The mechanical energy equation can be used for analysis in pipe networks.  It resembles Bernoulli’s equation with additional terms to accommodate shaft work and frictional losses.
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The RHS includes terms for increase in internal energy or losses in the form of heat due to friction.  The quantity hLT includes the sum of hL and hLm, which represent the loss in the pipe itself and in the fittings, respectively.   As this suggests, viscous or frictional losses also take place in fittings such as elbows, entrances, tees and valves.  How are these handled?  The loss may be expressed in the length of pipe that corresponds to the same loss as the fitting.  These “equivalent lengths” are typically described or scaled in numbers of diameters.  For example, the loss in a standard 45 o elbow is equal to the loss from a pipe in the system of Leq  = 15 x D where D is the diameter of the pipe in the system.  The number 15 comes from references such as Table 13.1 or as shown below.
Equivalent Lengths for Pipe Fittings

Standard Elbow(45o)

 15

Standard Elbow(90o)

 32

Tee joint, straight


 20

Tee joint, turn


 67

Bend, 180 o



 75

Gate valve,  ¼ open

900



½ open

200



¾ open

 40


      fully open

   7

Angle valve, fully open

170

Globe valve, fully open

350

In analysis of a piping system with the mechanical energy equation, we handle valves and fittings by using the friction factors and equivalents of pipe(scaled to diameter) that represent the same loss as the valve or fitting.

Minor losses:  hlm  =  ( 2 f (Leq /D) v2/g
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