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PERDIDAS SINGULARES EN TUBERIAS

REFERENCIA:

Blevin R.D., (1984) “Applied Fluid Dynamics Handbook”, van Nostrand Reinhold Co. Inc.

CURVAS
Description and Ap Loss Coefficient, K
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Description and Ap

Loss Coefficient, K

s

Smooth Bend in Circular
Pipe (Continued)

(Values of K are given
in Fig. 6-8)

8 in degrees. f. from frame 2 for same

R, D, UD/v. o is given as follows:
g
(deg) o

45 | 1.0 + 5.13 (o/r) %7

{9.95+4.a2 @/R)"*%® for R/D<9.85
90
1.0 for BR/D > 9.85
4.52
180 1.0 + 5.06 (D/R)
Ref. 6-49, Interpolate for other .
oo =1 for R > 50D regardless of 6.
B. Sharp Bends, R/D € 2 for UD/v > 5 % 10°.
K
f(degrees)
R/D 20 30 45 75 90 | 180
0.5 (0.053 ]| 0,12 0.27 0,80 (1.1 -
0.75/0.038 | 0.070 [ 0.14 0.31 |0.40 | 0.70
1.0 |0.035| 0,058 (0,10 | 0,20 |0.25 | 0.28
1.5 |0.040 | 0.060 | 0.090 [ 0.15 |0.18 [ 0.21
2.0 |0.045| 0.065 | 0.089 [ 0.14 |0D.16 | 0.19

Ref. 6-49, pp. 15, 156
For UD/v < 5 X 1G5,

5 0.17
5 % 10
K|RE (KIREE:E:XTDS) ( Re )
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Description and fp

Loss Coefficient, fP

2. Coil of Circular Pipe

v E @

(L = length of pipe in coil,
i.e., 7d ¥ number of turms.)

142
Laminar Flow %? < 21ﬂﬂ[i + 12 (%J l :

(a)
_m (p\'/? i
N = v A\d f
0-11.6 1.0
11.6-2000 11
.45 *
ot 11.6)
N " e
b
2000 g.13 w1 /2D

0.01 < d/D < 0.15, Ref. 6-50.

(a}f = frietion factor for laminar flow
in straight pipe, Table 6-2.
(b)

For square cross section, this
becomes 0.13 N1f2, where D is the length
of one side (Ref. 6-51).

1/2
Turbulent Flow, %? > 2100 L + 12 (%%) l 4

0.336

f =
c 0,2
TR
v o\d

0.01 c%e: 0.5, Ref. 6=53.
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Description and 4p

Loss Coefficient, K

3. Spiral of Circular Pipe

(L = length of pipe in
spiral.)

] o
atay - n)" 2
f = TR ?.3=:1§-{ 15.5
Ub(2s
v \D .
w(z\% |
oyt o By {48
500-2000
{laminar) 2.5 0.7 |2.0]|0.6
3 3
2%107 = 4x10
{(transitional) 2.1 0.75 | 1.0 0.5
5x10° - 150%10°
(turbulent) 0.030 | 0.9 [1.5]0.2

0, = number of turns in spiral from
origin (8 = 0) to points (:} and (:) .
respectively. Ref. 6-52.

4. Miter Bend in Circular
Pipe

Turbulent T, %? > 4 x 100
5] 5]
(deg) | k@) (deg) | k@
10 0.025 a0 0.50
20 0.055 70 0.70
30 0.10 20 0.90
40 0,20 an e
50 0.35 120 1.5

Refs., 6-39, p. 2163 6-4, p. 19; 6-53.

{a}Fur Re = UDfv 2 2 x 105.

For Be < 2 x 1ﬂ5,

5 a,2
k|, = (k] 5 (&Ji—ULJ
Re Re=2x10 Re
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Description and Ap

Loss Coefficient, K

5., Compound Miter Bend in
Circular Pipe

All bend angles are equal.
n = 2 bends shown.

Turbulent Flow, UD/v > 4000

K(a)
i )

(deg) R/D | n=2 n=3 n=4
45 2.95 0.11 - -
60 2.95 0.15 - -
90 0.5 0.70 B.75 | 0.75

1.0 0.45 0.40 | 0.40
1.5 0.35 0.35 | 0,30
2.0 0. 30 0.30 | 0,25
3.0 0,35 0.20 | 0.20
4.0 0,40 0.25 | 0.20
5.0 0.45 0.25 | 0.20
180 0.5 4.0 - -

Refs. 6-4, p. 19; 6-39, pp. 223-226.

(@ por Up/v = Re > 2 x 10°.

For Re = 2 ¥ 105,

5 0.2
2% 10
KlRe ~ G{'R:FEKTDS)( Re )

(b)

n = number of individual bends.



UNIVERSIDAD DE CHILE - DEPARTAMENTO DE INGENIERIA CIVIL - DIVISION RECURSOS HIDRICOS Y MEDIO AMBIENTE
Cl 41A - HIDRAULICA - Prof. ALDO TAMBURRINO TAVANTZIS

INTERACCION EN CAMBIOS DE DIRECCION (CODOS)

K £ z
combination components

Spacing Between Components, L/D

Description of Bends R/D 0 4 10 20 30
1. 8 of Two 90® Bends 1.85| 0.86 ) 0.72 | 0.82 0.95 | 0.96
2.3 0.84 | 0.82 | 0.86 0.96 | 1.0
| 0.93 | 0.96 | 0.97 1.0 1.0
2. Twisted S of Two 90° Bends 1.85| 0.88 | 0.73 | 0.86 0.96 | 0.97
D o3 0.86 | 0.81 | 0O.88 .97 | 1.0
S }.:—(mnt'inues
into plane)
L
3. U of Two 90° Bends 1.85| 0.58 | 0.72 | 0.83 0.92 [ 0.98
0 & 0.73| 0.80 | 0.88 0.97 | 0.98
R T8 0.97 | 0.97 | 0.98 1.00 | 1.00
W
_..i L |.._
4. 90° Bend and Exit into Plenum. |1.15] 1.91 | 0.64 [ 0.82 0.93 | D.99
=Dk 3.45 | 0.56 | 0.62 | 0.87 0.96 | 1.0
Za

e il
_..] L }._
(KE includes loss plus

xit
expansion)
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CONTRACCIONES Y EXPANSIONES

Description and
Static Pressure Change

1. Entrance Flush with Wall
At Ripght Angle

Non-Recoverable Loss Coefficient, K

P. - P
e
E-DU

2. Entrance Flush with Wall 5
at Arbitrary Angle E=0,5+0.3 cos 6§+ 0.2 cos™ 8

Ref. 6-713
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Description and

Static Pressure Change Non~-Recoverable Loss Coefficient, K
3. Protruding Entrance E
L/D
>0.5
a/D | 0,005 0.01 [0.10 |0.50 | 0.5 {Ref. 6-T4)

ET 0.63 [0.68[0.86 1.0 1.0 1.0

0.005% | 0,57 .62 |0.79 | 0.93 0.93 .90

0.01 0. 54 0.57 10.71 | 0.88 0. 86 0.82

0.02 g, 51 Q.52 |\ 060 | 0. 72 .72 0.6A

0.03 0,50 0.51 | 0.54 | 0.61 (.61 }, 50

.05 .50 0.5 | 0.50 | 0.50 0.350 0.43

=0.05 0.50 0.50 | 0.50 | 0.50 0.50 0.44

q.'—-l L>=>0

Ref. 6-39, p. 92, except as noted.

Py =1 F

: 22=1+K+L"

5 Pl D

4. Rounded Entrance R/D K R/D K

0 1.0 0.06 | 0,32
0.01| 0.87 0.08 | 0.20
0.02] 0.74 012 | 019
0.03] 0.61 0.16 | 0.06
0.04 ] 0.51 0.20 | 0.03
0.05] 0.50 0.60 | 0.0

Ref. 6-39, p. 93.

K
R/D [Ref. 6-39 [ Ref. 6-75
0 0.50 0.44
0.01 0.43 0.35
0.02 0.36 0.28
0.03 0.31 0.22
0. 04 0.26 0.17
0.05 0.22 0.13
0.06 0.20 0.10
0.08 0.15 0.07
0.12 0.09 0.03
0.16 0.06 0.0
%_HUE D >0.16 0.03 0.0
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Description and

Static Pressure Change Mon-Recoverable Loss Coefficient, K

6. Conical Entrance

A{deg)

- a/n 0 10 20 40 a0 100 140
0 Sl - I 0.025 | 1.0 | 0.96 [0.93 | 0.86 | 0.80 |0.69 | 0.59
B 1 0.050 | 1.0 |0.93 |0.86 |0.75 | 0.67 |0.58 | 0.53
- 0.10 | 1.0 |0.80 |0.67 |0.48 |0.41 |D.41 | 0.44
0.25 | 1.0 |0.68 |0.45 |0.22 |0.17 |0.22 |0.34
—] 3 pe—— | —q 0.60 |1.0 |0.46 |0.27 |0.14 | 0.13 |0.21 | 0.33
L>>0 1.00 |1.0]0.32 |0.20 [0.11 |0.10 [0.18 |0.30
Ref. 6-39, p. 95. i
Py~ P ,
5 |
X I
|
Bideg) E
am | 8 | 10 | 200 | 46 | 80 | 100 | 140 | 180 :
0.025 | 0.5 |0.47 | 0.45 |0.47 |0.40 | 0.42 | 0.45 | 0.5
0.050 | 0.5 |0.45 | 0.41 [0.33 [0.30 |0.35 | 0.42 | 0.5
0.075 |0.5 |0.42 | 0.35 |0.26 [0.23 |0.30 |0.40 0.5
0.10 |0.5|0.39 |0.32 |0.22 |0.18 |0.27 |0.38 |0.5 |
g.15 10.510.37 |0.27 |0.16 |0.15 [0.25 |0.37 [0.5 |
0.60 [0.5|0.27 [0.18 |0.11]0.12 |0.23 |0.36 |0.5 |

Ref. 6-39, p. 96,

8. Rounded Entrance in Wall _—
with Neighboring Wall K
R/D

a/D | 0.1 |0.125]0,15 |0.20 |0.30 |0.50 |0.80

— |0.80 |0.45|0.19 |0.09 [0.05 |0.05
0.50 | 0.32|0,17 |0.07 |0.04 | 0.04
0.65|0.36 |0.25]0.10 |0.05]0.03 | 0.03

0.
0.
0

L Lad B
1
1

Ref. 6-39, p. 94,
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Description and

Static Pressure Change Non-Recoverable Loss Coefficlent, K
11. Abrupt Contraction A
1 2
A, K= E( B T]-) gefg. 6-39, p. 98, 6-76.
A
5 T 1

0y @ U= Uy @Dy |an alternative expression, based on experimental
i _I_ jdata, is (Ref. B=7T7):

F
I-'—L1—"'+'|-'L2“-i K= 0,5781 + 0.3954 E”_ - 4.5385 R

L1 =20y L >>0, + 14,24 B2 - 19.22 8% + 8.540 g’ 2

Py = Py Azz ) where f = A.z.-".é.i. A, and A, are flow areas.
——==1-1=5} +x
= pll 1
7S
= {
; fTL'I fZLZ 12.'|2|""LT1 .Fki..l’iz
|J1 DZ

For laminar flow use K of Table &=2

12. Gradual Contraction

K

(':*1 Aq L/D,
f ---“\\\---figil & [0 Jo0.05[0.1 [0.15 0.6
1.2 |0.08| 0.06 [ 0.04] 0.03 | 0.03
B R0 Hyme Hgms @) By 1.5 |0.17| 0.12 [ 0.09 | 0.07 | 0.06
2.0 |0.25 | 0.23 [ 017 | 0.14 | 0.06
IT 3.0 [0.33| 0.31 | 0.27 | 0.23 | 0.08
5.0 |0.40] 0.38 | 0.35] 0.31 | 0.18
ply=sd [ foe-Lly-mi 10.0 |0.45]| 0.45 |0.41 | 0,39 | 0.27

Ref, 6-39, p. %6. Also see Chapter 7 .
[:{]NI[}ALTHA.HSITISM SHOWN v, = (Ay/A )0,

PPy Ay
i "'('A_ i

EDUZ 1

E‘!LI fELE
gk R
1 2

[3. Sharp Edged Orifice

| d/plo.20/0.25/0.30/0.35/0,40]/0.45]0.50
¥ ¥ K |65. 39. 27. |19. |14, |10. |7.7
v—=—0 ¢ @o
NT i d/p|0.55]0.60]0.65|0.70]0.75]0.80[0.85|0.90
; "K |5.8 |4.2 |3.1 |2.3 |1.5 |0.97]0,55|0.26
f—— 1L —]
L=>=0 See Eqs, 6-41, 6=42 and Section 6.5.3.
Py =P
af S S -
- il
7 Y

10
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Descriptien and
Static Pressure Change

Non-Recoverable Loss Coefficient, K

14. Flow into Multi-Channel
Core

£1: B
+;I+e_’£
| b,

P =
2 A1
A:! = izﬂ'):i = sum of flow areas.

A, Ap are cross-sectional areas. Channels on
right are identical. lr‘.{1 - EA,I!'AE)UI.

Based on Refs. 6-39, P. 98; 6-76.

For laminar flow use K of Table 6=2,

15. Exit from Straight Pipe

f—— L ————

= L>>D
b i NS DS
%GUE 4

E=1.0

see text for formulas which take the flow digcri-
bution into account.

Result is independent of . The ideal pressure
tise 1s py=py = <pU*/2 (Bq. 6-42), but rhis
Tise is completely offset by the loss of
momentum of the exit stream.

16. Exit from Straight Pipe
with Screen
= POROUS SCREEM

A L T
e i

=

E=:1.0

Geiign given in Chapter 10

11



UNIVERSIDAD DE CHILE - DEPARTAMENTO DE INGENIERIA CIVIL - DIVISION RECURSOS HIDRICOS Y MEDIO AMBIENTE
Cl 41A - HIDRAULICA - Prof. ALDO TAMBURRINO TAVANTZIS

Description and
tatic Pressure Change Non-Recoverable Loss Coefficient, K
17. Abrupt Expansion & 2
A B s
& D1 "
1 @ @ .t Ay, Ay are cross—sectional areas.
I-—[_—-' U2 — (A!."HE}UT.
L==D The expansion results in a pressure rise. See text
) for formulas which take flow distribution into
I (AE) fL account .
—_— =l -1+ E+ =
3 I_JE A,I D
7
18. Gradual Expansion
K
) 25;2 Elfﬂ]‘
i C—/— T | 2] 0.1 |o.2 [0.3 |05 [1.0 [2.0 [ 3.0 | 5.0
] U U D 12 0.06 | = - - - - - -
’ =D Uy @ Dy 7| 630|009 0.08] 0.07|oos| = | = |-
| 1.6 0.17 | 0.13 ]| 0.12| 0.10 ]| 0.08 | 0.06| - -
J—-—L 2.0 0.25 | 0.25 | 0.23| 0.20]| 0,15 | (.08 | 0.06| =
1 2.5 0.35 | 0.35|0.32]| 0.35] 0.25 | 0.10| 0,08] 0.06
e E '|"' LZ_"'* 3.0 | 0.45 | 0.45 | 0.45]| 0.45]| 0.37 |0.22| 0.15] .10
12 DE 4.0 0.60 | 0.60 | 0.60] 0.60 | 0.55 | 0.42 | 0.40) 0.30
U, = (A,/A,)U;. Ref. 6-4., See Chapter 7 for
B, — P A & fL a diffuser with free discharge.
M e M e
[ e D A, A, are cross-sectional areas.
"i'Flﬂ-r1 1 v [
19. Expansion from Multi- A\
Channel Core K = e
o ""‘g
i
;‘L1 = ; 'ﬁli = gum of flow areas on left-hand side.
QJ 0 Ayi. Az are cross- Qectiunal areas. All channels
_— on left are identical. U, = (A1/A2)Uq. The
expansion results in pressSure rise. See text for
formulas that take into account flow distribution.
>
e
R A
B ) T
1 ov? i
2 1
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DERIVACIONES

Vv Vv
L, .=k, -2 L -k, -0
0-1 1 29 0-2 2 29
Tooe Tase
— e - g
0 1 0 1
2 2
Q,/7Q, 0,0 0,2 0,4 0,6 0,8 1,0
Q,7/Q, 1,0 0,8 0,6 0,4 0,2 0,0
Togo Kk, 0,40 0,35 0,20 0,10 0,05 0,05
k, 1,30 1,10 0,96 0,90 0,88 0,96
Ty K, 0,45 0,40 0,25 0,15 0,10 0,08
ks, 0,35 0,30 0,33 0,47 0,66 0,90

Todas las tuberias de igual didmetro

CONFLUENCIAS

L 1-0 1\;—; L 2-0 2 ;_;
Too° Tase
—_— - o -
1 ) 0 1 0
2
Q,/Q, 0,0 0,2 0,4 0,6 0,8 1,0
Q2/Qo 1,0 0,8 0,6 0,4 0,2 0,0
Tooe ki 0,60 0,50 0,40 0,30 0,18 0,05
k2 0,91 0,72 0,47 0,30 0,10 0,00
Taso K, 0,60 0,50 0,40 0,30 0,18 0,05
ko 0,50 0,40 0,25 0,20 0,10 0,00

Todas las tuberias de igual diametro

13
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VALVULAS

Presaure Loss Across Valws, -“pf;— p? = & + E(L, = L,yl/D

Description

Fully Open Valwve (h = D)

Partlally Open Valwve (h < D)

. Conventional Globe Valve

with 45" Dividing Walls 1 K
{um) | ReE. & |8ef. B [mef. c *“'}F;fﬁ”“ Ref -
* Ly ki >0 12,5 10.8 12 1.0 up.m; (0= 100 mm)
" 25 7.2 6.4 7.5 : .y

50 5.7 B R 0 .

100 &1 5.9 | = sl i
130 6.4 | a0 | - el it

y o M 0. 50 6.0

200 5.7 4.2 -

i 0. &0 r.0

250 5.1 4.3 e e ks
300 5.8 -— -- : =
350 L -— -

. z Refs. A: -39, p. 363;
For this valve with 90% dividiag Bi !E'"w' Pe 333 C: 634,
walls, Ref. A gives: pI=9.

{mm} = 12.5% 20 25 30 40 50

K= 18 1. 9.3 &6 7.6 &9

Ref. B BuRREsEs values 50% higher are
appropriate 1if sear area La TOX of
plpe area.

5. ¥ Pattern Globe Valve
E Refs. A: B=39, p. 383; B: B&=9%, p. 2=-9.
b Ref. 6-49, p. 53, suggests that losses
{(mm} | Raf. A JRaf. B are 50% higher if stem angle is 60°
20 L ) inseead of 45°.
25 - 4,2
50 o 33
100 2l 2.7
150 ¥.9 207
200 T =
250 1.5 —
300 1.4 2T
350 1.3 =
6. Direct Flow Clobe Valve
1] Ref. 6=39, p. 364,
{mm} E
25 [1.6
500 | 0.73
100 | 0.50
150 | 0,42
o | 0.3
2500 | 0.32
E o= 5.2/¢0 (D in =m),
#5 <« o < P50
K
D (2) Rafs. Az 6-43, p. 5%; B: 6=94, p. 2-9.
{mm) | Rel. A Ref. B
15 4,5 945
20 3.8 3.9
] 3.z 305
50 2.2 3.7
&0 2.4 3.4
190 g -
150 2.0 —
200 A —
fa)

Seat avea = pipe area.
If seat area is TE of plpe
area, multiply values by 2.

14
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1
Preggure Loss Across Valwve, aﬁfi-pti = K4+ E(L1 + Lz}fﬂ, except Frame 10

Description

Fully Open Valwve

Parcially Open Valwve

B. Conventiomal Swing Check
Valve

L. Ly =D

K
(Ref. =39, p.

o
(mm

A0

it
104
201)
300
500
750

368}

P B R ket ki
Al e

ll:-l..n—-\.l'.‘r-l.n.l:‘w

Befs. 6-9%, p. A=30, and 6=95,

p. 3-33 give K = 2.0 for a

typlcal conventional check wvalve,

Refs. 6-94, p. A-30, and 6-96 give
E=0.5 to 0.8 for clearway swing

check valve. Ref. 6-160

gives K = 0.6 to 2.3.

Clapper
Angle
[deg)

K{a}
(D = 200 nm)

n
L)

I
L

1
ed K

|
— pa
LR S
.

-3
o
f - R P |

L f [0 |

l:'E]'l::le..vn*i-.'ﬁa'_.r swing valve.
Ref. 6-96. Zerc angle Is
fully elozsed.

9. Ball Check Valve

Li.Lglﬂkﬂ

2.3 Ref. 6-94, p. A-30.

0.5 Ref. 6=94.

The evpical minimum pressure drop
?uired to keep a valve open is
Pa 0.25 1b/1in.?) for a hori-
zontally mounted valve and 20 = 10 Pa
€2.3 1b/in.?) for a value in a ver-
tically mounted position.
Ref. 6-94, p. &4=-30.

10. Various Valves in
Expansions

BALL VALVE

"o
V|

t
.Eﬂ I

NEEDLE VALVE
LY

—

e
D ={U
@

DEKVAE?EA

_ _ FORT VALVE
= oo

Statlc pressure change is sum of pres=
sure rise associated with expansion
plus valve loss plus entry pipe lass.

3
By Py [*”1) £L
i s e

statie pressure at 1,
= static pressure at 2,
entry area,

entry diamecer,
minimum valwe area,
exit area.

See discussion of sudden expansions
in Sectlom 6.5.2.

15

Keedle Valwe:
K=0.5+0.15 [&IIH 32
v

Ball Valwe:
2
E=0:5+0.15 [A]#ﬁv}

Disk Valwe:
B 1.3 4 0.2 (.u].":u.“jz

Port Valve:

s 2
K=1,0+ 0.6 f&}!hvj
Ref. A=1&0,
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Pressure Loss Across Valve, ﬂpf% pl? = K + E{L, + Lz}fb

Description

'Ful[y Open Valye (8 = 1)

Partially Open Valve

1. Ball Valve and 4 '
K= =0
Spherical Valve L ¥ 8 Ball Valve Spherical Valwve
Ly Lg>>D Refs. A: 6-39, p. 362; B: 6-95, (deg) | Ref. A| Raf. B Ref. €
p. =33; C: 6=97 (D = 250 mm).
/% a 5 | .08 [ o.os 0.08
it % | 0.3 | 0.9 0.32
@u @ ¥ 15 0.8 - 0. 56
7l ﬂi— 20 1.8 1.6 1.4
I' |_.| Lz—--i 25 3.5 o 2.1
30 6.2 -- 1.5
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an o o m
1%, Butterfly Valve E
s er s el e ey e T e
,‘.{ Streamlined Bluntc heeE i —=
v t/D Element Element 5 0.4 S o= 0.23
10 0. 52 2.2 -- 0.4
E @,I 0.1 &1 0.16 20 1.5 1.7 17 1oy
0.15 ¢.15 0.26 30 1.9 7.1 3.2 3.9
J._ 0.20 .2 0.45 40 | 11 13 6.6 | 10
0.30 g.3 1.20 B0 120 130 0 100
Ly | 0.35 0.75 1.80 70 750 290 621 L00
an ] a ] =i
'.1.1.2}}'] Refs. 6-9%, 6-160

Refe. 4: 6=39, p. 3617 B: 6=98;

C: 6=-39, p. 366, D: 697. The valve
glement in B is blunt ended, while that
im A and D 18 thin and streamlined and

| that in C is a thin flap.
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