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Abstract: This paper presents an investigation of the possibility of an effective regulation of the flow rate of parallel working pumps by 
switching a different number of pumps on/off. As a criteria of effectiveness the specific energy consumption (the energy used for the 
transportation of 1 m3 fluid) has been used. It is considered that the most important factor which has a significant influence on the energy 
efficiency is the sequence of switching pumps on/off while they work together. The impact of some other factors, such as pump selection and 
the system’s static head on energy consumption in a given pump system has also been analyzed.  

 
1. Introduction 
In many industrial and residential water supply systems, the 

ensuring of the required flow rate according to the demand schedule 
requires a few pumps working in parallel to be used. Generally, the 
usage of parallel working pumps guarantees flexibility in the 
changing of the system’s flow rate, when the given system has a 
high value static head. In most cases, because of economic reasons, 
it is not appropriate to achieve the optimization of the working 
process in an existing pump system by replacing some of its key 
elements, such as pump, induction motor, pipes, etc., with new 
more effective elements. That is why it is necessary to find an 
alternative solution for this problem. A literature search indicates 
that this problem can be solved by ensuring an effective regulation 
of the system’s flow rate or by optimizing its working schedule. As 
a result, it is possible to achieve some significant energy savings.  

The regulation of the system’s flow rate can be done by using a 
number of well-known methods, of which the frequency method is 
undoubtedly considered to be most effective in terms of energy 
efficiency. However, an effective regulation can be achieved by 
switching a different number of pumps on/off. In this case, the 
pump selection and sequence of switching pumps on/off have 
significant impact on the total system’s efficiency. Using different 
combinations of pumps can ensure different values of the system’s 
flow rate for a given constant value of the system’s static head, 
which enables the achieving of a wide range of variable flow rate 
values. Usually, in the designing of a given pump system it is 
considered that all the pumps will work together with the pipe 
system, each pump to work at its nominal parameters – head and 
flow rate.  
 

2. The methodology of this research 
For the main purpose of this research which has investigated the 

impact on the system’s energy efficiency when its flow rate has 
been regulated by switching a different number of pumps on/off, 
models of pump systems consisting of 3 different pumps working in 
parallel have been used. To provide more complete information 5 
combinations using 11 different centrifugal pumps (3E32, 12E32, 
25E32, 50E32, 55D90, 175D90, 200D90, 220D90, 90D50, 550D50, 
900D50) produced by the company “VIPOM”, Vidin (Bulgaria) 
have been investigated. It should be pointed out that all the pumps 
involved in a given combination of 3 parallel working pumps have 
been selected to ensure different nominal flow rates at same value 
of their nominal head. All the possible sequences of switching the 
three pumps on/off (6 for each of the existing combinations) have 
been investigated. To determine the impact of the system’s static 
head HST on the energy consumption, it is considered for HST/Hnom = 
0,2; 0,5 and 0,8. For the calculations as an output work regime, the 
selected the work regime is where each of the three parallel working 
pumps works at its nominal parameters – flow rate Qnom and head 
Hnom.  

For the determination of a pump’s work parameters – head H, 
flow rate Q and coefficient of efficiency η for each work regime 
when the system’s flow rate for a given combination of pumps is 
regulated by switching a different number of pumps on/off the 
methodology described and presented in [1] has been used. For this 
aim it is necessary to know the equations describing the energetic 

characteristics H=f(Q)  and η=f(Q) of the existing pumps.  
To ensure an effective regulation of the flow rate of a given 

pump system consisting of parallel working pumps, as a criteria of 
effectiveness the specific energy consumption ev (the energy used 
for the transportation of 1m3 fluid) can be used [3]:  
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where Е is the system’s input energy – mainly electrical,[kWh], 
which is necessary to drive the pumps; V – the volume of the 
transported water [m3], g – gravity acceleration; H – the pump’s 
head and η - the pump’s coefficient of efficiency.  

When “n” is the number of parallel working pumps the system’s 
specific energy consumption evs can be estimated by summing the 
specific energy consumptions of each of the existing pumps (in this 
case this number is 3):  
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It is important to notice that the connection between the pump 
and induction motor is direct, so in the calculation of η it can be 
assumed that the transmission’s coefficient of efficiency is equal to 
one ηTR=1. The impact of the motor’s coefficient of efficiency has 
not been indicated.  

To ensure that a work regime is actually possible it is necessary 
to ensure that the induction motor is not overloaded. The check for 
motor overloading has been done when the pump’s parameters (H, 
Q and η) for each of the investigated work regimes are already 
known. The first step is to estimate the input power Pin(P) for each 
pump, which is equal to the output power Pout(M) of the induction 
motor driving it. Each of the estimated values for Pout(M) has been 
related to the power PM  which the particular motor, recommended 
by the pump manufacturer to work with the designated pump can 
ensure. In those cases, where Pout(M)/ PM >1 the existing work 
regimes are possible and the induction motor will not be 
overloaded.  

For the graphically presented results the values of the flow rate 
and specific energy consumption have been related to the value of 
the output work regime (ev/evout, Q/Qout) where all the three pumps 
work in parallel at their nominal parameters. On the graphs below it 
can be seen that 1, 2 and 3 indicates the number of parallel working 
pumps in a given system. Information about the sequence of 
switching off the existing pumps is given in the grey fields added to 
figures 2, 3 and 4 (for an example 55D90, 175D90, 220D90 means 
that first the pump 220D90 is switched off, then 175D90 and at the 
end only the pump 55D90 will stay working single with the pipe 
system).  

 
3. Analysis of the results  
On the basis of some calculations done according to the method 

described above, when a restriction for not permitting the motors to 
work overloaded exists, it was found that from total 90 possible 
variations of switching pumps on/off for the 5 investigated 
combinations each of them consisting of 3 different parallel 
working pumps (for the three mentioned values of the system’s 
static head) just 47 are practically achievable.  
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Analyzing the results found in this research, the statement [2] 
can be confirmed that the ensuring of a flow rate’s regulation by 
switching pumps on/off will be appropriate only for systems where 
the static head has a high value. One of the main reasons for this is 
that in this case the pipe system’s characteristic has more sloping 
curve which guarantees that during the flow rate’s regulation the 
head will start to decrease more steadily. The impact of the system’s 
static head on the energy consumption is obvious, since when it 
starts to increases the energy consumption will also increase. The 
above statement is true for all the investigated pumps no matter the 
pump types, combinations and sequence of their switching on/off. 
In fig. 1 it can be seen that the energy consumption can change in 
two different ways when the flow rate has been regulated by 
switching pumps on/off.  
 

 
а) a sequence of switching pumps off – 50Е32, 12Е32, 25Е32 

 

 
б) a sequence of switching pumps off  - 12Е32, 50Е32, 25Е32 

 
Fig. 1 Change of the relative energy consumption for a given combination of 

3 parallel working pumps – 12Е32, 25Е32, 50Е32 
 

It is well-known fact that pump selection has a significant 
impact on the effectiveness of a system’s flow rate regulation when 
it is ensured by switching different number of pumps on/off. The 
pump selection for the existing research has been done, so as to 
make it possible for some different ranges between the nominal 
flow rates of each of the pumps to be investigated. For the 
combinations of selected one side sucking (E type) pumps (12E32, 
25E32, 50E32), when the range between their nominal flow rates is 
low the number of realizable variations of regulating the system’s 
flow rate by switching pumps on/off has a maximum value of 16, 
even if the system’s static head is not high. However, it is not true 
for the investigated combinations of double sucking (D type) 
pumps, where for the applying of this method of regulation it is 
absolutely necessary for the system to have a high static head. To 
determine the effectiveness of regulation according to the sequence 
of switching the pumps off it is necessary to exclude the impact of 
the static head on the energy consumption. The result is presented 
on fig. 2. It can be clearly seen that in terms of energy efficiency the  
most significant energy savings can be achieved when the sequence 
of switching off pumps is directed to the order of the rising of their 
nominal flow rates. This statement is true for all the investigated 
combinations of parallel working pumps and all the variations of 
different sequences of switching pumps off. It has to be noticed that 

in some cases even if the static head has its maximum value (for the 
existing research it is HST=0,8Hnom) not all the variations of 
ensuring a system flow rate’s regulation by switching pumps off are 
available.  
 

 
 

Fig. 2 Investigation of the change in the relative specific energy 
consumption for all the possible variations of ensuring a system’s flow rate 

regulation by switching parallel working pumps off - 55D90, 175D90, 
220D90 (Hst=0,8Hnom) 

 
Fig. 3 shows the change in the effectiveness of regulating the 

system’s flow rate, as the combination of 3 parallel working pumps 
is similar to the one presented in fig. 2. The only difference between 
the pumps selected in fig. 2 and fig. 3 is that the pump 55D90 has 
been replaced by the pump 200D90. The main purpose of this 
replacement is to reduce the range between the nominal flow rates 
ensure by the selected pumps.  
 

 
 

Fig. 3  Investigation of the change in the relative specific energy 
consumption for all the possible variations of ensuring a system’s flow rate 

regulation by switching parallel working pumps off - 175D90, 200D90, 
220D90 (Hst=0,8Hnom) 

 
Making a comparison between the graphs presented in the 

figures 2 and 3, it can be clearly seen that as a result of the reducing 
the range between the nominal flow rates of the selected pumps  the 
impact of the sequence of switching pumps off on the system’s 
energy consumption will start to decrease.  

Fig. 4 shows an individual energy analysis for the work 
performance of a given pump working in parallel with one or two 
more pumps according to the sequence of its switching on/off in the 
system. It can be seen that the same pump (175D90) can have 
different energy efficiency indicators, depending on which other 
pumps are selected to work with it. In cases where the pumps which 
have been selected do not have a wide range between their nominal 
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flow rates (175D90, 200D90, 220D90) the two curves representing 
the change in the energy consumption overlap each other almost 
perfectly. It means that for a given pump the sequence of switching 
the other two pumps off has no impact on the energy consumption. 
It is not true for the second case (5590, 175D90, 220D90), where it 
can be clearly seen that the two curves mismatch significantly. As a 
result, for the flow rates which values are lower than about 
0,46Q/Qout the investigated pump will consume less energy if the 
other two pumps are switched off in the following sequence - 
55D90, 220D90 (the curve colored in purple). First, the energy 
savings will start to increase when the pump’s flow rate decreases, 
but at certain moment this trend will change. For those values of the 
pump’s flow rate which are higher than 0,46 Q/Qout it will be the 
opposite.  
 

 
Fig. 4 Investigation of the change in the energy consumption of a given 

pump (175D90) working in parallel depending on the sequence of switching 
the other two pumps off 

 
As a result of this investigation a method has been found to 

determine the energy efficiency of regulating the flow rate of 
parallel working pumps by switching on/off a different number of 
them.  

The conclusions based on this investigation show some typical 
features related to the existing problems. This information can be 
used for the optimization of the work process in a given pump 
system ensuring the most effective regulation of the flow rate of 

parallel working pumps by switching on/off a different number of 
them.  

The achieving of an exhaustive energy analysis for the trends of 
change in the specific energy consumption when the system’s flow 
rate has been regulated by switching different numbers of pumps 
on/off can be used as a good basis for the optimization of the work 
process when the flow rate of one or more pumps is regulated 
additionally by changing the speed of rotation (the frequency 
method).  
 

4. Conclusion 
A method to determine the efficiency of regulating the flow rate 

of parallel working pumps by switching different numbers of pumps 
on/off has been presented. The impact of the sequence of switching 
on/off pumps on the specific energy consumption has been 
indicated.  
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