








Week Topics
Chapter Objectives CLOs 

ref.

Students Work /due 

dates 

1

History of Hydraulics

1-2

Closed Conduit Flow: 

Single, branching and 

looped pipes, pipe 

network analysis and 

design.

Analyzing and designing of water flow in pipes 

and pipes networks.

Apply hydraulic software to solve water pipe 

line networks

2.3, 

2.34.2

HW 1&2

3

Hydraulic Machinery: 

pumps and turbines, 

performance curves, 

sizing and operating 

conditions

Apply the basic theory of hydro-machines 

(pumps in particular).

2.1,2.2, 

2.3

HW 3

4

Open Channel Flow: 

steady flow, non-

uniform water surface 

profiles, hydraulic jump, 

structures

Analyzing and designing water flow in open 

channels under different conditions.

Identify the different techniques for measuring 

velocity, pressure and flow rate in both pipe 

and open channel flows.

2.1,2.2, 

2.3

HW 4&5

5-6

Unsteady Closed 

Conduit Flow:  water 

hammer problems and 

mitigation, pipeline 

start-up, draining

Reviewing the basic principles of fluid in 

motion (conservation of mass, momentum and 

energy)

2.1,2.2, HW 6

7

Groundwater 

Hydraulics: Darcy’s law, 

one-dimensional and 

radial flow, drawdown 

near wells

analyze hydrological data in order to evaluate 

water resource in an area

2.3 HW 7

















HYDRAULICS OF FLOW AND 

DESIGN OF PRESSURE PIPES



• The pressure pipes can be laid at any depth 

below the hydraulic gradient line.

• If the pipe goes much below the hydraulic 

gradient line, the pressure developed in the pipe 

may be too high for ordinary pipe material.

• It will demand the construction of thicker and 

stronger pipes, which may create enormous 

constructional difficulties and increased cost.

• The size and shape of supply pipes must be 

determined by hydraulic, structural and 

economical considerations



• The hydraulic gradient should be such as to 
generate velocities which are neither so small as 
to require large dia pipe, nor so large as to 
excessive loss of pressure head.

• The velocities should also be non-silting and non-
scouring.

• The flow velocities are normally kept between 0.9 
m/s to 1.5 m/s though velocities up to 3 m/s to 6 
m/s can be resisted by the commonly available 
pipes or pipe materials.

• Design should be in such a way that the available 
pressure head between the source and the city is 
just lost in overcoming the frictional resistance 
offered to the flow by the pipe interior.



•In addition to the head lost due to pipe friction(HL), 
there are minor losses caused by the abrupt 
changes in the flow geometry due to 

–Changes in pipe size

–Bends

–Valves and fittings 

•In long pipes, the minor losses can be neglected.

•The head loss due to pipe friction can be found by 
using

–Darcy-Weisbach formula

–Manning’s formula

–Hazen-William’s formula and 

–Modified Hazen-Willaim’s formula



Darcy-Weisbach formula







S.No Material of pipe Value of 2e in mm x 

10-3

1 Glass, copper, lead, or asbestos 1.524

2 Steel or wrought iron 45.75

3 Asphalted cast iron 122

4 Galvanized iron 152

5 Cast iron 300

6 Concrete 300 – 3000

7 Riveted steel 900 - 9000







Manning’s formula









HAZEN WILLIAM’S FORMULA



Pipe material Value of CH

Depending upon the 

smoothness of the pipe 

material

Concrete(regardless of age) 130

Cast Iron

New 130

5 years old 120

20 years old 100

Welded steel (new) 120

Riveted steel (new) 110

Vitrified clay 110

Brick sewers 100

Asbestos-Cement 140



Limitations of Hazen-Williams formula

• CH is not dimensionless but has the units of L-0.37

T-1.Its value changes with change in employed
units.

• The numerical constant of 0.85 (in MKS units) in
Hazen-Williams formula has been calculated for
an assumed hydraulic mean depth(R) of 0.3m(1ft)
and friction slope of 1/1000. This formula is used
for all ranges of pipe dia and friction slopes. This
practice may lead to an error upto

– ±30% in evaluation of velocity

– ±55% in head loss(HL) due to pipe friction



• The Hazen-William’s coefficient is the 

representative of friction conditions of a pipe 

and hence depend on pipe roughness and 

reynold’s number.

• The Hazen william’s ceofficient is independent 

of pipe dia, velocity of flow and viscosity.







Overview of Pipe Networks

• ‘Pipe flow’ generally refers to fluid in pipes and 
appurtenances flowing full and under pressure

• Examples: Water distribution in homes, industry, 
cities; irrigation

• System components

– Pipes

– Valves

– Bends

– Pumps and turbines

– Storage (often unpressurized, in reservoirs, tanks, etc.)





Energy Relationships in Pipe Systems

•Energy equation between any two points:

• Analysis involves writing expressions for hL in each 

pipe and for each link between pipes (valves, 

expansions, contractions), relating velocities based 

on continuity equation, and solving subject to 

system constraints (Q, p, or V at specific points).
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Energy Losses in Piping Systems

• Darcy-Weisbach equation for headlosses in 

pipes (major headlosses):

2

2
L

l V
h f

D g
=



Estimating f Graphically



• f declines with 

increasing Re, e.g., 

increasing V at 

fixed D.

Trends in f

• In turbulent region, for given e/D, f declines 

more slowly than in laminar region; 

eventually, the decline stops altogether.

• In laminar region, 

f = 64/Re 



Mathematical Expressions for f

• Colebrook and Haaland eqns yield good 

estimates of f in turbulent flow

• Useful for calculations in spreadsheets or 

special software for pipe flow analysis
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Example
• Compare the velocity and pressure heads for typical 

conditions in a street main:

V = 1.5 m/s; D = 0.5 m; p = 500 kPa

( )
( )

22

2

1.5 m/s
0.115 m

2 2 9.8 m/s

V

g
= =

( ) ( )2

3

500 kPa 1000 N/m kPa
51.0 m

9800 N/m

p



  = =

• If f = 0.02, hL for each 0.5 m of pipe is 2% of the 
velocity head, or 0.0023 m, corresponding to 
0.0045% of the pressure head. 



Typical Pipe Flow Problems

• Type I: Pipe properties (e, D, l) and V known, find 

hL.

• Determine f from Moody diagram or an 

equivalent equation, and hL from the DW eqn

2

2
L

l V
h f

D g
=



Example

A 20-in-diameter galvanized pipe (e = 0.0005 ft) 2 miles long carries 

4 cfs at 60oF. Find hL using (a) the Moody diagram and (b) the 

Colebrook eqn.

a)

( )( ) 5

5 2

1.67 ft 1.83 ft/s
Re 2.51x10

1.22x10  ft /s

DV

 −= = =

0.0005 ft
0.00030

1.67 ftD

e
= =

0.017f =

( )

3

2

4 ft /s
1.83 ft/s

1.67 ft 4

Q
V

A 
= = =



b) Colebrook eqn: 

( ) ( ) ( )
( )

22

2

2 5280 ft 1.83 ft/s
0.017 5.59 ft

2 1.67 ft 2 32.2 ft/s
L

l V
h f

D g
= = =

1 2.71
2log

3.7 Re

D

f f

e 
= − +  

 

F G H

9 e/D 0.0003 0.0003

10 Re 251000 2.51E+05

11 f 0.03 0.03

12 LHS =1/SQRT(G11) 5.774

13 RHS =-2*LOG(G9/3.7 + 2.71/G10*G12) 7.687

14 LHS - RHS =G12-G13 -1.913



( ) ( ) ( )
( )

22

2

2 5280 ft 1.83 ft/s
0.0174 5.72 ft

2 1.67 ft 2 32.2 ft/s
L

l V
h f

D g
= = =

e/D 0.0003

Re 2.51E+05

f 0.017422

LHS 7.576

RHS 7.576

LHS - RHS 2.55E-07



Typical Pipe Flow Problems

• Type II: Pipe properties (e, D, l) and hL known, 

find V.

• Guess V, determine f and hL as in Type I, iterate 

until hL equals known value, or

• Solve Colebrook and DW eqns simultaneously to 

eliminate V, yielding:



2

2
L

l V
h f

D g
=

Solving Type II Pipe Problems: 

Iterative Approach
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Rearranged D-W eqn: 



Example
For the pipe analyzed in the preceding example, what is the largest 

flow rate allowable if the total frictional headloss must remain <8 ft?



Example

2 2.51
2 log

3.7 2

L

L

gDh D l
V

l D gDh

e  
= − +  

 

For the pipe analyzed in the preceding example, what is the largest 

flow rate allowable if the total frictional headloss must remain <8 ft?

Substituting known values, 2.19 ft sV =

( ) ( )2 31.67 ft ft
2.19 ft s 4.80

4 s
Q VA


= = =



Typical Pipe Flow Problems

•Type III: e, l, V, and hL known, find D.

•Several approaches, all iterative; e.g., Guess D, 

determine V as in Type II, iterate until V equals 

known value

Example

What diameter galvanized pipe would be required in the preceding 

examples if a flow rate of 10 cfs was needed, while keeping the total 

frictional headloss at <8 ft?



2

2
L

l V
h f

D g
=

Solving Type III Pipe Problems: 

Iterative Graphical Approach



22 2.51
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g 32.2

hL 8

l 10560

eps 0.0005

nu 1.22E-05

D_guess 2

LHS = Q 10

RHS 7.72E+00

LHS − RHS 2.28E+00

g 32.2

hL 8

l 10560

eps 0.0005

nu 1.22E-05

D_guess 2.206594

LHS = Q 10

RHS 1.00E+01

LHS − RHS -8.22E-07



Comparison of Equations for Transitional and 

Turbulent Curves on the Moody Diagram

D-W H-W* Manning*

V

Q

hL (=S*l)

1
2

fh
gD

l f

0.50 0.50 0.502  g D S f −=

0.63 0.540.849 HW hC R S

0.63 0.540.354 HWD S C=

0.67 0.501
hR S

n

0.67 0.50 1
0.397D S

n
=

2.50 0.50 0.502

4

g
D S f −

 2.63 0.540.278 HWD S C 2.67 0.50 1
0.312D S

n

2

2 5

8 l
Q f
g D

1.85

4.87 1.85

1
10.7

HW

l
Q

D C

2

5.33 2

1
10.3

l
Q
D n

*Coefficients shown are for SI units (V in m/s, and D and R
h

in m); for BG units 

(ft/s and ft), replace 0.849 by 1.318; 0.354 by 0.550; 0.278 by 0.432; 10.7 by 

4.73; 1/n by 1.49/n; 0.397 by 0.592; 0.312 by 0.465; and 10.3 by 4.66.



Energy Losses in Bends, Valves, and 

Other Transitions (‘Minor Losses’)
• Minor headlosses generally significant when pipe 

sections are short (e.g., household, not pipeline)

• Caused by turbulence associated with flow transition; 

therefore, mitigated by modifications that ‘smooth’ 
flow patterns

• Generally much greater for expansions than for 

contractions

• Often expressed as multiple of velocity head:

• K is the ratio of energy lost via friction in the device of 

interest to the kinetic energy of the water (upstream 

or downstream, depending on geometric details)

2

2
L minor

V
h K

g
=



Energy Losses in Contractions

All images from Finemore & Franzini (10e, 2002)

2

2

2
c c

V
h k

g
=



Energy Losses in Expansions

All images from Finemore & Franzini (10e, 2002)
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Energy Losses in Expansions

All images from Finemore & Franzini (10e, 2002)
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Conical diffuser

k’, smooth

k’, rough



Energy Losses in Pipe Fittings and Bends

All images from Finemore & Franzini (10e, 2002)
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Example

A 5-in-diameter pipe with an estimated f of 0.033 is 110 feet long 

and connects two reservoirs whose surface elevations differ by 12 

feet. The pipe entrance is flushed, and the discharge is submerged. 

(a) Compute the flow rate.

(b) How much would the flow rate change if the last 10 ft of the 

pipe were replaced with a smooth conical diffuser with a cone 

angle of 10o?

5" 0.417 ft=



( ) ( )
2 2 2

, , ,a   0.5 1 1.5
2 2 2

L tot L pipe L minor

l V V l V
h h h f f

D g g D g

 = + = + + = + 
 

( )( )
( )( )

2

,
2 32.2 ft/s 12 ft2

8.70 ft/s
0.033 110 ft

1.5 1.5
0.417 ft

L totgh
V

fl

D

= = =
+ +

( ) ( )2

3
0.417 ft

8.70 ft/s 1.19 ft /s
4

Q VA


= = =



( )

( )

, , , , ,

22 2 2
1 21 1 1 2

1

b   

2 2 2 2

L tot L pipe L entrance L cone L exit

entrance cone exit

h h h h h

V Vl V V V
f k k k
D g g g g

= + + +

−
= + + +

2 2

2 1

1 2

0.417 ft
0.0370

2.17 ft

V D

V D

   = = =   
  

( )( )o

2 1 2 tan 5 0.417 ft 2 10 ft 0.0875 2.17 ftconeD D L= + = + =

From graph, for a smooth, 10o cone, kcone = 0.175 



( )

( )

( ) ( ) ( )

22 2 2
1 21 1 1 2

,

1

2 2

1 1

2 2

1 1 1

2 2 2 2

100 ft
0.033 0.5

0.417 ft 2 2

0.037 0.037
0.175 1.0

2 2

L tot entrance cone exit

V Vl V V V
h f k k k

D g g g g

V V

g g

V V V

g g

−
= + + +

= +

−
+ +

1 9.49 ft/sV =

( ) ( )2

3

1

0.417 ft
9.49 ft/s 1.29 ft /s

4
Q V A


= = =


