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Concept and experimental test of the ‘SolarPump’,
a solar-still that transports water while distillation
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Abstract

We devised an apparatus (the SolarPump) that transports water from a reservoir to the distillate collection
at a distance while distilling the water, using solar energy alone. The basic component of the system is a
vaporizer, which is enclosed with a condenser. The vaporizer is based on the same principle as a porous
cup atmometer. The potential energy level of water, which is lowered at the evaporating surface of a
porous material when energy is provided for evaporation, causes water to flow continuously along the
gradient of the potential energy from a reservoir to the evaporating surface. In other words, the system
conduit is completely filled by water all the time, as long as energy and water are supplied. To confirm
the above principle and evaluate its performance, we conducted a series of field tests using an experimental
apparatus supplied with tap water. Its vaporizer included a vessel made of a transparent plastic tube, which
is capped with a porous cup on the top and is open at its distal end into the reservoir. The condenser was
supported and sealed with an acrylic outer tube. The apparatus yielded distillate proportional to the global
irradiance, while transporting water 0.5 m above the reservoir. We also confirmed that the apparatus was
capable of transporting water 2.0 m above the reservoir while performing distillation.
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Fig. 1.  Schematic of the “SolarPump”. The system is
filled with water all the way from the reservoir to the
top of the porous cup via conduit, so that continuous
water flow takes place through the system when the
energy is provided for evaporation from the surface
of the porous cup.
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Fig. 2. Photograph showing the vaporizer (evaporimater).
The vaporizer includes a vessel made of a transparent
plastic tube, which is capped with a porous cup on
the top and open at its distal end into the reservoir.
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Fig. 3. Photograph showing the apparatus with a 1.0
m long vaporizer set up on the Climate-Engineering
Campus, Tohkamachi, Niigata for the evaporation
and distillation experiments conducted in May, 2008.
Water in this apparatus was supplied from the outer
tube surrounding the conduit of the vaporizer.
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Fig. 4.
m long vaporizer set up on the roof of the laboratory of

Photograph showing the apparatus with a 0.5

the Kinki University Nara Campus for the distillation
experiment conducted in September and November,
2009, Nara. Enclosed with a Styrofoam cover was a
distillate collector placed on a balance for continuous
measurements.
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Table 1. Evaporative water loss (¢) from the apparatus with a 2.0 m long vaporizer as com-

pared to that from the atomometer (eo), Nara, May 2008.

Measurement Evaporation (e)*

“Reference” Relative

Period Weather [e/h] Evaporation (e0)* Evaporation (e/eo) Site
[g/h] [

2008.05.07 Fine 44 2.2+02 2.0 Nara

2008.05.30 Fine/Cloudy 3.0+0.3 1.5+0.3 2.0 Nara

*Values are mean®SE (n=2).
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Table 2. Evaporative water loss () from the apparatus with a 1.0 m long vaporizer as compared to that from
the atomometer (eo), Tohkamachi, May 2008. Additionally shown are estimated distillates from the vaporizer
covered with a condenser, in which distillate was assumed equal to evaporative water loss.

“Reference” Relative

M t E ti Distillat:
easur.emen Weather vaporation () Evaporation (eo) Evaporation (e/eo) i Site
Period [g/h] [g]
[g/h] (-]
2008.05.18  Fine/Cloudy 2.8 2.8 1.0 - Tohkamachi
2008.05.21 Fine 2.1 1.9 1.1 - Tohkamachi
2008.05.22 Fine 0.62 2.6 0.24 0.62  Tohkamachi
2008.05.23  Fine/Cloudy 0.67 2.5 0.27 0.67  Tohkamachi

*Distillate was assumed to be equal to the evaporation.

Table 3. The temperature and the solar radiation during the first distillation experiment
(EXP. C-1) conducted late September, 2009 in Nara, Japan.

2009.09.24 2009.09.25 2009.09.26

IST* Air Global Air Global Air Global

Temperature Irradiance Temperature Irradiance Temperature Irradiance

[C] [W/m?] [€] [W/m?] [C] [W/m?]
0:00 18.5 0 20 0 18.6 0
1:00 18.0 0 19.5 0 18.7 0
2:00 179 0 19 0 18.5 0
3:00 17.6 0 18.8 0 18.1 0
4:00 179 0 18.5 0 179 0
5:00 18.0 0 18.1 0 17.6 0
6:00 18.0 38 18.1 52 17.7 55
7:00 18.8 231 19.7 206 18.8 223
8:00 204 419 213 328 209 366
9:00 22.0 572 22.8 429 23.1 563
10:00 239 686 24 635 25.5 675
11:00 25.6 732 253 696 274 727
12:00 26.4 733 26.1 570 27.6 500
13:00 273 656 26.1 397 272 369
14:00 277 542 26.2 393 27 267
15:00 27.5 348 26.3 379 26 112
16:00 27.1 218 25.6 220 25.1 79
17:00 26.0 57 242 43 24.1 13
18:00 244 0 225 0 23.1 0
19:00 23.1 0 21.3 0 224 0
20:00 221 0 20.5 0 222 0
21:00 21.0 0 20 0 21.7 0
22:00 20.3 0 194 0 21.7 0
23:00 19.2 0 19 0 21.6 0

Mean/ 220 18.8%* 21.8 15.6%* 222 14.2%*

Total

*JST: Japan Standard Time
**Unit: MJ/m?
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Table 4. The measured mass balance composed of the evaporative loss from the reservoir, the
amount of water droplets left on the wall of the condenser, the amount of distillate collected and
the estimated leak from the system. Also shown is the total amount of incident solar radiation
during the EXP. C-1.

. Water Distillate Total
Measurement Duration . Condenser ea .
Period [h] Reservior [e] Collecter o Irradiance
[g] [g] MJ/m?]
2009.09.23 18:30 0 11483.8 442 .3 205.5 0
2009.09.26 17:50 713 114487 446.6 235.5 48.6
Increment 71.3 -35.1 43 30 0.8 48.6

Table 5. The temperature and the solar radiation during the second distillation experiment (EXP. C-2) conducted
early November, 2009 in Nara, Japan.

2009.11.05 2009.11.06 2009.11.07 2009.11.08
IST* Air Global Air Global Air Global Air Global
Temperature Irradiance Temperature Irradiance Temperature Irradiance Temperature Irradiance
[C] [W/m?] [C] [W/m’] [C] [W/m’] [C] [W/m’]
0:00 8.7 0 9.7 0 10.5 0 117 0
1:00 8.2 0 9.1 0 10.6 0 11.2 0
2:00 84 0 8.7 0 9.7 0 113 0
3:00 7.6 0 84 0 93 0 10.3 0
4:00 8.1 0 8.1 0 9.0 0 10.3 0
5:00 83 0 7.6 0 8.7 0 10.2 0
6:00 79 5 7.6 8 8.7 9 10.1 4
7:00 8.0 47 8.0 115 9.9 105 10.3 70
8:00 9.3 138 9.6 279 11.1 269 119 230
9:00 10.6 180 11.8 425 13.1 415 14.2 399
10:00 12.2 192 14.6 531 154 517 16.4 474
11:00 13.1 184 16.6 588 174 572 18.4 511
12:00 14.1 276 177 546 194 565 20.3 592
13:00 15.4 334 18.4 533 20.7 514 21.6 504
14:00 159 173 18.6 403 20.7 392 214 345
15:00 157 126 177 232 19.5 230 20.3 201
16:00 15.1 55 16 59 17.3 53 189 60
17:00 13.6 1 152 1 159 1 17.2 1
18:00 12.8 0 14 0 14.9 0 17 0
19:00 12.5 0 13.4 0 14.6 0 154 0
20:00 11.9 0 13 0 14.6 0 14.5 0
21:00 11.1 0 12.6 0 13.8 0 13.8 0
22:00 109 0 11.6 0 129 0 137 0
23:00 10.2 0 11.1 0 12.2 0 13.2 0
Mean/ 11.2 6.2%* 12.5 13.4%%* 13.7 13.1%%* 14.7 12.2%*
Total

*JST: Japan Standard Time
**Unit: MJ/m?
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Table 6. The measured mass balance composed of the evaporative loss from the reservoir, the amount of water
droplets left on the wall of the condenser, the amount of distillate collected and the estimated leak from the
system. Also shown is the total amount of incident solar radiation during the EXP. C-2.

Measurement Duration  Water Reservior Condenser Distillate Collecter  Leak Total Irradiance
Period [h] [e] [e] [e] [e]  [MIn?
2009.11.05 0:00 0 0
2009.11.08 23:00 95 449
Increment 95 — 119 — 44.9
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Fig. 5.  Accumulated distillate as a function of time after

the start of distillation. See Table 5 for the conditions
under which the measurements were made.
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