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TABLE 6-4 Additional Frictional Loss for Turbulent Flow
through Fittings and Valves®

Additional friction loss,
equivalent no. of
Type of fitting or valve \'glocity heads, K
45° ell, standard®e®< 0.35
45° ell, long radius® 0.2
90° ell, standardo</ 0.75
Long radius”*¢ 0.45
Square or miter” 1.3
180° bend, close return”* 15
Tee, standard, along run, branch blanked off* 0.4
Used as ell, entering run®’ 1.0
Used as ell, entering branch®#! 1.0
Branching flow"/* 1!
Coupling* 0.04
Union* 0.04
Gate valve,”*" open 0.17
¥4 open” 0.9
V4 open” 4.5
Vi open” 24.0
Diaphragm valve,” open 2.3
Y4 open” 2.6
V2 open” 4.3
V4 open” 21.0
Globe valve,*™"
Bevel seat, open 6.0
2 open” 9.5
Composition seat, open 6.0
2 open” 8.5
Plug disk, open 9.0
¥ open” 13.0
14 open" 36.0
Vi open” 112.0
Angle valve, " open 2.0
Y or blowoff valve,”" open 3.0
Plug cock?
0=>5° 0.05
0=10° 0.29
0=20° 1.56
0 =40° 17.3
0=060° 206.0
Butterfly valve”
0=>5° 0.24
0=10° 0.52
0=20° 1.54
0 =40° 10.8
0=060° 118.0
Check valve,”" swing 2.1
Disk 10.07
Ball 70.07
Foot valve” 15.0
Water meter," disk 7.0
Piston 15.0"
Rotary (star-shaped disk) 10.07
Turbine-wheel 6.0"
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pressures are both atmospheric and the fluid velocities are 0 and V = 2 m/s,
respectively, and there is no shaft work, simplifies to
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Contributing to [, are losses for the entrance to the pipe, the three sections of

straight pipe, the butterfly valve, and the 90° bend. Note that no exit loss is used

because the discharged jet is outside the control volume. Instead, the V%2 term

accounts for the kinetic energy of the discharging stream. The Reynolds number

in the pipe is

DVp _ 0.0525 x 2 x 1000
" 0.001

From Fig. 6-9 or Eq. (6-38), at ¢/D = 0.046 x 1073/0.0525 = 0.00088, the friction
factor is about 0.0054. The straight pipe losses are then

Re = =1.05x 107
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The losses from Table 6-4 in terms of velocity heads K are K= 0.5 for the sudden
contraction and K = 0.52 for the butterfly valve. For the 90° standard radius (/D
= 1), the table gives K =0.75. The method of Eq. (6-94), using Fig. 6-14, gives

K= KaCl%eCqu

=024x124x1.0x (0'0054>
0.0044
=0.37
This value is more accurate than the value in Table 6-4. The value f{,000, = 0.0044
is obtainable either from Eq. (6-37) or Fig. 6-9.
The total losses are then
[,=(1.23+0.5+0.52 +0.37) % =2.62 %
and the liquid level Z is
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Curved Pipes and Coils  For flow through curved pipe or coil, a
secondary circulation perpendicular to the main flow calﬁeg the Dean
effect occurs. This circulation increases the friction relative to
straight pipe flow and stabilizes laminar flow, delaying the transition
Reynolds number to about

Re = 2,100 (1 +12 /2>
D,

where D, is the coil diameter. Equation (6-100) is valid for 10 < D,/

D < 250. The Dean number is defined as

De = 7Re

(D,/D)"?

In laminar flow, the friction factor for curved pipe f, may be expressed

in terms of the straight pipe friction factor f = 16/Re as (Hart, Chem.
Eng. Sci., 43, T75-783 [1988])

(6-100)

(6-101)

TABLE 6-5 Additional Frictional Loss for Laminar Flow
through Fittings and Valves

Additional frictional loss expressed as K

Type of fitting or valve Re = 1,000 500 100 50
90° ell, short radius 0.9 1.0 75 16
Gate valve 1.2 1.7 9.9 24
Globe valve, composition disk 11 12 20 30
Plug 12 14 19 27
Angle valve 8 8.5 11 19
Check valve, swing 4 4.5 17 55

SOURCE: From curves by Kittredge and Rowley, Trans. Am. Soc. Mech. Eng.,
79, 1759-1766 (1957).
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