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Figw·e 14.7 Friction factor as a function of Reynolds number and relative roughness for round pipes-the Moody chart 

lrn;pection of Fig. 14.7 also indicates that between the laminar flow and wholly turbulent flow 
regimes the friction factor depends on both the Reynolds number and the relative roughness. 

For the entire turbulent flow range, friction factors can be read from the Moody chart or 
evaluated using the Colebrook formula

,/ 
1 (£/D 2.51 )vJ = -2.0 log D + Re vJ (turbulent) (14.13) Colebrookformula

which is an empirical fit of the pipe flow data. For hydraulically smooth'(£ = 0) pipes the hydraulically smooth

friction factor is given by the Blasius formula

f = 0.3l6/Re 114 (turbulent,£ = 0) (14.14) Blasius formula

Example 1 4. 1 Turbulent Pipe Flow-Friction Factors 

Air under standard conditions flows through a horizontal section of 4.0-mm-diameter drawn tubing with an average velocity 
ofV = 50 m/s. Determine the pressure drop in a 0.1-m length of the tube. 

Solution 
Known: Air at standard conditions flows through a horizontal section of drawn tubing with a specified velocity. 
Find: Determine the pressure drop. 
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(a) Entrance flow, sharp-edged, Kl = 0.5 

(c) Exit flow, sharp-edged, Kl = 1.0

(b) Entrance flow, well-rounded, Kl = 0.04 
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(d) Exit flow, well-rounded, K
l

= 1.0 

Figure 14.8
Loss coefficient 
values for 
typical entrance 
and exit flows. 

Another important category of pipe system components is that of commercially available 
pipe fittings such as elbows, tees, reducers, valves, and filters. The values of Kl for such com
ponents depend strongly on the shape of the component and only very weakly on the Reynolds 
number for typical large Re flows. Thus, the loss coefficient for a 90° elbow depends on 
whether the pipe joints are threaded or flanged, but is, within the accuracy of the data, fairly 
independent of the pipe diameter, flow rate, or fluid properties-that is, independent of the 
Reynolds number. Typical values of Kl for such components a.re given in Table 14.2. 

Table 14.2 Loss Coefficients for Pipe Components (hl = Kl �;)

Component Kl 

a. Elbows
Regular 90°, flanged 0.3 
Regular 90°, threaded 1.5 
Long radius 90°, flanged 0.2 
Long radius 90°, threaded 0.7 
Long radius 45°, flanged 0.2 
Regular 45°, threaded 0.4 

b. 180° return bentls
180° return bend, flanged 0.2 
180° return bend, threaded 1.5 

c. Tees
Line flow, flanged 0.2 
Line flow, threaded 0.9 
Branch flow, flanged 1.0 
Branch flow, threaded 2.0 

d. Union, threaded 0.08 

e. Valves
Globe, fully open 10 

Angle, fully open 2 
Gate, fully open 0.15 
Ball valve , fully open 0.05 
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