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Pumped systems

• Pumps as hydraulic machines – concepts
• Volumetric pumps, irregularity
• Volumetric pumps with helicoidally screw
• Centrifugal pumps
• Start/stop problems in pumped systems
• Pumped systems

• Pumping adds head to the system. 
Hence:

• Hp = H + hfs + hfd

• s=suction, d=delivery



• Pumps in Series:
• The head increases for a 

given discharge:

• Hnp = nHp Qnp = Qp

• Pumps in Parallel:
• The discharge increases for 

a given head:

• Hnp = Hp Qnp = nQp



Head (m)

Discharge (m3/s)

0
0Height of hill – you need 

to raise the water this 
high, regardless of the 
flow. Static Lift

Head-Discharge 
Relationship of Pipe
Calculated from 
Colebrook-White or 
similar method
Q=f(h)

Pump Characteristic 
Curve
H=f(Q)
Get this from the 
manufacturer

Pump Efficiency
(Different Vertical 
Axis Scale)



Optimal design of pumped systems (hydraulics+economy)
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2. Pumped systems 

 

Let us consider now the scheme of Figure 4.9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9 

 

AIM: design of the best diameter D of the conveyance pipe that allows to pump the 

requested flow rate Q from the well to the elevated tank respecting the minimum cost 

condition. 

 

The level of the water within the tank is maintained constant by means of a spillway 

of the so-called ‘morning-glory’ type. 
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Figure. Sketch of the pumped system adducting water to an elevated tank serving 
a pipe network (e.g., aqueduct) 

D?

AIM: design of the best diameter D of 
the conveyance pipe that allows to 
pump the requested flow rate Q from 
the well to the elevated tank respecting 
the minimum cost condition 

Tool: the pure hydraulic design is an 
indetermined problem (infinite 
solutions). à use both hydraulic and 
economic criteria
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When pumps are being considered as an alternative to gravity systems, the economic 

analysis consists of finding the proper combination of pipe diameter and pumps that 

produce the least annual cost.  

 

This is to say that the design problem is influenced by two types of costs: the building 

cost and the pumping cost. 

 

Let us now to consider this last before:  

The pump must furnish a total head accounting for the total elevation at which water 

has to be pumped, plus a term related to the head losses along the pipe 

  

iLzH �' , 

 

i.e. by adopting a Darcy law to express the head loss one has 
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The requested power to pump the flow rate Q is therefore 
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where K is the coefficient of performance of the pumping device. Introducing within 

this equation  the expression for H 
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and considering a mean use of the plant of about N hours/year, we obtain the total 

energy absorbed by the pump as 
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where c  indicates the cost per unitary KWh. Of course the cost C1 is a function of the 

conveyance pipe diameter D (Figure 4.10) 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.10 
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The cost for pumping is clearly a 
function of the unknown 
diameter D



Other costs: 
1) land purchasing, excavation, transporting, laying, installing and filling. 

We indicate this cost as R. 

2) Cost for the pipe
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Let us consider now the building cost of the plant. Generally, it is composed of two 

type of expenses: 

1. Costs of: land purchasing, excavation, transporting, laying, installing and 

filling. These expenses depend weakly on the pipe diameter and they can be 

considered being approximately constant. This cost is made una-tantum, i.e 

just one time when the plant is under construction. We indicate this cost as R. 

2. Cost of the pipe. As we have already seen it can usually be expressed as  

 

T=cLDD 

 

The total cost of building will be therefore 

 

C = R+T. 

 

We have now to consider that C1 is an annual cost, while the cost C is just a global 

cost. Therefore, in order to proceed with our analysis we have to consider to ‘pay’ the 

expense C with periodic and constant payments, i.e. a percentage D of the total cost C 
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2

DDD cLDRCC �   

 

which has the trend showed in Figure 4.11. 

 

The total cost is the sum of the costs C1 and C2, i.e. 

 

Ctot=C1+C2, 

 

which has of course a minimum as showed in Figure 4.12. 
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7 Partially	Full	Pipes	
• So	far	we	have	considered	pipes	flowing	completely	full.	
• For	water	supply	networks	which	are	under	pressure	and	for	storm	water	sewers	under	

storm	conditions	this	is	the	usual	situation,	and	is	generally	used	for	design	calculations.	
• However	some	pipes	such	as	storm	water	sewers	in	dry	weather	conditions,	the	pipes	will	

only	be	partially	full.	
• It	is	necessary	to	check	flow	velocities	in	these	conditions,	as	if	the	flow	is	too	slow	sediment	

and	debris	may	accumulate.	We	need	to	ensure	we	achieve	a	self-cleansing	velocity,	which	
in	practice	will	be	around	0.75	m/s	in	most	cases.	
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The total cost is, therefore 
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which can be derivated as respect to the diameter D in order to find the minimum of 

the function 
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Imposing for sake of simplicity that D=1 and n=5, we obtain the general relation for 

the best diameter that produces the minimum of the cost function 
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Irrigation pipes and ancillary elements

è buried: large diameters (plastic, cast iron, steel, etc.)

è on the ground: fixed or mobile (galvanised steel, aluminium,

plastic, etc.)

è aerial (fixed)

Laying depth of buried pipes

Diameter (mm) Prof. min. above pipe* (cm)

70 – 100

> 100

60

75
*In the case of rolling loads (heavy machines), at least 75 cm

Pipes and conduits



Materials

è Plastics: lightweight, easy to lay and assemble, low roughness, not very

sensitive to soil chemicals, durable, reasonable cost. Joints:

mechanical, welding or gluing

è steel : Easy to lay and assemble, high resistance to pressure and

external stresses. Joints: welded, interlocking, flanged or other joints.

Weight (7800 kg/m3) and susceptibility to corrosion

è Cast iron: high resistance to pressure, external stresses and corrosion;

high durability. Joints: self-sealing, screwed, flanged. Weight (7000

kg/m3), price and difficulty of installation (need for appropriate joints).



Different cast iron pipe assembly

systems



Anchoring systems

The total force acting on the bed has two origins:

- Hydrodynamic (change direction of flow momentum), Fd;
- Hydrostatic (dure to pressure forces originated at the bend 
section), Fs

The two forces are not co-axial, but this can be approximated 
so

Usually Fd << Fs and can be neglected

Fs

Fs

-Fd

Fd Fd=𝜌QU

Fs=pS=p𝜋D2/4

F

Q

Fs+(- Fd)
Fs+Fd

r
𝛼

𝜋-𝛼



Anchoring system (see also discussion)



Positioning :

• strategic locations

• sector entrances

• to isolate certain equipment

Valves and gates



Pressure reducers



The “Water hammer” phenomenon

Similar solutions are adopted in pumped and hydropower systems (see discussion) 

Instantaneous stop Gradual stop (Allievi-
Michaud)

Δh = a
g
U0

a ≈1000m / s

Δh ≤ 2LU0

gτ

τ = 2 L
a

U0



Irrigation hydrants (or terminals)



Mobile canalisations
Canalisations mobiles

Accouplement rapide

• faciles à déplacer et à assembler
• étanches
• résistantes

Qualités requises :


