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PARAMETERS AFFECTING SOLAR STILL PRODUCTIVITY
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ABSTRACT

In this work, investigation of the wmam parameters affecting solar sil) periormance
under the weather conditions of Suez Gullarea s considered Four solar sull wints
are designed and constructed to operate under the same weather condinons with
different design parameters A general equation is developed o pradict the daily
productivity of a single-sloped solar sull  The developed equation relates the
dependem and independent wvariables, which control the daly productivity This
equation could be used to predict the daily productivity with reasorabie confidence
level (max. error + 5 %)

INTRODOCTION

Good predictions for the solar sull performance under certam wealher conduieas ang
design parameters not only will save ame but aiso sgve money The ware
productivity can be predicted by a munber of pubiished corveliions that was aiven
by Ebiling ef e (19713 und Riera ¢ off (19757 These correluncns aave been deduced
from expenmental dala under certiin operating conditons However  ihe Jesign
parameters such as glass cover ioclination angle and brine depth have not been
considered,  Also, the validity and she applicalniny of these vorrelations are nal ik
exawnined under the Suez Gultweatier condivions Vherefore. ¢ would be iemporcnt
1w develop an acceptable refatonshey foi seiar el productiviyy g lunchien 4 e
weather condinons of Suer Gulf' wred wnd seme ol the desian paranieters
Experunentat evaluation of some pubhshiced wathemaneal modets cohie solar 10T has
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been conducted by Abd elkader ¢ af. {1999}, They concluded that the mathematical
model of Malik er al. (1982) is in a good agreement with the experimental single
sloped solar still operared under the weather condinions of Suez Gulf area. The main
objective of this work is to deduce an equation to predict solar stiil productivity and
investigate the main paramerers affeeting this productivity experimentally and
theoretically based on the imathematical mode! of Malik e a/ (1982)

EXPERIMENTAL SET UP

Four identical units of singfe-staped solar still were constructed as shown in Figtire
(1). These units allow investigaring the effect ot ditferent parameters under the same
operating conditions. Each umit consists of a metallic box having lour sides. These
sides are made of steel sheet, 2 mm thick. Sides of each box are painted with white
color from the inside to reflect the solar radiation o the waier surface. The base of
each unit is painted with black color to increase the solar absorpuivity. The outside
walls and the base of each unit are insulaied with toain of 4 cm thick The
insulation is mounted on the wall by a certain adhesive. The condensing surface in
each still unit is a glass cover of 3 mmthick The glass cover of each stll box is
adjusted on the edge of the rectangular sides Silicon rubber sealant is used to prevent
leakage from any gap berween glass covers and sull box. A collection trough is used
for each stiil box to coilect the condensed water This trough s tixed to the lower
rectangular side of the still box. The amount of distiled water is measured at hourly
intervals. The wind speed is measured by an anemometer. Solar inrensily is measured
by Silicon Pyrometer with {ntegrator (Solar 113 model 2347).

| .
Experimental still units L Measuring mstruments B
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Fig, { Experimentai test vig ol the solar still units
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RESULTS AND DISCUSSION
A, Effect of selur radiation

The effect of the solar radiation on productiviey has been investigated in many
publications [1,5.6]. W was found that the solar radianon 1s Lthe jnost affecting
parameler on the sull productivity

The available pyrometer is used 1o record sunultancously two vatues ol solar energy
that incident on a horizontal surtace ar the site of Suez Gulfarea, The first reading
referred as frraddinnce emerpy which s defined as the radiant energy per unit time,
(W/m®) and the other value is referred as Frrmdfiation emergy (integrauon of
Irradiance over an hour. Wh/m'). The iwo measwed data of the solar radiation
intensity are presented in Fig.2  This lgure shows that, irradiation energy 1s iower
than the irradiance energy during the mormng, however the converse situanon is
noticed during afternoon periods

The measured values of both liradhance and trradiation energy are used as inpur
data to the Malik’s modei (1982) for calculauion the still productivity. The numerical
results showed that, the stll productivity based on the data of [rradiation energy s
a good agreement with thar obiawred sxpuernmentally s shown m Fig 3,
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In general, the productiviey o e sadat soll increases as the incivent sola
radiation increases. Fig.d illusteates boch the solar radianon mtensity aod sul
productivity variations along the vew (19981 Chyy fgure inchicates that Lhe <ular
radiation intensity affected sull praducinee: wsd this eifect s aronounced on sunnner
aeson AMso s fAoure shows that the sroducuviey ot the siule sloped-salar sail
throuah the vear s averading 4 2 oy osrosomate]s
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B. Effect of the brine depth

Theoretical investigation is carried out with the computer aid based on the mode! of

Malik eral (1982), under the weather conditions of September 1998 The numerical
results are represented in Fig.5 This hgure illustrates thai as the brine depth
increases, the solar still productivity decreases.
Experimental investigation is carried out under the weather conditions on September
1998, by using the four still-units Each unil is employed to operate at speciried brine
depth. The experimental resulls are shown in Fig.é Tlis figure indicates that as the
water depth increases from 2 cm to 7 cm, the outpur decreases with 14 %% Itis
cbserved from Lhe experiments that & stiil with 2 cro water depth will start producing
earlier than with other of greater thickness and at a higher rate through thie day
periods, but the. productivity diminishes ramdly after sunset. On the other hand, the
still unit with 7 cm water depth lags at all day with the diflerence in accumulated
productivity reaching | Liter/m’ wn the afternoon, bur due to its large therinal
capacity it keeps producing after sunset and during the night. It should be noreed
from Figs.5 and 6 thal, the numencal results are in a good ayreement with the
experimental resulis.
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C. Effect uf glass angle

The slope of ithe cover must be surlicient to ensure ibar the condensed water runs
~moothly ta the trough withour reflecting too imuch solar energy and witheut forminy,
:arge droplets. [t s found that. the madhemaucal mode! of Ghoraba (1987} has the
lisinction  of considertng the glays  angie naramerer So Ghoraba's maodel is
2mpioyed 1o predict the angle or e sowr sail cover that will wive oprimum
asraguctivity under the Suez Gulf weather condittons

“’nder the local weather condittons of Suez City in January 1998, the effect ot the
wlass angle vanations on the solar suil productivity s shown in Fiy 7 Ulus figure
itlustrates thar; the  productivity increases as the ulass angle increases These resuits
may oc aitnbuted to the lower deciinaton angle of the incident solar energy i wincer
.cason The declinarion angle is amounted by -23 9 ' i January, however this vale

s amaunted by 23.45" in June [2].

Under the weather conditions of Juiv 1994, the erfect of glass angle vanatons un
the producuvity 1s itlusirated also .o Fig.7 This fuure lustrales that, as the cover
slope decreases the productivity inereases This may be vecause. the horizemal plane
surfaces receives more solar radianion than the inclined surfaees during summer
seasor. From the previous points, 1 may be conciuded that, the glass angle :nust be
as small as possibie in the summer season. however, during the winter the converse
situaton should be inaintained
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SUGGESTED EQUATION FOR THE DAILY PRODUCTIVITY

The experimental work was carried out during the period that extended from January
1998 w0 December 1998 in order to cover the whale year. All the measured and
recorded data durine the experimental work are tabulated in Table (1). This table
includes the weathe: conditicns sucl as solar irradiation (H), the average ambient air
temperature (ta}, and the average wind speed (V) Also this rable includes soine of
the design and operating conditions such as, inclination ot the glass cover (&), brine
depth and Lhe ralio of brine depth to the height or the fronial wall of the still (07 /).
From table (1) it can be seen that under the Suez Gulf region weather conditions, the
average productivity of the single sloped solar sull 15 about 4 2 {Luerm’ day)

Table (1) Resulty of the experimental work which earvied s {vom
Jan, [UB8 10 Dec, 199K

Monihr Hy 1a Y ¢ Depth | ? P
kW h/n” "C WS | Jepress | oswm Lo Laleriuidn
: dinensigntless t
Jan 385 13.33 43 R B A ) 135 i
Feb. 4,36 3.7 1Y o 1 1 07 . iy B
barsh i75 24 i TEERE ns ] 319
April 6,52 24.4 1) 30 ! oty ! 475
May 7.71 83 13 13 2 i .33 S0 |
June 7.63 1 23 13 T 0133 39
July 741 324 2.3 I3 il 1,37 i
| August 0.94 4 141 s 1 ] 0.33 3o .
Sent 0.43 0% 44 1 s 12 U 33 Ton
Oct 33y .7 24 3 R 3l i
Nov. 412 25 23 B i3 , 14 ﬁ;
Dec. ) bY] R I
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Based on the data o1 Tabie (1} and with the awd of SPSS computer soliware packiye
%), an equanod o the prediction of the daily productivity of the solar still can be
shusined by using inuitiple linear regression wechnique ag follows,

2= 139 +0.894 H, +0.033¢, ~0.017 ¥
00086 —1.2(6 /1)

T ncasure he strength of the relation berween the dependent and the indepenits
vargales o Equation (1), the multiple correlarion coetficient (R) is caleulated U -e
minole correlarion coefficient (R) was caleulated and lound o he 0,99 tore -l
roductivity. This indicates thar 98 % 217 the variability of the dependent vanile
(£,:) has been explained by the fitted multiple regression of (2] on the five vanaales
1ol

YALIDITY OF THE SUGGESTED EQUATION

A compartson berween the productivity calculated by the suggested equation and shat
calculated by published equations by Eiling (1971) and that given by Riera {1973}
is reported. The companson 15 performed under the same weather and aperatiug
canditians a3 ziven in the experimental work of Mowla ¢ of, (1995), Table (2)

Tahle (2} Climatic conditions sod desivns parameter as presented
I ¥l L e [ 1UY3)

Solar cnerey ! TR MW l
Averape aiubienn temperiinre. T
Wind specd . IR ]
Depth of waer I 2 ot
Glass angle ~ e
Basin e LI o
Sl dily moductiviry i T wuda o
Fig 9 illustrares thae the producuniee obyoned by the siorean o i
nearest one o e expenmenial prodaciivy biomed ot VY,
{1795
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Fig.9: Vudidity of the suggested etuations, Fig, 10: Validity of the developed cyuation.

CONCLUSIONS

The most important conclusions of the present work are®

1. Under the Suez Gulf region weather conditions, the productivity ol the single
. . . P 2 h
sloped- sofar sull through the year is averaging « 2 {liter / m” . day) approximately,

2. A general equation is developed o predict the productivity of a single-sloped
solar slill The developed equation relates the dependent and independeni
variables, which control the dailv producuvity This equation could he used to
predict the daily productivity with reasonable conlidence level {max_ error+ 3%%)

NOMENECLATURE

F . Fracnonal error in the productivity, { dimensionless)

Hy - Solar irradiation. (kWlvm®)

h. Evaporative heat transfer coelficient { Water & glassy, ( Wrm® "'C)
h. Convective heat transfer coerticient { Water & wlass), { W/m® "C)
h, Radiative heat transter coeliicienl y Warer & uiass), ( Sim® “C)

hea Convective hear transter coatTicient | uniient & 2iassh Wim' o)
Py . Daily productivity of the solar still. {liter/m’ day )

(Piine  © Daily productivity obtamed from the experimental work, (liter/m” day
f Average ambient air temperature, { 'C )

¥ Wind velocity, (m/s)

# © Glass inclination angle, (devrees)

ail © Brne depth to the front) leigho of the solf ratio, (dimens:onless)
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