
ON THE ESTIMATION OF THE PRODUCTIVITY
OF THE ROOF TYPE SOLAR STILLS

AT DIFFERENT LOCALITIES IN THE U.A.R.
By

M. K. Elrsr" ndه S. H. Soliman

1) Considerable attention has been paid in Egypt to solve
the prohlem of water supplies in the arid and semi-arid zones.
In addition to the many other methods, the method of wtilizing
solar energy to distill water has been considered.

2) Numerous experiments on solar distillation, has been carri­
ed on since 1955 by the University College for Girls and the Na­
tional Research Centre. Numerous stills including several varia­
tions have been constructed and tested, and a great deal of in­
formation has been accumulated on their maintenance, production
and efficiency. From the practical point of view, solar stills of
the greenhouse type with symmetrical glass cover has been
found superior to the inclined tray units.

3) As far as the roof type is concerned, two important ex­
periments have been undertalen :

a) the construction of a permanent base still (1) of an area
٥f 40 n? : the results obtained, for a period of nearly a whole
year, are presented in figure 1. It gives the relation between
{he daily productivity and the amount of incident solar radiation
1eceived on a horizontal surface per day.

b) the construction of a metallic foldable still (2) of an area
of 12 m? : the results obtained for 3 summer months are shown
in figure 2. It gives the relation between the hourly production
for clear sky conditions and the corresponding amount of the
incident solar radiation.
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4) To make use of the results obtained in estimating the
productivity of any still of the roof type, constructed at any
locality in the U.A.R., it is required to know, for the differcnt
months f the year, either the mean values of the total daily
1adiation falling on a horizontal surface, or its hourly distri­
bution,
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5) Regression equations oF the Angstrom type have been
sed for many years for estimnating mean values of the total dailyن 

radiation falling on horizontal surfaces from sunshine records.

The original Angstrom formula has been modified by Black,
Bonython and Prescott (3) and is written in the following form :

9
wvhere g

90

n
N

- g (0.23 + ( )م٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.(0.841
N

- mean global daily radiation on the horizontal
plane for the period under consideration (for
clear sky conditions).
total radiation per unit area falling on a
horizontal plane outside the atmosphere.
mean daiy amount of bright sunshine hours.
mnaximnum possible amount of sunshine hours.

6) To calculate g, the values determined by Milanovitch
given in the Smithsonian Meteorological Tables (4) wvere increas­
ed by the ratio 2.00/1.94 to allow for the changed value of the solar
constant as a result of Johnson's recommnendations. The values
for an individual day were plotted on an extended scale. A smooth
curve was drawn and was م} obtained by planimetry. The resuIts
obtained (mean monthly values) for 1atitudes 20N & 30%N are
given in Table 1.

Table 1: Mean vaiues for calendar months of total daily
radiation on a horizontal plane outside the atmnosphere of the
earth. Latitude 20oN & 30N (Solar constant 2.00 cal. cm2
min-لا ) :

J. F. M. A. M. ]٠[٨٠ S. 0. N. D.
Lat. 20N 659 747 848 924 959 965 959 934 877 784 687 631
Lat. 30N 521 632 772 899 1073 1063 987 927 822 683 558 487

7) THe numnber of hours of sunshine, n, are evaluated by means
of a sunshine recorder. Fn remote areas, where solar distillation
is needed no records are obtained and it has been found necessary
to account for observations of cloudiness, taken at the wide­
spread network of meteorological stations. Table 2 gives the
values, we have obtained for such localities.
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Table 2: Monthly variation of the degree of cloudiness (08)

Cloudiness
Zone ٢. F. M, A. M. • .A .ر s. 0. N. D.

MLediterranean 3.5 3.1 2.9 2.4 2.1 1.2 13 1.5 1.6 2.1 3.0 3.4
Arabic Desert 1.9 1.6 14 12 0.2 02 0.3 0.5 09 1.2 1.9 0.9
Lybian Desert 1.4 1.2 0.8 09 02 0.1 0.1 0.1 0.5 0.9 1.5 0.9

 ح

The sunshine duration, or the cloudiness is now known, the
amount of solar radiation incident daily on a horizontal surface
can be calculated. Wth the help of figure 1, an approximate
evaluation of the daiIy water yield can be obtained.

8) On the other hand, in case it is required to give a nore
recise evaluation of the productivity of the still, it is recor-

1nended to make use of the experimental results obtained and
presented in figure 2. T this end, the hourly distribution of the
{otal solar radiation qم should be calculated (7) from the relation:

24 . ٦81D 5٢ ces cos c
" ر""(2)

4 snn snn لا به , لا

solar radiation received during the day.
solar radiation received during the hour from
8-12t٥8 -+- 1/2

r٤hour angle from noon =-8(8= 15٩ per hour).
12

= hour angle at sunset [c0s = ين tan ٥ tan6 ,]
latitude of the place.

= solar declination.

٩ و
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The most important conclusion to be drawn from this equation
is that the ratio of hourly to daily radiation for a given hour is a
function of the sunset hour angle , ن or in other words 0f the
theoretical maximum possible duration of sunshine for the
particular latitude and time of the year.

9) As an applica tion of this study, the daily productivity of

20

 ,--..ح-ط5٦ ح-٠٣-<٠<٠ .-ب ما-جد



 م ر
٥م
 ن
65
 نه
،
 ا

 ق
 تثلا
 و٥4
3

 هه

 tفم
 هه
}

t
 تم
 ي» {ج
 بهز(
٥ مر
٤ل ص
٥

 ح٢
B
 ج يم الية

 تم
٢2 مم  ج ة م
٣٣٢
 ين ي
Hب٨ 
 {ج
 ص
 لإ

٤
 ي
 ه
d

£  و«
٣ لن
٤ ر
٥ هز
•٧٢ ج
٥8 4ء
 لا± ضر
 إ ج
 ص ا
 ب لك

 غ،٤ مر
٤

 وبo ج به مة-F م٣ يا
٨» به ا

٥o دج٤٤a يا م م٤  ي» م٩ و· م جر و

 ن و و، هي ب•o م
 مم م كم

o}

٢٢r
 به

 ظ تب ن& ا نية س{ له م ببة٥٩ له له يه ق· لم لام٥#

 ز8 به لف٩إ٤ امة٨فا ة بو٢٤
8 بم ب٩a ي88N ص فل  ت ب٧ا ب ه ص م ب

 ن ت٨ ااa ه ثه له8 ب ف هة م اةa٥ لب ح٠ م٥6 له صر
١٢
 Nث

 مر رN ما له ى انة نف ههM فل

aau٦ انا$ ص ق ة8 اقة اتا8
 ا{١ ل ت ب بo مى ه يهع

8 ا ي الا ٦له ي٥ م ٦تا٧٦ م اقا تو
 يا حو ل ف مN فمa ه

١4
 مر رNN بة قا أفيا لية هب ٥م٨ل بر أة

 مع م مe سر هب فه٦ه ص د٨8
٩ ه ت9 ة0 ت ا ت ا بص»

 لج ه ما ض ٦ن ١ة3٥ ض ي الها٩
 ب8 ب قم8 صd فم ب مر عر

 فن م
 ض

K لي تي3 ثN لر سم تى  خ و8 افياa٧ ةN ن تى٥
 له١ا ه9٦ ب «ة ن ن ت وبه

H#يا به ب، اقة Nلاص هم ة ثا ر ج مم aله ة له بة له 
{-

٥» ؟ u
Kقم لم لم فج }

 ي ص هه صN8٥8 ا
١١ ٧ا ت ة ٦ا ي٧ا  ي

 قرNN8y ر٢a ا هر
١ ا نية» انا ب٧  ل»+٤

٩
 نية له ة ة

١١١١  ا ب «ة ت و٤ ا يا

 ف#
4N٥ ي٧ ماaي٥٩ N g£K8٥ قم قبة فهة لي ة 8ao هوr a88ب ص  عم
 سه٣

١
 ي
Hج٩ 

 ىR ظ سم م ثن له تR ى ي م،٥ و٥٥ و و م أ Nت يا بة يا بها با ماN ر دي ن ما امة
 ف Nت و9اN يN ب بجة

 ثم

&

21



solar stils at Giza has been estimated. We have proceeded as
follows :

a. calculate the hourly valucs of the total radiation for the
different months of the year using equation 2. (THe values
0f { used are those of the actual measurements at Giza (8).

b. evaluate for every hour, the corrcsponding expected yeild
from figure 2.

c. add 0.5 L/m? to the sum of the hourly amounts per day,
to represent the production by night.

The results obtained are presented in Table 3, showing a
good agreement with the results obtained experimentally (1).

Refeعner es

(1) Elnesr, M.K. Proceeding of the Math. and Phys. Soc. of the
.U .A.Rت 24, p. 25 (1960).

(2) Sohiman, S.H. M. Sc. Thesis Cairo University (1963).
(3) Dlack, J.N. g.]. Roy. Met. Soc., 84, p. 231 (1954).
(4) Smithsonian. Meteorological Tables 6th Ed. Washington

(1951).
(5) Johnson, F.S. j. Met. 2(6) p. 131 (1954).
(6) Climatological Normals. Meteorological Dept. Cairo (1952).
(7) WHiIlier, A. Areh. fur Meteo. Ceophysil und Bioklimato-

!ogie Serie D. 7 p. 107 (1956).
(8) Elnesr, M.K. & El-Sabban. J. of Solar Energy Science &

Engineering, 4, 1, p. 48 (1960).

22-

 -جد---د٠-٠٠٠٠٠٣٣٠-٥ ود دء٠ د٠ «د


