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In some 

applications, 

losses are 

negligible.  In 

others, like this 

residential 

geothermal 

system with 

extremely long 

tubing, losses 

must be analyzed.
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Characterizing Flow as 

Laminar or Turbulent

• Flows with low Reynolds numbers appear slow and 

smooth and are called laminar.

• Flows with high Reynolds numbers appear fast, chaotic, 

and rough and are called turbulent.

• Reynolds number is calculated as
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Reynolds Number is Dimensionless  

and Characterizes Flow
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Reynolds Number is Dimensionless  

and Characterizes Flow
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Example Problem 8.1
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Example Problem 8.2
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Example Problem 8.3
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Darcy’s Equation
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Friction Loss in Laminar Flow

Because laminar flow is so regular and orderly, we can 

derive a relationship between the energy loss and the 

measurable parameters of the flow system. This 

relationship is known as the Hagen–Poiseuille equation:
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Friction Factor for Laminar Flow

For orderly laminar flow, the friction factor has a simple, 

linear relationship with the Reynolds Number
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Example Problem 8.4
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Friction Factor for Turbulent Flow
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Friction Factor for Turbulent Flow

• Most industrial systems are turbulent, not laminar.

• Determining the friction factor is a more complex process, either 

relying on careful interpolation from Moody’s Diagram or a lengthy 

equation given in Section 8.8 of the textbook.

• The friction factor depends on the velocity of fluid flow, the diameter 

of the pipe, the inside surface finish of the pipe, and the viscosity of 

the fluid.

• It take some practice to become proficient at reading the Moody’s 

Diagram, and practice exercises with solutions are provided in the 

book.
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Moody’s diagram
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Example Problem 8.5
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Example Problem 8.6
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Typically when engineering calculations become 

tedious, a software solution is available, and this is no 

exception.

PIPE-FLO is excellent software and is available to all users of this 

textbook.  Tutorials are offered in the textbook, guiding students 

through responsible use of the program to solve problems like 

those solved manually.  

Contact PIPE-FLO in Lacey, WA.  More information is available on 

PIPE-FLO throughout the textbook.



Copyright © 2022 Pearson Education, Inc. All Rights Reserved

Consider the use of PIPE-FLO 

software to make these calculations
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Data entry is clean and complete, and extensive 

unit systems are available
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Standard materials are available, 

saving the time to look up all values
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Solutions are graphical, clear, 

complete, and accurate.
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Fire protection system for Problem 8.33
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Well Pump for 

Problem 8.34
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Fertilizer truck for Problem 8.36
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Water supply system 

for Problem 8.40
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Reservoir pump for Problems 8.44 and 8.45
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Oil recirculation system for Problem 8.47
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