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RESUMO

O problema da fixagio dos didmetros de con-
dutos constituindo um sistema complexo, é hi-
drdulicamente indeterminado. Com efeito a so-
lucéo envolve o edlculo: das cotas piezométricas
Y dos N nés; dos didmetros dos r condutos que
convergenm ou, respectivamente, divergem dos
mesmos nos.

Entretanto, as equacbes disponiveis — ex-
pressando as perdas de carga em funcio de dia-
mefro e vazio — totalizam apenas o nimero r

dos condutos.

Elimina-se a indeterminacio impondo-se a
condi¢io de minimo cusio, uma vez que sejam
satisfeitas as exigéncias de servigo previstas,

Em casos praticos de modesta importancia
(vazbes pequenas e condutos de limitado com-
primento) ¢é lieito proceder a simples compara-
cio econdmica dos resultados obtidos atribuindo
ag cargas Y, séries diferentes de valores, oportu-
namente escolhidos,

Porém, quando de sistemas constantes de
condutos compridos que veiculam grandes vazdes,
cabe equacionar o problema de minimo sob con-
dicdo, em forma analiticamente exata.

Os processos matematicos apliciveis sio va-
lidos em gquanto seja possivel verificar a con-
vexidade conveniente da funcdo a se tornar mi-
WHma.

Sao tratados, na presente memdria, dois ca-
sos em que a referida convexidade pode ser ri-
gorosamente comprovada, isto &, sistema com 1
n6é e sistema com 2 nds; propbem-se, outrossim,
processos graficos para resolver os sistemas de
-equagdes obtidos.
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SYNOPSIS

The problem relevant to calculation of dia-
meters of pipings constituting a complex system,
is indetermined under the hydraulic standpoini.
As a matter of fact the solution involves the
determination of: the head elevations Y (see
1I.1) on the take-off points of the system; the
diameters of the r pipes which converge to or,
respectively, diverge from the same points.

However we dispose only of 7 equations,
giving head losses as a function of diameter
and discharge.

The indetermination is eliminated, introduc-
ing the minimum cost condition, all other ser-
vice exigeneles being satisfied.

In practical cases of modest importance
(small discharges and limited lenght pipes), it
is allowed to make simply the economic com-
parison among the results obtained giving diffe-
rent series of suitable values to the head ele-
vations Y.

But in case of systems consisting of long
pipings conveying big discharges, the problem
of minimum under condition ought to be put in
equation in a form analytically exact.

The mathematical proceedings usually applied
are valid as long as the suitable convexity of the
funection is verified.

In this note two cases, for which sald con-
vexity can be rigorously proved are considered,
namely single take-off point system and two
take-off points system.

Moreover graphic proceedings to resolve the
obtained equations, are proposed.
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Aos esquemas estudados, podem ser prati-
camente assemelhados sistemas complexos de
transporte de agua, de notdvel extens&o e impor-
tancia.

i — FORMULAS FUNDAMENTAIS

I.1 — A vazdo @, o diametro D e a declivi-
dade piezométrica 7, sio equacionadas pela féor-
mula mondmia;

I
Qm

No que diz respeito ao terno m, b, w limi-

tar-nos-emos a dar as seguintes indicacoes.

Para tubos usados de ferro fundido e de
aco, com didmetro IF variavel entre os limites:

O TH

Complex water conveyance systems of re-
markable extension and importance, may be
assimilated to such models as these.

I — FUNDAMENTAL FORMULAE

[.1 — Discharge @, diameter D and pressure
gradient | are put in equation by monomial for-
mula

v () (13
As far as the coefficients #t, b, u are concern-
ed, we will confine ourseilves to give the next
information.
ror normal roughhess cast-iron or stcel pipes
and with diameters included between the limits

05 < D < 1,50

CONTI [1] [II] da:

m

b

I3

Segundo WILLIAM-HAZEN [II], para tu-
bos com diametros D < 1,50 m, pode-se por:

.

b

I

Atribuinde a ¢, valores correspondentes a
diferentes rugosidades, foram obtidos [II] para
b os valores consubstaneiados no QUADRO Ne° 1.

CONTE [I] [II] gives

-9 (2)
- 0,0083 @)
= 53 (4)

For pipes with diameters D < 1,50 m, accord-
ing to WILLIAM-HAZEN [I1I] it may be taken

= 1,85 (5)
10,89

- — (6)
011,6’5

= 5,87 &4

The values b shown in PROSPECT N, 1
were ohtained [II1 assigning to €; values cor-
responding to different roughness.

QUADRO N. 1 (PROSPECT N. 1)

Categoria de Condutos b Classes
Ac¢o rchitado (usados) 0,002869 Riveted steel Pipes; normal age
Aco soldade (usados) 0,002581 Soldercd steel Pipes; normal age
Ferro Fundido (usados) 0,002581 Cast iron Pipes; normal age
Ferro fundido revestido de cimento 0,601781 Cement-lined cast iron pipes
Concreto com acabamento comum 0,001516 Concrete Pipes, washed inside with ce-

ment mortar

Ac¢o galvanizado ,001406 Galvanized steel Pipes
Aco soldado com revestimento especial 0,001307 Smooth lining soldered steel Pipes
Eltornit (4,001219 Eternit
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Para didmetros D > 0,50 m — sem limite
superior — sugerimos o uso da féormula de BAN-
DINI [II3 [III] em virtude da gual resulta:

Recordamos que 0,3117 é o coeficiente de
forma da secglio circular completa, enquante n
é o coeficiente de GANGULLET e KUTTER, que
devera ser convenientemente escolhido consultan-
do as tabelas publicadas em livros e manuais
IIV] ou se for preciso, calculando © nuamero
indice de resisténcia por experiéncias diretas.
Limitar-nos-emos a fornecer (QUADRQO N. 2)
alguns valores orientativos do coeficiente g4, pelo
qual devem ser multiplicados os algarismos refe-
ridos no QUADRO N. 1, para obter os valores b
correspondentes a formula (9). Esses valores
variam com o didmetro I} e a velocidade V, nos
intervalos (0,5 < D < 1,5) e, respectivamente
(71 <V < 3). Valores intermediarios podem ser
calculados pela interpolacido numérica ou grafiea,
construindo os diagramas correspondentes a fun-
Gao f (D, Vs ou f(Dy V), isto ¢ fazendo variar
D ou V, e mantendo conslante a outra magni-
{ude,

For diameters D > 0,00 m without upper li-

mit BANDINI's formula [II] {III] use is

suggested, by virtue of which

2 (8)
10.33 n* (9

5,33 (1m

It should be recalled that 60,3117 is the coe-
fficient of form of the full circular cross section,
while n is GANGULLET & KUTTER's cocfficient,
which shall be suitably selected from tables pu-
blished in books or hand-books [IV] or — if
necessary -- by calculating the fricfion coeffi-
cient through specifie experiences. We will con-
fine ourselves to give (PROSPECT N. 2) some
orientation values of coefficient ». by which the
figures contained in TABLE N. 1 have to be
multiplied, in order to obtain the values b
corresponding to eq (9)., These values
between the limits (0,0 < D < 1,5 m) for dia-
meters and respectively the limits (1 <V < 3
mss) for speeds. Intermediate values may he

vary

easily calculated through numerical or graphic
interpolation, plotting the funetion f(D,¥,; or
the function f(ID);, V) namely letting D or V he
varied and the other magnitude be mantained
constant,

QUADRO (PROSPECT) N. 2 — Valores do coeficienie , (Values
of coefficient o)

Diametro D Velocidade (Speed) V em (in) m/s
(Digmeter)
() 1,00 2,00 3,00
0,500 0,901 (,838 0,783
1,0c0 1,007 0,936 0,880
1,500 1,074 1,000 0,939
I.2 — CUSTO DE UM CONDUTO. ® fun- 1.2 — COS8T OF THE PIPE. The cost is

&0 do peso w por m.l! do mesmo. Indicando
por D o didmeiro e p a pressio hidraulica, ter-
-5e-4:

w = f (D, W

Contude, nos casos gue interessam © nosso
estudo — transporte de dgua polavel -—— as varia-
ches gde pressdo ao longo do eixo longitudinal
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a function of pipe weight w per lineal meter.
Calling, respectively, D and p diameter and hy-
draulic pressure, it will be:

(11}
However, in the events considered in this

note — drinkable water conveyance — pressure
variations along longitudinal pipe axis are ne-

1%



de um conduto sido muito limitadas e as con-
digoes de estabilidade no ponto onde p é maximo,
sao garantidas pelas espessuras padrdes dos tu-
bos da série comercial eseolhida.

O peso w torna-se, portanto:

w

onde o valor pp — que depende do tipo de ma-
terial e da classe do tubo — é dado nos cata-
logos das fébricas,

A funcido (12), como é conhecido, pode ser
equacionada na forma exponencial:

onde a € , variam com o didmetro, porém se
mantém constantes em largos intervalos do
mesmeo.

Os valores de a e p encontram-se em ma-
nuais ou volumes de hidraulica.

Limitar-nos-emos a mencionar as tabelas de
CONTI [I] e [II] para tubos de ferro fundido
e de aco e as tabelas de CUOMO-VILLELA [V]
para numerosas classes de tubos das séries bra-
sileiras.

Cabe também salientar que, na falta de
outros dades, serd facil obter, para cada caso,
os valores de a e p, utilizando os elementos con-
substanciados nos catilogos de fabrica e plotan-
do-os no plano logaritimo; logw e log D.

Se ¢ é o custo por Kg, e m um coeficiente
que inclue todos os onus — confecgdo de juntas,
pecas especiais e aparelhos, colocagio em obra,
taxa de amortizacdo, ete. — 0 eusto de um trecho
de comprimento ! sera igual a:

C=cmaD"]

II — SISTEMA COM (UM) 1 NO

II.1 — Indiguemos, respectivamente (FIGU-
RA N. 1) por: @ hy L (i=1,2...p) as va-
zOes, as cotas piezométricas, conhecidas nas

extremidades iniciais, os comprimentos dos con-
dutos adutores, isto é, coem fluxo dirigido para
oné N; @, h, lj (j=p+1L
as cotas piezométricas, — também conhecidas
— nas extremidades finais, os comprimentos dog
distribuidores, com deflivio divergente do né N.

n) as vazdes,
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gligible and stability conditions, in the point
where p is maximum, are warranted by standard
thicknesses fixed by the factories for several
classes of pipe.

Thus eq (11) becomes

f (D, po} (12)

where the value p, depending on material type
and pipe class, is given in factory catalogs.

It is known that the function (12) may be
expressed by the exponential equation

a . DV 13
where ¢ and » are depending upon pipe diameter
although keeping constant within wide range of
variation.

Values of a and , are found in hydraulics
handbooks and volumes.

We will confine ourselves to mention CON-
TI’s table [I1 [II] for cast-iron and steel pipes
and CUOMO & VILLELA'’s tables {V] for seve-
ral pipe eclasses of brazilian series,

It should be emphasized that, for lack of
other data, values of @ and  are easily obtained
plotting on logarithmic plane values of log w
and log D, drawn from factory catalogs.

If ¢ is the pipe cost per Kg and m Is a
eoefficient allowing for all other onus — joint
confection, special works and devices, placement,
amortization rate and so on — the cost of a
pipeline having lenght I will be

(14)

II — ONE TAKE-OFF SYSTEM

I11.1 - Respectively define (FIGURE N. 1)
Q;, hi I; (i=1,2...p) discharges, lenghts and
fixed start-point elevations of pressure head of
supply pipes, mamely conveying water to the
take-off point N; @, Ay I (G=p+ 1... n), dis-
charges, lenghts and end-point elevations of
pressure head — also fixed — of distribution pipes,
conveying water from the take-cff pont N,

Elevations of pressure head h will be next
called concisely head elevations (or piezometric
elevations).

REVYISTA D.AE.
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Sendo Y a cota plezométrica
cando a equacdo (1), obter-se-fo

de né N, apli-
as n equacdes:

Head clevations on take-off point N being
Y, the application of eq (1) yields # equations

1 1 i

D.o=b* Oy # (=Y (15)
1 1 i

D = b * (; Qu A (¥ —hp B (16)

Por outra parte, o custo global do sistema,
serd em virtude da (14):

p]
c emal| N L D!

1

tendo-se admitide um unico valor de @ e p para
todos os condutos; hipdteses, alias, bem razoavel,
uma distribuicdo de da
mesma ordem de grandeza nos varios trechos

considerando vazoes
e comprimentos ndo muito diversos dos mesmos;
condicdes, estas em geral realizadas.

Veremos, mais adiante, as verificacies a
serem feitas e as correcbes a sercem eventual-

mente introduzidas.

Substituindo-se na (17) as expressdes de I
e D; dadas pelas (15) e (16) teremos:

REYISTA D.AE,

+

On the other hand, the total cost of the
systemms will be, by virtue of eq {(14)

n

' I
Mo Dy
p+1

since a single value both for ¢ and », was assum-
ed for all the pipes.
sonable if either flow values or lenght values
of the different elements of the system are com-
parable to each other,

(17)

Such a hypothesis is rea-

Controls to be made and rectifications to he
eventually introduced, will be examined below.

Substitution into eqg (17) of D; and D; given
by eqgs (15) and (18} yields

19



[ P mo-r L " m ¥ mL—
C =cma bT[E L Qi ) v (Bi—Y) & + & Ij (lj Qi Yo (Y — h}') u“
1

p+1
ou melhor posto: or better. taking
™ L4
L g ) u = 4 {(18)
MY L._
i 4y Q) o = 4 (19)
poderemos escrever: it may be written
[P v " ;
C‘=cmabnlf Aty = V) T Th o+ x A,—(Y—h;)_# ] 1207
p+1
II.2 — O valor de ¥ que torna minima a II.2 — The value of Y for which function
ftungdo (20), deve satisfazer a equacio: (20) becomes minimum, ought to satisfy the
equation
ac
= ()
dy
isto é: that is to say
b2 H
-z _Z
> 4 (=Y — X A4 = 0 (213
1 pT1
sendo: : where
r T ou
2 = (22)
I
Enquanto, resulta satisfeits a condicio de Meanwhile the condition of suitable con-

convexidade conveniente (ponto de minimo) por vexity (point of minimum) ist satisfied since
ser:

dz C cm @ p v -?11 ) 9i o
27 = ——— b & 2 oA - + 3 A Y~ Rp > 0 (23)
# 1 P+1
II.3 — SOLUCAO DE EQUACAO (21) - II.3 — SOLUTION OF EQUATION (21).
Posto: Define
P 4,
fly) = ¥ ————. (24)
Ty = h = Yz
1
9 A;
iy} = Y - (25)
P 7 (Y ~ h;.')z

Z0 REVISTA D.AE.



a equacdo (21), torna-se:

7Y

Chamando, respectivamente de hy, € iy, ©
valor minimo de k; e o valor maximo de hj ve-
mos gque o campo possivel de variaciao de 1, é
definido pelo intervalo:

Eq (21) becomes

= ¢(Y) (26)
Then, if h;, and h;y are respectively the

minimum value of k; and the maximum wvalue

of h;, the possible variation field of ¥ will he

i > Y > My (27)

Por outra parte:

df iy
[
d¥Y P
d? f 2
- YT = z (24 1) _‘7
d i
n
ey
i - X
qdy p+1
T e 3
=2+
2 pra
a¥ r+1

Portante, a curva f(Y}, tem ordenadas cres-
centes com Y e a concavidade dirigida para ci-
ma, enguanto a curva (Y¥) tem ordenadas de-
crescentes ac aumentar ¥ e a concavidade diri-
gida para baixo.

Para solucionar a (26), tracar-se-ao (FIGU-
RA N. 2) as curvas f e ¢, por pontos, dando a
Y uma série de valores oportunamente escolhi-
dos, no intervalo (27). A abscissa Y,, correspon-
dente ao ponto 3y, dd a solucio correta do pro-
blema.

A (¥ — B —G+D)

On the other hand

A by = YI—G41) 5 0

h; (;'f.“ — Y-8 > 4]

< 0

A (Y — =+ > g

Thus the curved line f(Y) has increasing
ordinates and convexity directed upwards as
the curved line {Y) has decreasing ordinates
and convexity directed downwards.

In order to solve eq {26), the curves f and
¢ will he plotted, giving Y series of values sui-
tably selected between I, and hy (27). The
abscisse Y corresponding to the point P, will
give the correct problem solution.

£
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IT.4 — Introduzindo-se o valor Y,, nas equa- 1.4 — Diameters D; and D; of the various
¢bes (15) e (16), obter-se-Ao os dimetros D; e pipes are calculated taking Y =Y., in eqs (15)
D; dos diferentes ramos. and (16). As a matter of fact calculations are sim-

Na realidade os cdlculos simplificam-se pe-  plified using TABLES which give straightly va-
lo auxilio das TABELAS que fornecem direta- lues of dlameters as a function of
mente os valores dos diametros em funciio de:

I
Qm

= 4(D) 58

expressdo, esta, que pode ser identificada com eq (1) being identified to CONTI’s formula [II]
a formula de CONTI [II], de WILLIAMS-HAZEN  or to WILLIAMS-HAZEN’s formula [II] or to

[II] ou de BANDINI [III]. BANDINI’s formula [III].

Uma vez conhecidos os D, e Dy, serd facil Control about the correct selection of coe-
controlar se os valores de @ e , foram correta- fficients @ and » can be easily achieved once D;
mente escolhides e — se for preciso — fazer and D; are known; if necessary, suitably correc-

as oportunas correces nos diagramas de f(Y) e tions on f(Y¥) and oY) diagrams will be made.
de (Y.

IIT — SISTEMA COM 2 (DOIS) NOS III — TWO (2) TAKE OFF SYSTEM
HI.1 -— Indiguemos, respectivamente, (FI- IIT.1 — Respectively define (FIGURE N, 3)

FURA N. 3), por:
@, hi, L, (i=1,2 ... p), as vazdes, as cotas pie- Qi My, I (4=1,2 ... p), discharges, lenghts and

rométricas — conhecidas — nas extremidades  start point head elevations — fixed — of the
iniciais, os comprimentos, dos adutores, afluen- mains supplying the take-off point N. 7;
tes para o né 1. Qg By, Iy (g=0q+1...7), same elements for the
Qo Ny, Iy, (g =g+1...7), 058 mesmos elementos  Mains supplying the take-off point N. 2
dos adutores, afluentes para o né 2. @i My I; (=wp+1 ... @), discharges, lengths and
&, hy I, (j=p+1 ... q), as vazdes, as cotas pie- ond point head elevations — fixed — of distri-
zométricas — conhecidas — nas extremidades bution mains, conveying water from the take-
finais, os comprimentos, dos condutos que diver- off point N. i;
gem do nd 1. @r, T, Ly (K=7r+1...n), same elements for
Qi P I (B=7+1...m), os mesmos elemen- distributions mains conveying water from the
tos, dos condutos que divergem do no 2. take-off point N, 2.

Sendo Y; e Y, as cotas piezométricas dos Moreover respectively define ¥; and ¥, head

nos I e 2, ¢ a vazdo e I o comprimento do trecho elevations at the take-off points 7 and 2 and

1-2, aplicando a equacéo "ll), teremos as (n+4) regspactively @, I, pipe 1-2 flow and lenght.

equacdes seguintes: Applying eq (1), the set of following (% + 1) equa-
tions is obtained.

1 1 1
Di=bu 0 @F) w y-Y)~ Tu (28)
I 1 1
Dy = b » 4 @) v (Y — 0y Ta 29
1 7 1
D=b"w Q& ¥, -Yn . (30
1 i _ _ 1
D, =b & 1,0y 1 h, =V, A (31
i 1 —_ 1
D =b s Q) & (Y,—=Nhy n (32)

22 REVISTA D.AE.
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O custo tolal do sistema serd, pela (14): The totlal cost of the system. will be by
virtue of eg (14}
P o T n -
C=cmaly I DY+ x l; D;" 4+ 4 D+ X I Df, + X Iy D} (33)
L1 n+1 q+17 r+1 _

valendo, no que diz respeito a » e ¢, as mesmas
consideragdes feitas no ITEM II.1.

Se agora substituimos na (33), os valores de
L, Dy, D, D, e Dy dados pelas expressGes (28),

the same considerations about , and «, shown in

ITEM II.1, being valid in this case.
Substitute into eq (33) the expressions of

I, D;, D, D, and D, given by eqs (28), (29},

(29), €30}, (31}, (32), e pomos: (30). (31, €32), and take
r
LY =4 (@=iLjgk (34)
v
L g, =24 (35)
obleremos: It will be obtained
v |F ¥ 4 L v
C =cmab x [2_’ Ap thy — Y7 Tk + X A Yy - Ry b +AY, -YH #
1 P+l +
T y n v
+ M A,y — Ty B4+ Y A (Y~ Ry Tn 1 {(36)
a+! r+1 _
IIT.2 — O wvalor minimoe de C, verifica-se II1.2 — The minimum wvalue of € occurs

para os valores ¥, e ¥, que satisfazem as egua-
cles:

for the values Y; and ¥, which satisfy the egua-
tions

JC aC -
- 0 = 0 (37
oY, 2Y,
sob a condi¢ho de que o determinante HESSIA-  under condition that HESSE's function be posi-
NO seja positivo, a saber: tive, namely
g2 R 040 gt C
— — — > 0 (383
) UYI OY;.! 8Y;8Y; éY, oY ;
Calculando as (37) e recordando a (22), ter- Calculate the derivatives (37) and recall
-se-a, resgpectivamente: (22), It will respectively be
¥ q
Ay - Y)-r - ¥ AV -t - ALY =Yt =0 (39)
1 p+1
r "
» A, hy — Y + ¥ A Y, -h)-r+ A, —-Y)-2=0 (40
g+ r+1

Por outra parte, a condicio (38} estid sa-
tisfeita. Com efeito as derivativas segundas, di-
vididas pela constante positiva:

24

On the other hand, the condition (38) is
satisfied. In fact the second order derivatives,

divided by the positive constant

REVISTA D AE.



resultam respectivamente iguais a: are respectively equal to
82 C p q
2y =% 3 A — Yp-e+h ¢z F o4, (¥ - hp-Gth +
1 1 p+1
+ 2 ALY, = Y-y >0 t41)
220 r n
EY*’- =2 X 4, (hy — Y-t 42 3 A (¥, — ) -G+ 4
4 G+ 1 r+1
+ z 4 (Y; - Yz)—(z+i‘) > 0 (42)
¢ ¢ g ¢
_— = — — = — 2 A{Y; = Y-+ 0 (43)
aY,0Y; 8Y, 0Y;
e por conseguéncia: and consequently
#C c #2C \?
H = - —_— | > 0 (44)
[ayf CR g ( Y 8%, )

II1.3 — SOLUCAC DO SISTEMA DE EQUA-
COES (3%, (40).

Somando, membro a membro, as equacdes
(39) e (40) e pondo-se:

III1.3 — EQS (39), (40 SET SOLUTION,
Adding both sides of egs (39) and (41 to
each other and writing

P G
FYp =X A Uy — ¥ — 3 A (¥; — -+ (45)
1 p
T R
b (Yy) = ¥ Ay (hy — Yo7 + 3 A (Y, — Iy)-s (46)
g+1 z+1
chegamos a expressao: yelds the expression
F (Y = & (¥ (47)

Os limites dos campos de
¥, sdo os seguintes

variacao de Y; e

min h; > Y; > {

(min Ry >) min Iy
(min Iy >y min Ry

Por outra parte censidere-ge que

aF v
- =z A; th; — Ypy—i=11)
E}YI { t (5 1
g r
- = -2 Y A, {hy — Y-+
iYy g+

REVISTA D A.E.

Boundaries of Y; and Y, variation ranges
are

mdx h; (> mdr hyg)

mdx hy (> mdr Ty) (48)
} > ¥V, > mdx hy {49)
On the other hand consider that
q
+ 2 XA (Y — AR 00 (B0}
p+1
3
-z PN A (Y; — =G+ < 0 (51)

r+1



2R P (e g —(z+2)
Py = z{z+1) P A (hy = Y — z2+1) Py Aj (¥, — hj') %‘ i {52)
¥y 1 p+1
22 T n
—(z+2) —(a42)
T = - #e+D  E A Oy - YD - 2zrD) F A (Y, — = g (53)
? q+1 g+1
As (50) e (51) mostram que F é funcao Egs (50) and (51) show that F is an increas-

crescente de Y, enquanto ¢ é funcao decres-
cente de Y,; as (52) e (53), outrossim, indicam
gue as curvas que consubstanciam as referidas
funcdes, apresentam um trecho com a concavi-
dade para cima e outrc com a concavidade diri-
gida para baixo. Finalmente o campo de va-
riacdo das funcdes (45) e (46) recordando as
condigbes dos limites (48) e (49), fica assim li-
mitado:

F(Y;) = 6
FY,)) = — =
P (Y} = — =
$ (Y, = %

Resultam definidos, assim, a configuracio e
os asintotos das fungbes F e &, da qual ofere-
ce-s¢ uma, representacio grafica qualitativa na
FIGURA N. 4, que salienta, também, a caracte-
ristica que a cada aumento de ¥, corresponde
um decréscimo de Y; e vice-versa. O ponto M,
para o qual ¥; = Y, objetiva uma limitacio fi-
gsica do sistema, pois nfo haverd mais possibili-
dade de escoamento no trecho 1-2. Os ramos de
F e ¢ localizados abaixo de M dao, portanto,
solucBes nao reais.

E evidente que, uma vez tracados os dia-
gramas de F e ¢, teremos infinitos pares de va-
lores homdlogos, ¥, e ¥, que satisfazem a equa-
cao (47).
ponde ac par Yﬁ e Y: que satisfaz também a
(39) ou a 4, isto & quando:

A solugdo correta e univoca, corres-

F(Y[) = (¥

& . -
Para calcular Y e ¥ 2 , Sugerimos o seguin-
te processo. Determinem-se os valores da fun-
cao:;

f (YJ’ Ya) =

26

ing function of ¥; whereas & is a decreasing
function of Y,; moreover eqs (52} and (53)
show that curved lines representing those func-
tion, have a part with upwards concavity and
another part with downward concavity. At last,
recalling the boundary conditions (45) and (46}
the variaticn range of funections (45) and (46) is
included between the values referred below,

para Y; = min by (54)
para Y, = mdxly; (ou wdx By
para ¥; = min R, (ou min h;) (55)
para Y, = mdxh;

Thus form and asymptoles of functions F

and ¢ are quite settled; FIGURE N, 4 gives a
qualitative graphical representation and empha-
sizes the characteristics that the increase of VY,
produces a decrease of ¥; and vice versa. The
point M, where ¥; = ¥, individualizes a physiecal
limitation of the system, since flow in the pipe
1-2, would be impossible. Therefore the hatched
parts above point M give no real solutions.

An infinity of couples of homologous values
Y; and Y, satisfying eq (47) can be deduced
from F and ¢ diagrams. The single correct so-
lution will be given by the couple ¥, and Y*
which solves also eq (39) or eq (40), that is
to say, when

A

— (Y*‘TY j )z_ (56)

i

In order to obtain Y and Y the next

proceeding is suggested. Calculate values of
function

A
- 157)
(Y; - Y3z
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para um certo numero de pares Y; e Y, tira-
dos do diagrama da FIGURA N, 4 e plotem-se
0s pontos correspondentes em um plano carte-
siano, tendo como eixo das abscissas, por exem-
plo, o cixo Y; Evidentemente a curva f que
une os pontos, tem ordenadas decrescentes na
direcao positiva de ¥; (FIGURA N. 5).

Tracemos agora, o diagrama da func¢io F(Y,);
no ponto & em que F e f cruzam-se, teremos, evi-
dentemente;

Y;

e o diagrama da FIGURA N. 4, permitira deter-

minar em seguida o valor homologo Yj

III1.4 — Introduzindo os wvalores de YV, e
Y, nas equacgdes (28), (29), (30, (31), (32),
obter-se-o o0s didmetros D, (x =44, ¢, k) e o©
didmeiro D do conduto que une os dois nés; sen-
do validas considerag¢des analogas as expostas
no ITEM II.4,

IV — OBSERVACAO — Os didmetros D
abtidos para os diferentes condutos, em ambos
o0s casos tratados, podem ser chamados feéricos,
pois, em geral, nao coincidirio com os didme-
tros dos tubos das séries comerciais.

O comprimento 1 de cada conduto devera
portanto, ser dividido em doig trechos, de com-
primento I; e I, e com os diimetros comerciais
D; e Dy, de modo a realizar, a mesma perda de
carga Ah, correspondente ao diAmetro tnico D.

0O diametro D, é o maior — da série comer-
cial — inferior a D e D; é o menor — da mes-
ma série — superior a D,

Se I, e I, sdo as declividades piezométricas
correspondentes a D; e D, para calcular 1; e I,
teremos disponiveis as duas equaches:

AJ! =Ijl1 +1212

I =
onde I; e I, sdo calculdveis pela (1),

Resolvendo obtemos:

for a certain number of ccuples ¥, and ¥, deduc-
ed from the diagram of FIGURE N. 4 and plot
the corresponding points on a cartezian plane,
taking as abscissa axis, for instance, the Y;
axis. Curved line f joining said points, has ordi-
nates decreasing as Y, (FIGURE N.
5). Plot now the curved line representing F(Y,);
it will intersect the line f. in the point ¢, for
which

increases

*
YI

From diagram of FIGURE N. 4, the homologous
value Yj‘ is to be deduced.

III.4 —- Substituing the values Y; and Y,
into egs (28), (29), (30), (31), (32), either dia-
meters D, (x=1,j,9, k) or diameter I} of the
pipe joining points 1 and 2, are obtained; ana-
logous considerations to those shown in ITEM
II.4 are valid also in the present case.

IV — OBSERVATION -— Diameters D cal-
culated for the different pipes, in both problems
considered in this study, are called theoretical
diameters since they generally differ from dia-
meters of commercial series,

Therefore the length 1 of each pipe should
be divided in two parts having lenghts I; and
I; and eommercial diameters D; and D,, so that
the same head loss achieved for a single dia-
meter D be obtained.

The value D; is the highest value of commer-
cial series lesser than D, whereas D, is the lowest
value of the same series larger than D.

Define f; and I, the pressure gradients cor-
responding te diameters D; and D,; in order te
caleulate I; and I, two equations will be avai-
lable, namely

(58

Iy + 1y

where I, and I, are to be calculated by eq (1).

Solving the set of eqs (58), yields:

Zz=l—lj

I, =

Poderd, assim, ser completado o projeto exe-
cutivo do sistema estudado.

28

A — I 1

I, — I,

In this way, the executive project of the
system, can bhe accomplisched,
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VvV — EXEMPLO

V.1 — Aplicaremos o método proposto, ao
gistema representado pela FIGURA N. 6; as
vazbes estdo referidas na TABELA N. 1.

V — NUMERICAL EXAMPLE

V.1 — The proposed method will be applied
to the system represented In FIGURE N. 6;
flows are reported in TABLE N. 1.

ESQUEMA (S5YSTEM OUTLINE)
v
,/
P
/’l
hos 400m //,
Eﬂ_._. e V_YL Y2 7
i T e ~——— |ns-335m
h-hsso%!/
5000 m 4000 m
e ———— : Zo-
e = = = — = .
G
FIGURA (FIGURE) N. 6
i ' 7 ' 7 | erarico we C ]
200 ————- —— | 1 : -
! ! i (GRAPH. Nr. 1)
—— e - ——— LA .
270 Eog w = loga + iilog Dj _ |
. Lz l | i /
g /
2o .2 :

\

_ - : a= 2090
! L De tge =18
,*.{
T T
]
I.é
- z o
210 1
: - i T o Tog O
20l RS . ‘
.Y o C,05 Gi0 G 020
GRAFICO (GRAPH) N. 1
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Os céleulos foram organizados pelo Eng.*
ADERBAL 8. STUCHI assistente do AUTOR,
na catedra de Mecanica dos Fluidos da Faculda-
de de Engenharia de Campinas da Universidade
Estadual.

V.2 — Conforme a simbologia adotada, ter-
-se-a;
i = lg; = 5000 m
L = 1y, = 3000 m
I =1, = 4000 m
l, = gz = 3000 m
Iy = Loy = 3500 m

O GRAFICO N. 1, foi construide para tubos
de ago de ponta e bolsa, de fabricacio inglesa,
tendo resultado:

=2
I

yo=

Foram adotados os valores de m e u dados
pela férmula de CONTI (2), (3), isto &:

The ecalculations were organized by Eng.
ADERBAL 8. STUCHI, AUTOR'’s assistant, at chair
of Mechanics of Fluids, of the Faculty of Engi-
neering of Campinas, State University of Cam-
pinas.

V.2 — According to the established symbo-
logy, it will be

By = hy = 400 m
hi = Ry = 350 m
hy, = h; = 370 m
by = hy = 335 m

GRAPH N. 1 was drawn for bell-and-spigot
steel pipes of english manifacturing. It as ob-
tained

2090

1,8

As for m and p, the values (2) (4) of CON-
TT's formula were taken, namely

TABELA (TABLE) N. 1 — Caleulo dos Coeficientes 4 {(Coefficient A Caleulation)

Condutos
Pipes (x = i) (r = § 1.9 (x = g) (@ = k)
Elementos 0-1 1-4 5-2 23
Elements
1. (m) 2.000,— 3.000,00 4.000,00 3.000,00 3.500,00
Q. (m/s) 25 1,00 1,5 1,00 2,5
B
(zx. QZ’) p 334 15,09 21,9 15,09 29,59
A 16.700,—- 45 . 200,00 87 .600,00 45.200,00 10.350,00

30
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TABELA (TABLE) N. 2 — Célculo de

(Calculation of) F(Y ) e (and) &(¥,}

Y; (m) 350 360 370 380 390 400
(hg — Y;) (m) 50 40 30 20 10 0
103 x (thy — Y-2 5.309 7.158 10.522 18.11 45.81
Ag; (hy = ¥r-2 886.6 1195.¢ 1757.0 3024 .0 7650.2 0
(Y; — by () 0 10 20 30 40 50
10?2 x (Y, — hyp—2 E's 4.581 1.811 1.052 0.715 0.5309
Ay (Y — hyp-¢ w 2070.6 818.6 475.6 323.5 240.0
Y, (m) r 340 345 350 355 360 365
(hy — Y,y (m) 30 25 20 15 10 5
102 x (h; — Y,;)-¢ 1.049 1.339 1.806 | 2.655 4.58 11.571
Az hy — Y-+ 474.20 605.22 816,3 ° 1197.8 2070.2 5230.0
(Y, — hyp (m) 5 10 15 20 25 30
02 x (Y, — hp)—= 11.571 4 581 2,635 1.806 1.339 1.049
Az, ¥V, — hp—e 11.975,98| 4741.3 2747.9 1869 .2 1385.9 1085.7
F (Y Ind, —875.3 938.7 ‘ 2548.8 7327 .4 Ind.
b ¢Y;) 1 11519.9 4134 .6 1936.6 1 671.2 680 .5 4149.5

\
m = 2
g = 3,3
Portanto Thus
M 7.1
z = = — = 1,34
uw t+ r .
V.3 — MARCHA DE CALCULO E RESUL- V.3 — SEQUENCE OF CALCULATIONS

TADOS

a)  Cdlewlo dos coeficientes A, (x =1i,§, 9, k)
e 4 pelas férmulas (34) e (35). Os valores fi-
guram na ultima linha da TABELA N, 1.

b} Caleulo das fungbdes F(Y;) ed(Y,), pe-
lag férmulas (45) e (46), entre os limites (48)
e (49):

350 <Y,

340 < Y,

Os resultados parciais e finais, estan consubs-
tanciados na TABELA N. 2.

cy Construgdo das curvas F(Y;) ¢ &Y},

utilizando os resultados da TABELA N. 2 (ver
GRAFICO N, 2),

REVISTA D.AKE.

AND RESULTS

al Coefficient A, (x =1i,j,¢, k) and A cal-
culations by eqs (34) and (35). The values appear
in the last line of TABLE N. 1

b} Function F(Y;} and (Y,} calculation
by eqs {45) and (46), between the boundaries
(48} and (4%

< 400 m
< 365 m

Partial and final results, are shown in TA-
ELE N. 2

¢} Curved line F(Y;) and $(Y,;) construc-

tion, utilizing the results from TABLE N. 2 (see
GRAPH N. 2)
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A Cdleulo da fungdo f(Y,Y;) dada pela
férmula (57). Os valores homdlogos de Y; e Y.,
foram tirados de GRAFICO N. 2. Os resultados
estdo reunidos na TABELA N. 3

e) Construcdo no GRAFICO N. 3 das cur-
vas F(Y;) e f(Y;Y,). com os valores (TAEELA

d)  Calculation of function f{Y,Y,) from eq
(57); the homologous values of ¥; and Y, were
deduced from GRAPH N, 2. The results were
assembled in TABLE N. 3

¢)  Comstruction (GRAPH N. 3) of curved
lines F(Y)), f{Y,Y,), for the values (TABLE

N. 3):

Y, =

Para o ponto de cruzamento dos dois dia-

gramas, resulta

¥ =

1

N. 3

370, 375, 380, 385, 390 m

The crossing point of two diagrams yields

3734 m

TABELA (TABLE) N. 3 — Caleulo da Funcao (Calculation of Function) FY,¥,

Y, 370 375 I 380 385 300

Y, 353.2 350.4 ‘ 348 0 345.4 341 4
(Y, — Y 16.8 24 6 32.0 296 48.6
(Y, — Y-z 43.72 2.8 103.61 187.82 181.30
Ly, Y2 20053 .66 1202 .55 \ 84548 635 .61 483 .17

TABELA (TABLE) N. 4 — Diidmetros teéricos e varificacdo de Ak (Theorevical
diameters and Al verifization)

Condutos
Pipes
4 0-1 1-4 1-2 5-2 2-3
Elements H
Elementos i
Ah (m) (D
Disponivel 26.6 23.4 22,08 18.68 16.32
(Available) |
I (m) 5.000 3.000 4.000 3.000 3.500
me N - _
— 2.5 1.0 1.5 1.0 2.5
seq
D (m) 1.206 0.794 0. 988 0.828 1.236
Al (m) (2)
Verificados 26.59 23.34 22.06 18.70 16.30
{Checked)
(1)-(2r (m) .01 0.06 0.02 —0.02 0.02
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TARELA (TABLE) N. 5 — Comparacio dos elementos caracteristicos relatives a
tubos de didmetro tedrico ou comercial (Characteristic element comparation relevant
1o theorical and commercial diameter pipes)

indices =1t 2 t = teodrico (theorical)
(Sub-indices) b= At i = 1, 2 = comercial (comrercial)
D; ‘ |
Condutos — Q Al I . I V:
(pipes) i " m (m3;8) (ne) {m/m) | (1) (m/8)
]
— - N i _ JLS S
1 42 1.067 2.86 0.01020 ‘ 280.46 2.797
0-1 t — 1,206 2.5 26.59 0.00532 5000 2.189
2 48 1.219 23.74 0.00503 4719 54 2.153
- I N _
1 30 0.762 14.64 0.00971 1507.8 2.193
1-4 t — 0.794 1.0 23 .34 0.0078 3600 2.020
2 33 0.838 8.72 0.00587 1492.2 1.814
1 36 0.914 13.21 0.00834 1584.6 2,287
1-2 t — (.988 1.5 22.06 0.00552 4000 1.957
2 42 1.067 8.97 0.00367 2415 4 1.678
1 30 0.762 | 2.35 0.00971 242 2 2.193
5-2 t — 0.828 1.0 f 18.70 0.00623 3000 1.858
2 33 0.838 ‘ 16.19 0.00587 2757.8 2.143
1 | 48 1.219 ‘ 14.85% 0.00503 2952 4 2.084
2-3 t — 1.236 2.5 ! 16.30 (. 00466 3500 1.692
2 54 1.372 | 1.47 0.00269 547.6 1.814
Do GRAFICO N, 2, tira-se From GRAPH N. 2
Y] = 3512 m
)y Cdleulo dos didmetro tedricos pelas for- f}  Theoveticul diameter calculation by eas
mula (28), (29), (303, (31) e (32). (28), (29, (30, (31) and (32).

Os resultados estdao reunides na TABELA
N. 4, A verificagio das perdas de carga Ah,
executada usando as TABELAS de CONTI [II,
[T} confirma a grande exatiddo dos calculos.

gy Cdlculo dos comprimentos corresponden-
tes aos didmetros da série comercial, que subs-
tituem os diametros tedricos, utilizando as for-
mulas (59) e {(60).

Os resuitados estio consubstanciados na TA-
BELA N. 5, onde figuram também as declivida-
des piezométricas, as perdas de carga e as veloe-
cidades de escoamento.

Observe-se que os indices (i=1) e (i=2)
indicam para cada conduto, os trechos com dia-
metros (D; < D) e (D; > D). O indice (1 = 1),
refere-se ao didmetro tedrico D,

34

The results are assembled in TABLE N. 4.
Head loss ARl effected by CONTI's tables [I1,
[I1], confirm the great calculation accuracy.

g) Calculation from eqgs (8%, (60, of
lenghts correspondent to commercial series dia-

meters, which substitute the theoretical diameters.

The results are assembled in TABLE N. 5,
where also pressure gradients, head losses and
flow speeds are shown.

Observe that sub-indices (i =7} and {(i=2)
point out, for each pipe, the parts having dia-
meter tD; < Dy and (D, > D). Subindex

(i = t) concerns the theoretical diameter Dy
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Salientamos que os valores das velocidades
Vi indicam uma condicio satisfatdria, no que
diz respeito ao equilibrio hidraulico do sistema.

Cumpro ¢ grato dever de manifestar o meu
agradecimento ac Dr. RENATO J, B. DELLA
TOGNA, Superintendente do Departamento de
Aguas e Energia Elétrica (DAEE) de 8. Paulo,
que patrocinou a publicagiio do presente trabalho.

It should be emphasized that the speeds V,,
show 3 satisfactory condition, as for the hydraunlic
equilibrium of the system.

I accomplish the pleasant obligation to ma-
nifest my thanks to Dr, RENATO J. B. DELLA
TOGNA, Superintendent of Water and Electric
Power Board of S. Paulo, which sponsored the
publication of this work.
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