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ABSTRACT 

Pumps can be operated as turbines to generate electricity by changing the mode 

of its operation and reversing the direction of power flow. Since the pump 

manufacturers usually do not provide datasheet showing the pump’s 

characteristics and performance when operating as turbines, problem arises as 

to understand how the pump behaves in the turbine mode or reverse running 

mode. To resolve the problem scientists have developed different mathematical 

models to find the pump behavior in the turbine mode and its characteristics. In 

this paper, the BEP (best efficiency point) of a pump operated as turbine (PAT) 

turbine is mathematically determined using two different methods with the help 

of the experimentally obtained general pump characteristics data. The BEP is 

then used to determine the amount of hydraulic power and hence in turn the 

amount of electrical power that can be generated when an induction machine 

(operated in generator mode) is coupled to the pump. Also a suitable site is 

assumed to determine the operating points or range of the PAT using the 

conventional mathematical models available in many literatures of fluid 

mechanics. 

 

Keywords: PAT (Pump as Turbine); Small scale power generation using PAT; 
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INTRODUCTION 

Mankind require electrical energy to fulfill their needs such as lighting their 

houses and offices, run industrial processes, heating and cooling for comfort, 

communication, powering up their gadgets and vehicles and numerous others. 
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The need for electricity is increasing day by day in today's world. A maximum 

proportion of this electrical energy comes from burning fossil fuels. Scientists 

predict that these fuels will not be lasting very long [1]. Research is being 

carried out to provide electricity in a clean and cost-effective way from 

alternative energy sources. PAT can be used to harness power from hydraulic 

sources [2]. Country sides of many countries have natural falls and these have 

water flow throughout the year. In [8], the possibility of setting up Micro-hydro 

in hilly areas of Bangladesh ranging from 300 - 500m height has been discussed 

which is a viable information to setup PAT in Bangladesh. The hydraulic energy 

from these sources can be converted to electrical energy by coupling a motor 

with the pump using a shaft. Usually a pump is always associated with a motor. 

The advantage of this type of system is that a motor pump is readily available 

in the market and they always come in after sales service for at least a year [3] 

but practical experiences say that these pumps may last several years without 

any troubles. It is also cheap to buy when compared with a turbine and 

synchronous generator. Its construction is also simple and it does not require 

highly qualified mechanics for maintenance. Furthermore, it is safe and 

environmental friendly. 

Research has been going on in this area for quite a long time and within this 

time many theories have already been proposed for finding out the BEP of a 

PAT [4-6]. In [4], Sharma gives a simple idea of how to use a pump’s 

characteristics to obtain the best efficiency point of PAT. In [5], Chapallaz et 

al., experimented on more than 80 pumps and showed how to find out the BEP 

of the PAT and the characteristics curve of the PAT away from the best 

efficiency point if one has the pumps characteristics. The induction motor can 

be operated as the induction generator if sufficient amount of magnetizing 

capacitances are used which discussed in [7]. 

In this paper, the best efficiency operating point of the PAT is found from 

Sharma’s method. The results obtained are compared with method proposed by 

Chapallaz et al. Also the PAT characteristic curve is found using the Chapallaz 

et al.’s method. Site curve whose head varies from 60 m – 80 m is chosen and 

the operating points along with the range of operation of the PAT are obtained. 

Fig. 1 shows a block diagram of PAT. Water comes into the PAT from a high 

level. Due to the flow of water through the pump, the pump begins to rotate. 
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Thus the initially stored potential energy of the water is converted into the 

mechanical energy of the PAT. The water is then discharged to a low level. 

Since an induction motor is coupled to the pump, the rotation of the induction 

motor generates electricity. 

 

Fig. 1 Generation of Electrical Energy 

by using a pump operation as turbine 

(PAT) 

 

METHODS OF OPERATING 

PUMPS AS TURBINES 

Analysis has been done based on the 

theories and equations proposed by 

Sharma and Chapallaz et al. The PAT characteristic curve of a 4 hp pump is 

also found. 

A. Proposed method of Sharma 

Sharma (1985) mentioned that if the Head-Flow curve and the Efficiency curve, 

which are the two important characteristic curve of a pump are known, it is 

possible to find the maximum hydraulic power if operated in the turbine mode 

[4]. The hydraulic power produced can then use to calculate the electrical power 

generated from the Induction generator if the conversion efficiency is known. 

The flow rate (QBEP), the head (HBEP) and the efficiency ( max) at the best 

efficiency point (BEP) of the pump is used to determine the turbine flow rate 

(Qt), turbine head (Ht) and the turbine efficiency ( t). The following equations 

describe the relationships: 

 
Pout and Pe are the output hydraulic power and output electrical power 

respectively. 
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The efficiency of an Induction generator is usually 73% in converting the 

mechanical power into electrical power [3]. The method of Sharma only 

provides the Head and Flow required by a pump to operate in the PAT mode in 

the BEP. But it does not provide the characteristic curve of the PAT. 

B. Proposed method of Chapallaz et al. 

Chapallaz et al. (1992) proposed another method of determining the BEP of a 

PAT. Later, he showed how one can find characteristic curve of a PAT [5]. 

Using the characteristics of PAT, it also possible to find the operating point 

from which one can comprehend if the PAT is working at the BEP or not. The 

method he used uses experimental data of a pump to determine the BEP of the 

PAT and also the characteristics curve of the PAT using a set of equations 

provided in his method. In order to find the BEP and the characteristics curve, 

the following procedures has to be followed: First, the rated pump head, flow 

and the maximum efficiency is determined. Then, the specific speed (Nps) of 

the pump is calculated using the equation given below: 

 
Where np, Qpr, Hpr are the pump’s speed (in rps), flow rate (in m3/s) and head 

(in m)of pump at rated condition or the BEP. The pump’s data is then converted 

to the turbine’s data using two conversion factors CH and CQ using the specific 

speed found in Equation (6). Fig. 2 shows the graph which is needed to be used. 

 

 
Fig. 2 Determination of Conversion factors from the Specific Speed [5] 

Since the accuracy of conversion from the pump’s data to the turbine’s data is 

limited, approximate conversion is applied using maximum and minimum 

deviations performance range of the turbine mode of operation. The Equations 
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(7-10) are used to find out the maximum and minimum deviations of head and 

flow for the specific speed found by Equation (6). 

 
 

The turbine needs to operate at a speed greater than the synchronous speed. So, 

the affinity laws for head and flow are used to obtain the turbine head and flow 

for the maximum and minimum deviated values at the BEP as given in 

Equations (11-14). The efficiency of the turbine is always considered is to be 

3% less than the pump’s efficiency. The maximum and the minimum turbine 

design head and flow at the rated pump speed are then used to convert to the 

turbine head and flow by substituting the appropriate factors in the following 

equations: 

    

 
Using general hydraulic formula, the following two equations are obtained to 

find out the maximum and minimum possible hydraulic power. 
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The above equations provide the information about the BEP of the PAT. But 

Chapallaz et. al in his studies present ways to determine the characteristics curve 

of the PAT away from the BEP. A graph is used to find out the characteristic 

curve which is shown in Fig. 3. The BEP which is not a particular point but are 

maximally and minimally deviated values will produce two characteristic 

curves, one corresponding to the performance curve using maximum 

conversion factor and the other corresponding to the performance curve using 

minimum conversion factor. The resulting curves will provide a good estimate 

of the performance of the pump in turbine operating mode. 

 
Fig. 3 Turbine-Mode performance away from the BEP [5] 

 

EXPERIMENTAL SETUP FOR DIFFERENT PARAMETERS 

MEASUREMENT AND ANALYSIS 

Experiment was carried out on a 4 hp DC powered motor pump which operated 

at 2900 rpm. To obtain its characteristics curves, the flow and the manometric 

pressure (both at delivery and suction) are noted for different positions of the 
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delivery valve. The corresponding voltages and currents were also measured. 

Using the following equations, the head for various flow rates were found. 

 
Z1 and Z2 are pump’s parameters. 

A. Test Results 

The motor pump was operated at a speed of 2900rpm. The following table 

shows the values of flow rates, inlet and outlet pressures with corresponding 

voltages and currents. 

 

TABLE I 

FLOW RATES, INLET PRESSURES, OUTLET PRESSURES, VOLTAGES 

AND CURRENTS FOR Q=3-25m3 /hour 

Q[m^3/hr] Pinlet[bar] Poutlet[bar] V[v] I[A] 

23 -0.12 2.8 143 21.6 

19 -0.12 2.8 143 19.2 

15 -0.08 3.1 143 17 

11 -0.06 3.25 143 14.6 

7 -0.04 3.4 146 11.8 

3 -0.03 3.4 146 9.4 

The above table does not show the exact value of head, so Equation (18) was 

used to find the value of Hm. Along with the value of head, flow, voltage and 

current, the hydraulic power delivered as well as the electrical power consumed 

by the pump is recorded in Table II. 

 

TABLE II 

FLOW RATES, HEAD, HYDRAULIC POWER, ELECTRICAL POWER 

AND EFFICIENCY CALCULATED FOR THE DATA OBTAINED IN 

TABLE I 

Q[m^3/s] Q[m^3/hr]  Hm[m]  Ph[W]  Pe[W]  

0.006389 23.0004   27.437  1719.64  3088.8 0.55 

0.005278 19.0008   30.760  1592.62  2745.6 0.58 

0.004167 15.0012   33.130  1354.19  2431  0.55 
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0.003056 11.0016   34.240  1026.36  2087.8 0.49 

0.001944 6.9984   35.417  675.58   1722.8 0.39 

0.000833 2.9988   35.232  288.02   1372.4 0.21 

 

Table II is the prerequisite to draw the Head-Flow curve and the Efficiency 

curve of the pump. The Head-Flow curve and Efficiency curve are plotted on 

the same axes in Fig. 4 using Microsoft Excel. From the maximum efficiency 

point, i.e. the BEP (best efficiency point) of the pump is found which is 19 

m3/hr and 30.2 m with the maximum efficiency of 0.58. 

 
Fig. 4 Experimental ‘Head vs Flow rate’ rate and ‘Efficiency vs Flow rate’ 

curves with indication of BEP (best efficiency point) of the pump. 

 

B. Determination of BEP using Sharma’s method 

The pump used in the experiment was coupled to a DC motor which had a speed 

of 2900rpm. Now, the same pump if were coupled to an Induction motor, 

electrical power can extracted. Since the pump’s performance has been found 

for 2900rpm, the same pump if operated by a 4-pole induction motor would 

have a synchronous speed of 3000rpm. The slip of the motor can be found from 

any electrical machinery book which comes out to be 0.033. To operate the 
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motor as generator, it has to rotate with a speed of 3100rpm. Using Sharma’s 

method and the equations (1-5), the following results were obtained: 

 
A 4 hp dc mo tor pump requires 2745 W of input power at the BEP of the pump. 

With the machine working as PAT, it can deliver 2401 W. The flow rate and 

the head have to be 31.4m3/hr and 66.3 m respectively which will allow the 

machine to operate at the BEP of the PAT. 

C. Determination of BEP using Chapallaz et al. method 

Using the Chapallaz et al. method, the BEP and the characteristics curve of the 

PAT is found. The operating points of the PAT are also found considering the 

site curve. Using equations (6-17), these values have been obtained and finally 

the maximum and minimum electrical power is calculated by the Equation 5. 

 

 
The method proposed by Chapallaz et al. shows that there are two extreme 

values of electrical power as the BEP ranges between the maximum and 

minimum conversion factors. To find out the characteristic curve away from the 

BEP point of the PAT, data have been recorded using the Chapallaz et al. 

proposed methods. Table III gives the value of the flow rate factors and head 

factors obtained from Fig. 3 for determining the turbine flow rates and head 
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away from the BEP. Table IV uses Table III to obtain the corrected values of 

head and flow rates for the maximum and minimum conversions. 

 

TABLE III 

FACTORS FOR DETERMINING THE PAT CURVE AWAY FROM THE 

BEP IN TERMS OF FLOW RATES AND HEAD IN TURBINE MODE OF 

OPERATION OF THE PUMP 

Qt/Qnt Ht/Hnt 

0.8 0.73 

0.9 0.83 

1 1 

1.1 1.17 

1.2 1.33 

 

TABLE IV 

CORRECTED VALUES OF FLOW RATE AND HEAD AWAY FROM BEP 

IN TERMS OF FLOW RATES AND HEAD IN TURBINE MODE OF 

OPERATION OF THE PUMP 

Ht (maximum 

conversion)/m 

Ht(maximum 

conversion)/m 

Qt (maximum 

conversion)/ 

m3/hr 

Qt (minimum 

conversion) / 

m3/hr 

53.509 43.581 28.72 25.36 

60.839 49.551 32.31 28.53 

73.3 59.7 35.9 31.7 

85.761 69.849 39.49 34.87 

97.489 79.401 43.08 38.04 

 

Using the maximum conversions of head and flow and minimum conversions 

of head and flow rate from Table IV, 

PAT curves are obtained which is shown in Fig. 5. The PAT curves of Fig. 5 

signify the operating point of PAT away from the BEP. It can be noted from the 

figure that when the flow rate is very high, the two PAT curves tend to merge 

together. That means there is no deviation for the conversion factors of the PAT 

curves for high flow rates. 
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The operating point of the PAT depends on the site. The flow rate and the head 

might be different from the data obtained from the PAT. So, it is not expected 

that the PAT is working at its BEP. To find the operating point of the PAT at a 

particular site, we have taken an example of a site whose head varies 60 m to 

80 m. The PAT curves are drawn along with the site curves at the same axis. 

Fig. 6 shows range of operation of the PAT. The intersection of the PAT curves 

to the site curves gives the operating points of the system. The amount of power 

produced at the points of intersection is undoubtedly less than the power at the 

BEP. One might be wondering if the flow rate and the head are large enough, 

why the amount of power would be less than the power obtained at the BEP. 

The answer to the above question is pretty simple. The efficiency is only 

maximum at the BEP where as it is less at other flow rates. 

 

 

 
Fig. 6 Operating Points of PAT 
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CONCLUSIONS 

In this paper, a comparative analysis has been presented on the two methods 

proposed in order to find electrical power that can be harnessed from a motor 

pump when the pump is operating as turbine and the motor is operating as the 

generator. An experiment has been done on a 4 hp pump to obtain its 

characteristics. From the pump’s experimental data, the theoretical 

characteristics of the PAT are also found. The expected hydraulic power is also 

calculated. An Induction motor, if coupled to the pump is also considered from 

which the electrical power generated is also calculated. It has been found from 

results that the method mentioned by Sharma only gives the power at the best 

efficiency point which is 2401W. 

The method proposed by Chapallaz et al. give the powers corresponding to the 

maximum deviation and minimum deviations of head and flow from the BEP 

which are 2879W and 2070W respectively. It can be seen form the results of 

the two analyses that the power calculated from the method of Sharma lies 

between the powers produced from the method of Chapallaz et al. But it is of 

course true that the Chapallaz’s method gives a more clear understanding on the 

behavior of the turbine characteristics of the pump, i.e. the PAT. Also, site curve 

is drawn and intersections of site curves with PAT curves gives possible range 

of operating points for which a particular pump will operate which is found 

from the Chapallaz’s method. 
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