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CHAPTER 3
WATER FLOW IN PIPES

Ahmad Sana
Department of Civil and Architectural Engineering
Sultan Qaboos University
Sultanate of Oman
Email: sana@squ.edu.om

Expected student outcomes

• Ability to calculate major and minor losses in pipelines [a]
• Ability to use laboratory equipment to measure major and 

minor losses in pipelines [k]
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3.1 Description of pipe flow

Average velocity of flow:
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Reynolds number:

3.2 The Reynolds numbers
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L is a characteristic length. 
For pipes, the characteristic 
length is the pipe diameter. 
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Developing and fully developed flow
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Empirical formula to estimate kinematic viscosity of water:

For the fully developed laminar flows
Mean velocity = one-half of the maximum center line velocity

V = 0.5 Vmax (Appendix 1 & 2)

Continuity Equation
6

222111 AVAV ρρ =

2211 AVAV = 21 QQ =
For an incompressible flow, mass density remains constant, so

3.3 Forces in pipe flow (for steady flow)
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Example 3.2

7

A horizontal nozzle, dB=20mm, discharges 0.01m3/s of water into the air. 
The supply pipe’s diameter dA=40mm. The nozzle is held in place by a 
hinge mechanism as shown in the figure. Determine the reaction force at 
the hinge if the gage-pressure at A is 500,000 N/m2.
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3.4 Energy head in pipe flow

8

Basic forms of energy
Kinetic energy, Potential energy, Pressure energy
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General form of energy equation for pipe flow

pumpthebyprovidedhead=pH

turbinethebysuppliedhead=tH

losshead=Lh

3.5 Loss of head from pipe friction

10
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fh f 2

2

=
Darcy-Weisbach formula (Appendix 3)
(valid for both laminar and turbulent flows) 

1. Independent of the pressure under which the water  flows,

2. Linearly proportional to the pipe length ( L)

3. Inversely proportional to the pipe diameter ( D)

4. Proportional to square of the mean velocity ( V), and 

5. Related to the surface roughness of the pipe, if the flow is 
turbulent. 
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3.5 Loss of head from pipe friction
11
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Laminar flow

Velocity profile
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Horizontal pipe
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Hagen-Poiseuille law

Friction factor

Total discharge through the pipe
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(Appendix 3)

If the flow is laminar, friction factor is independent of the surface roughness of the 
pipe. 
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Turbulent flow

Power-law Velocity profile
(n=6 to 10)
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ρτ /0=fu 4.0=κShear velocity: Karman constant:
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Friction factor
Colebrooke Equation 













+−=

fN

D

f R

51.2

7.3

/
log2

1 ε

Approximate Equation by 
Swamee-Jain

2

9.0

74.5
7.3

/
log

25.0

















+







=

RN

D
f

ε

When the Reynolds number approaches a higher value, the flow in the pipe becomes 
practically turbulent and the value of f then becomes less dependent on the Reynolds 
number but more dependent on the relative roughness (ε/D) of the pipe.

The quantity ε is a measure of the average roughness height of the pipe wall 
irregularities.
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Moody’s diagram  15

• Laminar flow zone: f is a simple linear function of the NR

• Critical zone: f values are uncertain because the flow might be neither laminar nor truly turbulent
• Transitional zone: f is a function of both the NR and the Relative roughness. 
• Fully developed turbulence: f depends completely on the relative roughness. 

Compute the discharge capacity of a 3-m concrete (rough) pipe carrying
water at 10oC. It is allowed to have a head loss of 2m/km of pipe. From Table
3.1, ε=0.6mm, at 10oC, ν=0.00000131m2/s

16

Example 3.5
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Hazen-Williams formula (SI units)

17

3.6 Empirical equations for friction head loss

Manning’s formula (SI units)

54.063.085.0 SRCV HW=

2/13/21
SR

n
V =

For Hazen-Williams constant see Table 3.2
For Manning’s n see Table 3.3

S is the slope of the EGL (hf / L)
R is the hydraulic radius (for a circular pipe R = D/4) 

18

3.7 Friction head loss-discharge relationships

m
f KQh =

Friction head loss can be expressed as follows: 

Equation m K

Darcy-Weisbach 2

Hazen-Williams 1.85

Manning 2

5/0826.0 DfL

)/(7.10 85.187.4
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33.52 /3.10 DLn

Table 3.4
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E.g. Darcy-Weisbach Equation
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3.8 Loss of head in pipe contractions

g

V
Kh cc 2

2
2=

g

V
Kh ee 2

2
2=Special Case: Entrance

For Values of Kc see Table 3.5

A sudden contraction in a pipe usually causes a marked drop in pressure in the pipe 
because of both the increase in velocity and the loss of energy to turbulence.

Kc depends on the ratio of contraction (D2/D1), and the velocity in smaller pipe.

20

3.8 Loss of head in pipe contractions

Entrance type Ke

Flushed 0.5

Projected 1.0

Bell-mouthed 0.04

With an angle α w.r.t. y-axis αα 2cos2.0cos3.05.0 ++
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3.9 Loss of head in pipe expansions
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Special Case: Exit
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Recirculating eddy
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3.10 Loss of head in pipe bends
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Kb depends on R/D ratio
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3.11 Loss of head in pipe valves
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24
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Example 3.9
Figure 3.17 shows two sections of cast iron pipe
connected in series that bring water from a reservoir and
discharge it into air through a rotary valve at a location
100m below the water surface elevation. If the water
temperature is 10oC and square connections are used,
determine the discharge.
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3.12 Method of equivalent pipes

3.12.1 Pipes in series
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• The method of equivalent pipes is used to facilitate the analysis of pipe systems 
containing several pipes in series or in parallel. 

• The expressions presented for equivalent pipes account for the losses from 
friction only
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3.12.1 Pipes in parallel
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Example 3.10
Pipes AB and CF in Figure 3.20 have a diameter of 4 ft, possess a Darcy-
Weisbach friction factor of 0.02, and carry a discharge of 120 cubic feet per
second (cfs). The length of AB is 1,800 ft and that of CF is 1,500 ft. Branch 1 is
1,800 ft long and has a diameter of 3 ft and a friction factor of 0.018. Branch 2
has a length of 1,500 ft, a diameter of 2 ft, and a friction factor of 0.015. (a)
Determine the total head loss resulting from friction between points A and F, and
(b) determine the discharge in each of the two branches (1 and 2).
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Appendix
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Appendix 1: Shear stress distribution in pipe flow
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Laminar flow in a round tube

Velocity profile ( )rry
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Discharge and mean velocity
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Appendix 3: Pipe head loss (Darcy-Weisbach formula )
Total head loss= pipe head loss+ component head 
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Head loss and friction factor
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