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Many systems have numerous valves, elbows, and tees 

that have significant energy losses that must be 

considered by the designer. 



Calculating Minor Losses

Energy losses are proportional to the velocity head.

The sections that follow demonstrate ways to determine 

the Resistance Coefficient K



Sudden enlargement



Resistance coefficient—sudden enlargement 

in tabular form



Example Problem 10.1



Other geometries are handled similarly

Pipe Exit
Gradual 

Enlargement

Sudden Contraction

Gradual 

Contraction



Vena contracta

The disruption of the flow results in losses.  

Higher losses result from more dramatic 

disruptions.



Pipe Entrance 

resistance coefficients



Resistance Coefficient for Valves and Fittings

• Commercially available, standard valves and fittings have 

been tested and losses analyzed.

• Published data is used to determine the losses that result 

from standard valves and fittings such as:

•globe valves

•angle valves

•gate valves

•butterfly valves 

•check valves



Calculating loss for standard fittings and valves

• Also an “Equivalent Length” format can be used to 

determine losses.

• The value of Le is called the equivalent length and is the 

length of straight pipe of the same nominal diameter as 

the valve that would have the same resistance as the 

valve. The term D is the actual inside diameter of the 

pipe.

• The term fT is the friction factor in the pipe to which the 

valve or fitting is connected, taken to be in the zone of 

Complete Turbulence.



Globe valve Angle valve



Gate valve Check valve—swing type



Pipe elbows



Standard tees 



Resistance in valves and fittings expressed as 

equivalent length in pipe diameters, Le/D



Friction factor in zone of complete turbulence for new, 

clean, commercial Schedule 40 steel pipe





Example Problem 10.7



Pumping system with a foot valve in the suction line



Pipe Bends



Pipe Bends



Valves and fittings in hydraulic fluid power systems 

result in losses that must be carefully considered using 

the methodology explained in this chapter.
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PIPE-FLO Software 

can perform all of 

the tedious tasks.  

Engineering 

principles must be 

understood first 

and care must be 

taken in the use of 

software.

© Pipe-Flo Software



Pumping system for Problem 10.39

A piping system for a pump contains a tee, as shown in Fig. 10.34, to permit the
pressure at the outlet of the pump to be measured. However, there is no flow
into the line leading to the gage. Compute the energy loss as 0.40 ft3/s of water
at 50°F flows through the tee.



Cleanout for Problem 10.40

A piping system for supplying heavy fuel oil at 25°C is arranged as shown in
Fig. 10.35. The bottom leg of the tee is normally capped, but the cap can be
removed to clean the pipe. Compute the energy loss as 0.08 m3/s flows
through the tee.



Energy loss measurement - Problem 10.46

Figure 10.38 shows a test setup for
determining the energy loss due to a heat
exchanger. Water at 50°C is flowing vertically
upward at 6.0 × I0-3 m3/s.

Calculate the energy loss between points 1 and
2. Determine the resistance coefficient for the
heat exchanger based on the velocity in the
inlet tube.



Energy loss due to pipe bends

The inlet and the outlet shown in the
Fig. are to be connected with an ID of
49.8 mm copper tube to carry 750
L/min of propyl alcohol at 25°C.

Evaluate the two schemes shown in
parts (b) and (c) of the figure with
regard to the energy loss. Include the
losses due to both the bend and the
friction in the straight tube.

ID = 

49,8 

mm
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