
W hen designing the mainline of
an irrigation system, one often
chooses to a loop configuration.
The advantages this offers may be
summarised as follows:
- reduced energy costs due to
lower pressure loss as the flow is
distributed over two pipes (lower
operating costs);
- reduced power of the pump (lower
purchasing costs);
- pressure loss being equal, redu-
ced pipe diameter (lower purcha-
sing and labour costs for installa-
tion);
- increased system reliability (if on-
off valves are fitted, only a part of
the system can be operated, for
example, overriding a damaged
section.).
In the case of symmetrical loops,
i.e. where the two sections are of
equal length, it is extremely easy to
calculate the pressure loss, simply
dividing the flow rate by two and
calculating the pressure loss for
only one of the sections.
It is slightly more complicated to
calculate the pressure loss in
asymmetrical hydraulic loops; cer-
tain formulas are used which, for
better understanding, will be descri-
bed by way of a concrete example
(with reference to a single output).
These formulas allow establishing
what  flow rate in the two sections
of unequal length must be, such
that the pressure loss in the longer
section (with an evidently lower
flow rate) are identical to those in
the shorter section (with higher flow
rate).

Single mainline

A single mainline is a non-loop con-
figuration (hereinafter referred to as
Sm), 250 metres long and compo-
sed of a PEAD pipe of 75 mm out-
side diameter (inside diameter 64.2
mm) through which the water flows
at a rate of 360 l/m. In the case
under examination, the output
pressure must not be less than 5
bar.

The pressure loss in the single
mainline (PLSm), in this example
determined with the Darcy
Weisbach formula, amount to
(metres):

PLSm=11.88m

Equal to:

Asymmetrical loop
N
E
W
S

Summary

Pag. ...............................1-2-3-4

Asymmetrical loop
by Piero Santelli

Graphics:
Dario Romerio

Technical and Marketing Dep. I.S.E.

Single mainline



Asymmetrical loop

2

Bar = (11.88*0.098)=1.16

The input pressure (PI) in bar in order to
obtain the required 5 bar output pressure
will therefore be:

PI=(5.0+1.16)=6.16bars

Asymmetrical loop

Constructing an asymmetrical loop arran-
gement (AL) will allow reducing the pressu-
re loss (figure below).
In this case, the pressure loss - calculated

as if it were a single mainline (PLs) - will be
reduced by one factor, which for asymme-
trical loops (KAL) can be extrapolated from
the following equation:
where:

KAL= reduction coefficient for asymmetri-
cal loops (%)
LA= length of the shorter section - (e.g. 250
metres)
LB= length of the longer section - (e.g. 500
metres).
The pressure loss with an asymmetrical

loop (PLAL) configuration will therefore be:
In our example, the pressure loss in metres

will be:

PLAL= (11.88*0.343)=4.07m

The same pressure loss in bar will be:

Bar= (4.07*0.098)=0.39bars

The input pressure (PIAL) in bar with asym-
metrical loop will be:

PIAL = (5 + 0.39) = 5.39bars

Wishing to obtain the same pressure loss
as the single duct, a pipe of 63 mm instead
of 75 mm can be installed.
In fact, the pressure loss in a 63 mm pipe
of 250 metres long through which 360 l/m
flow are (metres):

PLs = 27.88m

which with the loop are reduced to
(metres):

PLAL = (27.88*0.343) = 9.56m

Hence, using a pipe of 63 mm (750
metres), lower pressure loss are obtained
than those determined by the single duct of
75 mm (250 metres) with a pipe purchase
cost saving of 28% and an energy saving of
0.2 kW/h.
On the other hand, keeping the diameter
unchanged, the reduction in pressure loss
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resulting from the loop arrangement, allows reducing the energy cost by 0.8 kW/h. 
In a 6-month irrigation season with 8 hours of operation a day, the electrical energy con-
sumption is in this way reduced by 1152 kW/year. 

Double asymmetrical loop

In a double asymmetrical loop configuration, the pressure loss are even further reduced.
Where :

KDAa= reduction coefficient for double
symmetrical loop (%)

LA= length of the shorter section - (e.g. 250
metres)

LB = length of section B - (e.g. 125 metres)
LC = length of section C - (e.g. 375 metres)
LD = length of section D - (e.g. 400 metres)

The pressure loss with the double asymme-
trical loop (PLDAL) configuration will thus
be:
In our example, we will have a pressure drop

(metres) of:

PLDAL= (11.88*0.235) = 2.79m

Equal to:

Bar = (2.79*0.098) = 0.27bar

The inlet pressure (PI) with the double asymmetrical loop configuration will be:
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In this case, using a duct of 63 mm, we

have in metres:

PLs = 27.88m

which with the double loop is reduced to
(metres):

PLDAL = (27.88*0.235) = 6.55m

Hence, using a pipe of  63 mm (1150
metres), lower pressure loss are obtained
than those determined by the single duct of
75 mm  (250 metres) with a pipe purchase
cost saving of 28% and an energy saving
of 0.5 kW/h, which in a 6-month season
with 8 hours of operation a day corre-
sponds to an energy saving of 720
kW/year (total).
On the other hand, keeping the diameter
unchanged, the reduction in pressure loss
resulting from the double loop arrange-
ment, allows reducing the energy costs by
0.9 kW/h (1296 kW/year).

Conclusions

From the design point of view there are
essentially two choices: keeping the pipe
diameter unchanged in order to save
energy, or alternatively, reducing the pipe
diameter to reduce the system costs.
It is evident from the case examined,
although simplified, that substantial
savings can be obtained both in the con-
struction of the system and in its operation.
It should however be pointed out that in
order to find the best configuration, the
particularities of each case must be exami-
ned in detail, as the standard pipe diame-
ters available on the market do not always
allow finding the ideal diameter.

Other parameters to be considered are:
- increased metres of excavation and pipe
laying
- increased metres of pipes and unions
- reduced laying times for smaller diameter
pipes
- hours of seasonal operation of the duct
- energy cost.
All this may considerably affect the cost-
effectiveness of the system.
In conclusion, the loop and double loop
configurations are undoubtedly cost-effec-
tive in all those situations where the closed
loop entails only a modest increase in the
overall length of the duct and when the
system operates many hours a day.
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