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Video of pipe flows

https://www.youtube.com/watch?v=tkmozP-97M4

3D Petrochemical Refinery









Typical components of 
a pipe system





































































































































































Typical dye streaks

Laminar or Turbulent Flow?



































































































































































































































































































































































































Energy considerations















































































































































































































































































































































































































Major losses

Total head losses:












































































































The Moody chart













































































































































































































































































































































































































































Friction factor for the entire nonlaminar 
range

Colebrook formula

Haaland formula













































































































































































































































































































































































Minor losses
























































































































Entrance flow conditions and 
loss coefficient

Sharp edged 
(KL = 0.5)

Reentrant  
(KL = 0.8)

Slightly rounded 
(KL = 0.2)

Well rounded 
(KL = 0.04)



Head Loss 
coefficients

Threaded elbow

Flanged elbow



A 40-m long, 12-mm diameter pipe with a friction factor of 0.020 
is used to siphon 30C water from a tank as shown in Fig. 8.50. 
Determine the maximum value of h allowed if there is to be no 
cavitation within the hose. Neglect minor losses. 

Example:

Figure 8.50
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Hydraulic Pumps



Typical discharge, head, and power 
requirements for different types of pumps

Reference: Houghtalen et al.

























































Pump Performance Characteristics

Hp = actual head gained by 
the fluid from the pump 
































































































































































































































































































































































































































































































Where: γ in lb/ft3, Q in ft3/s and Hp in ft

Pump Performance Characteristics (Cont.)

η = overall efficiency
























































































































































































































































































































































































































































































































































































































Performance curves for four 
different impellers for a radial-
flow pump (2900 RPM)

Pump Performance
Characteristics (Cont.)





















































































































































































































System Characteristics and Pump Selection
The energy equation between 
points (1) and (2) gives

Hp = actual head gained by 
the fluid from the pump 


























































































































































































































































































































































































































































































































































































































































































 To select a pump, it is necessary to utilize both 
the system curve (determined by the system 
equation), and the pump performance curve.
 The intersection of both curves represents the 

operating point for the system.
 The operating point should be near the best 

efficiency point.

System Characteristics and Pump Selection



Pumps in Parallel

Effect of operating pumps in (a) series and (b) in parallel.













































































































































































































































Effect of operating pumps in (a) series and (b) in parallel.

Pumps in
Series


















































































































































































































































































































Example 12.7. Water is pumped between two reservoirs in a pipeline with the following 
characteristics:
D = 300 mm, L = 70 m, f = 0.025, K = 2.5. The radial-flow pump characteristic curve is 
approximated by the formula

HP = 22.9 + 10.7Q -111Q2

where HP is in meters and Q is in m3/s. Determine the discharge QD and pump head HD
for the following situations:
(a) z2 - z1 = 15 m, one pump placed in operation; (b) z2 - z1 = 15 m, with two identical 
pumps operating in parallel; and (c) the pump layout, discharge, and head for z2 - z1 = 
25 m.







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Arturo S. Leon, Ph.D., P.E., D.WRE

Pipe Networks



Pipe networks

(b)
































































































































































































Frictional Losses in Pipe Elements
Frictional losses in piping are commonly evaluated using the 
Darcy–Weisbach or Hazen–Williams equation. The Darcy–
Weisbach formulation provides a more accurate estimation.

Where:
hL = head loss over length L of pipe
R =  Resistance coefficient (This is 
not hydraulic radius)
Q = discharge in the pipe
 = exponent

Swamee-Jain

Haaland

Darcy-Weisbach relation ( = 2)




































































































































































































































































































































































































































Hazen–Williams equation (For Water)

Where: 
C = Hazen–Williams roughness coefficient, m = 4.87,  = 1.85






















































































































































Simple Pipe Systems
Series Piping System

Parallel Piping System



















































































































































































































































Branch Piping

Approximation of 
pump curves:

Hp = actual head gained by 
the fluid from the pump 





















































































































































































































.Example 11.7. For the piping system (commercial steel) shown below, 
determine the flow distribution and piezometric heads at the junctions. 
Use the EPANET Model (https://www.epa.gov/water-research/epanet). 

Show demo on 
how to use the 
EPANET Model 



Important Considerations in EPANET
EPANET defaults to gallons per minute and other Customary US 
units. To change to SI units do the following:
Project > Analysis Options... > Flow Units > LPS (or LPM or 
other SI units for flow ) (This also changes units for pipe lengths 
and head to meters and pipe diameters to mm.)

• Length: The actual length of the pipe in feet (meters)
• Diameter: The pipe diameter in inches (mm)
• Roughness: The roughness coefficient of the pipe. It is unitless 

for Hazen-Williams or Chezy-Manning roughness and has units of 
millifeet (mm) for Darcy-Weisbach roughness. 

• Loss Coefficient: Unitless minor loss coefficient associated with 
bends, fittings, etc. Assumed 0 if left blank. 

• Initial Status: Determines whether the pipe is initially open, 
closed, or contains a check valve. If a check valve is specified 
then the flow direction in the pipe will always be from the 
Start node to the End node



Results:



Results (Cont.):


