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Abstract - Small and mini hydropower systems display a good-looking solution with the help of pump as turbine for 

hydropower generation with lower cost as well no or minimal environmental impact. The pump-as-turbine (PAT) method is 
also very good because of low acquisition cost and maintenance cost a swell. The characteristics of pump as turbine has been 
discussed through an experimental study of centrifugal pumps. Thus, comparing and analyzing the experimental results of 
pump working in turbine mode provided by some of the earlier researchers. through its greatest efficacy as well as precise 
speed in pump mode, there have been establishment of new correlations. have. The resulting values obtained are consistent 
with the experimental results. These correlations will be useful for predicting the performance of the pumps working in 
turbine mode. Several CFD analysis to predict the inverse characteristic of industrial centrifugal pumps have also been 
presented. This paper provides the outcomes of an experimental study of a centrifugal pump working as turbine (PAT).it has 

been proved through the that a centrifugal pump can acceptably be operated as turbine shorn of any mechanical problems. 
Comparing to operation of pump, the pump was seen to operate at higher heads and discharge values in turbine mode.  
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I. INTRODUCTION  

 

The growing demand for energy is high, this increase 

demand, coupled with growing awareness of fossil-

related negative environmental impacts have sparked 

new interest in finding alternatives to sustainable 

energy. Comparable to solar energy, geothermal 

energy, wind energy, small hydropower can also help 

to release long-term pollution of the energy crisis 

solution. small hydropower generation does not have 

a significant impact on large-scale animal and plant 

as well as human health and leads to the development 
of large numbers of fish [1]. The cost of construction 

is minimal. In order to effectively and economically 

extract small hydropower energy, it is necessary to 

develop a method suitable for generating small 

hydropower power in hydraulic presses. Thus, a 

hydraulic turbine should in an ideal world be able to 

perform in the same way for flow of water into the 

basin and for that owed out of the basin. This can be 

achieved by a pump turbine. The design of this 

turbine must provide power output in both directions. 

Furthermore, in order to increase the available turbine 
head, pump can be used to drive an extra amount of 

water from the sea to the generation source. This 

helps in absorbing more water for the next session 

[2]. Through the pumping energy storage station good 

dynamic flow as well as high quality economic 

Energy are provided Due to the increasing demand of 

improved balance of power and frequency control, 

the use of multiple storage units being pumped has 

become necessary. Pump as Turbine Reversible 

pump-turbines in several cases are the most cost-

effective solution. the flow characteristics was 

measured by BOTERO F, et al [3,4], through the use 
of PIV method with a numerical investigation of a 

scale model pump-turbine model at off-design 

operating conditions in the generating mode.   

II. OPERATION OF PUMP AS A TURBINE   

 

One of the renewable energy source with a great 

prospective to economize the sustainable use is 

Hydropower [5]. As the power plant of pump storage 

can store energy in addition to power generation, in 

line with load fluctuations, it performs A very vital 

role in grid system [6] pump-turbines are moving in 

the direction higher inflation head, large capacity and 

high-speed movement, in order to achieve improved 
economic productivity based on the development of 

modern technology. [7]. Standard pump turbine units 

when operated in reverse have a number of 

advantages over conventional turbines for small 

hydropower generation. Pumps are mass-produced as 

a result, have advantages for small hydropower as 

compared to purpose-made turbines. Thus, Integral 

pump and motor can be purchased for use as a turbine 

and generator set, it is also Available for a wide range 

of heads and flows in addition to a large number of 

standard sizes. the cost is Low with Short delivery 
time. Again, Spare parts like seals and bearings are 

easily available with Easy installation. The 

minimalism of the pump turbine means that it has 

some limitations when compared with the highly 

expensive types of turbine. The main limitation is that 

the flow rates range on which a particular unit can 

operate is much lesser than that of a conventional 

turbine. The use of combined pump-motor units is 

suggested for small hydro schemes that are to be used 

for only electricity generation, then where the 

simplest installation is required. The use of Pump 

turbine for small as well as micro hydropower 
generation is the finest alternate. In the system of 

hydraulic power recovery Turbine (HPRT), 
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centrifugal pumps are used in improving the overall 

effectiveness of the system. [8] developing the 
operation of the irrigation method of a pump working 

as turbine. PAT is the best choice in the use of excess 

existing energy in irrigation systems, sewage or rain 

systems, natural falls then water distribution system 

[9]. [10] the use of PAT as pressure reducing valve 

(PRV) in drinking pipe systems. [11] Method of 

energy recovery by using PAT instead of PRV in 

water supply systems. Nevertheless, pump-turbines 

frequently operates in two directions and also change 

regularly flanked by different circumstances. 

According to Asawari [12], the moment PAT has 

been carefully chosen for particular sites, head, flow 
and power output are fixed with a close limit. the 

head and flow should be closer to a design head as 

well as the flow then also the drop-in efficacy should 

be fewer. He gave consideration to the following four 

conditions as shown in table 1  

 
Table 1:  head, flow and power output [13] 

He explained the table 2 and the curve figure1 that in 

case of A, PAT flow rate is much lower than other 

hence power output will be less. In case of B, flow 

rate is close to a desire value but there is a drop of 

efficiency. In case of C, flow rate is large hence the 

power output is also large and the most suitable case 

is D, the head and the flow rate is close to a desire 
head and flow and also there is a less drop of 

efficiency. The efficiency of a PAT at 80% of the 

BEP flow will normally down the 120% of BEP flow, 

as seen in [13]   

 
Figure 1 Typical pump as a turbine curve [13] 

 

III. EXPERIMENTAL RESEARCH ON PAT  

 

Chapallaz et al., [14] studied the factor conversion of 

PAT. Relying on the precise pump speed, the 

graphics conversion factor was established. The 

scaling factor attained from the graph is set to be 
satisfactorily limited even within the far point of the 

optimal efficacy point. centrifugal pump in turbine 

action performance at diverse rotational speeds was 

explicated by Fernandez et al., [14] through the aid of 

hydraulic system in their experimental analysis. .it 

was displayed by the outcomes that the behavior of 

the turbine could be foretold to a certain extent from 
the behavior pump then the performance curves were 

also found for PAT working at equal speed and head. 

Derakhshan and Nourbakhsh [15] provided some 

correlations in calculating the optimal efficacy point 

of pump as turbine through hydraulic description with 

the use of experimental data. They tested four 

industrial type centrifugal pumps with precise speeds 

ranging between 14 to 56 (m, m3/s) through 

experiment. High-speed pumps require a lower ratio 

and discharge head (with greater operating efficacy). 

Nevertheless, the difference in power ratio does not 

vary in pump speed. According to Ramos and Borga 
[16] the use of PAT is an upright alternate for the use 

of extra available energy in natural falls, water supply 

and irrigation systems, sewage or rain systems which 

would be lost in normal circumstances. They 

performed analysis of steady state conditions through 

Suter parameters to attest that pump can be used in 

production of renewable energy. Ramos et al.  [17] 

studied the response of their hydraulic systems (in 

steady state and transient) to investigate the results 

flanked by pressure reducing valve (PRV) then PAT 

(also working as PRV) in drinking pipe systems. The 
conclusion is that PAT possibly will stand better than 

PRV in some cases, but then in another situation both 

PAT and PRV are recommended. an experimental 

analysis of a centrifugal pump with an optimum 

efficiency turbine mode set to a specific speed of 

8.53% lower compared with the optimum efficacy in 

the pump mode was conducted by Nautiyal et al., 

[18]. The experimental results of the pump and other 

pumps tested were used to expand the new correlation 

to achieve the unique mode of turbine from pump 

characteristics using its optimum efficacy and precise 

speed in pumping mode. comparison was made 
amongst the values gotten from the derived 

correlations with the experimental results as well as 

results of other approaches that displayed very slight 

deviations. The whole schematic set up of the 

experimental is made known in Fig 2. Whereas The 

pump/turbine generator set is given away in Fig 3  

 

IV. THE EXPERIMENTAL SETUP  

 

 
Fig. 2:  Schematic layout of experimental setup 
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Fig. 3:  Tested centrifugal pump fixed with generator Adopted 

from [ 18] 

 

Figure 4and fig.5 on the other hand displays the head, 

power and efficiency curves of the tested pump in 

pump and turbine mode. From the measurements and 

calculations Adopted from [ 18]  

 

 
 

Tab. 2:  Components for PAT experimental set-up. 

S. 

No  

Component  Specifications  

1  Metallic open 

tank  

1.35m×1.35m×1.6m  

2  Constant speed 

motor pump  

Head 32.8 m, flow 

0.0148 m3/s  

3  Flow meter  Venturimeter 

4  Flow regulation/ 

Controls  

Gate valve  

5  Auxiliary pump  21.8 kW, max. head 

60 m, max. flow 

0.035 m3/s  

6  Generator  Turbine-Generator set 

with electrical 

resistance load.  

 

V. EXPERIMENTAL RESULTS AND 

CONCLUSION OF THE SET-UP  

 

According to the experiment centrifugal pump can 

positively be used as turbine at several flow rates and 

head deprived of any technical difficulties. based on 

the experiment, it can be concluded that centrifugal 

pump running in turbine mode is the modest and 

easiest way for small and micro hydropower schemes 

power generation. Experimental study was carried out 

using End suction centrifugal pump (CALGON) type 

with specific speed of 15.36 (m, m3/s) to test the 
characteristics of pump operating in turbine mode. 

The outcome of the   experiment displays that 

centrifugal pump can be operated as an acceptable 

turbine without any mechanical problems. Compared 

to pump action, the pump operates at higher 

discharge and heads values in turbine mode. The BEP 

in turbine mode was found to be lower than BEP in 

pump mode. In the tested pump the BEP was only 

39.0 % in turbine mode was with flow and head of 

13.52 l/s and 30m respectively [19].   

 

CONCLUSION  
 

This study provides complete information on the 

centrifugal carefully chosen as   turbine for small 

hydropower generation. The above studies show that 

pump turbines are a leading solution for small 

hydropower generation, especially in rural areas. The 

initial project cost has dropped significantly, making 

it more viable. The specific location of the pump can 

be further limited by selecting the appropriate pump 

turbine. Pump turbine conversion factor can be based 

on theoretical research and numerical analysis to 
determine, but cannot accurately predict its 

performance. Therefore, the need for further research, 

development, calculation of the conversion 

coefficient of the general model. By using a variety of 

changes proposed by the researchers, efficiency is 

likely to increase. The future work for Pump as 

Turbine can focus on lower cost adjustments, 

especially in the impeller's diameter. The 

characteristics of the best efficacy point can also be 

improved by applying the various modifications 

proposed by the earlier researchers. The further 

application of computational fluid dynamics (CFD) 
will provide a better understanding of Pump as 

Turbine. 
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