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Terzo Seminario su “Laricerca delle perdite ela gestione dellereti di acquedotto”
Perugia, 20-21 settembre 2007

PREFAZIONE

A testimonianza del rinnovato interesse suscitato dalle problematiche relati-
ve ai sistemi acquedottistici, nel corso del 2007 si sono tenuti in Italia tre conve-
gni sul tema. Una di tali iniziative, Acqua e citta '07 — Il Convegno Nazionale di
Idraulica Urbana & stata organizzata nel mese di settembre a Chia (CA) dal
Centro Studi Idraulica Urbana (CSDU). Le altre due, invece, fanno riferimento al
Centro Studi Sistemi Acquedottistici (CSSA), presieduto dal prof. Paolo Bertola.
Si tratta, rispettivamente, del Convegno su Approvvigionamento e Distribuzione
Idrica: Esperienze, Ricerca ed Innovazione, tenutosi a Ferrara nel mese di giu-
gno su iniziativa del prof. Marco Franchini, e della terza edizione del Seminario
su La ricerca delle perdite e la gestione delle reti di acquedotto, del quale il pre-
sente volume costituisce I'atto conclusivo. Piu recentemente, nello scorso gen-
naio, si e tenuto a Sorrento, organizzato dal prof. Giovanni De Marinis in colla-
borazione con GORI S.p.A., il primo Forum sulla Sicurezza dei sistemi idrici
nellambito del progetto DISWIP (Development of an Integrated System for Wa-
ter Infrastructures Protection against Intentional Attacks), finanziato dall'Unione
Europea.

Rispetto alle due precedenti edizioni, svoltesi rispettivamente nel 2003 e nel
2005, il Seminario su La ricerca delle perdite e la gestione delle reti di acque-
dotto, incluso fra gli eventi celebrativi del 7° centenario dalla fondazione
dell’Ateneo perugino, ha avuto per la prima volta una durata di un giorno e
mezzo e si é tenuto presso la Facolta di Ingegneria (Foto 1). Elemento di conti-
nuita con il passato (Tabella 1) & invece rappresentato dai corsi di aggiorna-
mento professionale che il Dipartimento di Ingegneria Civile ed Ambientale
(DICA) dell’'Universita di Perugia ha organizzato — immediatamente prima del
Seminario — in collaborazione con Federutility e la societa Astea di Osimo (AN).
Anche per i corsi del 2007, alle nozioni impartite durante le lezioni frontali sono
seguite le indispensabili applicazioni su impianti reali (Foto 2). Appare op-
portuno sottolineare in questa sede come i “corsi Federutility” del 2007 hanno
rappresentato la naturale conclusione di un anno in cui particolare attenzione &
stata rivolta presso il DICA alla formazione post lauream. Nei mesi precedenti,
infatti, si era tenuta la prima edizione del Master in “Urban Water Engineering —
UWE”", cofinanziato dal Ministero degli Affari Esteri, e rivolto a tecnici dell’Africa
Subsahariana. Il Master, della durata di 7 mesi, ha visto la partecipazione di 13
ingegneri provenienti da Egitto, Zambia e Mozambico e il contributo di docenti
di prestigiose Universita italiane e straniere (per maggiori informazioni si puo
consultare la relativa pagina al sito http://www.unipg.it/h20).
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Foto 2. Un’applicazione di campo a cura dell'ing. W. Brand durante il corso Preloca-
lizzazione e localizzazione delle perdite nelle reti di acquedotto.

I lavori del seminario — aperti dall'intervento del prof. Corrado Corradini, pre-
side della Facolta di Ingegneria — hanno visto I'alternarsi di relazioni su invito,
affidate a Michele Fanelli, Ezio Todini, Giovanni De Marinis, Susanna Corti, O-
razio Giustolisi e Furio Cascetta, e gruppi di presentazioni che hanno dato luo-
go, nel complesso, alle 45 memorie incluse nel presente volume. A tale riguar-
do, particolare attenzione & stata rivolta agli interventi dei giovani ricercatori an-
che in relazione al premio istituito dal Comitato Organizzatore per la migliore
presentazione ed assegnato dal Comitato Scientifico del Seminario.
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Anno
Corso

Docente/Affiliazione

2003
Ricerca delle perdite nelle reti idriche

2005
Modelli numerici e sistemi informativi (GIS) per la ge-
stione delle reti di condotte

Monitoraggio e riabilitazione delle reti di condotte

2006

Gestione e monitoraggio dei campi-pozzi

2007
Efficienza energetica delle reti di acquedotto

Prelocalizzazione e localizzazione delle perdite nelle
reti di acquedotto

W. Brand

Hans Brand S.r.l., Mllano

C. Casale

Saster — Genova Acque S.p.A.
B. Brunone, M. Ferrante
Universita di Perugia

S. Bellio

AMGA S.p.A., Genova
B. Brunone, M. Ferrante
Universita di Perugia

F. Cascetta
Seconda Universita di Napoli
R. Chirulli

A. Bellin

Universita di Trento

B. Brunone, M. Ferrante
Universita di Perugia

A. Fiori

Universita di Roma Tre

E. Cardelli

Universita di Perugia

A. Carravetta

Universita di Napoli Federico Il
G. B. Conte

Studio Legale Conte, Roma

S. Artina

Universita di Bologna

W. Brand

Hans Brand S.r.l., Milano
B. Brunone, M. Ferrante
Universita di Perugia

A. Fiorini Morosini, P. Veltri
Universita della Calabria

Tabella 1. Corsi di aggiornamento professionale organizzati dal DICA in collaborazione
con Federutility dal 2003 al 2007.

Nel concludere queste brevi note introduttive, e nel dare appuntamento a
Perugia per il 31°Convegno Nazionale di Idraulica e Costruzioni Idrauliche, che
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siterra fra il 9 e il 12 settembre 2008, sentiamo il dovere di ringraziare, oltre a
tutti i partecipanti, quanti hanno contribuito in vario modo all'iniziativa: le Asso-
ciazioni — IAHR, CSSA, ANDIS, Wincomers e Fondazione Amga — per il loro
patrocinio scientifico, e le Societa e gli Enti — ATO Umbria2, Bentley Systems
Italia Srl, CAPRARI SpA, GRUNDFOS Pompe lItalia Srl, ISOIL Industria SpA e
PROTEO SpA — per il loro concreto sostegno.

Perugia, marzo 2008

Bruno Brunone, Marco Ferrante e Silvia Meniconi
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WITH ALICE THROUGH A [DOUBLE] LOOKING GLASS

Michele Fanellit

ABSTRACT

Lewis CARROL writes — if | remember it correctly — that Alice, after stepping through
the glassy, yet pliant, surface of the mirror, turns around to look back. What she seesis
the strangely skewed space which she has entered — the reflection of her own room —
now reflected back , in the reverse side of the looking glass, into itsreal, familiar shape.
This might be taken to mean that if the boundary between real and imaginary could
become ‘flou’, then to be crossed back and forth at will, the mutual reflections of the
one into the other — reflections that could only be appreciated after the crossing - would
offer unusual insights.

In this mathematical ‘scherzo’ | propose to effect a similar double reflection, which will
not fail to horrify the bona fide mathematicians, but — 1 hope — will be considered with
a more benevolent eye by the dilettante-minded, among which not a few of my fellow
engineers do not mind to be counted themselves. And aptly enough, for those wary of
embarking with me on this jocular trip, uphill and downhill, through unorthodox
currents, | cannot think of a better defence than Lewis CARROL’s own words: “ Let’'s
pretend...”.

1 THE “WORLD"” TO BE REFLECTED IN A MATHEMATICAL MIRROR

Let us pretend... er, | mean let us consider a pressurised pipe through which water
flows and water-hammer waves propagate back and forth.

To begin with, | will assume zero head losses and no water leaks. (1 will tackle with this
later on).

The stationary flow on which the water-hammer waves are superposed has average
velocity Vo and piezometric head hy (constant in time and uniform throughout); the
water-hammer perturbation is characterised by velocity increase v(x,t) and piezometric
head increase h(xt).

In this simple case, the differential equations assumed to represent the waves are:

oh__1ov
x g ot

1
n__c v ¥
ot g Jdx

¢ being a line capacity parameter (later to be identified with the celerity of propagation
of the water-hammer waves).

1 e-mail: michele.fanelli@infinito.it
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2 THROUGH THE LOOKING GLASS (THE WORLD BEYOND THE MIRROR)

Now | propose to effect the following transformation of variables:
h=¢
.Y v (2
g
obviously, v being a rea variable, v should be an imaginary one, but for our little
conjuring trick to work let us choose to ignore formally this fact and go on “asif” y
werered. It is evident that ¢ and y are homogeneous with lengths.
Moreover, let us move also time to the world of complex variables, by adopting the
substitution:
i-ct=y (3)
also y is homogeneous with a length.
With these substitutions, egs. (1) assume the form:

a0 _dv
ox oy @
dy __9¢
dy  ox

Or, indifferently, we can obtain the same set (4) of egs. adopting the aternative
transformations:

h=¢
i.g:l// (2*)’ (3*)
g
—i-ct=y
Let usfile away, for later use, the following correspondence table:
y=ict — l//——i'ﬂ
g
y=—i.c.t - l//:ﬂ (5)
9
. . i.cv
or, more succinctly, y=zict — l/lzi?

Egs. (4), if ¢ and v were bona fide real variables —and not a complex travesty of
real ones-, would alow formally to build up, astheir solution, an analytic function

F=¢p+i-w (6)
of the complex variable z=x+i-y:
F(2) = o(xy)+i-w(xy)=F(x+i-y) @)

and F could be chosen in any arbitrary way, provided that it be differentiable, i. e. that
at any point z=x+i-y there exists aunique value of the derivative
OF _d¢p oy _dy ; d¢

— =i i 8
dz ox oxX oy ay
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irrespective, thanks to (4), of the direction dy/dx aong which the differentiation path is
chosen on the plane (x,y).
If we impose the condition:
z=x+i-y=constant=A+ i-B  with A=constant, B = constant 9
that would imply, were A, B, x and y real variables, the inescapable conclusion of the
story:
x=A and y=B
F=¢p+i-y=M+i-N=COMPLEX CONSTANT,
@=M =REAL CONSTANT, (10)
w=N=REAL CONSTANT,

and —because real quantities such as x, ¢ cannot mingle with imaginary ones such as
iy , i.y - thisconclusion would be utterly useless.....but....

3 ..."“CURIOUSER AND CURIOUSER !” (THE BACKWARDS REFLECTION)

... but let us now remember the actual nature of the pseudo-real variables @, vy, t:

y=i-ct — W:_i-c-v
g
. i-c-v
y=—i-ct — w= g [see (2), (3), (2¥), (3%), (B)]

p=h
by introducing these definitions into (10) the following results are obtained:
IF Z=X+i-(xi-c-t)=xFct=CONSTANT, THEN

i-c-v (11

F=gp+i-w=h+i-G-SY)=h+ Y - consTANT
g

and these equations, in physical terms, coincide with the familiar statements valid for
water-hammer waves:

h+ cv_ constant along a characteristic path x—c-t = constant (“direct waves’) (11*)
9

h— % = constant along a characteristic path x+c-t= constant (“retrograde waves').

At a price of a little cheating with the meaning of symbols, this result has been
obtained in arather smooth way.

4  HEAD LOSSES (“OFF WITH HISHEAD!")

For the sake of simplicity, let us assume that the water-hammer waves are of small
amplitude and are superposed on a strong average flow of velocity
v, >>V(x,t) (12)
Under this assumption, the additional head losses associated with the water-hammer
waves can be linearised:
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2

v, . 2-v,
Ah, = Ax-—2° , Ah=Ax-p-v with p= 0 13
hy 7R P P=R (13)
The differential equations are modified as follows:
oh__1ov_
ox g ot
14
n__c oy o
ot g ox
which after transformations (2*), (3*), (5) become in the complex world:
9 _ov,ipg,
ox oy c
(15
v __d¢
oX ay

indicating that now no analytical function F(x+i.y) can be asolution of (15).

But let’s try a perturbation of the former case, having in mind a damped-sinusoidal
type of function, since we operate on a linear system and therefore any perturbation
could in principle be represented by a FOURIER series or a FOURIER integral: atrial
function could be, for instance:

y=i-Aexp[i-(a-Exi-n)], where

5_2.7[.)( _27[y (16)
A ' A

and A isthe wavelength of the perturbation; ¢« is a constant different from 1 and — asit

will turn out — complex.
By operating on (16) a_ccordi ng to (15) one gets easily:

p=*-ay
2
o’ =17 P4 here L=—C -C.Z R ; (17)
2.w-L g-p g 2
azi(li "/1) for 4 <«<1
4-r-L 2L
and reverting to the actual physical quantities:
R e ]
i ' (18)

2.7
ol el 25 )

from which it is evident that the attenuation happens aways in the direction of
propagation®.

2 We would expect the piezometric head, h, to have been converted back to areal quantity; on the contrary the
first of egs. (18) gives for it a complex value, thanks to the factor (1Fi-4/4-7z-L) . Recalling that we are

dealing here with a sinusoidal function of space and time, it is readily seen that this factor represents chiefly a
phase difference between hand v.
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5 THE CASE OF THE LEAKING PIPE

To complete this exposé let us take up the case of a pipe with leaks, which is, in a sense,
the dual of the previous one. Assume that al over the pipe length there is a dlit of area
o for unit length, through which water can leave the inner section of the pipe with
velocity proportional to the local piezometric head; thus the variations g(x,t) of the leak
discharge per unit length that are associated with the water-hammer waves will be, in
the linearised approximation:

a=0-\J2-g-(hh+h)-o-2-g-hy = %*/_h (19)

The basic egs. are modified as follows:

h__1av
oX ot
92 (20)
h_ &N v
ot g ox
where K :O-'—C2 and S= section of the pipe
After transformations (2*), (3*), (5) egs. (20) become in the complex world:
99 _oy
ox dy _ 21)
Wy _ d¢p i¢
oX g9y T

with T'=1/K (homogeneous with a length), indicating, again, that now no analytical
function F(x+i-y) can beasolution of (21).

Following a procedure completely similar (or specular, to adopt a Carrolesgue
terminology) to that of section |11 we get successively:

p=A-exp[i-(a-Exin)] (22)

2:7-X - 2:z-y
A A
a complex constant different from 1; then, by operating on (22) according to (21):

Where &= and A is the wavelength of the perturbation; o isagain

(23)

and reverting to the actual physical quantities:



M. Fandli

g i-A X 2.,
=+2. A1+ : = | exp| + (xFct
Ve ( 4-7[-1"] eXp(+2-r) @(p[ 7 F )}

from which it is again evident that the attenuation happens always in the direction of
propagation®.

6  THE TAIL OF THE TALE (BACK FROM DREAMLAND)
Well now — seriously speaking — what is, if any, one might legitimately ask, the

interest of the preceding exercise (which after all leads to nothing new in the way of
final results, but simply indicates a dubious shortcut to arrive at them)?

!

6
5
B(t+T
t+T 4 40 P.
CAt=Ax A(t) C(t)
t 3 B(t)
CAt=Ax (t-T
t-T 2 20 PZ
At=A
o Pu Pss
L1
. N N
Poo P Poa >
0 1 2 3 4 X
‘ AX: ‘ AX. ‘ AXs ‘ AXe _L
« x X ¥ :
| | | |
A B C
Figure 1. The characteristic linesin the plane (x, ct) (after G. Evangelisti); in the present work
AXq = A% = ... = AX, = constant = AX.

| feel that it should be taken merely as a simple, verifiable example showing in a
compact way some unexpected possibilities offered by unabashed application, even

® See footnote 1 for the meaning of the complex value of factor (1+i-4/4-7-T') inthe expression of v.
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beyond their legitimate field, of the theory of the functions of complex variable together
with the systematic use of symbolic treatment. It goes without saying, however, that |
do not recommend uncontrolled undertaking of such forays into uncharted territories; on
the contrary, this kind of ventures should be carried out with due caution, verifying by
independent means their results.

N
L

Q

Figure 2. A BERGERON graph on the plane (Q,h), showing that as long as there are no water
losses the sum hy(t)+hc(t) must be the same as the sum hg(t-7)+hg (t+7), with ¢t = AX = Xc-Xg =
XB'XA-

The example chosen here, it might be said in the way of criticism, was an easy one, the

results being classical acquisitions on which there is no possibility of error; and there is

no guarantee that these practices would work in general®. However, that the validity of

the formal analogy here attempted runs quite deep is shown by the following
9°h  9°h

considerations: egs. (4) would alow to write V2h=F+F=O’ namely
X" oy

2 2
%—ﬁ =0 which in terms of a finite difference procedure would entail, with
C.

reference to Figure 1: h,(t)+ h.(t)—2-hy(t) —[hy (t+7) + hy(t—7) —2-hy (1) ] =0,

4 After writing this paper, | found that very similar tricks work also in the problems of heat diffusion
(FOURIER equation).



M. Fandli

i. e hyt)+h(t)-[h(t+7)+hy(t—7)]=0, an equation readily confirmed by a

BERGERON diagram in the plane (h, Q), see Figure 2, which aso shows that in the
presence of losses this relationship would no longer hold, as Chapt. |1l indicates, since

inthat case V?h = 0; both circumstances were confirmed by experiment.

Acknowledgements. | should not end this presentation without expressing my thanks
to Prof. Bruno Brunone of the University of Perugia, who invited me to participate in an
interesting Seminar on “Control of leaks and management of pipe systems’ during
which two loose strands — one from the Seminar discussions, one from my extensive
experience with the functions of complex variable — came casually together in my head
giving me the first, dim spark of the ideas that | tried later to develop and are here
exposed. And, of course, many thanks to the writings of Lewis Carrol, aways an
unequalled genius in encouraging unconventional thinking.
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