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3. Basic Water Resources 
Engineering

3.4  Pipe flow



Sub topics

• Types
• governing equations
• major and minor head losses
• HGL and TEL lines
• design; pipe network problems
• unsteady flow in pipes and relief devices.



HGL and TEL
Total energy line or Energy gradient line-
Line representing the sum of pressure head, datum head, and velocity head

Hydraulic gradient Line (H.G.L) –
Line representing the sum of pressure head and datum head. 







Pipe flow and types
Reynolds number (Re) is a dimensionless quantity that helps predict fluid flow patterns. 

Reynolds number =inertial force/ viscous forces

Pipe flow: flow at pressure
Laminar: 𝑹𝒆 < 𝟐𝟎𝟎𝟎∗

Transitional: 𝟐𝟎𝟎𝟎 < 𝑹𝒆 < 𝟒𝟎𝟎𝟎
Turbulent: 𝑹𝒆 > 𝟒𝟎𝟎𝟎

𝑉 is velocity, 𝑑 is diameter of pipe
* 𝑹𝒆 < 𝟐𝟑𝟎𝟎 also used in some literature

𝑅𝑒 =
𝜌𝑉𝑑

𝜇
=
𝑉𝑑

𝜈



Pipe flow and types



STEADY LAMINAR FLOW IN A CIRCULAR PIPE 
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Shear stress distribution



STEADY LAMINAR FLOW IN A CIRCULAR PIPE 

Velocity distribution
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Velocity distribution
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Maximum velocity

𝑣𝑚𝑎𝑥 = −
1

4𝜇

𝑑 𝑃 + 𝛾𝑧

𝑑𝑥
𝑅2

Local velocity in term of Maximum velocity

𝑣 = −
1

4𝜇

𝑑 𝑃 + 𝛾𝑧

𝑑𝑥
(𝑅2−𝑟2) = −

1

4𝜇

𝑑 𝑃 + 𝛾𝑧

𝑑𝑥
𝑅2(1 −

𝑟2

𝑅2
)

𝑣 = 𝑣𝑚𝑎𝑥(1 −
𝑟2

𝑅2
)

Average velocity (V)
𝑣𝑚𝑎𝑥 = 2𝑉
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Local velocity in term of Maximum velocity

𝑣 = −
1
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)

𝑣 = 𝑣𝑚𝑎𝑥(1 −
𝑟2

𝑅2
)

Average velocity (V)
𝑣𝑚𝑎𝑥 = 2𝑉

Point where local velocity equals mean velocity

𝑟 =
𝑅
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Pressure difference in term of average velocity: Hagen-Poiseuille Equation
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Pressure difference in term of average velocity: Hagen-Poiseuille Equation
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TURBULENCE FLOW IN A CIRCULAR PIPE 

Prandtl’s mixing length theory

Prandtl’s mixing length equation

𝜏𝑡 = 𝜌𝑙2
𝑑𝑣

𝑑𝑦

2



TURBULENCE FLOW IN A CIRCULAR PIPE 

Prandtl assumed mixing length, 𝑙 = 𝑘𝑦
K=Karman universal constant =0.4  

Prandtl’s mixing length equation

𝜏𝑡 = 𝜌𝑘2𝑦2
𝑑𝑣

𝑑𝑦

2

𝑑𝑣

𝑑𝑦
=

1

𝑘𝑦

𝜏

𝜌

For small y near pipe wall ,  𝜏 = 𝜏𝑜
𝜏𝑜

𝜌
has the dimension of velocity and it is called shear velocity 𝑉∗



TURBULENCE FLOW IN A CIRCULAR PIPE 

The equation gives

𝑣 = 𝑣𝑚𝑎𝑥 + 2.5𝑉∗ ln
𝑦

𝑅
𝑣𝑚𝑎𝑥 − 𝑣

𝑉∗
= −2.5 ln

𝑦

𝑅
= 2.5 ln

𝑅

𝑦
= 5.75 l𝑜𝑔

𝑅

𝑦

𝑣𝑚𝑎𝑥 − 𝑣 is known as velocity deficit

𝑣𝑚𝑎𝑥−𝑣

𝑉∗
is seen to be function of y/R which means no consideration of boundary smoothness. So 

this equation usually holds good near center of pipe away from boundary

𝑑𝑣

𝑑𝑦
=

𝑉∗
𝑘𝑦
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Dimensionless Roughness parameter



TURBULENCE FLOW IN A CIRCULAR PIPE 

KARMAN-PRANDTL VELOCITY

𝑣 = 𝑣𝑚𝑎𝑥 + 2.5𝑉∗ ln
𝑦

𝑅
At some distance 𝑦′ near boundary v=0

0 = 𝑣𝑚𝑎𝑥 + 2.5𝑉∗ ln
𝑦′

𝑅

Subtracting two

𝑣 = 2.5𝑉∗ ln
𝑦

𝑦′
= 5.75 l𝑜𝑔

𝑦

𝑦′



TURBULENCE FLOW IN A CIRCULAR PIPE 
If flow occur with minimum energy loss it is smooth 
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TURBULENCE FLOW IN A CIRCULAR PIPE 



Major and minor loss



Major and minor loss



Major and minor loss
For laminar flow



Major and minor loss

For higher Reynold’s number from Nikuradse experiment

𝑓 = 0.0032 +
0.221

𝑅𝑒 0.237

1

𝑓
= 2.0 log 𝑅𝑒 𝑓 − 0.8

For turbulent flow in Smooth pipe



Major and minor loss
For turbulent flow in Rough pipe

1

𝑓
= 2.0 log

𝑅

𝑘
+ 1.74



Major and minor loss



Minor loss
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Pipe in series

ℎ𝑓 = ℎ𝑓1 + ℎ𝑓2 + ℎ𝑓3

𝑄 = 𝑄1 = 𝑄2 = 𝑄3



Pipe in series
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Pipe in series



Pipe in parallel

ℎ𝑓 = ℎ𝑓1 = ℎ𝑓2

𝑄 = 𝑄1 + 𝑄2



Pipe in parallel
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Pipe in parallel







Siphon
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Siphon

Abs. pressure at B can be 0atm theoretically but practically abs. pressure going below 2.5m of water,
dissolved gasses would come out and form air plug stopping flow



Siphon



Water hammer
When a liquid flowing through a long pipe is suddenly brought to rest by 
closing the valve at the end of a pipe, then a pressure wave of high intensity 
is produced behind the valve. This pressure wave of high intensity has the 
effect of hammering action on the walls of the pipe. This phenomenon is 
known as water hammer or hammer blow.



Water hammer
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