe having an internal diameter

equal tod, friction lossh along a pipe length, can be expressed as:

2 2
hf :iV_LzﬂQ_S
d2g gmi*d

L 1)
in whichf is the friction factory the mean flow velocity, Q the flow rate agdhe acceleration of
gravity.

The friction coefficient in smooth pipes is usuatlyaluated as a function of Reynolds number,
R, by the Blasius equation, valid for quasi-turbtiliow in smooth pipes or similar equations,

specifically obtained for small diameter polyetmgepipe (von Bernuth and Wilson, 1989; Hathoot

et al., 1993; Bagarello et al. 1995; Juana eR8D2; Provenzano and Pumo, 2004):
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f = R0.25

(2)

in which c is a constant that, for small diameter polyethgleipe, can be assumed equal to 0.302
(Bagarello et al. 1997; Provenzano et al., 2005).

For low pressure lay-flat drip lines, whose crosstisn can be non-circular, the internal
diameterd appearing in eqgs. (1) and (2), has to be repldged value equal to four times the
hydraulic radiusR;, of the new shape (Streeter and Wylie, 1985):

—ar =a”
d=4R, =47 (3)

in which A is pipe cross sectional area dds the perimeter of the pipe cross sections. Bj. (
provides reasonably precise results for turbuléw,fbut it is not very accurate when the flow
regime is laminar (Finnemore and Franzini, 20023suining that for low values of operating
pressure the pipe cross section can be hypotheageamnstituted by a circle segment having a
certain radius, r, mirrored respect to its chortj aubtending an angle (radians) with the circle
center, the total areA, and the wetted perimeté®?, result:

A=r?(w- senw) (4)

P = 2cx (5)

Only recently, Rettore Neto et al. (2014) developgurocedure to determine friction loss along

elastic pipe, based on eq. (1) and accounting Herariability of pipe cross section with the
internal water pressure. The new equation, nametpr@ssure dependent head loss equation”
(PDHLE), needs the knowledge of the modulus ofteliég of pipe material, as well as pipe wall
thickness, working pressure and the variationsntédrnal diameter due to pressure. Anyway, the
proposed methodology takes only into account thastiel deformation of the pipe due to external
forces in a range of internal pressures unusuapractical applications and does not consider the
changes in the shape of pipe cross-section ocguatithe lowest operating pressures.

A question that still needs to be solved is hoviedént wall thicknesses of lay-flat polyethylene
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pipes affect the tube geometry under different afpeg pressures and the related effects on friction
losses.

A specific experimental investigation was therefaaaried out in order i) to compare two
different procedures, i.e. caliper and photograpiéthod, to measure the pipe horizontal width and
vertical height under different operating pressuigsto model the pipe effective diameter as a
function of water pressure and iii) to analyze #adues of friction losses per unit pipe length in
deformable polyethylene pipes characterized byerbfit wall thickness, with the aim to identify

and to assess a general procedure for their el@uat

Materials and methods

Hydrostatic tests

In order to determine the relationships between gipe dimensions, i.e. horizontal width and
vertical height, and pressure head, hydrostatits teere carried out on thin-walled polyethylene
pipes, having nominal diamet&\D, equal to 16 mm and characterized by three diftepge wall
thicknesses (6 mil, 8 mil, 10 mil). According toetmanufacturer, all the pipes have the same
internal diameterd, (d=16.10 mm) and should be used under operatiegspres ranging between
30 kPa and 100-120 kPa.

For each examined pipe, two 1.0 m long sectiongwennected to two vertical bars, as showed in
fig. 2, and positioned to measure, for differenttogtatic pressures, horizontal width,) and
vertical height D,). Fittings and valves were coupled in such a matireg water could entry in the
tubes and drain from it. At the same time, the esponding water pressures were measured by
using a mercury gauge equipped with an air ventcmhected to the pipes. To reduce the water
pressure in the network, a diaphragm pressureaggglvalve was inserted along the inflow pipe.
With the aim to eliminate the effect of round entirfgs, the horizontal and vertical dimensions

were measured three times in the middle sectighepipes (fig. 2), by means of a digital caliper
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having a precision of 0.01 mm (caliper method).tiA¢ same time two pictures were taken and
used to measure the corresponding pipe dimensighsaxCAD software (photographic method).
About thirty measurements for each pipe wall thedswere carried out at least half an hour after
establishing each value of hydrostatic pressuregrder to avoid further pipe deformations. To
increase the accuracy of the measurements, the ofdaressure was established randomly and
each determination was repeated twice. Pressuneyaanged between about 10 kPa and 150 kPa,

wider than the interval of working pressures sutggeby the manufacturer.

Hydrodynamic tests

Hydrodynamic tests were carried out by using thaesghree thin-walled polyethylene pipes used
for the hydrostatic oneND 16), in order to measure friction losses undefeteht pressure heads
and flow rates. The experimental setup, shown ¢ 8j was fed by a recirculation pump (Ep). A
water tank (T), installed about 20 m below the pamel a diaphragm pressure regulating valve,
allowed to establish a constant value of pressaea hin the hydraulic circuit, in which there were
inserted three trams of pipe, having the same lefigt11.8 m). Two air vents were placed in
correspondence to the differential manometer toite the removal of air bubbles at the begin of
each experiment.

Twelve measurements were acquired on each pipeoihsidering a wide range of flow rates and
pressure heads, so to obtain an extensive rang®egholds numbers, usual in practical
applications. The pipe length was also measuredake into account possible longitudinal
dilatations.

A differential manometer was used to measure hesskk in the three trams in which each pipe
was divided (2P,, Ps-P4, Ps-Ps), while a pressure gauge provided the pressurd, Ineg at the pipe
upstream end (P1). Operating in this way it wassiides to dispose, for each pipe thickness, of 36

runs characterized by different geometric and hykitraconditions. For each operating pressure,
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head losses, including local losses at fitting emtions installed at the upstream and downstream
end of each tram, were measured three times, r@&ehing a steady state condition. Accuracy of
the pressure gauge readings was equal to 0.05 msdithat the error on measured head loss
resulted about 1.0 mm.

During each experiment, the flow discharge, coristhnough the three trams of pipe, was
measured three time at the downstream end of theitgiby acquiring the time necessary to fill a
volume of about 10 I; water was weighted with acmien of 0.1 g, and the actual water density
was determined based on the detected temperatnresder to avoid systematic error, discharges
in experimental tests were assigned randomly (vemith and Wilson, 1989).

Table 1 shows minimum and maximum values of preskead at the upstream end, of flow rate
and of Reynolds number, as measured during theriexg@eats. The latter values were obtained
considering the pipe with a circular cross secteuivalent to the actual measured.

With the aim to evaluate the local losses causethéyitting connectors at the manometric gauges,
a specific experiment was carried out by usingshme experimental setup, that was adapted for
the purpose. A short tram of pipe with wall thickeeof 8 mil and a length of 0.30 m, was
connected to the manometric gaugesKB, with the same connectors already used to determi
friction losses. Total pressure losses (frictiod &tal losses) were then measured under pressures
variable from 0.6 kPa to 168.3 kPa and by considetiifteen different flow rates, ranging between
236.1 I/h and 1491.4 |I/h. Each determination waseaéed three times, in order to reduce
experimental errors. Water temperature was alsosuned during each experiments, whereas
horizontal and vertical dimensions in the middlessr section of the pipe, were determined once
known the specific relationship between the effecpipe internal diameted, and water pressure,

p. For each flow rate, local losses due to thenfii were then determined by subtracting to the
measured total losses, the corresponding frichgsds in the pipe, estimated by assuming the pipe

circular and based on egs. (1) and (2).
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Results and discussion

Hydrostatic tests

For the considered pipes, fig. 4a-c shows the eaterertical heigthD,, and horizontal widthDy,
measured with the photographic method on pipe wii thicknesses of 6, 8 and 10 mil, as a
function of the corresponding values obtained l®y ¢hliper. Horizontal and vertical bars indicate
the standard deviations, of the measurements carried out by means ofvileemethodologies,
whose values are illustrated in detail in Fig. 5&s can be observed, the values of external pipe
dimensions measured by the photographic methodtedsquite similar to the corresponding
obtained with the caliper (fig. 4a-c), even if tatter are generally characterized by higher stahda
deviations (fig. 5a-c) than the former. In partanliwith the caliper method, the maximum standard
deviation resulted equal to 0.11 mm, 0.19 mm ad® @m for wall thickness of 6 mil, 8 mil and
10 mil respectively, whereas they resulted, at maxn, slightly higher than 0.06 mm when
considering the photographic method.

Because of the lower variability characterizing gige dimensions measured by the photographic
method compared to the caliper, the following asialyvere carried out by considering the former
methodology.

Based on the measured values of external pipe dilmes) the corresponding internal width,
and heightgd,, were then calculated by subtracting twice thes pyall thickness, equal to 0.15 mm,
0.20 mm and 0.25 mm respectively, for the threesicamed pipes.

Fig. 6a-c illustrates, as a function of water puessthe variations of internal vertical height and
horizontal width, obtained with the photographictihoe on pipe with wall thicknesses of 6, 8 and
10 mil. As can be observed, for all the examinedesathe vertical heights rapidly increase,
whereas the horizontal widths decrease, when hiatrogpressure rises from 0 kPa to about 30
kPa; on the other hands, both the dimensions tendetame similar for the highest values of
hydrostatic pressure and the pipes tend to assumena cross sectiorl&dy). Moreover, for the
pipes with wall thickness of 6 mil and 8 mil, bathandd, tend again to rise when water pressure

10
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results higher than a certain threshold values, esnsequence of the pipe deformation due to the
elasticity of the material; as visible, this trelsdmore marked for the pipe characterized by the
lowest thickness.

Fig. 7 shows the degree of pipe roundness obtafoethe examined pipes, by dividing the vertical
height by the horizontal width. As observed by Himmgys and Lauritzen (1962) for
polyvinylchloride plastic and butyl-rubber tubesthvdiameters ranging between 100 mm and 400
mm, even for low diameter polyethylene pipes, depemn on the pressure inside the pipe, the
degree of pipe roundness increases and consequleatfipe cross-sectional area tends rapidly to
inflate, till to reach a round cross section.

Based on the measurements of widths and heightseimange of pressures for which pipe is not
circular and assuming the shape of the cross seai@onstituted by two circle segments, the cross
sectional area and the wetted perimeter were therefetermined by using egs. (4) and (5). Each
circle segment is characterized by a radius, H &riable with the water pressure, that was
evaluated from eq. (5), as a function of the suleenanglecwand superimposing that, in the range
of examined pressures, the wetted perimeter P rentainstant.

The value ofw was obtained by solving, with an iterative proaegdthe equation:

w= 2arcta{2 dhd ] (6)
r—

A

whereas the values of the wetted perimeter P wasvaed the one corresponding to the minimum
pressure threshold, to which the pipe become @rcul

For each water pressure therefore, once identifiedhape and determined the cross sectional area
and the wetted perimeter, it was possible to evaltlee hydraulic radius and then, by eq. (3), the
corresponding value of pipe effective diametera@aibed in eqgs. (1) and (2).

Fig. 8 shows the values of the effective diamedggs a function of water pressupe,As can be
observed, the values of effective diameters redudtghtly increasing in the ranges of operating

pressure from about 3 to 80 kPa (6 mil), 5 to 16& K8 mil), and 8 to 120 kPa (10 mil), and
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drastically decrease for water pressures tendiragto. The upper limit of each ranggy, for the
pipe with different thickness, identifies the thvekl to which the degree of pipe roundness
approaches to 1.0. Moreover, due to the elastmityhe material and in agreement with what
emphasized by Rettore Neto et al. (2014), any éurtise of water pressures o®r, increase the
pipe diameters, even if the shape of the crossose@mains circular.

According to this considerations, experimendéh) data pairs where then fitted by curves of

equation:
b
d :a+F P<Piim (7)

where a, b and m are the fitting parameters. Atsmae time, despite the few experimental data
available, linear functions were used to represemtl(p) relationships fop>p;in, (Rettore Neto et

al., 2014):
d=s+tp P>Piim (8)

with s and t fitting parameters. Table 2 showsualkeies of fitting parameters appearing in eqgs. (7)
and (8), together with the corresponding coeffitsesf determination. Based on the fitting curves,
the effective diameters of the 6 mil pipe increafedn 16.15 mm to 16.20 mm in the range of
pressure 3-80 kPa, to reach the value of 16.71 anp=f150 kPa, whereas, for the 8 mil pipe, the
effective pipe diameter rose from 16.04 to 16.10 fanb<p<100 kPa, to reach the valde 16.15
mm at 150 kPa; on the other side, for the 10 npkpthe effective diameter ranged between 15.72
and 15.85 mm for 13<120 kPa, and remained constant and equal to ¥br85at highep. The
result evidences that, due to the rapid expansidheocross sections occurring at low pressures,
even in a range of water pressure lower than thermiim suggested by the manufactunes30
kPa), the pipe effective diameters show a moretdidvariability than the corresponding associated

to the vertical and horizontal pipe dimensions.sTigsult is consistent with what experimentally
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observed by Thomson et al. (2011) on pipes witH thidknesses ranging between 0.125 mm and
0.500 mm. These Authors evidenced that low thickredyethylene pipes quite quickly inflate at
very low water pressure reaching an almost constasts sections, so that proposed to evaluate the
pipe effective diameter according to pre-determipessure thresholds.

Moreover, the elastic behavior of the pipe recemtlyestigated by Rettore Neto et al. (2014),
occurs only at operating pressure higher than tbleelst limit suggested by the manufacturer and

only in pipes characterized by a very small waltkhess.

Hydrodynamic tests
Following, the results of the friction losses tekis the three considered pipes, are described.
Analysis of friction losses required the prelimipavaluation of head loss in the fittings used to
connect the pipes with the manometric gauges. ébdts of the related experiments evidenced that
for all the investigated flow rates, local losseaised by the fitting connectors ranged between
92.1% and 94.8% of the measured total losses, leégemaining rate related to the friction losses
in the short tram of pipe used for the tests. Bighows, as a function of flow ra€ [I/h], the
values of local head loss due to the fitting commegh, [m], that include the local loss due to the
enlargement (upstream connector to pipe) and subséqcontraction (pipe to downstream
connector) of flow streamlines. The following quailr fitting curve, passing from the origin of
axes, was used to interpolate the experimdni@) data pairs:

h =6x107Q%+ 7x 10°Q R’=1.00 9
with hy in m andQ in I/h.
Once established the way to calculate the locael®giue the fitting connectors, for each tram of
the considered pipes, friction losses were evatliatel then referred to the unit pipe lengths. Fig.
10 shows the values of the measured friction l@ssupit pipe lengthJmneas, @s a function of flow
rates, for pipes with wall thickness of 6, 8 andrid. As known, for each considered pipe, the

values ofJneas iNCrease at increasing@. Moreover, for a fixed, the correspondingqess tends to
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increase according to the observed reductions pé piiameter (fig. 8), with differences that
resulted more marked at high@r at the same time, a certain variabilityJafss is still evident if
considering separately the data collected on trezttifferent pipes. Even this variability hasto
associated to the recognized variations of pipmdtars with the operating pressure.

Based on the measured valueslqfs andQ and disposing of a procedure to determine the pipe
effective diameter as a function of water presstme values of the Darcy-Weisbach friction factor
(f) associated to each tram of pipe were evaluateddbying eqgs. (1), in which the effective
diameters were determined with eq. (7) by considethe average pressure head and neglecting
their variability along the considered tram of pip®r all the examined pipes, fig. 11 shows the
experimental values of friction factor as a funetiof Reynolds number. Theoretical values for
laminar (=64R for R<2000) and turbulentf£0.30R"* for Re>2000) flow regimes are also
represented. The slightly higher variability of enmental points associated to the loweris
likely due to the incidence or the experimentabesr For the three considered pipes and in the
range of investigated Reynolds numbers, the exmatiahf,R data pairs can be fitted by a
relationship, linear in the logarithm graph, thettassumed parallel to the theoretical (eq. 2), but
described by a lower coefficient ¢, equal to 0.285.

This result seems to conflict with that presentgdThompson et al. (2011) who, working in the
range of Reynolds number between about 1,500 arf@@&nd with lay flat pipes with different
wall thicknesses, obtained values of the frictiactérf systematically higher and characterized by a
greater variability than those obtained in the eatrinvestigation, even if differences firvalues
tend to decline at increasirg) In this regard, as discussed, it is noteworttat the incidence of
measurements errors increases at decre&siMpreover, these Authors evaluated the valuek of
based on pipe effective diameters measured witllipec that are affected by relatively high
experimental errors. Finally, any difference in tmoothness of pipe used in the two distinct

investigations, could be partially responsiblela tliscrepancy observed in friction factors.
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In order to determine the errors on friction logs pnit pipe length associated to the not correct
estimation of the friction factor or to an inexastaluation of pipe diameter, for all the investeght
pipes, the values akg were estimated by three different methodologies then compared to the
corresponding measured. The first methodology damnsia coefficient ¢ used to evaluate the
friction factors equal to ¢c=0.285 and the empirredhtionship between pipe diameter and operating
pressure (eq. 7) (case A); the second takes irdouat the same value of ¢, but assumes as pipe
effective diameters the value of 16.20 mm, 16.10 amah 15.85 mm determined @&tp;im (case B),
whereas the third considers the standard proceduite,a value of c=0.302 and the pipe diameter
equal to 16.10 mm, as suggested by the manufacturer

For the three investigated pipes, fig. 12a-c shthwesvalues of friction losses per unit pipe length
estimated in case A, case B and casé&{; as a function of the corresponding measured.afisbe
observed, the differences betwekgs andJe in the three considered cases resulted more dviden
for the highest values of the variable. The agesgnmbetween measured and simulated values was
guantified by means of the Root Mean Square ERMSE, that for the three considered pipes,
resulted respectively equal to 0.017, 0.033 and10fbr case A, to 0.020, 0.049 and 0.061 for case
B and finally, to 0.050, 0.058 and 0.067 for casd ks statistical parameter has been largely used
(Arbat et al., 2008) and has the advantage of ssprg the error in the same units as the variable,
providing more information about the efficiency the model (Alazba et al., 2012; Legates and
McCabe, 1999).

The following fig. 13a-c illustrates, as a functiohpressure, the errors on friction loss per pipe
length, E, estimated in the three examined cases. Errore wealuated as difference between
estimated and measurégdexpressed as percentage of the correspondingineeas

As can be observed, in case A, errors resultedrgiypéndependent of water pressure and, except
that for sporadic cases mainly associated to tpe with a wall thickness of 8 mils, they resulted
lower than 5% whereas, for the other two casesarit be noticed a certain trend with the water

pressure, according to the deformation of the pges the consequent variation of their internal
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diameters. Moreover, the absolute errors associatbdth cases B and C, resulted generally higher
that the corresponding associated to case A. Hssltrevidences that to improve estimation of
friction losses per unit pipe length in all the garof operating pressure it is necessary to tatke in
account the actual variations of pipe diameter aater pressure inside the pipe, as well as to
consider a suitable estimation of the frictiontéms. On the other hand, assuming the pipe
diameters suggested by the manufacturer and/ointabkivalues of the friction factor, determine
inaccurate estimations of friction loss, with unaable consequences in the pipe design.
According to this results, for the accurate desbjnay-flat polyethylene pipes, it is therefore
desirable that the manufacturers provide more atewalues of pipe internal diameters, as well as

their variations with the operating water pressure.

Conclusions

A comparison between two methodologies to evalthaalimensions of lay-flat polyethylene pipes
under different operating pressures was initialgposed; then, after analyzing the effects of pipe
geometry on the Darcy-Weisbach friction factor,racedure to evaluate the pipe friction loss was
suggested.

Based on hydrostatic tests carried out on diffepgmes, characterized by wall thickness of 6 mil, 8
mil and 10 mil, it resulted that both the calipaddhe photographic methods are able to detect, the
variability of pipe dimensions with the operatinggsure. Anyway, despite the quite similar results
in terms of average pipe dimensions, the measurismearried out with the caliper were
characterized by standard deviations ranging betw@40 and 0.19 mm, higher than those
associated to the more accurate photographic mdthadd at maximum, resulted slightly higher
than 0.06 mm. The experimental measurements antblibeiing elaborations evidenced that the
pipe vertical height rapidly increases and the zwrial width decreases with hydrostatic pressures
variable in the range 0-30 kPa, also confirming thea pipe cross sectional area tends to inflate

quite quickly, till reaching its complete roundnessmodel was then proposed to represent the
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effective pipe diameter as a function of water pues, to be used to evaluate the friction loss. The
model assumed the pipe cross section as constitietivo specular circle segments, with a
constant wetted perimeter, in the range of watesgures lower than 80 kPa, 100 kPa and 120 kPa
to which it was observed the complete roundnesthefpipe cross sections. At pressure values
higher than those limits instead, pipe diametedéento increase linearly with the pressure, with a
trend depending on the elasticity of the matenmal tnerefore on pipe thickness.

The results of hydrodynamic tests indicated thatftiction factor can be more accurately described
by using a power relationship like Blasius equatiout characterized by a coefficient ¢c=0.285 and
therefore lower than those generally used and abailin the literature.

Finally, analysis of root mean square errors assedito the friction losses per unit pipe length
estimated with three different procedures evidertbat] for the examined pipes, the most accurate
estimation of friction loss per unit pipe lengtb which corresponded the lowest RMSE values, can
be obtained by considering the dependence of feetefe pipe diameter by the pressure, combined
with the accurate estimation of the friction fact®n the other side, by assuming a constant pipe
diameter leads to a worse estimationJpfeven if associated to the accurate evaluatiothef
friction factor. For this reason, it is thereforesdgable that manufacturers provide the users thiéh
pipe geometric data, so that in system design @maken into account the variability of pipe

diameter with the operating pressure.
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