






Figure 24.. Tilted-tray solar still 
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Source : E.D. Howe, "Solar distillation or! the Pacific atolls", South Pacific Bulletin L 

(Sydney, Australia), April 1964. 



Figure 25, Tilted wick-type solar still 
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Figure 26. Experimental multiple-stage flash solar distiller, 
Puerto Penasco, Sonora, Mexico 

142” F 

Collector inlet reservoir Collector outlet reservoir 

E%%2ed 
condenser- 

Solar collectors 150’ F/ 

- _ _. 
PacKed tower 
evaporator 

1 

9 Brine to 
waste 

icondensate 
I 

86” F 
Sea-water 
inlet 

Source: C',N. Hodges et al., Solar Distillation Using Multiple-Effect Humidification, Office of 
Saline Water Research and Development Progress Report 134 (liashington, 
Department of the Interior, 1966). 
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THE THEORY OF SOLAR-STILL OPERATION 

The basic principles of operation of solar stills have been stated and 
developed 4 to the point where the numerical significance of the various 
parameters may be determined in relation to performance. The following has been 
adapted from the recent report by Morse and Read. u 

The heat and mass transfer relationships which govern the operation of a 
solar still in the steady state have been stated, cf to which a term for thermal 
storage may be added to allow for changing conditions. 

From figure 27 it will be seen that the energy input to the still comprises 
the radiation absorbed by the brine and trough system, c:~ Hs, plus that absorbed 

I by the glass cover, ?.gHs. g The heat transfer to the surroundings is via the 
;. cover, qga, and through the ground and edges, Q,. There is also a sto=e term, 
>_ 
<: 

cwg, which includes the effect of the ground under the still, the water and 
the structural members of the still itself. : 

,,. 
This may be expressed as follows: 

QgHs 
dTW + qps = qga + % + Cwa -- (Equation I) 
dt 

:,t 
C. I. ,- 
.: ' d G.O.G. L??f, J.A. Eibling and J.W. Bloemer, "Energy balances in solar 

distillers", Journal of the American Institute of Chemical Engineers, (New 
York), vol. 7x1, p. 641; V.A. Baum, "Solar distillers", Proceedin s of 
the United Nations Conference on New Sources of Energy, vol. -zTTe-- ,: 

:$ ! Energy III (United Nations publication, Sales No.: 63.1.40), p. 178; 
g. V. Baum and R. Bairamov, 'Heat and mass transfer processes in solar stills of 
:T-', !) i- hot box type", Solar Energy (United States of Americaj, vol. 8, 1964, p. 78; 
'/:. I.2 R.N. Morse and W.K.W. Read, "A rational basis for the engineering development 
p 
“ . . of a solar still", Solar Energy (United States of America), vol. 12, 1968, 
I,_ : ̂  PP. 5-17. ,I )‘ 7. ,. Id Morse and Read, op. cit. 

' water distillation: The roof-type still and a multiple 
papers 

sity of Colorado, 1961), part 5, pp. 895-902. 

Ithe-nomenclature.used in this annex may be found in the explanatory notes, 
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Figze 27. Heat fluxes far a solar still 
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The heat transfer between the glass cover and the salt water is qr + qc + qe, 
while the heat flow to the surroundings is the sum of these heat fluxes, plus 
the solar energy absorbed by the glass, or 

q =qr+qc+9,+'"gHs 
f3a 

(Equation II) 

and the heat loss from the still base to the surroundings is 

'b = kb (T, - T,). (Equation III) 

The expressions for qrj qc, and q e are shown by Dunkle e/ to be 

p. 
= 0.92 L-(T~,~+ 460)~ - (T 

Q 
f 460)~~' (Equation IV) 

= 0.128 j- TXq - T +c;;-? (T,, 
'I 1,'3 

qc G 
+ 460) ' 

', - w ,: ,L 
(T 

w 
- T ;. 

g 
(Equation V) 

'e 
/ PyP 
( 

\'g 
- l/3 

- ( TTT + 4-60)~; . (P 
39-pw 

>T 
- pTqg’ h,, - (Equation VI) 

Finally, it is necessary to relate the heat dissipation from the cover to 
the ambient tempe;:ature, Tu. The long-wave radiation exchange may be taken as 
being between gla:js at temperature Tg, 
(Tu - 20). 

emittance 0.9 and a black body at 
The c$vective heat-transfer coefficient, hga, is dependent on wind 

velocity, as follows: 

Wind velocity (mph} 5 10 20 

h 3MJ hour -1 
ft. 2. 6 4.1 ga , sq. -l,ofl 7.2. 

Accordingly: 

a 
-69 

= 0.97 (Tg + 4.60)~ - (T 
a + 440)4 f hga(T 

E: 
- Tab (Zquation VII) 

These seven equations callnot be solved explicitly, but a chart may be 
constructed from lrhich graphical solutions can be obtained. 

figure 28 may be drawn by plotting q, against Tn for a From equation VI, 
number of values of TTJ. For any point on a pariikar qe i&v;, the v&e of 
qr; f qe may be calculated, so a second set of curves may be drawn through all 
values of qe for which (q, + qc) = 5, 10, 20, etc. 

From equation VII, figure 29 may be drawn by plotting %a against Tg for 
various values of T, and for different wind velocities. 

which 
Row, by superimposing figures 28 and 29, figure 30 is obtained, by means of 

equation II is solved for a lcao~m initial water temperature, insolation, 
ambient conditions and still characteristics. 

4 R.V. Dunkle, idem. 
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Figure 28. Evaporative heat transfer, qe, versus cover terrperature, Tg: 
for different values of brine teqerature, T, 
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Figure 29. Cover heat 1~8, qga, versus cover temperature, T 
for various values of ambient temperature, Ta, an 8' 
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I Figure 30. Characteristic chart for thermal performance of a solar still 



The method is best described by cons idering the following example: 

7;. 
I , 

C 
% 

= 16 BTU 'F-1, sq. ft.-l 

h 
ga 

= 4.1 BTU hour-l, sq. ft.'l,'F-1 
10 mph 

h w = 1020 BTU/lb 

lib = 1.0 BTU hour -1 , sq. ft.-1,'F'1 

Ta = 80'~ 

i Hs = 31.1 BTU hour-l, sq. ft.-l 
ji j ,", ?,$ Initial T = 120°F I*; W 
g>,,~ss Q--, 'e,'!,: ;- 
<f p PO - 

The output of the still is qc and is 
such that the length of the vertical 

,‘ 
~:,' 
i‘ < I = 0.1 Es + qr + q, 
; : 
;>: i i 5: = 31 + (+ + qJ* 
2 

:, corresponding to a wind veloci 

found by determining the-iperat 
intercept PoQo (BTU ho~m J sq* 

8: ;. 
& ,_ The value of (qr + qc) is read off the broken curves by internolation if 

r, and the position of the line P,Qo moved until the above-relationshin is 
I ',T . 

;; ,i necessaq 

r 
satisfied. 

'i I) 
This is a graphical solution Ef-Eq. (2) and determines the value 0: Tg. 

1\' 
1: One then has 

!." ' !', 
9, = 59 BTU hour-l, xq. ft. -1 

I 
(c$ + Q = 30 

-I _I ,, 9 0-a = 120 BTU hour-L, sq. ft.-l 
CZ- 

Whence, from equation I 
- dT , 

bwg dt 
w = vYg -I- Fw7)H 

S 
- q 

ga - 'b 

W = 25.5 - 120 - 40 



After an interval of one hour the new water temperature T, will be l25.9'F. 
and the process is repeated for a new value of H s and using a line drawn by 
interpolution between Tw = 120 an,d Tw = 130. 

In this way, the daily output of a solar still for a specified insolation 
pattern may be determined as shown in table 5. The initial water temperature is 
chosen so that at the end of the twenty-fOUr-how period it has returned to 
approximately the same value. When converting from q, (BTU hour-l, sq. ft.-l) 
to output (lb/sq. ft.) it is necessary to correct for the nominal area of the still, 
which is usually different from the water area. For the stills now in operation 
at this laboratory, the ratio of water to glass area is 0.89. The daily output 
then becomes 

0.89 ; ,, r 
24 

qedtlb/sq.ft. 
W o 

related to plan of glass. The term ?jo is introduced to allow 
the water condensed on the cover may not be collected. 

for the fact tnat all. 
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Table 5. Estimate o.e hourly output (se) of solar still, using characteristic chart 

(Insolation = 2,555 BTU sq. f't.-', day") 

Time 6 7 8 g 10 11 goon 13 1.4 15 16 17 18 19 20 21 22 23 M.N. 1 2 3 4 5 

Hs 28 u..I. 184 236 280 318 324 311 262 233 133 86 43 5 0 0 0 0 0 0 0 0 0 0 

Ti 85 85.5 go 96.8 104.8 113.2 X'L.5 127.8 131.4 131.8 130.3 124.6 118.3 1ll.g 305.2 100.4 96.6 93.4 91.1 89.2 87.6 86.2 85.2 84.5 

0’lHs 3 11 18 24 28 32 31 32 

s+qc 5 5 7 12 18 24 31 36 

‘e 3 4 6 12 25 40 61 82 
I 

? 

9 11 20 m 31 48 71 g6 124 149 

‘b 5 6 lo 17 25 33 41 48 

o-osHs 2.2 9 15 1.9 22 26 26 25 

SUb- 
total 18 35 56 84 118 155 191 222 

0.9, 25 100 166 212 252 286 292 280 236 210 120 78 39 4 0 

*9 7 65 110 128 134 131 101 58 7 -24 -91 -101 -103 -107 -78 

26 23 13 8 4 0.5 o 

38 40 40 37 33 30 23 

93 100 97 82 63 48 30 

157 163 150 127 100 79 53 

51 52 50 45 313 32 25 

21 1-g 11 7 4 0 0 

229 234 2ll. 179 142 111 78 

0 0 0 0 0 0 0 0 0 

19 16 12 11 g 8 6 5 3 

21 17 12 9 7 7 5 3 2 

40 33 24 20 16 15 11 8 5 

20 17 13 11 g 8 6 5 5 

0 0 0 0 0 0 0 0 0 

60 50 37 31 25 23 17 13 10 

0 0 0 0 0 0 0 0 0 

-60 -50 -37 -31 -25 -23 -17 -13 -10 

* T 0.5 4.1 6.8 8 8.4 8.3 6.3 3.6 0.4 -1.5 -,5,7 -6.3 -6.4 -6.7 -4.8 -3.8 -3.2 -2.3 -1.9 -1.6 -1.4 -1 -0.7 -0.6 

Note: Total qe - 829 BTU day-', ft?; Daily output = sq. 829 x O.g8/1020 x 0.89 - 0.71 lb/sq. ft. 



ANNEX III 

WATER STORAGE RF,QTJIREMENTS AND COSTS FOR A 
SOLAR-STILL INSTALLATION 

The example given here is based on the predicted output of a still 100 times 
larger thti that considered in table 3, but otherwise similar (i.e., a still with 
an area of 100,000 sq. ft.), 
6,700 gpd. 

The average output of the still over the year is 

Shown here is an estimate of the storage capacity required, assuming the 
water need is constant at 6,700 gpd, Thus, excess summertime capacity is to be 
stored for wintertime use, One hundred per cent recovery of stored water is 
assumed, No rainfall is included, 

Column 2 of table 6 shows the average daily production, by month. Column 3 
shows excess (+> or deficiency (-) of average daily production, in relation to 
daily needs, Column 4 shows the sums of the excesses or deficiencies in average 
daily production. 

Table 6, Estimate of solar-still output and storage requirements 

-- _- -.v.--l----I 
1 2 3 4 

Average daily Monthly excesses (+) Sum of excesses 
Month output or deficiency (-> or deficiencies 

(gallons) r ----yx-L^__-- ------.-- 

April 84~0 +1,600 

May 9,500 +2,800 

June j 10,300 +3,600 

July j 10,100 +3,400 

August 8,900 +2,200 
September i 7,600 + gOG +14,500 

October 5,300 -1,400 
November 3,200 -3,500 
December 2,700 -4,000 

January 2,900 -3,800 

February 4,300 -2,400 

ch 6,600 - 700 -14,500 
---- 



m April through September, the months of excess capacity, a total 
estimated excess (at thirty days per month) is 30 x 14,500 = 435,000 gallons 
of storage capacity. 

If this excess is stored for use during the months of deficiency, October 
Yarch, the still production plus water from storage will just meet the 

constant average water need of 6,700 gpd. 

Thus, a storage capacity of approximately 435,000 gallons, or approximately 
65 days nominal capacity, is required, 

The cost of the solar still, at $l/sq- ft., is $100,000. 

The cost of the tank, assuming a horizontal steel tank of 435,000 gallons : 
capacity at $0.03 per gallon of capacity, is $13,100. 

Thus, the increase in investment due to tank requirements is 13.2 per cent. 

Assuming the annual total cost of 10 per cent of still cost, for both still 
and storage system, for the -annual output of 2,450,OOO gallons (365 x 6,700), the 
cost without storage is $4.08 per 1,000 gallons; 
$4.62 per 1,000 gallons. 

and the cost with storage is 

This example, 
requirements, 

which shows a 13 per cent increase in costs due to storage 

requirement, 
is based on a %onservatively high" and long-term storage 
(It is of interest to note that a source of water available at 

.#. - 'i .~ less than $4.62 per 1,000 gallons would admit the possibility of use of the 
'!Z %.' i,:. 

supplementary supply, less storage of solar-distilled water, and possibly a 
:; smaller still.) 
7. i_ 
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