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ABSTRACT

A transient mathematical model was presented for a single basin solar still with v-corru-
gated basin liner. The model was based on an analytical solution of the energy balance
equations for various elements of the still assuming the temperatures of the inner and outer
surfaces of the still covers are not equal. The performance of the still was investigated by
computer simulation using the climatic conditions of Tanta (lat. 30°47°N, long. 31°E), Egypt.
The calculated results showed that the v-corrugated plate had improved both the daily pro-
ductivity and daily efficiency by a relative percentage difference of approximately 24% com-
pared to the case when a flat basin liner of the same area of 0.437 m* was used. Effects of
basin water mass and the number, height, and the half angle of the “vee” on the daily pro-
ductivity and efficiency of the still were studied. To validate the proposed mathematical
model, the simulated results were compared with the results presented in the literature for
a v-corrugated solar still. It was concluded that the proposed model is able to predict the
still performance during sunshine hours with good accuracy.

Keywords: Single basin solar stills; V-corrugated; Computer simulation; Productivity

1. Introduction

Supplying fresh water is still one of the major
problems in arid remote areas in different parts of the
world. Solar stills can solve part of the problem in
those areas where solar energy is available. Basin-type
solar stills are simple in design and have low technol-
ogy; hence, low maintenance expenses are required.
Detailed reviews of different designs and factors
affecting the performance of active and passive solar
stills had been reported [1-3]. A review article describ-
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ing the recent methods that had been used for
improving solar still productivity was also recently
presented by Velmurugan and Srithar [4]. All methods
reported in these review articles aimed to improve the
still productivity by reutilizing the latent heat of con-
densation [5], coupling the still to solar collectors [6]
or solar ponds [7], using external and/or internal
reflectors [8,9], reducing the volumetric heat capacity
of the basin using different wick materials [10], using
energy storage media [11-14], optimizing the insula-
tion thickness [15], etc. A thermal analysis of a solar
desalination system was carried out by Tiwari et al.
[16] to optimize the glass cover inclination. They
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found that the optimum inclination of the glass cover
during summer is 10° under Delhi climatic conditions
and this angle is larger for winter months. The opti-
mum inclination of the glass cover of the double slope
solar still during winter is found to be 55° under Delhi
climatic conditions as concluded by Singh et al. [17].
Various designs of solar stills were studied experimen-
tally by Tiwari et al. [18]. They concluded that the
multiwick solar still is the most economic and efficient
one. Other method that can be used for enhancing the
single effect solar still performance is the increase of
basin liner area and/or the evaporation surface area
of brine. Dev et al. [19] investigated experimentally
and theoretically the thermal performance of an
inverted absorber solar still for different basin water
depths in an attempt to increase the area of the still
absorber where both sides of the basin liner absorb
the incident solar radiation. Other authors investigated
the effect of increasing the surface area of evaporation
of water on the performance of basin-type solar stills
by using different wick materials [10] in the basin of a
double slope solar still or using a vertical jute cloth at
the middle of the basin of a regenerative solar still to
utilize the latent heat of condensation released at the
inner surface of the glass cover [11]. Moreover, Mahdi
et al. [20] investigated experimentally a tilted wick-
type solar still with charcoal cloth as an absorber/
evaporator material and for saline water transport. It
was concluded that increase of the input water mass
flow rate leads to a reduction in the efficiency of the
still where the representative daily efficiency of the
still was 53% on a clear summer day. Omara et al. [21]
performed an experimental study to compare the ther-
mal performance of conventional single basin solar
still with finned and v-corrugated solar stills. They
found that the finned and v-corrugated solar stills give
an increase in distilled water by 40 and 21%, respec-
tively, compared with the conventional still. El-Zahaby
et al. [22] investigated the thermal performance of a
solar still on feeding the saline water into the still
through a controlled transverse reciprocating spraying
system in the form of droplets to spread on the top
surface of a corrugated steeped shape absorber solar
still. An accumulated productivity of 6.3551/m* over
10 working hours with an efficiency of 77.35% was
achieved.

Recently, Srivastava and Agrawal [23] investigated
experimentally and theoretically the performance of
the single sloped basin solar still using multiple float-
ing porous absorbers. A sloped basin solar still with
extended porous fins was also experimentally investi-
gated by the same authors [24]. They indicated that
the modified solar stills perform better than the con-
ventional basin-type solar still.

It is indicated from the previous studies that, using
v-corrugated plates as basin liners in solar stills
considerably enhance their daily productivity and
efficiency. However, detailed study about the effect of
the configuration parameters of the v-corrugated
absorber such as the v-height, number of “vees”, and
the v-angle on the still productivity was not presented
in the literature. Also, as far as the author knows, the
dependence of the heat transfer rate from the
v-corrugated basin liner to the brine on these parame-
ters is not investigated previously. Therefore, the main
objective of the present work is to develop a computer
model for a v-corrugated single basin solar still in an
attempt to increase the basin liner surface area; hence,
the amount of heat transfer from the v-corrugated
basin liner to the water increases. Effects of the
v-configuration parameters and the mass of basin
water m, on the daily productivity of the still were
studied. The theoretical model was validated by
comparing the calculated results with that found in
the literature [21].

2. Thermal analysis

A schematic diagram of the v-corrugated single
basin solar still is shown in Fig. 1. The basin liner of
the still consists of a v-corrugated black painted galva-
nized iron sheet of thickness 2mm. The bottom and
sides of the basin are insulated by 3 cm layer of saw-
dust contained in a wooden frame of 1cm thickness.
The cover of the still is made up of 3mm thick soda
glass, making an angle of 10° with horizontal (the still
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Fig. 1. (a) The single basin solar still with v-corrugated
basin liner; (b) part of the v-corrugated basin liner (i is the
v-height, a is the v-length, and ¢ is the half angle of the
”Vee”).
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is investigated during summer days). The fresh water
is collected in an aluminum channel fixed at the lower
end of the glass cover. The still is oriented to face
south to allow for the still cover to receive most of the
available solar radiation. The solar radiation transmit-
ted through the glass cover and basin water is
absorbed by the v-corrugated basin liner; hence, its
temperature increases. Part of thermal energy is trans-
ferred by convection to the basin water and the other
will be transferred by conduction to the ground. The
basin water transfers heat to the inner surface of the
glass cover by radiation, convection, and evaporation.
The heat is conducted through the cover and then
transfers from the upper surface of the glass cover to
surroundings by radiation to the sky and by convec-
tion to ambient air. The conventional solar still is simi-
lar to the v-corrugated one except the v-corrugated
basin liner is replaced by a flat plate of a black
painted galvanized iron sheet.

2.1. Mathematical models

When writing the energy balance equations for the
various elements of the conventional and v-corrugated
stills the following assumptions are made:

(1) the heat capacities of basin liner, glass cover,
and insulating material are negligible com-
pared to that for the basin water;

(2)  the side losses are negligible and the still is
vapor tight;

(3) there is no temperature gradient across the
thickness of basin water.

2.1.1. The conventional still

On the basis of the above assumptions, the energy
balance equations for the various elements of the still
basin may be written as follows:

Inner surface of the glass cover [25]:

Ifngg ';{‘ (hewgi + hcwgi + hrwgi)Aw(Tw - Tgi)
= <—8> Ag(Tgi — Tgo) (1
Xg

Outer surface of the still cover:

kg
Ag(Tei — Tgo)=hrgosAg(Tgo — Ts
(xg> 8( by 8) 8 8( 8 ) (2)

+ hcgoaAg(Tgo - Ta)

Basin water:

I'CgawAw + hcprp(Tp —Ty) = (hewgi + hcwgi + hrwgi)Aw
dT.
(Tw - Tgi) + mwcwd—tw

3)

where I is the total solar radiation incident on the still
cover. The radiative h,,,;, convective hy,, and evapo-
rative ., heat transfer coefficients are calculated
using the following correlations due to Dunkle [26]:

hrwgi = 0.90(Tr, + Tg:) (Too + Tgi) (3a)
- _ ) pw - pgi %
Hewgi = 0.884 [(Tw Tei) + (201 = pw> Tw} (3b)
o [hew l(pw —p i)Lw
Hei = 9.15 x 1077 {—g g (30)
s (Tw - Tgi)

where p,, and p,; are the partial pressures of saturated
vapor at the basin water and inner surface of the glass
cover temperatures, respectively; L, is the latent heat
of vaporization of water. The convective heat transfer
coefficient from the basin liner to the basin water ki,
is calculated using the following correlation [27] by
treating the basin liner as a horizontal plate facing up:

hepo = (0.54k,/b)(Gr Pr)% (3d)
where Gr and Pr are Grashoff and Prandtl dimension-
less numbers, respectively. b is the characteristic
length taken as the width of the basin liner.

Basin liner;

Tty Ay = oAy (Ty — Toy) + UpAy(T, — To) @

where Uy, =ky/x; is the back loss coefficient. k;, and x
are the thermal conductivity and thickness of the insu-
lating material.

From Egs. (1), 2) and (4), Ty, Ty and T, are
obtained as:

 TagAg + InAuTo + UgA Ty,
g hyAg + UgAg

%)

. ungi + hrgosTs + hcgoaTa

80 Ug + h3 ©)

_ It Tty + hep T + UpT,
hcpw + Uy

T, 7)
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where 1y = Nygi + Mewgi + Newgi 15 the total internal heat
transfer coefficient from the basin water to the lower
surface of the glass cover and hs=/M,g0s + Negon is the
total external heat transfer coefficient. U, = (ky/x,) is
the conductive heat transfer coefficient between the
inner and outer surfaces of the glass cover, and k; and
X, are the thermal conductivity and thickness of the
cover. Substituting Tg;, Ty, and T, and using Egs. 5B)-
(7), Eq. (3) is obtained as:

dTw
f(t) —aTy = mypCy

T ®)

where f(t) is the average values of f(f) during a time
interval At and may be treated as a constant [25,28].
Mathematical expressions for f(t) and a which are
functions of solar intensity, ambient temperature, vari-
ous heat transfer coefficients, etc. are given as:

I wAp e To,ApAh
f(t) = {<Irg%Aw 4 8% Tl g Aw g
ub + hcpw hZAw + ugAg (9)
UpAghpa . T ugAwAngg) }
hcpw + ub ! hZAw + UgAg
U | oAuA

(10)

hepo + Uy~ haAy + UgAg
Eq. (8) is solved analytically under the following ini-
tial condition

Tw(t =0) = Ty (11)
where T,,; is the initial temperature of basin water.
The following formula has been obtained for the basin
water temperatures Ty,

=001 g () e ()

Mathematical expression for X which is function of
solar intensity, ambient temperature, various heat
transfer coefficients, etc. is given as:

12)

X = m,Cy (13)

2.1.2. The v-corrugated still

The energy balance equations for the v-corrugated
still are similar to those for the conventional still
except the basin liner heat transfer area A, for the

v-corrugated basin liner may be calculated using the
following equation:

Ay = 2Nhb/ cos ¢ (14)
while the still area exposed to solar radiation is
obtained as:

Acxp = 2Nhbtan ¢ (15)
where N is the number of “vees”, I is the v-height, ¢ is
the half angle of the “vee”, and b is the basin liner
width which is taken equals 1m for both the conven-
tional and v-corrugated stills. The factor 2 in Eq. (14)
and (15) because each “vee” has two sides with the
same surface area . Furthermore, the correlation given
by Eq. (3d) that was used for calculating the convective
heat transfer coefficient from the flat basin liner to the
basin water h,, for the conventional still is not valid
for the v-corrugated plate. Therefore, /i, in case of the
v-corrugated still is calculated by treating each “vee”
as it is composed of two sides, each of them makes an
angle ¢ with the vertical axis as shown in Fig. 1(b).
Hence, for each side of the “vee”, Nusselt number is
calculated using the following correlation [27]

025
cos @

1+(1+%P_r)2

where Gr and Pr are the Grashoff and Prandtel
dimensionless numbers calculated using the following
equations [27]:

N, = 0.8(GrPr)"* (16)

213
Gr = gﬁpuﬂ 17)
Pr = ,ucw/kw (18)

where d is the characteristic length and is taken to be
equals the v-height (1), AT is the temperature differ-
ence between the heating surface and fluid. The mean-
ing of other symbols is given in the nomenclature. The
heat transfer coefficient /i, is then given by:

hepwo = Nu - ky /d (19)
The rate of heat transfer Q,, from the basin liner to
the basin water is therefore calculated with the aid of
the following formula:
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Qcpw = hcprp(Tp - Tw) (20)

2.2. Productivity and efficiency of the still

The hourly productivity P, for both the conven-
tional and v-corrugated stills is calculated using the
following Eq.

P, = hewgi(Tw - Tgi) x 3, 600/Lw (21)
The daily productivity P; and the daily efficiency #,

are calculated using the following formulas

(22)

Pd:ZPh

24hrs

p d Lw,av

= x1
= Ay S 1AL 00

(%) 23)

where L, ., is the daily average of the latent heat of
vaporization of water and Af is the time interval dur-
ing which the solar radiation is measured.

3. Numerical calculations

Fig. 2 shows the hourly variations of solar radia-
tion intensity incident on a horizontal surface I, and
ambient temperature T, on a typical day of August
2009 (29/8/09) for Tanta (Egypt). The horizontal solar
radiation I, was measured using an Epply EPSP
pyranometer coupled to an Epply instantaneous solar
radiation meter Model No. 455 with sensitivity of
8.79x107° (V/Wm? and accuracy better than 5% in
the range from 0 to 2000 W/m?. The ambient tempera-
ture T, was measured using a mercury thermometer
with accuracy 0.5°C. The solar radiation data were
employed for numerical calculations where a com-
puter simulation, based on Liu and Jordan isotropic
model [29], was prepared in Pascal language by writ-
ing subroutines for calculation of global solar radia-
tion incident on the still cover I using the hourly
measured values of I,. Another computer program
was developed also in Pascal language for the solution
of energy balance equations of the still elements. The
values of the relevant parameters [27,29] used for
numerical calculations are summarized in Table 1.

Numerical calculations were started at 8:00 AM
assuming the initial temperatures of various compo-
nents of the still to be equal to ambient temperature.
Using known initial values for the various tempera-

100 1000
29/8/09

Solar intensity (W/mz)

0
8:00 AM.

Fig. 2. Hourly variations of measured total solar radiation
incident on a horizontal surface (I;;) and still cover (I), and
ambient temperature (T,) on a typical day of August (29/
8/09) in Tanta (Egypt).

tures, different internal and external heat transfer coef-
ficients were calculated. Using these values of heat
transfer coefficients along with climatic parameters,
the basin linear, basin water, and inner and outer sur-
faces of the glass cover temperatures were calculated
for a time interval At (10 min). Numerical calculations
indicated that decreasing the time interval beyond 10
min does not significantly improve the accuracy of
estimation of the still performance. The hourly
productivity P, and rate of heat transfer from the
basin liner Q. were then calculated by using Egs.
(21) and (20), respectively. The procedure was
repeated for an additional time interval At and so on,
until 8:00 AM of the next day. The daily productivity
and daily efficiency were then calculated by using
Egs. (22) and (23). Numerical calculations had been
performed for different v-configuration parameters in
order to study the effect of these parameters on
productivity for various masses of basin water in the
range 5-200 kg. Thermal performances for the conven-
tional and v-corrugated stills were compared under
the same climatic conditions. In an attempt to validate
the proposed mathematical models, the obtained
theoretical results for both the conventional and v-
corrugated stills were compared with the experimental
results that were presented in the literature [21] under
the same climatic and operating parameters.

4. Results and discussion

Numerical calculations have been performed for
the stills on a typical day of August in Tanta (Egypt).
The measured ambient temperature T, and solar
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Table 1

Relevant parameters used for numerical calculations [27,29]

Relevant parameter Value Relevant parameter Value
A, (conventional still) 1m? ag 0.05
Tq 0.90 ks W/mK) 0.059
T 0.95 X, (m) 0.05
o 0.90 Cw (J/kgK) 4,190
O 0.05 k, (W/mK) 1.05
o (W/m*K* 5.669 x 10~ L, (m) 0.003
V (m/s) 3.0 ko, W/mK) 0.628

radiation data that were employed for numerical cal-
culations are presented in Fig. 2. From the results of
Fig. 2, it is seen that the solar radiation incident on the
still cover I achieves maximum and daily average val-
ues of 906.9 and 450.1 W/m?, respectively. The maxi-
mum and daily average values of T, are 33 and
29.6°C, respectively. Fig. 3(a) summarizes comparisons
between the temperatures of the various elements of
the conventional and v-corrugated stills for the same
area exposed to solar radiation when the number of
“vees” N, v-height h, and the v-half angle ¢ equal 20,
3cm, and 20°, respectively. The v-corrugated still area
exposed to solar radiation is obtained as 0.437 m” as
calculated from Eq. (15). The temperatures of the stills
elements increase as the solar radiation increases until
they achieve their maximum values around the noon
time and then decrease with the decrease of solar radi-
ation I and ambient temperature T,. It is also seen
that, the temperatures of the elements of the v-corru-
gated still are higher than those for the conventional
still due to the increased amount of solar radiation
absorbed by the corrugated absorber which causes an
increase in the water glass temperature differences
AT i as shown in Fig. 3(b). The increase in ATy; is
pronounced during sunshine hours as expected where
the maximum and daily average values of AT, are
found to be 25.8 and 8.2°C, respectively, for the modi-
fied still compared to 22.4 and 7.3°C in case of the
conventional still (see Fig. 3(b)). The increase in AT,
causes an increase in the hourly productivity P, of the
modified still particularly during sunshine hours as
shown in Fig. 3(c). The maximum values of Pj are
obtained as 0.896 and 0.662 (kg/m?h) for the modified
and conventional stills, respectively. After sunset, the
productivities of the modified and conventional stills
are almost equal. When the mass of basin water m,,
equals 50kg, the daily productivities P; of the modi-
fied and conventional stills, calculated from the results
of Fig. 3(c), are found to be 5.296 and 4.027 (kg/m*d)
with daily efficiencies 7; of 62.2 and 47.3%, respec-
tively. Therefore, the v-corrugated plate has improved

both of the P; and 5, by a relative percentage differ-
ence of approximately 24% compared to the case
when a flat basin liner is used. Omara et al. [21] con-
cluded that, the accumulated productivity of the v-cor-
rugated solar still is higher than that of the traditional
still by about 21%.

Hourly variations of the evaporative heat transfer
coefficients from basin water to the inner surface of
the glass cover hewg,- and the total internal heat transfer
coefficient h, for the modified and conventional stills
when m,,=50kg, N=20, h=3cm, and ¢ =20" are pre-
sented in Fig. 4(a). It is clear from the results of
Fig. 4(a) that h,ge and hence h, for the modified still
are higher than those for the conventional still espe-
cially during the period from 8:00 AM until midnight;
probably, due to the increased water—glass tempera-
ture difference in case of the modified still. The maxi-
mum values for /., and h, are obtained as 24.32 and
33.88 (W/m?’K) for the modified still compared to
20.60 and 29.85 (W/m?K) for the conventional still. Tt
is worth mentioning that, the other internal and
external heat transfer coefficients (Mewgi, Mrwgis and hegos)
are almost equal for both stills because these heat
transfer coefficients are less dependent on temperature
[30]. Although the values of the convective heat trans-
fer coefficient from the basin liner to the basin water
hepw for the modified still are found to be lower than
those for the conventional still during sunshine hours
(see Fig. 4(b)), QO behaves in a reverse manner
where it is found to be higher than those for the
conventional still during sunshine hours and over-
night period as shown in Fig. 4(b). The maximum and
daily average values for h,, equal 235.85 and 140.25
(W/m?K) for the modified still compared to 307.15
and 180.98 (W/m”*K) for the convention still. The
corresponding values of (., are obtained as 867.33
and 230.02 W for the modified still compared to 684.95
and 183.03 W for the conventional still. The tempera-
ture potential (T, — T,) for convective heat transfer in
case of the modified still is greater than that for the
conventional still (see Fig. 3(a)).
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Fig. 3. (a) Variations of calculated temperatures of the
conventional and v-corrugated stills; (b) variations of
water—glass temperature difference of the conventional
and v-corrugated stills; (c) variations of the hourly produc-
tivity of the conventional and v-corrugated stills on a
typical day of August 2009.

To validate the proposed mathematical models, the
thermal performance of the v-corrugated and conven-
tional stills has been compared with the experimental

(a) 40
354 m,=50kg
N=20 oo ‘° —e— g, V-corrugated
204 h=3cm o -0 h,, V-Corrugated
$=20° T © —v— hyyg Conv.
oy h,, Conv.
25 1 -/ e

9
Q.
e\ee\eﬂw

Heat transfer coefficient (W/m? K)
3

0
8:00 AM. )
Time (h)
(b) 100 1000
0 © m,=50kg —e— hg,, V-corrugated
800 ° N=20 o F 800
. ® h=3cm -0 Qg,, V-corrugated
: $=20° —v— hgw Conv.
° v/v v\ . —- Q,, Conv.

r 600 &
r 400

[ 200

0
8:00 AM.

Fig. 4. Hourly variations of heat transfer coefficients and
rate of heat transfer from the basin line of the v-corrugated
and conventional solar stills on a typical day of August
2009.

results that were obtained for conventional and modi-
fied unit with a v-corrugated absorber with an area of
0.8m? N=19, h=5cm, and ¢ =40" under the prevail-
ing weather conditions of Kafr Elsheekh city (40 km
away from Tanta and has a latitude of 30°6'N), Egypt
[21]. Examples for such comparisons are shown in
Fig. 5 on a typical day of July (8/7/2010). The authors
of Ref. [21] were conducted their measurements only
during sunshine hours. It is clear from the results of
Fig. 5 that the agreement between the present results
and those found in the literature [21] is fairly good.
Even though, there are some differences due to uncer-
tainties in correlations used for calculations of various
heat transfer coefficients and solar radiation incident
on the stills covers. Temperature gradient within the
basin water and heat capacities of the basin liner, glass
cover, and insulation materials are not considered in
the mathematical analysis and they represent another
source of error. The comparisons shown in Fig. 5
clearly confirm that the proposed mathematical model
for the v-corrugated still and the method proposed for
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15 20
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Fig. 5. Comparisons between the calculated (presented)
and measured (Omara et al. [21]) accumulated productiv-
ity of basin water of the conventional and v-corrugated
solar still on 8/7/2010.

calculation of the convective heat transfer coefficient
from the v-corrugated basin liner h,, may be used for
investigating the thermal performance of v-corrugated
solar stills with a reasonable accuracy.

The main objective of the present paper is to inves-
tigate the effect of the “vee” configuration parameters
on the still performance. Fig. 6(a) shows variations of
the hourly productivity P, with time for different
v-heights 1 when m,, =50kg, N=10, and ¢ =20". The
dependence of the daily productivity P, and efficiency
nq on h is summarized in Fig. 6(b). P), increases as h
increases due to the increased A, with increasing h
(see Eq. (15)) and hence, the amount of solar radiation
absorbed by the basin liner increases. The heat
transfer area A, is also increases with increasing 1 (see
Eq. (14)) causes an increase in the rate of heat transfer
from the basin liner to the basin water Qg;
consequently, both P; and 74 are found to increase
almost linearly with increasing h as shown in
Fig. 6(b). The maximum value of Pj increases from
0.055 to 0.715 (kg/m*h) with increasing & from 0.5 to
5cm. The corresponding increase in A, is from 0.1064
to 1.0641m?% On the other hand, P; and 54 are
increased from 0.444 and 5.26 to 4.315 (kg/m”day)
and 50.70% on increasing h from 0.5 to 5cm, respec-
tively. The following quadratic correlation between P,
and & has been obtained:

P, = 0.073 + 0.702h + 0.0296/%; r* = 0.99996

(24)
for(0<h<h<cm)

0.8
(a)
—&—— h=0.5cm
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0.6 4 ;A \\ — == h=2.0cm
’ N A — & —  h=25cm

P, (kg/m’ h)

(b)

g (%)

P, (kg/m’” day)

h (cm)

Fig. 6. (a) Dependence of hourly productivity on the v-
height (h); (b) dependence of the daily productivity and
efficiency of the v-corrugated still on the v-height (%).

Variations of the hourly productivity P, evapora-
tive rate of heat transfer Q..z;, and the daily produc-
tivity P, and efficiency 74 for different numbers of the
“vees” N are presented in Fig. 7 when m,=50kg,
h=3cm, and ¢ =20°". It is obvious from the results of
Fig. 7(a) that, P, increases with increasing N during
sunshine hours; again, due to the increased area of the
basin liner and the amount of the absorbed solar radi-
ation which result in an increase in the water-glass
temperature difference and hence, the rate of the
evaporative heat transfer Q.,,; increases with increas-
ing N as seen in Fig. 7(b). After sunset, both Pj, and
Qewgi become independent on N as expected. In a simi-
lar manner to the dependence of P, and #, on h, the
P; and 74 are seen to increase continuously with
increasing N (see Fig. 7(c)). P; is found to increase
from 1.183 to 8.679 (kg/m?”day) with a corresponding
increase in 7, from 13.99 to 100% with increasing N
from 5 to 31. The value of N=31 gives double heat
transfer area for the modified still basin liner com-
pared to that of the conventional still of the same
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Fig. 7. (a) Dependence of hourly productivity on the num-
ber of “vees” (N); (b) dependence of evaporative heat
transfer on the number of “vees”; (c) dependence of daily
productivity and efficiency of the v-corrugated still on the
number of “vees”.

exposed area. The following correlation between Pj
and N has been obtained using the least square curve
fitting technique:

P; = —0.0773 + 0.242N + 1.3069N?; > = 0.99997

for(1<N <32) @5
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Fig. 8. (a) Dependence of h,, on the angle ¢; (b) depen-
dence of water-glass temperature difference on the angle
¢; (c) dependence of the daily productivity P; and effi-
ciency 54 on the angle ¢ on 29/8/09.

Hourly variations of the convective heat transfer
coefficient from the basin liner to the basin water hy,
for different values of the angle ¢ are summarized in
Fig. 8(a) when N=10, h=3cm, and m,=50kg. It is
seen that during sunshine hours, h,, slightly
decreases with increasing ¢ until 40° beyond which
hepw starts to decrease faster with increasing ¢. Over-
night, h,, is almost less dependent on ¢. These results
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may be interpreted in terms of Eqgs. (16)-(19) where
hepw is directly proportional to cosg to the power 0.25
and cosp decreases slightly for low values of ¢ and
then show very fast decrease for higher values of ¢ to
approaches zero when ¢ =90°. Although h,,,, decreases
with increasing ¢, the rate of the convective heat trans-
fer from the basin liner to the basin water Q. is
found to increase with increasing ¢. On the other
hand, the water-glass temperature difference AT, is
also found to increase during sunshine hours with
increasing ¢ as shown in Fig. 8(b). The maximum
values of AT, are obtained as 16.2, 16.8, 19.2, and
24.9°C when ¢ equals 0, 20, 40, and 60°, respectively.
Furthermore, the basin liner area A, is inversely
proportional to cosp (see Eq. (14)), thus, A, increases
and also the amount of the absorbed solar radiation
increases with increasing ¢. Therefore, the daily
productivity P; and efficiency 5; show the behavior of
an exponential growth function with increasing ¢ as
shown in Fig. 8(c) due to the slight decrease in cosy at
lower values of ¢ <40° and the fast decrease after-
wards (40° < ¢ < 90). The following single exponential
growth correlation between P; and ¢ has been
obtained:

Py =2.498 4+ 9.51 x 10 3exp®97*107 . 12 — 0.9971
for(0<¢p <70)
(26)
The dependence of P, and 7, for the conventional

and v-corrugated stills on the mass of basin water 1,
when N=20, h=3cm and ¢=30" on 29/8/09 is

8 80
h=3cm
V. N=20 —e— P, conv.
74 v ~ 4=30° o--- P, V-corrugated + 70
~ —y— 1, conv.
6 Goo ° AN < — - M V-corrugated 60

+ 50

P, (kg/m” day)
o

Mg (%)

- 40

r 30

m, (kg)

Fig. 9. Variations of daily productivity P; and efficiency 7,
on the mass of basin water m,, on 29/8/09.

depicted in Fig. 9. It is clear from the results of Fig. 9
that P; and 5, for both stills decrease almost linearly
with increasing m,, due to the increased heat capacity
of basin water with increasing m,,. For all values of
My, the values of P; and 5, for modified still are con-
siderably higher than those for the conventional still.
Therefore, by proper choice for the “vee” parameters,
the productivity and efficiency of deep basins solar
stills can be improved by replacing the flat basin liner
by the v-corrugated one.

5. Conclusions

Mathematical models for single basin conventional
and v-corrugated stills are presented. The models are
validated by making comparisons with the results
found in the literature and performed for the stills
under similar climatic conditions. The effects of the
“vee” configuration parameters on the still perfor-

mance are studied. It is concluded that:

(i)  The v-corrugated plate has improved both of
the P; and 7, by a relative percentage differ-
ence of approximately 24% compared to the
case when a flat basin liner is used when
Aexp=0.437 m”.

(i) The daily productivity P, increases almost

linearly with increasing the number of “vees”

N and v-height h; but, it shows some expo-

nential growth with increasing the v-half

angle ¢.

For all investigated masses of basin water, P,

for the v-corrugated still is higher than that

for the conventional still.

(iv) The v-corrugated basin liner should be used
during sunshine hours to improve the pro-
ductivity of deep basin solar stills with a
v-height less than the depth of basin water to
avoid the decrease in the evaporation surface
area of basin water.

(v) By proper choice of the “vee” configuration
parameters, the productivity of basin-type
solar still has been improved significantly.

(vi) The proposed model for the v-corrugated still
could be used for investigating the v-corru-
gated solar stills performances with good
accuracy. It is advisable to wuse shallow
depths of basin water to reduce the thermal
inertia of basin water and improve the still
efficiency.

(iii)
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Nomenclature
— area (m?)
— still area exposed to solar radiation
— width of the basin liner (m)
specific heat (J/kg K)
— characteristic length (m)
— acceleration due to gravity (m/s?)
Grashoff number
—  heat transfer coefficient (W/m?K), v-height (m)
— solar radiation intensity (W/ m?)
— thermal conductivity (W/mK)
— latent heat (J/kg)
— mass (kg)
— number of “vees”
Nusselt number
—  productivity (kg/m?
vapor pressure (N/m?)
Prandtl number
— rate of heat transfer (W)
— temperature (‘C)
— time (s)
—  heat loss coefficient (W/m?K)
— wind speed (m/s)
— thickness (m)

o®
X
ae}

0% O = x
|

="

e
|
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Subscripts
a — ambient
av — average

—  back

— convection

— daily

— evaporation
— glass
hourly, horizontal
— inner, initial
— outer
— basin liner
— radiation
— insulation, sky
— water

gm\:‘gc'*x‘%m&.m@

Greek
— absorptivity
—  coefficient of thermal expansion (‘C™")
— density (kg/m?)
“vee” half angle ()
— transmissivity
—  Stefan-Boltzmann’s constant (W/m?K*)
—  fluid viscosity (kg/m s)
— efficiency (%)

=TT QST ™R
|
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