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Pipeline systems

valve
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Frictional Losses in pipeline systems

It is convenient to express the pipe element frictional loss in the exponential form

in which hL is the head loss over length L of pipe, R is the resistance coefficient, Q is the 
discharge in the pipe, and n is an exponent. Comparing the Darcy - Weisbach relation with 
this expression, one gets n = 2, and the resulting expression for the resistance coefficient 
denoted by R is

ℎ𝐿= 𝑅𝑄𝑛 

where f is the friction factor and may be determined from the Moody diagram or various 
correlations. 
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Frictional Losses in pipeline systems

Swamee and Jain (1976)

Combining the above two equations, one finds that,

Above equations are valid over the ranges 0.01 > e/D > 10-8, 108 > Re > 5000. 
The fully rough regime, where Re has a negligible effect on f, begins at a Reynolds number 
given by,

For the values of Re greater than this, the friction factor is a function only of e/D, and is given 

by, 
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Series Piping

Consider the series system shown below. It consists of N pipe elements with a specified 
number of minor-loss components K associated with each ith pipe element. 

A single minor loss is equal to hL = KV2/2g = KQ2/2gA2.

For many flow situations, it is common practice to neglect the kinetic-energy terms at the inlet 

and outlet; they would be significant only if the velocities were relatively high. 

So, the energy equation applied from location A to location B is
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in which Ri is the resistance coefficient for pipe i. The statement of continuity for the series 
system is that the discharge in every element is identical, or
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Series Piping

Replacing Qi with Q
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Problem

200 kPa
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SERIES PIPE FLOW WITH PUMP(S)

Pump characteristics curve
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The solution of pipe flow problems involving pumps normally requires us to read data from 
pump characteristic curves.

Let the pump characteristic curve for the head hp be expressed by a second-order polynomial   

                           hp = AQ2 + BQ + C

in which the coefficients A, B, and C are determined by the use of three (hp, Q) data pairs that 
bracket the expected range of operation of the pump. To obtain the coefficients, we write 
three equations by substituting each data pair into the polynomial to obtain
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SERIES PIPE FLOW WITH PUMP(S)

In matrix notation the above equation comes as,

which can be solved in various ways to determine the coefficients.
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System curve and Pump characteristics curve

(ME 421: Fluid Machinery)
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(Example Problem 2.4)

A single-stage Ingersoll-Dresser 15H277 pump, outfitted with the largest impeller (Refer to the pump 
characteristic curve shown below), is used to pump water from a reservoir at elevation 1350 ft to 
another reservoir at elevation 1425 ft. The line is 6000 ft long and 18 in. in diameter with an equivalent 
sand grain roughness e = 0.015 in. (ν = 1.14x10- 5 ft2/s). Neglecting local losses, compute the discharge 
in the pipeline.
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Problem
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Solution:

Apply work-energy equation between the two reservoir water surfaces:

from pump System req.
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Use 1 ft3/s = 448.8 US GPM 1 US Galon = 231 in3  = 0.1336 ft3

Colebrook- White equation

from pump System req.

You need to go with 
detail calculations.
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hp = 95.7 ft, Q = 7.30 ft3/s = 3280 gal/min, and f = 0.019546

Solution:

Another Approach:
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