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METHODS TO ESTIMATE THE ENERGY CONSUMPTION IN REGULATING THE FLOW RATE OF PUMP SYSTEMS 

Popov G.
, Klimentov Kl.
, Kostov B.
 
Summary: The energy consumption involved in transporting fluids (liquids and gas) represents a large part of the total energy demand in the world. The problems associated with the energy analysis and a system’s efficiency improvement when they transport fluids is very topical and important, because of the wide use of these systems. This paper presents a method to determine the specific energy consumption used in regulating the flow rate of pump systems whose purpose is to ensure the transport of liquids to the users. The methods presented in this work ensure a comperative analysis of he efficiency by using different ways to regulate the system’s flow rate to be done. 
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1. INTRODUCTION 
Pump systems are mostly used to transport fluids, mainly for water supply in buildings, for industrial use and for irrigation systems in farming, etc. Because they are widely used, it is especially important to solve the problems associated with their efficient working performance enabling them to save energy. To ensure the better efficiency of these systems an optimal work regime should be provided [2]. The work regime depends on the agreement between the characteristics of the pump head and the pipe system. When the pump motor is started the transitional processes in this time also influence the work regime of the system (turbo pump – head pipe – water turbine) [3],[4] When the pump’s flow rate is changed to achieve a new and more effective work regime, different methods for flow rate regulation can be used. It is well-known fact that the energy efficiency of the system depends on the selected method of regulation. By the existing standard methods for changing the pump’s flow rate the most appropriate regulation method seems to be the frequency method. The effective use of energy into pump systems significantly depends on their water supply schedule. An important factor in determining the level of efficiency for the particular work regime of a pump system is the price of the final product, i.e. what is the energy coast to transport 
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 water to the user. The coast can be varied by using different methods to regulate the flow rate. Therefore, it is necessary to establish a criterion to estimate the specific energy consumption for the method to be used to regulate the flow rate. In this paper a method to determine the values of this criterion when three different types of regulation have been used – the frequency, the throttle and the “bypass” methods, is presented. 
2. SPECIFIC ENERGY CONSUMPTION IN TRANSPORTING OF FLUIDS 
As a criterion to estimate the liquid transport’s efficiency for a given pump system the invested energy in transporting of a unit volume of fluid can be used: 
(1) 
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 is the specific energy consumption; 
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 - the invested input energy of the system, usually electrical, which the pump systems need to get started; 
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 - the transported fluid’s volume, most measured in 
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This equation could be also presented by the following equation: 

(2) 
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where 
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 is the consumed input power of the system, 
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 - the transported fluid’s volume, 
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Reading the power balance of the pump system (motor, gears and pump) the input power of the system can be given by the following equation: 

(3) 
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where 
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 is the actual useful pump’s power; 
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 - the pump’s head; 
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 - the liquid’s density (for cold water 
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 - the gravity acceleration; 
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 - the motor’s coefficient of efficiency; 
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 - the transmission’s coefficient of efficiency (usually 
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) for transmissions which connect the motor’s shaft to the pump’s shaft); 
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 - the pump’s coefficient of efficiency. 

After substituting (3) in (2) and taking into account, that the flow rate 
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 measured in 
[image: image24.wmf]]

s

/

m

[

3

 is equal to 
[image: image25.wmf]3600

Q

h

 the pump system’s specific energy consumption can be expressed by the following equation: 

(4) 
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where 
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 is the total pump system’s coefficient of efficiency (
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By this coefficient 
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 an analysis of the pump system’s efficiency can be accomplished, when different methods of regulating the flow rate were used. For a given work regime each pump produces a concrete head 
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 and has also its coefficient of efficiency 
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 therefore, using (4) the specific energy consumption 
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 of the system can be estimated. 

To investigate the impact of the efficiency when the work regimes have been changed (i.e. in regulating of the pump system’s flow rate) it is necessary to know about the equation of head 
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 for the particular pump. For centrifugal pumps these equations usually can be expressed: 

(5) 
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 are the coefficients for the head equation; 
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 - coefficients of the equation of efficiency. 

When the flow rate 
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 is known, using the upper equations the coefficient 
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 could be presented: 

(7) 
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The most used and well known methods to regulate the flow rate of centrifugal pump systems are the throttle method and frequency method and in some cases a method where a part of the flow is sluiced by the outflow pipe (known as “bypass” method) also can be used. The specific energy consumption for a new and smaller flow rate can be determined in different ways for the different methods of regulation. 

2.1 Specific energy consumption when the throttle method is used 

When using the throttle method to determine the work regime the work points start to move left on the graph when the regulating device is fully opened. In this case, the head increases and the flow rate decreases. The pump’s coefficient of efficiency also changes its value. For the new and smaller flow rate 
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 (after throttle regulation) the specific energy consumption of the pump system can be given: 

(8) 
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2.2 Specific energy consumption when the frequency method is used 

Using the frequency method we can reduce the speed of rotation which will decrease both the flow rate and and the pump head and the work points will move along the pipe system’s characteristic. For the new and smaller flow rate 
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 the pump’s head can be found by using the pipe system’s characteristic: 

(9) 
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where 
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 is the static head of the pipe system; 
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 - coefficient of the resistant characteristic of the pipe system. 

The coefficient 
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 can be estimated by the pump’s indicators when the pump works with its nominal speed of rotation – i.e. by using the values of the output flow rate 
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 and head 
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 too: 

(10) 
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Using (9) and (10) for the head of the new work regime a conclusion can be found: 

(11) 
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The value of the coefficient of efficiency 
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 for the new work regime which also has a smaller speed of rotation 
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 can be estimated by the equations of similarity. For this purpose the similar work regime with nominal speed of rotation 
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 should be found, when the equation 
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 is previously known. The flow rate of this work regime is considered to be - 
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. The parabola of similarity connecting the work points to the flow rates 
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 and 
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 can be given by the following equation: 

(12) 
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where 
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 is the parabola’s coefficient for both similar work regimes which at first approximation the pump works with same coefficient of efficiency 
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 are known, the following equation can be given: 

(13) 
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For the work point of the characteristic, where the pump has flow rate 
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 and nominal speed of rotation, the following equations can be used: 

(14) 
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Using the two previous equations a conclusion can be found: 

(16) 
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The pump’s coefficient of efficiency when the work regime has flow rate 
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 and head 
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 is: 
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The specific energy consumption of the new flow rate obtained by the using the frequency method can be determined by the pump system’s indicators, which are estimated by (11) and (16):

(18) 
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Using the previous equation it can be concluded, that the specific energy consumption depends on the new flow rate - 
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, but it also depends on the system’s head - 
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2.3 Specific energy consumption when “bypass” method is used 

Using this method of regulation, the work point starts to move right on the graph towards the outcome work point whose indicators when the control device in the sluice pipe is fully closed are: flow rate - 
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 and head - 
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. The system’s flow rate 
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 which is given to the user can be determined by the pipe system’s characteristic: 

The pump’s head 
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 with the new flow rate 
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 can be estimated by equation (11) and the pump’s flow rate 
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 by the equation (5):
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With the estimated flow rate given by the previous equation the pump’s coefficient of efficiency can be given: 

(20) 
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The specific energy consumption in this method of regulation can be determined indicating the fact that the flow rate 
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 which is given to the user is just a part of the total pump’s flow rate - 
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. Thus (2) the following conclusion can be given: 
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Substituting of (11) in (21) can be expressed by the following equation: 

(22) 
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When using the “bypass” or the frequency method to regulate the flow rate the specific energy consumption depends on the system’s head - 
[image: image88.wmf]st
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. Thus (22) it can be concluded that the ratio of the actual used pump’s flow rate to the total produced pump’s flow rate has a significant impact on the energy consumption. When the value of this ratio increases the energy used to transport a unite volume of fluid also increases proportional to it. 
3. CONCLUSION 

The methods presented in this work ensure a relatively quick and easy way to estimate the specific energy consumption of pump systems operating with turbo pumps. For this purpose it is necessary to know the equations of a pump's head chasracterictic and the characteristic of efficiency. To analyse how effective a particular method used to regulate the flow rate will be, it is necessary for its specific energy consumption to be estimated by some of the equations (7), (8), (18) and (22), depending on which method is chosen exactly. For a given flow rate the specific method to regulate the flow rate that produces the lowest energy consumption is the most effective method in terms of energy efficiency. 
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