
Viscous flow in pipes

Pipe flow is a crucial aspect of fluid mechanics



Typical pipe system components.



Pipe flow (pressure-driven) Channel flow (gravity-driven)



Laminar, transitional and turbulent flow

Reynolds experiment:



Laminar, transitional and turbulent flow (video)



Re > 4000

Re < 2100

Limits of laminar, transitional and turbulent flow

Remarks:  
a) Analytical solutions only for laminar flow 
b) Only few engineering applications involve laminar flow. Most involve 

turbulent flow. For turbulent flow we use experimental findings and 
empirical relations 

c) Before using Poiseuille’s law (valid only for laminar flow), check the 
Reynolds number to verify that the flow is indeed laminar (Re < 2100)



Entrance region, developing flow, and fully developed 
flow

For laminar flow

For turbulent flow

le
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Pressure distribution along a horizontal pipe.

In fully developed region: Δp
l
= − ∂p

∂x
=constant

no accelerations: ax =0



Fully developed laminar flow



Free-body diagram of a 
cylindrical fluid element



Shear stress distribution within the fluid in a pipe



Relation of pressure drop to velocity and flow  
 Hagen-Poiseuille law





Laminar flow in non-horizontal pipes



Example



Example



Laminar & turbulent flow



Energy equation applied to pipe flow



Dimensional analysis

Flow in the viscous 
sublayer near rough 
and smooth walls.

ε = pipe wall roughness 
Typically, 0 ≤ ε ≤ 0.05



Dimensional analysis



Friction factor for laminar flow



Friction factor as a function of Reynolds number and relative roughness  
Moody chart



Colebrook’s formula

Moody’s chart Colebrook’s formula

Empirical formula, equivalent to Moody’s chart:
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To solve, use iterative method until 
convergence. For example, if Re and f are 
known, assume a friction factor value, plug it 
on RHS of the equation to obtain a new f value 
on the LHS. Repeat the procedure with the 
new f value until convergence.



Equivalent Roughness for New Pipes



Example



Example





Minor losses



Entrance flow conditions and loss coefficient

Reentrant 
KL = 0.8

sharp-edged 
KL = 0.5

slightly  
rounded 
KL = 0.2

well-rounded 
KL = 0.04



Flow pattern and pressure distribution for a sharp-edged 
entrance.



Entrance loss coefficient as a function of rounding of the 
inlet edge



Loss coefficient for a sudden contraction



Exit flow conditions and loss coefficient

sharp-edged 
KL = 1.0

Reentrant 
KL = 1.0

slightly rounded 
KL = 1.0

well-rounded 
KL = 1.0



Loss coefficient for a sudden expansion

Continuity (1):  A1V1=A3V3 Momentum (2):  p1A3 - p3A3 = ρA3V3  (V3 – V1 )  

Energy (3):
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Loss coefficient for a sudden expansion



Loss coefficients for standard pipe components



Example









Non-circular pipes



Example





Single pipe problems

Pipe Flow Type problems

Method: Apply the energy equation between two convenient points in the flow system
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Example - Type I problem (pressure drop unknown)

Water at 15 oC flows from 
the basement to the second 
floor and exits from a 
faucet. What is the 
pressure at point (1) if one 
takes into account

(a) no losses 
(b) only major losses  
(c) both major and minor losses
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Example - Type I problem (pressure drop unknown)

(a) No losses à hl=0

Assume uniform velocity profile across pipe 
 à α1 = α2 = 1
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Example - Type I problem (pressure drop unknown)

(b) Major lossesà h𝑙 = 𝑓
𝑙
𝐷

𝑣2
1

2𝑔
From table: copper (drawn tubing): ε = 1.5 * 10-6 m  à ε/D = 8 * 10-5 

Moody`s chart with ε/D = 8 * 10-5  and Re=50100 à f=0.0215 
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Example - Type I problem (pressure drop unknown)

(c) Major + minor losses  à 

From table: Loss coefficient for wide open global valve = 10 
       Loss coefficient for elbow = 1.5 
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Example - Type I problem (pressure drop unknown)

71.0 71.
0



Example - Type II problem (flow unknown)







Example - Type III problem (diameter unknown)




