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Abstract

A weir-type solar still is proposed to recover rejected water from the water purifying systems for solar hydrogen production. This
consists of an inclined absorber plate formed to make weirs, as well as a top basin and a bottom basin. Water is flowed from the top basin
over the weirs to the bottom collection basin. A small pump is used to return the unevaporated water to the top tank. Hourly distillate
productivity of the still with double- and single-pane glass covers was measured and the latter showed higher production rates. The
average distillate productivities for double- and single-pane glass covers are approximately 2.2 and 5.51/m?/day in the months of August
and September in Las Vegas, respectively. Mathematical models that can predict the hourly distillate productivity are developed. These
compared well with the experimental results. Productivity of the weir-type still with a single-pane glass was also compared with
conventional basin types tested at the same location. The productivity of the weir-type still is approximately 20% higher. The quality of

distillate from the still is analyzed to verify the ability of the still to meet the standards required by the electrolyzers.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The ever-increasing need for energy and environmental
concerns has focused much attention on sustainable energy
resources. An important drawback of renewable energy
sources such as solar and wind is their intermittent nature.
Making hydrogen, which can be stored and used on
demand, using renewable sources allows the intermittent
resources to be decoupled from the use. The University of
Nevada, Las Vegas Center for Energy Research, is
developing a hydrogen filling station at the Las Vegas
Valley Water District (LVVWD). An electrolyzer is a
component of this project, which makes hydrogen from
water through electrolysis. Pure water needed for the
electrolyzer is conventionally obtained from a water
purifying system consisting of a de-ionizer (DI). The
proposed project consists of a DI system, which rejects
81/h while using 11/h. Water is a precious commodity and
recovering a significant portion of the rejected water is an
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important aspect of this project. A solar still can be used
for this purpose.

Unlike other distillation methods, solar stills use solar
energy to distill water in an environmentally friendly
manner. These are broadly divided into passive and active
types. Passive stills are further divided into basin and
inclined types. Extensive research was reported on different
methods to improve the productivity of these stills [1-10].
The important parameters affecting the performance of a
still are also reported [11]. The level of water on the
absorber surface has been shown to be an important factor
affecting the productivity [11]. Still performance was
shown to increase with thinner water films [11]. This can
be achieved by different designs of the absorber surface.
Common designs are inclined [2] and stepped [5] absorber
surfaces. In an inclined still, water flows from the top to the
bottom of the absorber surface. To maintain uniform
thickness of water, a wick, which draws water through
capillary effect, is used. Stills with inclined absorber
surfaces are reported to have significantly higher produc-
tivity compared with basin-type stills [2,6,8]. A new design
combining the advantages of both inclined and basin-type
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Nomenclature

A area of the absorber plate (weirs) (m?)
Appasin area of the bottom basin (m?)
A7gasin area of the top basin (m?)

b breadth of the sill (m)

C, specific heat of water (J/kg K)

g acceleration due to gravity (m/s?)

Gr Grashof number

hy, bottom loss coefficient from basin to the
ambient (W/m?K)

/. convective heat transfer coefficient from water
surface to the glass cover (W/m”K)

hea convective heat transfer coefficient from glass
cover to the ambient (W/m?K)

hep convective heat transfer coefficient from bot-
tom to the ambient (W/m?K)

I/ evaporative heat transfer coefficient from water
surface to the glass cover (W/m>K)

hegi convective heat transfer coefficient between

glasses of double-pane glass (W/m?K)

Nrgi radiative heat transfer coefficient between
sheets of double-pane glass (W/m?K)

hyi total heat transfer coefficient between glasses of
double-pane glass (W/m*K)

N total heat transfer coefficient from water sur-
face to the glass cover (W/m?K)

hyp radiative heat transfer coefficient from bottom
to the ambient (W/m?K)

Ny radiative heat transfer coefficient from water
surface to the glass cover(W/m?>K)

hig total heat transfer coefficient from glass cover
to the ambient (W/m?K)

H length of the still (m)

I solar radiation incident on the glass cover of
the still (W/m?)

k thermal conductivity (W/m K)

L characteristic length between glasses of double-
pane cover (m)

/ latent heat of evaporation (J/kg)

L; thickness of insulation (m)

Ty hourly distillate productivity (kg/h)

1,y mass flow rate of water over the absorber plate
(kg/s)

Mrpasin mMass of water in the top basin (kg)

Mppasin Mass of water in the bottom basin (kg)

Nu average Nusselt number

Pr Prandtl number

P, partial vapor pressure at water temperature
(N/m?)

P, partial vapor pressure at glass temperature
(N/m?)

Ra Rayleigh number

ambient temperature (°C)

glass temperature (°C)

; inner glass temperature (°C)

o outer glass temperature (°C)

water temperature (°C)

Twraasin temperature of water in the top basin (°C)
Twapasin temperature of water in the bottom basin (°C)

@

i P e M Fe

TDS  total dissolved solids (mg/l)

TOC total organic carbon (pg/l)

t time (s)

U, overall bottom heat loss coefficient (W/m?*K)
U, overall heat loss coefficient (W/m”K)

U, overall top loss coefficient (W/m?K)

V wind velocity (m/s)

Greek letters

Eoff effective emissivity

f emissivity

o Stefan—Boltzman constant, 5.67x 1078
(W/m>K*)
slope of the still

B volumetric thermal expansion coefficient (K ")

v kinematic viscosity (m?/s)
thermal diffusivity (m?/s)

Y surface azimuth angle

Vs solar azimuth angle

Ty fraction of solar energy transmitted to water
through glass cover

At time-step

solar still was also proposed [7]. The performance of a
stepped still is also reported to have higher productivity [5].
An important issue with these designs is the formation
of scale on the absorber surface, which significantly effects
the absorptivity of the surface and hence the productivity
of the still. A weir-type still with a nylon wick, and a
small circulation pump to recover sensible energy of
water leaving the absorber plate is proposed in this
project.

The temperature difference between the water and
condensing surfaces is an important factor affecting the
productivity of a solar still. A higher temperature

difference between these surfaces yields higher productiv-
ity. To maintain this temperature difference, various
methods were proposed [12,13]. Unlike solar collectors, a
double-pane glass reduces the productivity of a solar still
by reducing the temperature difference between the water
and condensing surfaces. To verify this fact the productiv-
ity of the still with both single- and double-pane glass are
compared. To predict the performance of different types of
solar stills, various mathematical models are proposed. In
the present study, a mathematical model was developed to
compare with the experimental results based on the model
proposed by Shukla et al. [14].



S.B. Sadineni et al. | Energy 33 (2008) 71-80 73

10
Weir-type absorber plate
Condensing cover
Thermal insulation
Distillate collection trough
Enclosure frame
Water tank
Distillate storage tank
Flow control valve
Water recirculating pump

. Flow meter (recirculating water)

. Solenoid valve (drain control)

. Solenoid valve (inlet water control)

. Flow meter (inlet water)

. Thermocouple (thick dots)

ORI

—
LW =0

21.15° T~

(Facing due south)

Fig. 1. Schematic of the weir-type solar still.

2. Design and construction of the weir-type still

A weir-type solar still is designed and constructed to test
it under Las Vegas weather conditions. It is an inclined-
type still, which consists of a weir-shaped absorber plate,
cover/condensing glass, distillate collection trough, water
circulation system and support structure. The still is well
insulated to minimize any heat loss from the bottom
and sides of the unit. A schematic of the still is as shown in
Fig. 1. The smaller arrows in the figure show the water flow
direction in the still.

The construction details of different parts of the still are
as follows:

2.1. Absorber plate

The absorber plate is made from a 20 gauge galvanized
steel (approximately 1mm thickness) sheet, formed to
make the top basin, weirs and the bottom collection basin.
The details of the absorber plate with top and bottom
tanks are as shown in Fig. 2. The step heights of the weirs
were kept small (~1.6 mm) to reduce the depth of water on
the absorber plate. The top tank helps to absorb any
momentum transferred in with the circulating water. This
helps to avoid the splashing of water on to the absorber
plate. The top and bottom basins are made large enough to
contain enough water for at least 1 day. The area of the
absorber plate exposed to radiation (aperture area) was
1.7 x 0.57m. Two side plates made of the same material are
soldered to the absorber plate. To avoid any leakage in the

soldered joints, high-temperature RTV silicone is applied.
The absorber plate is painted black with a high-tempera-
ture spray enamel to improve its absorptivity. Water flows
from the top basin over the weirs and collected in the
bottom basin. The weirs help to distribute the water evenly
and increase the time spent on the absorber surface. A vinyl
window mesh (thickness and porosity are approximately
0.25mm and 32%, respectively) is used as a wick to
improve the distribution of water on the absorber plate.
The small thickness of water on the weirs increases the
water temperature and evaporation significantly. As shown
in Fig. 1, the top and bottom tanks are also exposed to
insolation and contribute to the productivity of the still.

2.2. Condensing cover

Both single- and double-pane tempered glass covers
are used in these experiments. The tempered glass panes are
fixed in metal frames, which are secured firmly to the
absorber plate using sheet metal screws. Weather stripping
is used between these metal contacts to prevent the leakage
of the vapor from the still.

2.3. Collection trough

A small collection trough is attached at the end of the
absorber plate. The vapor is condensed on the inclined
cover glass and flows down into the collection trough.
From there the condensate drains through the outlet pipe
into the collection tank.
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Fig. 2. Weir-type absorber plate with top and bottom basins (dimensions in millimeters).

2.4. Insulation and frame

Glass fiber insulation with a thickness of 15.24 mm
(R-30), is placed at the bottom and sides of the still to
reduce the heat losses to the surroundings from the
absorber plate and the side plates. It is generally accepted
that optimal year round performance of stills can be
obtained by installing them at an inclination equal to the
latitude of the location. To obtain the seasonal optimal
performance stills are installed at latitude —15° for summer
and latitude +15° for winter [1,11]. In the present study,
the experiments are performed in the summer time and the
summer optimal angle of inclination is considered. The still
is mounted on a stand at an inclination of 21.15° (36.15°N
latitude of Las Vegas—15°), facing due south.

2.5. Water circulation system

Water flows from the top basin, over the weirs and
finally, to the bottom basin. A small pump, with a capacity
of 0.71/min at 1m elevation is used to return the
unevaporated water to the top basin. The flow rate of
circulating water is controlled by a valve in the system. The
circulating water flow is set at 0.2 1/min. The velocity of the
water flowing on each weir varies significantly, and hence
so does the thickness of the water film. The maximum
thickness of the water film on the weirs is less than 2 mm,
including the thickness of the vinyl mesh, with the average
being generally much smaller. The flow rate was set such
that no portion of the absorber plate is ever left totally dry.
This is done to avoid scale from forming on the absorber
surface. These deposits are reflective and hence reduce the
absorptivity of the absorber plate. Formation of scale is
one of the major concerns in inclined type of stills.

2.6. Data acquisition system

Data were collected using a Campbell Scientific CR10x
data logger with the Am16/32 multiplexer. Instrumentation

consists of eight thermocouples to measure the temperature
of the absorber plate at various locations, the top and bottom
surfaces of the cover glass. In addition to this, the return
water flow rate is also recorded. A weather station installed at
the same location as the still is also connected to the logger.
This station measures wind speed, solar flux, ambient
temperature and relative humidity. A second pyranometer
is also installed at the same inclination as the still.

3. Mathematical modeling

Mathematical models are developed for the still. Both
single- and double-pane glass covers were modeled. The
integrated hourly solar insolation, averaged hourly wind
velocity and ambient temperatures were used in these
calculations. The variation of water temperature along the
absorber plate plays a significant role in the productivity for
an inclined still. Hence the model considers the variation of
water temperature along the flow direction. Due to the
relatively large mass (>24,000g) of water in the top and
bottom basins the time-dependent term is included in the
formulation of the model for these portions of the still. On the
absorber surface, however, the relatively small mass of water
present at any given time (< 5g/s) causes the response time to
be much smaller than the data collection interval. For this
reason, the time-dependent term is omitted in the model
formulation for the absorber. This provides an adequate
approximation and greatly simplifies the model. The equa-
tions used in the simulation are based on those developed by
Shukla et al. [14] for a similar kind of inclined still. The
simulations were carried out using MATLAB. The program
calculates the variation of temperatures as well as distillate
productivity as a function of the collected weather data.

The following assumptions were used in the development
of mathematical models:

® The heat capacities of the glass cover and nylon mesh
are negligible.
e There is no leakage of vapor from the still.
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® Heat losses from the sides of the still are negligible.

® The flow of water on the absorber plate has a uniform
thickness. The change of thickness at the weirs is
neglected.

e Solar radiation after transmission through the
condensing cover is completely absorbed by the water
film.

3.1. Single-pane glass

Shukla et al. [14] solved for water temperature (77;) as a
function of location from the top of inclined absorber
surface, which is given as

Tw U bx
Tw=<q—1+4+T, 1— —
u { UL * } ( eXp( ity CW) >

U;bx
+ TW,-exp<—me )

(1)

and the water temperature at the end of the absorber plate,
x =L, Ty = Ty, evaluated as

Tw ULA
T (e —1 Ta 1 - I
" { UL * } ( P < mWCW> )

UrA4
+ Tugexp (120 @

Now the average water temperature obtained as

T —1/LT dx="r4r
W_LO w - UL a

exp(_(ULA)/(mew)) -1
()

Ty Ur4
+ (ULA)/(mu Cw) (1 TP (_ mwcw) ) ' (3)

The expression for the average temperature was obtained
differently than those reported by Shukla et al. [14]. As can
be seen from Fig. 1, the top and bottom basins are
also exposed to the weather conditions. Hence the change
in the temperature of water in the basins at the end of each
time-step is calculated as

T'weBasin = T wBBasin
+ []A BBasin A[] - [ ULA BBasin ( T WBBasin — Tu)A l]
M BBasin Cw ’

(4)

TWTBaSin = TWTBaSin
+ (A 7Basin ALl — [U L ATBasin( T wrasin — Ta)Al]
MTBasin Cw ’

)

where At is time-step and Ty ggasins MpBBasin are the water
temperature and mass in the bottom basin, respectively.
T7Basin» MTBasin are the water temperature and mass in the

top basin, respectively. Tr7puin 1S the same as the
temperature of water at the start of weirs.

The average water temperature at the end of each time-
step in the bottom basin due to mixing of outlet water from

the absorber plate can be modeled as

[mBBasin T WBBasin + mwAt T WO]
(mBBas[n + n"lwAt)

(6)

T WBBasin —

Furthermore, the average water temperature at the end of
each time-step in the top basin due to mixing of the
circulated water from the bottom tank is modeled as

[Wl TBasin T WTBasin + m»t'A 1T WBBasin] (7)
(m TBasin + My, Al)

T WTBasin —

In some of the above equations, same variables appeared
on both sides of an equation. In those cases, the variables
on the right-hand side corresponds to the previous time-
step.

3.2. Double-pane glass

A similar procedure is followed to solve for the exit
water temperature from the absorber plate and the average
water temperature.

An energy balance on the inner glass of the double-pane
glass cover is given as

hlw(TW - Tgi) = hgi(Tgi - Tga)- (8)
The energy balance on the outer glass is given as
hgi(Tyi - Tgo) = hlg(Tgo - Tu) (9)

The energy balance for the water flowing on the absorber
plate, for a small elemental length dx and constant width b,
is given as

[ewl = (Tw = Ty) = ho(Tw = To)]bdx

dr
= 11, Gy (—W> dx. (10)
dx

From Eq. (8), T,;; can be found as

T. = (hleW + hgiTgo)
! (hlw + hgi) ’

From Eq. (9), T,, can be found as
_ (hgiTyi+ hyT,)
O (hgi + g)
Substituting Eq. (11) in Eq. (12) yields T, as
_ hgihi Tw + hig(hyy + hg) T,
P (g hg)hg + ) = By
Rewriting Eq. (8)
hy(Tw —Ty) = U(Tw —T,) (14)

(11)

(12)

(13)

where

hiwhgihg

Uj=—-—77—"7—.
! hlw + hgi + hlg
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Substituting the Eq. (14) in Eq. (10) and reducing provides

T
[twl — Up(Tw — To)lbdx = 1, C,, (dd—xw) dx, (15)

where Uy = U, + hy

Solving Eq. (15) for initial condition, Ty |.—g = T wi,
results in the same equations as in the case of single-pane
glass (Egs. (1)-(3)). The equations for average water
temperatures in top and bottom basins are also the same as
those obtained in the case of single-pane glass (Egs. (4)+(7)).

The distillate productivity in both single- and double-
pane cases can be obtained from the temperatures as

hew{A(TW - Tq) + ATBasin(TWTBasin - Tg) + ABBasin(TWBBasin - Tq)} N

The notation [ ]* implies that, if the quantity in the
brackets is negative, it must be set equal to zero. Where the
Rayleigh number is calculated as [18]

— gﬁl(Tgi - Tgo)L3
oy ’

RaL

(19)

The radiation coefficient between the panes can also be
calculated from the standard relation given as [16]

hrgi = oy [(Tgi + 273)° + (T go + 273)][Tgi + Tgo + 546).
(20)

The total heat transfer coefficient between the panes is

Moy =

/

where T, is replaced by T; (inner glass temperature), in the
case of double-pane glass.

3.3. Transmittance of the glass covers (<,,)

The transmittance of the glass cover varies with
incidence angle (0) of the beam radiation. This angle is
dependent on the location and local time. The hourly
position of the sun for Las Vegas (latitude 36.175°N,
longitudel115.136°W, elevation P 618 m) was calculated
using a MATLAB program called “sun_position.m”
developed by National Renewable Energy Laboratory
(NREL) [19]. This program calculates the zenith (6.) and
solar azimuth (y,) angles for each hour. Using the program
output, the angle of incidence (0) is calculated as [17]

cos 0 = cos 0. cos f+ sin 0. sin fcos(y, — 7). (17)

The orientation of the still is due south. Because of this the
surface azimuth angle (y) is zero. The solar transmittances
of single- and double-pane glass (refractive index 1.526)
covers for the corresponding angle of incidence are
obtained from the results presented by Hottel and Woertz
as reported in [17].

3.4. Convection coefficient between the glass panes (double-
pane)

The convective heat transfer coefficient between the panes
of the double-pane glass cover (H/L ~ 220 and f = 21°)
can be obtained from the average Nusselt number, which is
given as [18]

_ hegil 1708
Nuyp=-""=1+144{1 - ———
i k * [ Ray, cos ﬁ]
[, 1708(sin 1.89)']" Ray, cos B\ '3 . "
Ray cos f§ 5830
r=12
for . (18)
0<p<70

(16)

calculated as
hgi = hcgi + hrgi~ (21)

All the other heat transfer coefficients and variables used
are as following:

hlw = hrw + htw + hew [16]

B = eqpa [(Tw + 273)* + (T4 + 273)]
x[Tw + T, + 546] [16],

hy, = 5.7+ 38V [16],

1 1
th[ +h

16
Ki/Li cb+hrb:| [ ]’

B 1/3
(P, Pg)(TW+273)} [16],

By = 0.884| Ty — T, +
¢ [ W T 689 % 10° — P,

(Pw _P,L])

_ -3
how = 16273 x 10~y " — 7, 13
5144
P(T) = exp( 25317 — 16
(7) eXp< T+273> el
1 17!
= |—+—| (el
Ceff [3;v+8g:| [16]

4. Experimental uncertainty

Uncertainties associated with the experimental measure-
ments are presented here. The distillate productivity was
measured using a graduated cylinder marked in 10ml
increments. Hence the associated uncertainty is +5ml.
Weather data were measured using instrumentation from
Campbell Scientific. The uncertainties associated with these
measurements are +5% (maximum) or +3% (typical) for
the pyranometer, +0.3m/s for the anemometer, and
+0.5°C for the temperature probe. The water temperature
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was measured using J-type thermocouples from Omega
with an uncertainty +0.5°C.

5. Results and discussion

The weir-type inclined solar still was installed and tested
at the University of Nevada, Las Vegas. Theoretical
models are developed to predict the effects of various
design and weather parameters on the productivity of
the still.

5.1. Performance of the still with a single-pane glass cover

The weir-type still with a nylon wick is tested on
September 8, 2006. Typical measured temperatures and
productivity of the still are presented along with the
corresponding weather data. The measured values are
compared with the theoretically calculated values as shown
in Figs. 4 and 5. The corresponding weather data are
shown in Fig. 3. The temperatures shown in Fig. 4 are the
average values for the measured water temperatures and
predicted water temperatures. The total distillate produc-
tivity of the still was 5.51/m?/day including 450 ml over-
night productivity. By considering the fact that the
convective heat transfer coefficients cannot be modeled
accurately (can vary up to 30%), the temperature and
distillate productivity predicted by the model is in good
agreement with the experimental results. The models are
more sensitive to the solar radiation as can be seen from the

variations in temperatures and productivity at time 15h
(Figs. 4 and 5).

5.2. Performance of the still with a double-pane glass

In order to measure the performance differences between
single- and double-pane covers, experiments were carried
out with a double-pane glass. The measured temperatures
and productivity of the still are presented along with the
corresponding weather data. The measured temperatures
and productivity of the still are also compared with the

80
70 |+
O 60 f
®
=]
£ 50
3 Cal. T W
§ 40 —=— Cal.T G
—a— Exp. T_W
30 —— Exp.T_G
20 1 1 1 1 1 1
8 10 12 14 16 18 20 22

Time (hr)

Fig. 4. Comparison of experimentally measured and theoretically
calculated temperature variations of water and glass for a single-pane
cover system, September 8, 2006.
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Fig. 3. Variation of air temperature, wind speed and solar flux on September 8§, 2006.
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theoretically calculated values as shown in the Figs. 7 and 8
and the corresponding weather data are shown in Fig. 6.
The total distillate productivity of the still was approxi-
mately 2.21/m?/day including 300 ml overnight productiv-
ity. The temperatures shown in Fig. 7 are the average
values for the measured water temperatures and predicted
water temperatures. As can be seen in Fig. 7, in the early
hours of the day the temperature of condensing glass is
same as the water due to the trapped heat between the glass
panes. Hence the distillate productivity in that time period
is zero. As the day progressed the increase in glass
temperature is less compared with water due to the higher
heat losses from the glass to the ambient.

900
800 r
700
600 r
500
400 |
300
200 r
100 r

0 I I I I I I
8 10 12 14 16 18 20 22

Time (hr)

—e— Cal. Dis_Pro
—&— Exp. Dis_Pro

Distillate Productivity (ml/hr)

4

Fig. 5. Comparison of experimentally measured and theoretically
calculated distillate productivity of the still with a single-pane cover,
September 8, 2006.

5.3. Comparison of the performance of the still with single-
and double-pane glasses

The developed theoretical models are used to predict the
productivity of the still with double- and single-pane covers
at similar weather conditions. Comparison of distillate
productivity of the still with single- and double-pane glass
covers for August 9, 2006 weather data is presented in the
Fig. 9.

As was expected the productivity of the still with the
double-pane glass is significantly lower than the single-
pane glass even though the temperature of water in the case
of double-pane glass is higher. Thus, it is demonstrated

90
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o
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~
o
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Fig. 7. Comparison of experimentally measured and theoretically
calculated temperature variations of water and glass for a double-pane
cover, August 9, 2006.
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Fig. 6. Variation of air temperature, wind speed and solar flux on August 9, 2006.
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Fig. 8. Comparison of experimentally measured and theoretically
calculated distillate productivity of the still with a double-pane cover,
August 9, 2006.

that the driving factor for higher productivity is the
temperature difference between the water and condensing
surface. It is also demonstrated that a double-pane glass
used both as transparent cover and condensing surface for
a solar still reduces the productivity significantly.

5.4. Distillate productivity of the weir-type solar still

The distillate productivity of the proposed weir-type
regenerative still with single-pane glass is measured
for a week’s period in September. The average productivity
of the still is approximately 5.51/m?/day. The productivity
of the conventional basin-type still measured at the
same location and time period is also measured [20]. The
average productivity of the conventional basin-type still is
approximately 4.51/m?/day. The daily productivities of
both the stills for the second week of September 2006 are
compared in Table 1. This amounts to a 20% gain in the
productivity for the proposed still compared with basin

type.

5.5. Quality analysis of distillate productivity for use in
electrolyzers

The quality of the distillate is analyzed to determine
whether the Type I/II standards set by the American
Society for Testing and Materials (ASTM) had been met.
These are the minimum purity levels required by Proton
Inc. for use in their electrolyzers. Proton Inc. is one of the
leading manufacturers of the electrolyzer systems in USA.
Some preliminary analyses are completed. Different
distillate samples obtained on different days from the still
are tested. The measured values of electrical conductivity
and pH at 25°C of water temperature are 7.5us/cm and
7.08, respectively. The measured value of total dissolved
solids (TDS) is 0.6 mg/l. These show some basic estimates
on the quality of the distillate that can be produced. The
other required standards such as maximum allowable total
organic carbon (TOC), sodium, silica and chloride are so
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Fig. 9. Comparison of distillate productivity from the still with single- and
double-pane glasses.

Table 1
Distillate productivity from the conventional basin- and weir-type (single-
pane) stills, September 2006

Day Distillate productivity (I/m?/day)

Conventional basin- Weir-type still

type still (single-pane)
8 September 4.6 5.5
9 September 5.1 6.3
10 September 4.3 5.2
11 September 4.8 5.6
12 September 4.9 5.8
13 September 4.2 5.0
14 September 34 4.1

small that the available facilities at the university and at the
local facilities could not accurately measure.

6. Summary and conclusions

A weir-type regenerative solar still is proposed for the
industrial production of distilled water. The proposed still
can be used with the solar hydrogen projects. A large
fraction of the rejected water from the de-ionization system
could be distilled and recovered in a still of this type.
Distillate productivity of the still was tested at the
University of Nevada, Las Vegas with local tap water.
Performance of the still was also tested using double- and
single-pane glass. Productivity of the still was also
compared with the productivity of the conventional
basin-type still tested at the same location. Quality of the
distillate is analyzed for possible use in the electrolyzers.
The following conclusions are made from the project:

e There is a significant reduction in the performance with a
double-pane glass compared with a single-pane glass. Due
to the reduced temperature difference between the
evaporating water and condensing glass in a still with
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double-pane glass used both as transparent cover and
condensing surface, the productivity reduced significantly.

o It was also observed that the proposed design is superior
in productivity (20% improvement) compared with a
conventional basin-type solar still.

o Scale formation on the absorber surface in the case of an
inclined still with conventional wicks is avoided by using
the weir-type design and a small recirculation pump.

e Preliminary tests on the quality of distillate have proved
the possible use of solar stills in the solar hydrogen
projects to render more yield to an electrolyzer system.
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