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ABSTRACT 

Micro-hydropower systems have been universally 

recognized as an attractive alternative to conventional 

sources for meeting the ever increasing energy needs of the 

society. 	Impulse turbines like micro-Pelton wheels and 

cross-flow turbines are used quite frequently in such 

systems. 	In the present study the characteristics of both 

these turbines have been investigated experimentally to 

analyse the effect of various geometrical and dynamical 

parameters on their performance. For cross-flow turbine, a 

semi-empirical relation has also been suggested for 

predicting its performance under various operating 

conditions. 

Micro-Pelton wheels, presently being used in 

micro-hydropower systems, are simply scaled down models of 

larger Pelton wheels, whose design has been standardized. 

Over the years experience has shown that these scaled down 

models do not give the same performance as the larger ones. 

The important parameters affecting their performance are the 

nozzle-diameter, nozzle-number and head. A systematic study 

has been carried out to establish the effect of these 

parameters on a proto-type model of a multi-jet micro-Pelton 

wheel available in the Fluid Mechanics Laboratory of I.I.T.- 

Delhi. 	The existing set-up was modified to measure the 

output power using a Prony brake system. From the results, 

it is concluded that one/two nozzles lead to maximum 
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efficiency and the optimum nozzle-diameter to blade width 

ratio is approximately 1/20. The major cause for the 

reduced efficiency of micro-Pelton wheel is attributed to 

the losses in the feed system. 

Investigations on the cross-flow turbine in the 

present study have been undertaken to establish the effect 

of various design parameters on the performance. A proto-

type cross-flow turbine was designed based on Banki's theory 

for a design head of 9 m with an output of 5 KW. 	It was 

fabricated in the Fluid Mechanics Laboratory of I.I.T.- 

eDelhi. 	The set-up was fabricated in such a way that the 

flow could be visualised and also it was possible to 

systematically change the various parameters like number of 

blades, nozzle-entry-arc, shaft-diameter etc. The 

performance of the turbine at different heads was evaluated 

for various combinations of blade-numbers, nozzle-entry-

arcs and shaft-diameters. Measurements have also been made 

both with and without draft tube. 

Design modifications were also made to minimize 

the volumetric losses and thereby enhance the turbine 

performance. 

From the results obtained it has been possible to 

clearly identify the effect of various geometrical 

parameters and a maximum efficiency of 68 % was achieved for 

an optimum combination of blade-number, nozzle-entry-arc and 
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shaft-diameter. 	It has also been observed that draft tube 

had a positive effect only at low heads 	(below 7m) . 

Attempted design modifications did not enhance the 

performance significantly. 

A semi-empirical relationship for power output of 

a cross-flow turbine has been developed which incorporates 

the effect of blade-number, hydraulic and mechanical losses. 

The present experimental data as well as those available in 

literature have been used to evaluate the loss coefficients 

in the proposed relationship. Comparison of predicted 

performance of the cross-flow turbine has shown a good 

agreement. 	Thus the proposed relationship can be used for 

predicting the performance of any cross-flow turbine with 

reasonable accuracy. 
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