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Resume: В работата е представена една методика за опитно определяне на специфичния разход на енергия при регулиране дебита на помпени системи за транспорт на флуиди. Направено е сравнение на експерименталните данни с такива, получени по теоретичен път на база моделиране енергетичните характеристики на центробежни помпи. Показано е много доброто съвпадение на теоретичните и опитните резултати. 
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Introduction. 
The pump systems are mostly used to transport liquids for household and for technological purposes. Because they are widely used, enabling these systems to work effectively has a significant impact on the energy consumption. The demand for water supply depends on the needs of the users and that is why sometimes it is necessary to have two or more pumps working in parallel [3]. It is especially important that the efficiency analysis of these systems is done accurately. 
A methodology which can be used for the quick and easy analyzing of the energy efficiency of a pump system is presented in [5]. It is valid not only when a single pump is working with a pipe system but also it can be used to analyze the efficiency of a system when two or more pumps are working in parallel. In this case, not much information about the pump’s indicators is necessary to accomplish the goal of this investigation. The data used in the estimation can be easily found in manufacturer’s catalogs of the system’s elements. 

It is well known that to achieve different values for a pump system’s flow rate several methods of regulation can be used. The literature sources argue that the frequency method of regulation is the most effective in terms of energy efficiency, because with this method no extra losses will be added. To improve the pump system’s energy efficiency when it has to transport fluids an energy analysis of its work should be done [4]. 
To accomplish this specific energy consumption, which represents the energy invested in transporting a unit of liquid, should be estimated, as shown in [6]. Using this criterion the impact of the energy efficiency in regulating the flow rate of a pump system can be determined. For this purpose it is necessary to know the equations of the pump’s head 
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. [5], presents the way these equations can be found when they are based only on the characteristics given by the manufacturers for a particular pump system. 

The methods used in the theoretical determining of the specific energy consumption when the flow rate is regulated are also given in [5]. To check the accuracy of these methods it is necessary for an experimental investigation to be done also. The purpose of this work is to present some results after the specific energy consumption is experimentally determined. A comparison between the results which are theoretically found and these which are experimentally found when the system’s flow rate has been regulated by the three different methods of regulation – throttle, frequency and “bypass” is also presented. 
Methods and installations for the investigation. 
The investigated system uses a single-stage centrifugal pump which is installed together with the leading induction motor. To regulate the motor’s speed of rotation a frequency inverter is used. The pump system is an open circulation system where the static head is zero 
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. A comparative investigation can be done if the pump system’s input electrical energy 
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 and the system’s flow rate 
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 are measured. The specific energy consumption for each of the work regimes can be determined by the following equation: 
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 is the energy consumed by the system, which is measured in 
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 - the pump’s flow rate measured in 
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The theoretical determining of the specific energy consumption can be done using the relations given in [5]. To do this it is necessary to know both the equations of the head characteristic 
[image: image11.wmf])

Q

(

f

H

=

 and the characteristic of the coefficient of efficiency 
[image: image12.wmf])

Q

(

f

=

h

: 

(2) 
[image: image13.wmf]2

cQ

bQ

a

H

+

+

=

,
(3) 
[image: image14.wmf]2

p

fQ

eQ

d

+

+

=

h

,

where 
[image: image15.wmf]c

,

b

,

a

 are the coefficients for the head equation; 
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Finding the values of these coefficients is based on the experimental characteristics of the investigated pump when it work with its nominal speed of rotation 
[image: image17.wmf]1

min

2900

n

-

=

. The characteristic of the coefficient of efficiency (3) is determined for the whole system which includes the frequency inverter used to regulate the pump’s speed of rotation. Actually, the coefficient of efficiency in this case indicates the losses of the centrifugal pump, the induction motor and the frequency inverter. 

When the flow rate is known the specific energy consumption 
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 can be found by the following equation, which is also presented in [5]: 
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To estimate the values of the specific energy consumption 
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 for each of the flow rates obtained after regulation, the equations given in [6] can be used: 

- the throttle method of regulating the flow rate: 
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- the frequency method of regulating the flow rate: 

(6) 
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- the “bypass” method of regulating the flow rate: 

(7) 
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where 
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 are respectively the pump's head and the flow rate for its outcome work regime; 
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 - the flow rate of the pump's similar work regime, when the speed of rotation is nominal and the frequency method is used for regulation; 
[image: image27.wmf]P

Q

 - the pump's flow rate when “bypass” method is used for regulation. 

Figure 1 shows a scheme of the experimental system, used for the tests of this investigation. The pump 2 starts to suck water from the open reservoir 1, then transfer it to the head pipe 5 and after that water is returned to the resrvoir. Immediately after the pump's output (exit) a sluiced pipe 13 is installed. The floodgate 6 is installed to the sluiced pipe. The floodgates 7 and 8 are consecutively installed into the head pipe. The floodgate 8 is used to fix the based work regime of the pump system. For this aim the pump has to work with its nominal speed of rotation, the floodgate 7 should be fully opened and the floodgate 6 to be fully closed. The throttle regulatig of the flow rate is realized by using the floodgate 7 when the pump's shaft is rotating with its nominal speed of rotation (to keep the same value of the speed of rotation the frequency inverter 4 is used) and the floodgate 6 is fully closed. The frequency regulating of the flow rate can be achieved by using the frequency inverter 4 - for this purpose the floodgate 7 should be fully opened and floodgate 6 fully closed. When regulating the flow rate by using the“bypass” method the pump works with its nominal speed of rotation and floodgate 7 has to be fully opened. To start sluicing a part of the pump’s flow rate the floodgate 6 should be opened. 

For each of the tests the value of the flow rate 
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 is measured by the flow-meter 9 and the consumed electrical energy 
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 is measured by the use of the wattmeter 10. The specific energy consumption can be estimated after that using equation (1). 
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Figure 1 A scheme of the experimental system 

The pump’s head characteristic 
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 when the pump works with its nominal speed of rotation 
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 can be determined by using the methodology given in [1]. To determine the pump’s head for each of the work regimes the pressure values indicated by the vacuum gauge 12 and the manometer (pressure gauge) 11 are used. 

Results and analyzing them. 
Figure 2 shows the pumps system characteristics 
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 which are determined by experimental tests. The coefficients of the equations (2) and (3), whose aim is to describe these characteristics are estimated by using the method of least squares and they are also given in the table below: 
	a
	b
	c
	d
	e
	f

	29,428
	0,8556
	-0,2906
	15,572
	10,966
	-0,9725


In figure 2 it can be seen that the work regime which has the highest value of the coefficient of efficiency is when the pump’s flow rate is 
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. This regime is chosen to be a nominal work regime for the investigated pump and then the pump system’s indicators will be: 
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Figure 2 Working characteristics of the investigated experimental pump system 

The experimental results are graphically given in figure 2, for this purpose some relative values have been used: 
- relative specific energy consumption - 
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 is the specific energy consumption for the new and smaller flow rate after the regulation and 
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 is the specific energy consumption for the outcome work regime of the pump system.

- relative flow rate - 
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 - represents the ratio between the pump's flow rate after it has been regulated - 
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 and the pump's nominal flow rate 
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For an outcome, an established work regime is used where the pump works with a flow rate which is bigger than the nominal with 25%, i.e. 
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. The coefficient of efficiency for this work regime is 6-7% less than the maximum system’s coefficient of efficiency, which is the range of admissible values. 
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Figure 3 The impact of the relative specific energy consumption for the three different methods of regulating the flow rate – frequency, throttle and bypass 
Looking at figure 3 below it can be easily seen that the frequency method of regulation is much better than the other two, in terms of the energy efficiency of the pump system. When the relative flow rate decreases the efficiency of using this method increases compared with the throttle and the bypass methods. 
When the throttle method of regulation is used to reduce the flow rate, in the beginning the pump system’s coefficient of efficiency can be improved, as for 
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, and the relative energy consumption is bigger than the outcome energy consumption. This fact categorically shows that even when seeking to improve the pump system’s coefficient of efficiency using the throttle method of regulation, this method is not effective in general in terms of energy efficiency. 
The “bypass” method of regulation is the least energy efficient method. The significant increase of the energy consumption with the decreasing of the relative flow rate can be seen in fig.3. In this case, it is the same as when the frequency method is used, a pump with lower head produces a lower flow rate - 
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, but the difference is that the pump’s flow rate is bigger than the system’s output flow rate. It’s clear that as the smaller the flow rate 
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 is, the pump’s flow rate 
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 will be bigger and also the flow rate passed to the sluice pipe will be bigger. This is the main reason the specific energy consumption significantly to increases when the pump system’s flow rate is reduced. 

Comparing the experimentally received curves of the specific energy consumption when the three methods of regulation are used with the curves received after only theoretical estimations and presented in [6], it can be concluded that they both fully correspond to each other. 

Figure 4 shows a comparison between the experimental and the theoretical results for the values of the specific energy consumption of the investigated pump system when the throttle and frequency methods of regulation are used. It can be seen on the graphs where the solid lines represent the theoretical curves. 
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а) The throttle method of regulating the flow rate of the pump system 
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b) The frequency method of regulating the flow rate of the pump system 


Figure 4 Comparison between the experimental and theoretical results when two different methods of regulation are used
Looking at figure 4, it can be concluded that there is a good coincidence between the theoretical and experimental results and the theoretical curves which describe the impact of the relative specific energy consumption perfectly fit with the experimental work points. It shows the high degree of accuracy of the methodology based on modeling the characteristics of centrifugal pumps used in estimating the specific energy consumption of a pump system. 

Conclusion. 

The experimental investigation of the specific energy consumption of pump systems operating with centrifugal pumps shows that the theoretical data presented in [6] concur with the experimental data. 
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