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Experimental Analysis on the Performance of a Solar Powered Water Pump

Y. B Kim J G, Son S K Lee

S, T.Kim W, J La Y, K Lee

The solar powered water pump is very ideal equipment because solar power is more intensive when the water is more
needed in summer and it is very helpful in the rural area, in which electrical power is not available. The average solar
radiation power is 3.488 kWh/ (m” - day) in Korea. In this study, the experimental system of the water pump driven by
the radiation energy were designed, assembled, tested and analyzed for realizing the solar powered water pump. Energy
conversion from radiation energy to mechanical energy by using n-pentane as operating material was done and the water
pumping cycles were able to be continued. The quantity of the water pumped per cycle ranged from 2 L to 10 L depending
on the level of the valve open area for the vapour supply. The average quantity was about 4,366 cc. The thermal efficiency
was about 0.018%. The pressure level of the n-pentane vapour in flash tank was about 110~ 150 kPa and that in the water
tank was 93~ 130 kPa. The pressure in the condenser during cycles was maintained as about 70 kPa. The condensation
of the n-pentane vapour in the water tank was increased with the cycles even though the internal and external insulation
were done. Air tank performance was better with increasing of the water piston displacement and the water could be
pumped with the water piston displacement becoming higher than 6,500 cc.

Keyword : Solar energy, Water pump, Energy conversion, Thermal efficiency, Phase change material
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Table 1 Properties of n-pentane.
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Property Value

Molecular formula CsHiz
Molecular weight 72.146
Boiling point (K) 309.25
Density (g/ml) 0.626

Latent heat (kJ/kg) 358
 Critical temperature (K) 469.77
critical pressure (MPa) 3.369
Critical density (g/ml) 0.232
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Fig. 2 Overlooking view of the experimental system.
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Picture 1 Picture of the experimental system.



Table 2 Specification of the measuring parts.
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Items

Description

Data logger and control system

Campbell scientific, Inc.,

Model : CR10x

Control input/output 8 channels

Relay multiplexer AM416 (32 channels)

Solenoid valve

Type : Normal open
AC 200/220 V, 50/60 Hz, Rc PT 1/2, Inner Dia. 15 mm

Relay

Wonder SSR WK-1210SQ (Wonkwang Inc.)
Input : 4-32 VDC, Output : 240 VAC, 10A

Pressure gauge

Absolute pressure : testo 511 0-1100 hPa
Gauge pressure : testo 0-1000, 0-2000 hPa

Pressure sensor unit

Pressure range : -5000~5000 mmH,O.gauge

Type model : Piezoresistive ceramic sensor, WISESENTROL
Output : 0~5 V

Voltage divider : Campbell, 0~5 V — 0~25V

Temperature sensor

T type thermocouple & 3.2 mm

Electricity meter

220V, 40(10)A, 60Hz, 1.0 Wh/pulse, Single phase
Omnisystem Corp.
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Fig. 8 Efficiency of the air tank depending on the volume of the
air displacement in the air tank.
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Table 3 Pressure of pentane vapour in the condenser depending on the experimental conditions.
Average pressure COOII,ng Initial pressure Average pump ed Inner diameter .
Case of pentane vapour water inlet in condenser water quantity of water tank Insulation
in condenser temperature (hPa abs) per cycle (mm) conditions
(hPa abs) () 2 (cc)
A 539.3 13.6 144 684 280 water tank insulation
B 813.4 11.77 120 358 280 water tank insulation
o 683.9 135 180 4366 330 waler tank and
condenser insulation
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