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Objectives of the Topic

Have a deeper understanding of laminar and 
turbulent flow in pipes

Calculate the major and minor losses 
associated with pipe flow in piping networks 
(series, parallel and branching)
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Introduction

• Real fluid flow is much complex compared to perfect fluid flow

• Shear stress

• Energy equilibrium principles is used to solve the problems

• Partial differential equation (Euler’s equation) has no general solution to solve
problems

• Results from experiment (analytical) and semi-empirical method needs to be used to
solve flow problems

• There are 2 types of steady flow of real fluid exists:

1) Laminar flow 2) Turbulent flow

Between fluid particles

Between fluid particles 
and pipe’s wall

𝜇 fluid
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Introduction

Dye



SETG2343 | SETN1123 | SETK2233 6

Introduction

• This phenomenon was first investigated in 1883 by Osborne Reynolds in an experiment which has a 
classic in fluid mechanic

• After a few experiments, he found out a mathematical relationship vd



Transition flow

Turbulent flow

Laminar flow

𝜌 = Fluid density
𝑣 = Fluid average velocity
𝑑 = Pipe diameter (internal)
𝜇 = Fluid absolute viscosity
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Introduction

• This mathematical relationship can be used to determine the types of flow

2000 laminar flow
vd


− 

2000 4000 transition flow
vd


−  

4000 turbulent flow
vd


− 

• Subsequently until now, this mathematical relationship is known as Reynolds number, Re

laminar flow : Re 2000
transition flow : 2000 Re 4000
turbulent flow : Re 4000

− 
−  
− 

Re  dimensionless
vd


= 
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Introduction

• If kinematic viscosity,  is inserted in the equation:

vd



Where:

fluid density
fluid average velocity
pipe inside diameter
fluid absolute viscosity

v
d





−
−
−
−





= Re vd


=
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Introduction

• Fluid velocity profile in a pipe:

Laminar flow

Turbulent flow
Q

1
2avg maksv v=

avg

Q
v

A
=

avg

Q
v

A
=

maksv
Q
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Fluid Velocity Profile

Ideal Fluid

Friction

Viscosity

Laminar flow
Re < 2000

Turbulent flow
Re > 4000
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Energy Losses In Pipe (Intro)

• Def.: Any energy losses in closed conduits due to friction, HL

• This types of losses can be divided into 2 main categories:

➢ Major losses, HL-major
➢ Minor losses, HL-minor

2 2

1 1 2 2
1 22 2A L E

p v p v
z H H H z

g g 

   
+ + + − − = + +   

   

• From Bernoulli’s equation:

• Energy added to the system, HA, is frequently due to pump fluid head, HP, energy extracted, HE, is frequently 
due to turbine fluid head, HT, Bernoulli’s equation can be simplify as:

2 2

1 1 2 2
1 2 major minor2 2P T L L

p v p v
z H z H H H

g g  − −+ + + = + + + + +



by  replacing                         into Hagen-Porseuille equationRe
vd


=
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Major Losses In Pipe

a. Laminar flow

• Problem solved analytically → derived purely from mathematical relationship

• Hagen-Porseuille equation

2

32
L

vL
H

d




=

2

32
f

vL
p

d


 =

in the forms of head loss, HL

• Darcy-Weisbach equation
264

Re 2L
vLH

d g
=

• Def.: The head loss due to friction in long, straight sections of pipe

• The losses do happen in pipe, either in laminar or turbulent flow
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Major Losses In Pipe

b. Turbulent flow

• From Darcy-Weisbach equation for laminar flow

264
Re 2L

vLH
d g

=

2

2L
vLH f

d g
=

• Where, for laminar flow, 64
Re

f = a simple mathematical relationship 

• For turbulent flow, f  has to be solved empirically → experiment need to be done

• In laminar and turbulent flow,  f  is known as friction coefficient or friction factor

f = friction factor or friction coefficient.
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Friction Factor, 𝒇

a. Laminar flow

• Darcy-Weisbach equation
2

2L
L vH f
d g

= 64where   
Re

f =

b. Turbulent flow

• In the literature (from 1900’s – current date), there are many studies that have been 
conceded by various researchers

• Blasius’s equation (1913) → study for smooth pipes

0.25

0.079

Re
f = % error  5% for smooth pipes at Re up to 100 000

• von Karman’s equation modified by Prandtl

1 2log(Re ) 0.8 for smooth pipesf
f
= −

1 Re2log( ) 1.74 for rough pipes
f 
= −
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Friction Factor, 𝒇

• Nikuradse’s equation (for smooth and rough pipes)

The first researcher taken into account , Re

 was expressed in the form of chart
d

f



• Colebrook-White equation (1940’s)

1 1.264log ,Re  for various commercial pipes
3.71 Re

sk

d df f
 

= − +  
 

• Moody

( )plot  versus Re for various commercial pipes f
d
−

This plot, later is known as Moody's Chart−

1
36200 100.001375 1

Re
sk

f
d

  
 − = + + 

   

• Barr’s equation (1975)
2

0.89

5.12864log
3.71 Re

sk
f

d

−
  

− = − +  
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Friction Factor, 𝒇

Normal Practice In Determination of f

1. Calculate Re to determine the types of flow.

2. HL calculation: used Darcy-Weisbach equation.

2

2L
L vH f
d g

=

3. For laminar flow: 64
Re

f =

a. Determine pipe relative roughness, 
d


Where:
pipes absolute roughness
pipe internal diameterd

 −
−

 d

𝜀 is depend on pipe’s material, normally is given in tabular forms

Material (new)
Absolute roughness, 

ft mm

Riverted steel

Concrete

Wood stave

Cast iron

Galvanized iron

Asphalted cast iron

Commercial steel or wrought iron

Drawn tubing

Glass

0.003 - 0.03

0.001- 0.01

0.0006 - 0.003

0.00085

0.0005

0.0004

0.00015

0.000005

0.0 (smooth)

0.9 - 9.0

0.3 - 3.0

0.18 - 0.9

0.26

0.15

0.12

0.045

0.0015

0.0 (smooth)

b. Obtain f from Moody chart, @  Re,  
d


4. For turbulent flow:
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Friction Factor, 𝒇

Attention

1. In this subject, the f that we are using, is the American friction factor, fAmerican.

2. The value of  fAmerican is different to the one that used by the British

4American Britishf f=

16
Re

64
Re

needs to refer different Moody Chart

3. Sometimes: 4American Britishf f = =



SETG2343 | SETN1123 | SETK2233 19

Friction Factor, 𝒇 (Problem 4.1)

The kinematic viscosity of a hydraulic oil is 0.538 X 10-3 ft2/sec. If the oil is flowing at 40 ft/sec through 1 inch 
diameter 50 ft long commercial steel pipe, determine the losses due to the friction
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Friction Factor, 𝒇 (Problem 4.2)

A pump deliver water at 0.03 m3/s from a huge lake to the hilltop through 80 mm diameter and 200 m long of 
cast iron pipe as shown in figure below. Calculate the power needed by the pump to deliver the water. Take 
kinematic viscosity of water as 1.12 x 10-6 m2/s. Neglect minor losses
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Minor Losses In Pipe

• Other head losses are generally categorized as “minor” head losses, HL-minor

• They result when there is a significant change in flow pattern
• They occur in conduit contractions and enlargements (both sudden & gradual), valves, fittings, bends, 

etc., and entrance to or exit from a conduit
• In some cases, “minor” loss can be quite important
• Theoretical consideration of various minor losses are quite complicated
• They are usually evaluated by empirical methods
• They are commonly expresses in terms of the applicable velocity head
• In equation form:

2

lost head (ft or m)
2L
vK
g

 
=  

 
2

Where:
losses coefficient for divices

velocity head
2

LK

v
g

=

=
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Minor Losses In Pipe

• Occur when a liquid enters a conduit from a huge tank or reservoir
• The amount of head loss is significantly dependent on the shape of the entrance
• If an entrance is well rounded, the entrance loss will be very small

Entrance flow conditions and loss coefficient. 
(a) Reentrant, KL = 0.8, 
(b) sharp-edged, KL = 0.5, 
(c) slightly rounded, KL = 0.2, 
(d) well-rounded, KL = 0.04

a. Entrance losses
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Minor Losses In Pipe

b. Exit losses

• Occur when a liquid exits a conduit and enters a huge tank or reservoir
• The amount of head loss is significantly dependent on the shape of the entrance
• If an exit is well rounded, the entrance loss will be very small

( )a ( )b

( )c ( )d

Exit flow conditions and loss coefficient. 
(a) Reentrant, KL = 1.0, 
(b) sharp-edged, KL = 1.0, 
(c) slightly rounded, KL = 1.0, 
(d) well-rounded, KL = 1.0



SETG2343 | SETN1123 | SETK2233 24

Minor Losses In Pipe

c. Sudden contraction losses (Vena-Contraction): occur when there is an abrupt decrease in 
conduit size, and tank or reservoir

g. Other minor losses

d. Sudden expansion losses (Sudden enlargement): occur when there is an abrupt increase in 
conduit size

e. Gradual expansion losses: occur when there is a gradual increase in conduit size

f. Gradual contraction losses: occur when there is a gradual decrease in conduit size

➢ The energy loss in valves, fitting, and bends are also considered as minor losses
➢ Similar to other types of minor losses, it is also have its own KL
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Minor Losses In PipeKL Summary
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Minor Losses In PipeKL Summary
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Solution Technique Involving 𝐇𝐋−𝐦𝐢𝐧𝐨𝐫
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Minor Losses In Pipe (Problem 4.3)

A water flows from a huge reservoir to 3 inches diameter and 50 ft long commercial steel pipe at 250 gpm, 
as shown in figure below. Compare the total minor losses to major losses. Take water kinematic viscosity as 
1.21 X 10-5 ft2/sec.

Water Square-edge
pipe entrance

Q
o90 elbow

o90 elbow

Wide-open
globe valve

z
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Minor Losses In Pipe (Problem 4.4)

Figure E3 shows a typical fluid (g = 9800 N/m3 and n = 1.9 X 10-6 m2/s) has been drawn from a piping 
system at the rate of 0.05 m3/s. The pipe diameter is 100 mm and the height difference between point 1 
and point 2 is 4 m. The total length of the cast iron pipe is 30 m from point 1 to point 2. Calculate:

a. The pressure difference between p1 and p2.
b. The pressure difference between p1 and p2 if the globe valve is replaced by gate valve which is 

fully open.
(Notes: Use Darcy Weisbach’s equation, hf = (flv2)/(2dg).
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Minor Losses In Pipe (Problem 4.5)

A pipeline connecting two reservoir having difference of level of 6 m is 720 m long, and rises to a height of 
3 m above the upper reservoir at a distance of 240 m from the entrance before falling to the lower 
reservoir, as shown in figure below. If the pipe is 1.2 m in diameter and the frictional coefficient f = 0.04, 
what will be the discharge and the pressure at the highest point of the pipeline?

(Notes: Use Darcy Weisbach’s equation, hf = (flv2)/(2dg).

A

6 m

C

3 m

B



31

Equivalent Length for Pipe Fitting Loss Calculations

➢ A method which expressed head frictional loss to all devices (valve, fittings, bends, etc.) in terms of equivalent length 
of straight pipe, of same diameter

➢ This method is only applicable to pipeline system that in series

➢ Total frictional losses in pipeline system is defined as:

major minorL L LH H H− −= +

2 2

major minoror,  
2 2L L L Ltotal

L v vH f K H H
d g g − −

   
= + = +   

   
   

➢ In equivalent methods,
major minorL LH H− −=

2 2

2 2
e

L

Lv vK f
g d g
=

e L
dL K
f

 =

➢ Therefore, for a pipeline system, which is in series,

major minor( ) ( ) ( ) ( )e pipeline Ltotal

dL L L L K
f

= + = +   

2

2

etotal
Ltotal

L vH f
d g

 =
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Equivalent Length for Pipe Fitting Loss Calculations
(Problem 4.6)

A hydraulic oil with 0.9 specific gravity and 0.001 ft2/sec kinematic viscosity is flowing through 1 inch in 
diameter and 100 ft long commercial steel pipe, as shown in figure below. If the flow rate is 50 gpm, 
calculate,
a. the equivalent length for fully open globe valve if the valve is put in the pipeline,
b. the total equivalent length for the pipeline and the valve, and
c. the total pressure drop across the pipeline.
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Equivalent Length for Pipe Fitting Loss Calculations
(Problem 4.7)

Figure E3 shows a typical fluid (g = 9800 N/m3 and n = 1.9 X 10-6 m2/s) has been drawn from a piping system at the rate of 
0.05 m3/s. The pipe diameter is 100 mm and the height difference between point 1 and point 2 is 4 m. The total length of 
the cast iron pipe is 30 m from point 1 to point 2. By using equivalent length method, calculate:

a. The pressure difference between p1 and p2.
b. The pressure difference between p1 and p2 if the globe valve is replaced by gate valve 

which is fully open.

(Notes: Use Darcy Weisbach’s equation, hf = (flv2)/(2dg).
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Multiple Pipes In Different Configuration

• Parallel
• Series
• Network 
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Multiple Pipes In Different Configuration 
(Series and Parallel)

Series

Parallel
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Pipe In Series

Reservoir

Reservoir

A

B

➢ Def.: Pipes of different diameters and/or different materials are connected end to end to form a pipeline, so that the 
fluid flows through each in turn

➢ The total loss of energy, or pressure loss, over the whole pipeline will be the sum of the losses for each pipe 
together with any separation losses as might occur at the junctions, entrance or exit

zPipe 1

Pipe 2

Solution technique for pipes in series

1. Apply Bernoulli's equation from A - B

2 2
A A B B

A B2 2p T L

p v p v
z H z H H

g g 
+ + + = + + + +

L AH z=

0 0 0 0 0 0 0

2. Simplifying Bernoulli's equation becomes,

1 24. Used continuity equation to solve for  & v v

( )
( )

major minor

major-1 major-2

minor-ent. minor-1&2 minor-exit

3. L L L

L L

L L L

H H H

H H

H H H

− −

− −

− − −

= +

= +

+ + +
2 2

1 1 2 2
1 2

1 2
2 2 2
1 1 2 2

.

2 2

( )

2 2 2L ent L exit

L v L v
f f

d g d g

v v v v
K K

g g g− −

= +

−
+ + +

5. There are two equations, 1 & 2, in most cases 
simultaneous equation solution technique has
to be applied.

1 2Q Q=

1 1,  , Type 1d L

2 2,  , Type 2d LSudden
enlargement

(1)− − − −

(2)− − − −
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Pipe In Series (Problem 4.8)

Water is discharged from a reservoir into the atmosphere through a pipe 39 m long. There is a sharp entrance to the 
pipe and the diameter is 50 mm for 15 m from the entrance. The pipe then enlarges suddenly to 75 mm in diameter for 
the remainder of its length. Taking into account the loss of head at entry and at the enlargement, calculate the 
difference of level between the surface of the reservoir and the pipe exit which will maintain a flow of 0.0028 m3/s. 
Take f as 0.0192 for the 50 mm pipe and 0.0232 for the 75 mm pipe

(Notes: Use Darcy Weisbach’s equation, hf = (flv2)/(2dg).

 ??h

15 m
50 mm
0.0192

BC

BC

BC

L
d
f

=
=
=

24 m
75 mm
0.0232

CD

CD

CD

L
d
f

=
=
=

30.0028 m /sQ =
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Pipe In Parallel

• When reservoirs are connected by two or more pipes in parallel, as shown in figure 
below, the fluid can flow from one to the other by a number of alternative routes

• The difference of head h available to produce flow will be the same for each pipe
• Each pipe can be considered separately, entirely independently of any other pipes 

running in parallel
• Bernoulli’s equation can be applied for flow by each route and the total Q will be the 

sum of Q in each pipe (continuity equation)

h

A

B
1 1 1

Pipe 1
( ,  ,  )d L v

2 2 2

Pipe 2
( ,  ,  )d L v

3 3 3

Pipe 1
( ,  ,  )d L v
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Pipe In Parallel (Problem 4.9)

Two sharp-ended pipes of diameter d1 = 50 mm, and d2 = 100 mm, each of length 100 m, are connected in parallel between 
two reservoirs which have a difference of level h = 10 m, as shown in figure below. If the friction coefficient,  f = 0.032 for 
each pipe, calculate:

a. the rate of flow for each pipe
b. the diameter d of a single pipe 100 m long which would give the same flow if it was substituted for the original two 

pipes

(Notes: Use Darcy Weisbach’s equation, hf = (flv2)/(2dg)

10 mh =Pipe 1

Pipe 2
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Flow Through Branching Pipes

• Combination of series & parallel pipe problem plus branching flow problem from single 
pipe to two or more pipes

• In the case of flow through branching pipes, there is no general solution. The problem has 
to be dealt with using basic principle of fluid flow
a. Bernoulli’s equation (or Energy equation)
b. Continuity equation

• Solution, normally too complex
• In practice: used appropriate computer software
• For manual solution needs to make few assumptions and eliminating minor losses
• Solution using Al-Jabar method is too cumbersome (sometime, nearly impossible). Try & 

error + iteration + interpolation techniques are normally used
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Flow Through Branching Pipes

The Three-Reservoir 
Problem
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Flow Through Branching Pipes (Problem 4.10)

Water flows from a Reservoir A (figure below) through a pipe of diameter d1 = 120 mm and length L1 = 120 m to a 
junction at D, from which a pipe of diameter d2 = 75 mm and length L2 = 60 m leads to Reservoir B in which the water 
level is 16 m below that in Reservoir A. A third pipe, of diameter d3 = 60 mm and length L3 = 40 m, leads from D to 
Reservoir C, in which the water level is 24 m below that in Reservoir A. Taking friction coefficient,  f = 0.04 for all the pipes 
and neglecting all losses other than those due to friction, determine the volume rates of flow in each pipe

(Notes: Use Darcy Weisbach’s equation, hf = (flv2)/(2dg)

Reservoir A

Reservoir C

Reservoir BD

Pipe 1

Pipe 2

Pipe 3



THANK YOU
Stay safe!

SETG2343 | SETN1123 | SETK2233 43


