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Resumo

1) Equacao da Continuidade fluido incompressivel, regime
permanente, em um duto:

A vazao massica é dada porm = p,V;s; = p, V55,

2) Equacéao da Energia Cinética, mesmas condicoes:

a, V.2 P a, V> P W, W

3) Equacao da Quantidade de Movimento mesmas condicoes:
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Resumo cont.

4) Equacao de Darcy-Weisbach
he = f——

5) Equacao de Colebrook
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6) Diagramas de Moody e de Rouse



Perda de carga
Presséo diferencial (kPa)

CURVA CARACTERISTICA DA BOMBA E PERDAS DO
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Economic velocity

7% / pipes’ cost |

s ut—d l\ pumping cost t , due

to frictional loss

JTU
Fluids Economic Fluids Economic
velocities velocities
(m/s) (m/s)
Water and liquids | 0.5~3 High-pressure | 15~25
of low viscosities gas
Qil and liquids of | 0.5~1 Saturated
high viscosities steam
<1MPa 15~20
Low-pressure gas | 8~20 1~4MPa 20~40
4~12MPa 40~60




Calculo das perdas de carga singulares (minor losses)

Assim com as perdas de carga distribuidas ao longo de
trechos retos de dutos, cada singularidade introduz uma
perda de carga adicional nos sistemas fluidos.

Estas perdas ocorrem em:

« Entrada ou saida de dutos;

« Expansoes ou contracoes, bruscas ou suaves;

« “T"s, cotovelos, joelhos, curvas e outras conexoes;

« Valvulas, abertas total ou parcialmente;

 Mudancas de secao devido a introducao de corpos no
Interor das tubulacdes (p.ex. medidores de vazéao, de
temperatura, filtros, grades, etc)



Perda de carga distribuida em duto reto:

hf=f5£

A perda singular é representada por h;:

yhs pVD . .
=k, | ——,coef.de forma da singularidade

%pvz U

Ve leg V?
hs = ksg OUhf = FZ

Onde k. € o coeficiente de perda de carga singular,
adimensional
e loq € 0 comprimento equivalente, em metros, da

perda de carga causada pela singularidade



Observar que k € o equivalente a f, e depende
geralmente do numero de Reynolds e de um fator de
forma da singularidade (no caso de f a singularidade
depende de Reynolds e de ¢/p)

A perda de carga total em uma instalacao hidraulica

é dada por:
Reotar = z hf + Z hs












Comprimentos equivalentes a perdas localizadas. (Expressos em metros de canalizagio retilinea)*
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*Os valores indicados para registros de globo aplicam-se também s tornciras, vilvolas para chuveiros e vilvulas de descarga



Equivalent Length

in Pipe
Diameters

L,/D

_Globe valve—fully open 340

Angle valve—fully open 150
Gate valye—fully open

: rigy open 35

— open 160

— Y4 open 900

Check valve—swing type 100

Check valve—ball type 150

Butterfly valve—fully open, 2-8 in 45

~——10~14 in 35

—16-24 in 25

Foot valve-—poppet disc type 420

Foot valve—hinged disc type 75

190° standard elbow 30

90° long radius elbow 20

90° street elbow 50

45° standard elbow 16

45° street elbow 26

Close return bend 50

Standard tee—with flow through run 20

—with flow through branch 60

Source: Crane Valves, Signal Hill, CA.



Cocficientes de perda localizada K = i, /[V*/(2g)] para vélvulas abertas,
cotovelos e tés.

Didimetro nominal, pol {mm)
Parafusada Flangeada
Y1 1 2 4 ] 2 4 5 20
(13) (25 (30) (100) (25) (50) (100) (200) (S00)
Vilvulas (totalmente abertas):
Globo 14 82 69 S7 13 85 60 58 55
Gaveta 03 024 016 O 080 035 016 007 003
Retencio basculante 50 29 21 20 20 20 20 20 20
Em dngulo 90 47 20 1.0 45 2, 20 20 20
Cotovelos:
45° pormal 039 032 03 029
45° mio longo 20 020 019 006 0,14
90° pormal 20 1S 095 064 050 039 030 026 021
907 raio longo 10 072 041 0723 040 030 019 0,15 0,10
1807 normal 20 15 095 064 041 035 030 025 020
180 raio longo 040 030 021 0I5 030
Tés:
Escoamento direto 0.5 09 090 090 024 019 014 010 007

Escoamento no ramal 24 18 14 1) 10 080 064 0358 041




B FIGURE 8.32 Internal structure of various valves: (a) globe valve, (b) gate valve, (¢)
swing check valve, (d) stop check valve. (Courtesy of Crane Co., Valve Division.)



Valvula globo: grande
perda de carga

1.Fully Open 2.Throttling 3.Throttling 3.Fully Closed



Valvula de esfera:
menor perda de carga
guando aberta.
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Valvula de Gaveta

VOLANTE
ENGRAXADEIRA

HASTE

APERTA GAXETA
GAXETA

TAMPA

CORPO

ANEL SEDE
CUNHA



Registro de Gaveta




Valvula Borboleta

HASTE

PREME GAXETAS

GAXETAS
MANCAL

PARAFUSO
SEDE

DISCO

MANCAL
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BASIC VALVE MEGHANISMS

FLUID CONTROL ELEMENTS (DISCS)

OPERATED VALVES

SELF-OPERATED VALVES

GATE GLOBE ROTARY

DIAPHRAGM

CHECK REGULATING




Acessorio

Cotovelo de 90°
raio curto

Cotovelo 90° raio
longo

Cotovelo de 45°
Curva 909, r/D=1
Curva de 45°

0,4
0,4

=
N

Té, passagem
direta

Té, saida lateral







B TABLE 8.2

2
Loss Coefficients for Pipe Components (ﬁ‘_ =K, %) iData from Refs. 5, 10, 27)
Component K;
a. Elbows
Regular 907, flanged 0.3 Vo=
Regular 907, threaded 1.5 \
Long radius 90°, flanged 02 *
Long radius 907, threaded 0.7
Long radius 457, flanged 02
Regular 45°, threaded 0.4 V=

h. 180° return hends Vo
1807 return bend, flanged 0.2 )
1807 return bend, threaded 1.5

st
|

c. Tees |
Line flow, flanged 0.2 L
Line flow, threaded 0.9 V- —-
Branch flow, flanged 1.0
Branch flow, threaded 20 4 F

1 1
—
d. Union, threaded 0.08
P s, B

“e. Valves V- —_
Globe, fully open 10
Angle, fully open 2
Gate, fully open 0.15
Gate, } closed 0.26
Gate, § closed 2.1
Gate, § closed 17
Swing check, forward flow 2
Swing check, backward flow o0
Ball valve, fully open 003
Ball valve,  closed 55
Ball valve, 7 closed 210



Tipos de entrada em dutos

_

Q\R’eentrante

K=0,8

(ar)

L

‘ Canto vivo
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(b

T
]/H_. )

Arredondado

K=0,2
(c)

Iz

S
=

Corretamente
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K=0,04



Tipos de saida de dutos
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Vena contracta

1 Turbulence 2
zones

FIGURE 10.8 Vena contracta formed in a sudden contraction.



Inward-projecting pipe

Square-edged inlet

SR Aol P )

Use K=0.5

Chamfered inlet

/D, K
Rounded inlet 0 0.50
27772777 ZZZ 7T 0.02 0.28
(; 0.04 0.24
0.06 0.15
0.10 0.09
>0.15 0.04 (Well-rounded)
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Region of turbulence
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; 0.8
Zone of separation
for large cone angle
/”},\;—-),ﬁ: TR \x - =
‘-". ; e . B L 7
> U[" — Coneang]e——*—-l)z ‘% S 7
— - ; ; . \\ 0.6 / — g
. \ ;
. /
2% - 8
i e i \ ;] “.. e
0.5 / //
30”
< iV
///
E
g 04 [/ )
g k£
g [V
i
& /
03 | / 20° cone angle
i ="
[/
[
[I/ //
7z
5%
[/ il
/
0.1 //
[/ 10°
/ = .
/ |
S 20
0 |
1.0 2.0 3.0 4.0

Diameter ratio D,/D



ANETRE1 (S (OB — Gibson (D2/D1=3) ~ ——Huang (D2/D1=2)
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Minimizing Elbow Resistance

0 The minimum resistance is achieved by an
elbow when outer & inner radii is related as

h _ 5

+0.6

o i

0 The resistance of right angle elbows can
greatly be reduced by installing a fairing on
the inner corner

= An optimum fairing with a ratio of r,/d, = 0.45

reduces the pressure losses by approx 50%
® An additional fairing on the outer corner with a
ratio of r,/d, = 0.45 reduces the losses by an
additional 5%.
0 Reduction in the elbow resistance can also be
attained by beveling sharp corners of the bend
especially the inner corner




Minimizing Elbow Resistance
Example of a Coolant Return Elbow

Fairly small
effective

Flow Separation

flow area

Design Am

B Ap = 4.6kPa(27%)

._é"ef'}i"{,;t :

Higher velocity on outside corner

CFD results shown in Fairing |
tEl"I‘ﬂS ﬂf UEIDCiW Larger Inlet cross
vectors and velocity sectional area
color contours

\ Streamlines outside
w"\ corner radius

after 90 degree flow turn
_._-_m-:-
e ™
Design B

Ap = 3.9kPa(23%)

Higher velocity on inside corner
before 90 degree flow turn

T Erane [T R | P

77% reduction in pressure losses is significant! J



Circular Metal Wire Screens

Idelchik Diagram 5.6 P'g 522
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Diraction of flow
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C-C Plone of \



