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PERFORMANCE EVALUATION OF LOCALLY
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Hegazi, A.?, Awady, M. N.), Hegazi, M. M. @
and Elgindy, R. W. ®

ABSTRACT

Solar powered pump motor is a special DC motor normally manufactured
in advanced countries such as Germany, USA, etc. To obtain PVP
(Photovoltaic pumps) users in Egypt must import them from abroad. This
study was conducted to modify a locally assembled solar powered
irrigation pump. A direct coupled photovoltaic pumping system has been
assembled and installed in the Egyptian desert in Inshas at the Nuclear
Research Center (31° 21' E, 30° 17" N). Eight hundred Watts DC motor
with brushes was modified to match unsteady PV generator current
output. The DC motor was supplied with PV generator current, which was
divided between 9 and 4 modules. The 9 modules were connected to the
rotor and the 4 modules to the stator field. The motor was tested without
load for several hours in situ and was coupled to the centrifugal pump.
Pump-set output was tested at different insolation levels and a
relationship was carried out from observed data. Monthly solar insolation
for ten years period was obtained from a program named "Meteo-Norm™
software in order to predict and calculate the average daily pumping
system water delivery in cubic meters per month. The system showed
flexible response to the PV generator output power demonstrated in DC
motor RPM and consequently water delivery.
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INTRODUCTION

Iternative energy sources were undermined until fuel prices

started to rise significantly in the last few years. High initiating

costs of PV generators was a limiting factor for those users to
utilize such renewable and clean energy source. Even though this solar
technology may have a higher starting cost than that of conventional fossil
fuel, the low maintenance and operation cost and the ability to operate
without fuel make the solar powered systems cheaper to keep.
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Many researches were carried out to increase PV systems efficiencies in
other words to decrease the initiating costs. PV pumping system is a
promising step towards sustainable irrigation since crop water
requirement and solar power generation are closely correlated to radiation.

(Mayer and Mdiller, 1996). The least expensive method of pumping water
using PV energy is by directly connecting a DC motor (Merino et al.,
2008). This study concerns using locally assembled pumping system
powered by PV to provide water for irrigation as a cost-effective
parameter in the PV pumping system. System efficiencies and pump
discharge was studied. Photovoltaic Pumping system (PVP) was related
with daily solar radiation intensity derived from "Meteo-Norm" software.
Solar irrigation system needs to take account of the fact that demand for
irrigation water will vary throughout the year. Pande, et al. (2003),
designed and developed a solar photovoltaic pump (PVP) operated drip
irrigation system for growing orchards in and region considering different
design parameters, like pumps size, water requirements, and the diurnal
variation in the pressure of the pump due to change in irradiance and
pressure compensation in the emitters. Short and Thompson (2003),
showed that solar powered water pumping has the potential to bring
sustainable supplies of potable water to millions of people in developing
countries. Mueller et al. (1998) said that due to the high initial costs of
PV-generators the power requirement of the system has to be minimized
from the beginning. Since the hydraulic power is the product of flow and
pressure, following targets are set:

e Reduction of the required flow by avoidance of water losses and
e Reduction of pressure loss by an optimum hydraulic system layout.

Betka and Moussi (2004), stated that performances of a photovoltaic
pumping system based on an induction motor are degraded once
insolation varies far from the value called nominal, where the system was
sized. Bione et al. (2004),  proposed a photovoltaic pumping systems
with solar tracking, coupled to low concentration cavities, as a viable
alternative to reduce the final cost of the pumped water volume.
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PVP's initiation costs are a limiting factor to be utilized by farmers for
irrigation. Studies were always concerning the increase of PVP system
efficiencies as an indirect way to decrease the costs. In this study, local
market materials were matched to construct a DC motor to drive a
centrifugal pump as a replacement for pumping systems readily imported.

MATERIALS AND METHODS

Experiments were conducted at Nuclear Res. Center; Inshas, Egypt
(o=3l). Two sets of Siemens M55 modules with max. out power 55 watt,
were used to generate the power to run motor pump. First set was 9
modules each three in series, while the other set was 4 modules each two
in series. Multimeter, tachometer and pyranometer were used to measure
generator output (Voltage and DC current), DC motor speed (rpm) and
solar intensity (W/m?) respectively.

A series DC motor (Fig. 1) was coupled to a centrifugal pump as shown in
Fig. (2). Schematic drawing of pumping-set in site shown in Fig. (3).
Motor was modified to respond smoothly to the low current supply PV
generator along the daytime through the months. The motor starts
smoothly when the solar intensity reaches 495 W/m? (threshold level).

Meteo-Norm climatological database for solar energy applications were
used to get solar radiation values for the site under investigation. These
values, which provide solar radiation averages for 10 years (1995-2005),
were used to determine the pumping system output as a relation between
solar intensity and solar generator output power.

Preliminary experiment was conducted to acquire a relationship between
PVP system outputs and solar-radiation intensity values; which could be
rapidly differ from minute to minute during the day and through different
seasons. Solar radiation, power consumption (as Voltage and Current),
motor RPM and pump flow varied, while head was kept constant at 4
meter.
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results show high relation between pumping system delivery and solar
radiation values. Hourly based average measurements for ten years (1995-
2005) of solar radiation values were linked to PVP discharge to estimate
the whole year water output of the system. Pump discharge was 7.33 m%h
at 4 meter head with 1016 W/m?soalr intensity. Pumping system
efficiency was less than 40%.
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