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ABSTRACT: 

A single basin-type solar still with an area of 0.65 m 2  is 
constructed in Menoufiya University and tested under the transient 
operation conditions. The hourly variation of basin water, glass cover 
and ambient temperatures, as well as the evaporative mass transfer rate 
are measured during the operation. A thermal model has been developed 
for predicting the performance of the unit. The model is based on the 
outdoor measurements of distillate water collected from the still and the 
heat balance equations. Experimental data for evaporative mass transfer 
rate, basin-water temperatures, glass cover temperatures and heat 
transfer coefficients have been compared with the predictions data 
obtained from the model. The comparisons are also made with the 
experimental data using three mathematical models: Turbulence, 
McAdams, and Adhikari models. The Grashof number was ranged from 

5.13~10 to 2.10~10 * . 
I t  is found that the general trends of the model predictions are in 

a reasonable agreement with the experimental data. However, the 
predictions for the solar distillation are found to be sensitive to the 
empirical correlation employed to describe the unit performance. For the 
three models tested, the turbulence model overpredicted the evaporative 
mass transfer rates and heat transfer coefficients. The other two models, 
McAdams and Adhikari, underpredicted these rates and coefficients. 
The basin water and glass cover temperatures have the predictions 
inverted. It is concluded that the present model has the better 
predictions of the still performance compared with other models. 
Particular care, however, must be taken in4he choice of the heat transfer 
correlation necessary for calculations. 
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Water is evaporated in the earth's surface through the absorption 
of solar radiation. The water vapor is transported by means of the air 
currents until the mixture cools to dew point temperature and, then the 
water vapor is condensed. The basin-type solar still duplicates this 
natural process on a small-scale [I]. Where only saline water is available, 
with high levels of solar radiation as for Egyptian land, the basin-type 
solar still may be an important supplier of fresh water for human or 
animal consumption in remote areas or  arid zones. 

The operation of the solar still is governed by various heat 
transfer modes. These modes occur within the unit, referred to as 
internal transfer, and between the unit and the environment, referred to 
as external transfer. Free convection and radiation are the predominant 
modes of heat transfer inside the unit. A very small amount of energy is 
also lost to the ground or  atmosphere due to heat conduction through the 
base o r  cover. The difference between the modes of heat transfer in these 
two regions is that, while, within the distillation unit free convective heat 
transfer occurs simultaneously with evaporative mass transfer, no such 
mass transfer occurs outside it. Radiative heat transfer occurs in both 
the regions along with other modes. However, accurate methods for 
predicting different modes of heat transfer within the still unit are 
required. In  order to predict convective heat transfer coefficient, 
prediction of convective heat transfer rate is important. Moreover, the 
convective heat transfer rate is usually used to calculate the evaporative 
heat transfer rate, which is employed in calculating the mass of distillate 
and thermal efficiency of the unit. Therefore, any inaccuracy in 
computing convective heat transfer coefficient will affect simultaneously 
of the mass of distillate and thermal efficiency. As a result the choice of 
the suitable heat transfer correlation is essential for accurate prediction 
of the performance and hence, designing the unit. 

For the case of heat transfer by free convection, the Nusselt 
number is related to the Grashof and Prandtl numbers, i.e.: 

Where C and n are empirical constants. Several models based on the 
correlation (1) used to predict the convective heat transfer coefficients 
and consequently, hourly and daily evaporative mass transfer rates in 
solar distillation units have been proposed 12-91. A summary for these 
correlations is presented in Table 1. Jakob [2] has arrived at the above 
expression by correlating the experimental data for heat flow from the 



Table 1: Sumlnary of the convective heat transfer correlations used for 
solar distillation units. 

Author 

Jakob 

Correlation 

Nu=l.O 
~ u = 0 . 2 1 0 ~ a  'I4 

Nu=0.075lla 'I3 

for hot surface 
facinp upward: 
Nu=0.54Ra 'I4 

Nu=O.lSRa 'I3 

for ho t  surface 
f a c i n ~  do\vnwnl-tl 

Nu=0.27 Iia 'I4 

Nu=0.1255~a 'I3 

us in^ bulk jnotion 
mocicl: 

hcw=0.075Rut 
using Chilton- 
Colburn model: 

hcw=O.O51Ra' 

Nu=0.0322~a *.'I4 

Operating 
conditions 

~ 1 - 4 0 ~  
10 4<~r<3.2x10 

3.2~10 < ~ r < 1 0  

- 
Ref. - 
PI 

lvater surfi~ce in the upward direction. The values of C and n in various 
ranges of thc Grusliof nurnber arc given in Table 1. Malik el al. [lo] 
have reconmended to use the empirical correlations reported by 
hZcAd:inis [3J for calculnting convective heat transfer :ocfficicnts in the 
basin ~vater .  The recommended correlations a re  introduced depending 
on the  direction of heat flow. Dunltle [4] employed the empirical 
const:lnts developed by Jaltob [2] for-free convection of air in a n  
cnclosurc, assuming it to describe the conditions inside the unit. Tiwari 
et (11. [ 5 ]  studied the effect of inclination of the condensing surface on the 
heat :ind miss transfer coefficient taking the same correlation as 
proposcd by Dunlde (41. Adliiltnri el nl. [6,7] modified the values of these 
coefficien is in siriiulnted coriditions and reported that the Dunlde model 

0 behaves lvcll in the lower water tenlperature ranges (40-50 c). 
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ranges of water temperatures, these coefficients were modified as shown 
in Table 1. Shawaqfeh and Farid [8] expressed the convective heat 
transfer coefficient as a function of modified Raleigh number: 

~ C W  = C . Rat" , considering the turbulence model in their work. The 
constant n=1/3 was retained in the latter relation, while a new constant C 
was evaluated. They concluded that the Dunkle model overpredicts 
values of evaporation rates by about 40 %. Clark [ l l ]  developed a 
mathematical model for an operating temperature range between 55 and 

95 O c in simulated conditions. He also found that values of coefficients 
for convective mass transfer reduce to half that of Dunkle model. An 
empirical correlation based on the measurements of the mass of distillate 
was proposed by Kumar and Tiwari [9] to predict the hourly heat and 
mass transfer coefficients inside the unit. The range of Grashof number 
is somewhat limited to use and the accuracy seems to be higher than they 
estimated due to neglecting some observations during measurements. 

It appears that most of the above models are based on simulated 
studies and only a few of them include comparison with true 
measurements [8, 91. On the other hand, the correlation proposed by 
Dunkle [4], which used by most investigators, was developed from 
experiments of free convection in the absence of evaporation. The 
present work proposes a mathematical model for predicting the thermal 
performance of solar distillation units. Evaporative mass transfer rate, 
heat transfer coefficient, thermal efficiency, basin water and glass cover 
temperatures were calculated by the model and compared with the 
experimental data. The results have also been compared with the 
predictions of McAdams and Adhikari models, correlations: (5) and (9) 

respectively. The Grashof number ranged from 5.13~10 to 2.10~10 5 .  

Two different methods for estimating the unit performance are 
considered: 
(a) Using correlation (1) with new coefficients C and n; evaporative mass 

model, and 
(b) Using correlation (1) with coefficient n=1/3 and a new coefficient C; 

turbulence model. 

2- THERMAL MODEL: 

The thermal model has been developed to provide better prediction 
for evaporative mass transfer rate, heat transfer coefficient, thermal 
efficiency, basin water and glass cover temperatures. These parameters 
are obtained by introducing new values for the constants C and n in 
correlation (1) based on the outdoor measurements of distillate water 



collected from the still, besides basin water, glass cover and air 
temperatures. This new correlation has again been used to calculate the 
theoretical values of the previous parameters. The following assumptions 
have been made: 

1-The temperature gradients across the glass cover and water depth are 
neglected. , 

2-The surface areas of the glass cover and water surface are equal. 
3-The incident solar radiation on a horizontal surface is assumed. 

Evaporative Heat Transfer Coefficient: 

The solar radiation absorbed by the water as a heat is transferred 
to the cover by evaporation, convection and radiation. The rate of heat 
transfer from the water surface to the glass cover by evaporation can be 
estimated by: 

qew = hew (Tw - Tg) 

where hew is the evaporative heat transfer coefficient from the water 
surface to glass cover, Tw and Tg are the water and glass cover 
temperatures, respectively. 

The evaporative heat transfer rate is also given by Malik et al. 
1101 as: 

qew = 16.273 x lo-' (Pw - Pg).hcw 

where Pw and Pg are the water vapour pressures at  the basin water and 
glass cover temperatures, respectively. 

2-2. Convective Heat Transfer Coefficient: 

The rate of heat transfer from the water surface to the glass cover 
by convection is given by: 

qcw = hcw (Tw - Tg) 

where ~ C W  is the convective heat transfer coefficient from the water 

surface to the glass cover. The value of hew is found from correlation 
(I), i.e.: 



where: Gr = 
gpp2 w3 (AT') 

p2 

and 
(PW - P~)(TW + 273) 

AT' = (Tw - Tg) + 
268.9~1 o3 - PW 1 

2-3. Radiative Heat Transfer Coefficient: 

The radiative heat transfer rate from the water surface to the glass 
cover is given by: 

and the radiative heat transfer coefficient is determined from: 

2-4. Evaporative Mass Transfer Rate: 

The evaporative mass transfer rate of water is given by: 

Using eqn (17), eqn (15) can be rewritten as: 

qew = 16.273 x (PW - P ~ ) .  - .c(R~)" (3 
lvhere Ra = Gr. Pr 

Eauation (23) can be rewritten using eqn (24) as follows: 



Therefore, eqn (25) may be written as: 

where the magnitude of R is defined by the following eqn: 

R = 16.273~1 o - ~  (PW - Pg) ( )  (27) 

For transient operation conditions, the values of basin water and 
glass cover temperatures vary significantly because of the variations in 
climatic conditions and consequently Mw and Ra are also vary. 

2-5. Energy Fractions: 

The relative magnitudes of each mode of heat transfer, the heat 
transfer by evaporation, convection and radiation, are expressed as a 
fraction of the total energy transferred as follows: 

where the total energy transfer rate can be determined using equations 
(14), (16) and (21): 

q twc = qew + qcw + qrw (31) 

2-6. Internal Heat transfer Coefficient: 

The internal heat transfer coefficient between the water and glass 
cover is given by: 

Ui = hew + hew + hrw 
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heat transfer coefficient, expressed as a fraction of the internal heat 
transfer between the water and glass cover, can be obtained. 

2-7. Heat Balance Equations: 

The heat balance equation on the water inside the basin may be 
expressed as: 

The heat transfer rate to base of the basin and sides is given by: 

The heat transfer coefficient through the base and sides is given 
by [12]: 

(35) 

where xi and ki are the thickness and thermal conductivity of the 
different layers of the basin, still material and insulation layer. The value 
of ho is calculated from the conventional correlation relating to Nusselt 
and Rayleigh numbers for flat-plate with the hot side facing upward 
(131. 

The heat balance equation on the glass cover may be written as: 

= Hs a, + (qew + qcw + qrw) (36) 
or: 

dTg 
HS . a, + (qew + qcw + qrw) = qg, + cg.- 

dz (37) 

where qga is the heat transfer rate from the transparent cover to 

environment. 

2-8. External Heat Transfer Coefficient: 

The rate of heat transfer from the transparent cover to 
environment depends on convection by air circulation and on radiation 



to sky. The convection portion is taken as a function of the wind speed. 
Radiation to the' sky depends on the effective sky temperature, which is 

taken as 11 Oc less than the ambient temperature [14], i. e.: 

The convective rate of heat transfer from the glass cover to air is 
given by: 

q cga = hw - ( T ~  - ~ a )  (40) 

The wind heat transfer coefficient related to the wind speed is 
given by the following empirical correlation [8]: 

The radiative heat transfer rate between the glass cover and the 

The heat transfer coefficient between the glass cover and 
environment is given by: 

U, = hcgs + hrgs (43) 

The convective heat transfer coefficient due to wind referenced to 
the sky temperature is written as [15j: 

The radiative heat transfer coefficbt between the glass cover 
and the sky is given by: 

hrgs = cgo(T; + T: KTg + TS) 

The overall upward heat flow factor between water and 
environment is given by [IS]: 



where Ar is the glass plate to water surface area ratio, Ar = Ag 1 AW . 

2-9. Still Efficiency: 

The still daily operational efficiency is given by: 
N 

C 4ew 

Thermophysical properties of the humid air have been evaluated 
at the average temperatures of evaporation and condensation surfaces 
using the empirical correlations introduced by Adhikari et al. [7]. 
Calculated values of hew with the aid of eqns (14) and (23) were checked 
using eqns (14) and (15). 

In the transient analysis of the solar still, initial values of the 
measured basin water and glass cover temperatures were employed in 
eqns: (33) and (37), respectively. The time interval A t  was taken as one 
hour. Predictions of the basin water and glass cover temperatures were 
then calculated at  the end of each time interval. 

3- EXPERIMENTAL SET-UP: 

The experiments were carried out at  Shebin El- Kom, Egypt 
during the month of July 1999. A schematic diagram of the basin-type 
solar still constructed from galvanized iron sheet is shown in Fig. 1. The 
heights of the front and back walls were 0.16 [m] and 0.30 [m], 
respectively, forming a glass cover inclination angle of 20' with respect to 
the horizontal. To perform the experiment with a minimum storage 
effect, the water levei in the basin was adjusted a t  2 [cm] depth. The 
interior surface of the basin was painted black to enhance the absorption 
of solar energy. An inclined rectangular channel was welded at  the inside 
long wall of the still for condensate collection. A rectangular window of a 
glass sheet, 3 [mm] thickness, was placed at the upper side of the still and 
tightened using a rubber stick to avoid vapor leakage. The transparent 
cover permits a major portion of the solar radiation to reach the basin 
water. The incident solar energy inside the still was maintained using 
insulation material at  its bottom and walls. A wooden box was used to 
envelop the still and insulation. 
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The basin water and glass cover temperatures were measured by 
calibrated copper-constantan thermocouples connected to sensitive 
digital inillivoltmeter with an accuracy of f 0.1 Oc. Water temperatures 
were measured a t  three different positions distributed a t  equally spacing 
in the ~niddle of the basin and the average value was considered. Another 
thernlocouple was used to measure the ambient air temperature and 
placed near to the still unit. Heat balance equation, eqn (33) was used to 
determine the solar radiation intensity. The production rate of distilled 
water was measured by a graduated cylinder at a regular interval of one 
hour from 9 A. M. and continued until 19 P. M. with an accuracy af 1.0 
[ml. 1. 

4- RESULTS AND DISCUSSION: 

Based on the proposed mathematical model, the hourly variation 
of the evaporative Inass transfer rate, heat transfer coefficient, overall 
upward heat flow factor, still efficiency as well as basin water and glass 
cover temperatures are shown in Figs 2 to 13. For comparison, on the 
same figure the experimental data for these parameters are also 
presented. The results of the still daily productivity and efficiency are 
given in Table 2. The average absolute deviation AAD% was used for 
selecting the best correlation that describes the still performance. 

4-1. Still Evaporative Mass Transfer Rate: 

Figures 2, 3 and 4 show a comparison between the predicted and 
nicasurcd evaporative maSs transfer rate results. The variation of M w m  
with Ra for the evaporative mass and turbulence models is shown in Fig. 
2. The results were also plotted for McAdams and Adhikari models. The 
empirical correlations obtained from the best fit are: 



and, for turbulence model: 

Mw / R  = 0.699 x ~ a " '  

Correlations (48) and (49) are obtained for Grashof number 

ranging from 5 . 1 3 ~ 1 0 ~  to 2 . 1 0 ~ 1 0 ~ .  It may be observed from Fig. 2 that 
correlation (48) depict a reasonable agreement between predicted and 
experimental values of Mw/R, whereas correlation (49) results in 
overprediction. The average absolute deviations of 25.9 % and 28.4 % 
were computed for evaporative mass and turbulence models, 
respectively. Figure 2 also shows that both of McAdams and Adhikari 
models substantially underpredict the values of Mw/R compared to other 
models. The computed values of the average absolute deviations of 64.2 
% and 86.1 % were recorded for McAdams and Adhikari models, 
respectively. Hence, correlations (5) and (9) may not be taken as a good 
approximation for predicting convective heat transfer coefficients in 
solar distillation units in regions like Egypt. The discrepancy observed 
between the measured and predicted results may be due to the 
assumptions considered in setting up the model. Some inaccuracy arises 
from cover losses to ambient at  a variable wind speed, a factor that 
increases at  noon periods. The disagreement between the measured and 
predicted results using McAdams and Adhikari models may be due to 
negllect the effect of weather conditions during the simulated experiments 
compared to outdoor conditions. 

Correlations: (48) and (49), as well as McAdams and Adhikari 
models were used to predict the evaporative mass transfer rates for the 
still unit. Figure 3 shows the hourly measured and predicted Mw using 
different models. In Figure 4, a comparison between the measured and 
predicted Mw are presented. The hourly evaporative rate predicted by 
present model, correlation (48), was in a reasonable agreement with the 
measured values, except for the individual values in the morning (at 9 A. 
M.) and in the evening (at 19 P. M.). At these intervals, the solar intensity 
was quite low which results in low evaporation rates. These low rates 
cause an increasing in the computations of the average absolute 
deviation. Kumar and Tiwari [9] rejected some observations at  these 
intervals to obtain higher accuracy. On the other hand, the predicted 
values of Mw using turbulence model, correlation (49), were relatively 
higher than that measured. However, a tendency for the very low 
prediction of evaporation rate using McAdams and Adhikari models is 
again evident in Figs. 3 and 4. Table 2 presents a comparison between 
the measured and predicted still daily productivity using different 



~nodcls. Tlic results for the daily efficiency are  also given in Table 2. I t  is 
seen th;)t tlic evaporative mass model gives better predictions compared 
\vitll the other models. 

Table 2: Comparison between the measured and predicted still daily 
productivity and efficiency. 

4-2. Still Hen t Transfer Coefficients: 

i 
I 

The data of Fig. 2 were also used to calculate the convective and 
cv;~porxtivc 11c;it-transfer r;ltcs bctwccn water and glass cover with the 
:lid of eqns (16) and (23). The calculated values of evaporative, 
corivcctive and radiative heat transfer coefficients were obtained using 
cqns (Id) ,  (17) and (22), respectively. Figure 5 shows the heat flow rates 
iri the solar still as a function of basin water temperature. Figures 6,7 
:I tid 8 il1ustr;lte the hourly variation of the heat transfer coefficients 
lvitliin the still enclosure using different models. I t  is clear that the 
cv;rpor:ltivc ~liass transfer rate is strongly influenced by the evaporative 
h w t  transfer rate and it increases when the evaporative heat transfer 
1.2 te is incl-cased. This can be observed wlien the corresponding values of 
h l w  : ~ n d  qew shown in Figs. 3 and 6 are  compared. I t  is also seen that the 
cv:~porativc heat transfer coefficient has a maximum value around the 
no011 period and reaches to about 80 O/u of the total heat transfer 
coefficient, ~vliile tlic convective mode 'has a minimum value and 
reprcseuts about 6% at the same p e r i o d . " ~ h e  radiative heat transfer 

lilodo dominates at  low water temperatures up to 35 " c  between 9 A. M. 
and  10 A. M. and have higher values than the convective mode for d l  
\v;ttcl- tetnpcr:~ture ranges, Fig 5 and 6. For water temperatures above 35 

" c, tlic cwporative heat transfer coefi%ient exceeds the radiative mode. 
This situation characterized the water temperature building up  the 
period in the still. Figure 8 shows that the calculated values of radiative 
hcnt transfer coefficients using McAdams and AdIiiltari models increase 
rapidly to very high rates resulted in overprediction. I t  is expected that 
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Pred. 
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Pred. 
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the use of different models, will cause an opposite change in the value of 
AT to compensate the effect of convective heat transfer coefficient. This 
is to satisfy the heat transfer coefficient defined by eqn (17) and energy 
balance defined by eqns (33) (36) and (37), which explains the significant 
change in models predictions. However, the individually modes of heat 
transfer predicted by the evaporative mass model was still in a 
reasonable agreement with the experimental data. 

The data of Figs. 6 ,7  and 8 with the aid of eqn (32) were used to 
calculate the internal heat transfer coefficient between water and glass 
cover Ui. Figure 9 shows the experimental and predicted results in 
comparison with McAdams and Adhikari models. I t  is observed that 
both of the proposed models exhibit quite the same trend and the same 
feature. The same trend also agrees with McAdams and Adhikari models 
but with underprediction. However, the proposed model showed a 
deviation for Ui compared with the experimental data particularly at 
noon period. The results indicate that the maximum solar energy 
incident on the cover surface occurs at 15 P. M. This time corresponds to 
the maximum quantity of heat loss to environment due to both 
convection and radiation. On the other hand, this deviation resulted 
from the lumped error for each mode of heat transfer involved in Ui. 
The average absolute deviations between the measured and predicted 
results using the evaporative mass and turbulence models were 18.4 and 
20.1 % respectively, while these values reached to 51.7 and 68.3 % for 
McAdams and Adhikari models, respectively. 

4-3. Still Overall Upward Heat Flow Factor: 

The overall upward heat flow factor Ut between water and 
environment was calculated utilizing the data given in Fig. 9. In Figure 
10, the results are graphically presented. As can be seen, the predicted 
values of Ut using the evaporative mass and turbulence models represent 
the experimental data reasonably well. The average absolute deviations 
for proposed models were 3.6 and 4.0 % respectively, while the 
calculated values using McAdams and Adhikari models were 17.6 and 
30.7 %, respectively. 

4-4. Still Efficiency: 

The instantaneous still efficiency was calculated by dividing the 
evaporative heat transfer rate by the corresponding value of solar 
radiation intensity. The energy fraction transferred by evaporation and 
defined by eqn (28) represents the internal efficiency of the still. 
Equation (47) was used to predict the daily operational efficiency. Figure 



11 shows the hourly variation of still efficiency using the four models. , 

The evaporative mass and turbulence models gave a reasonable 
agreement with experiments, except for some periods during the 
daytime. This disagreement between the measured and calculated results 
is due to the cover losses to ambient at a variable wind speed as discussed 
previously, a factor which ranges between 22.5% and 70 % of the solar 
radiation intensity. On the other hand, the evaporative heat transfer rate 
and still efficiency are related. Therefore, any variation in the value of 
evaporative heat transfer rate will be accompanied by a corresponding 
change in both of the heat transfer losses to environment and still 
efficiency, a condition required by the energy balance and still efficiency 
equations. However, a tendency for the low prediction of still efficiency 
using McAdams and Adhikari models is again evident in Fig. 11. The 
results indicate that the maximum experimental values of still efficiency 
reaches to 53.7 % at  noon, while the daily operational efficiency is 40.17 
%. In Table 3, the daily efficiency and average absolute deviations for 
different models are given. 

4-5. Basin Water and Glass Cover Temperatures: 

Verification of the model with outdoors transient measurements 
was also made from the measured values of basin water and glass cover 
temperatures. The results are shown in Figs. 12 and 13 for different 
models. The agreement between the measured and predicted basin water 
and glass cover temperatures using evaporative mass and turbulence 
models was reasonable, while the McAdams and Adhikari models 
overpredicted the temperature measurements. The average absolute 
deviations between the measured and predicted basin water and glass 
cover temperatures for different models are given in Table 3. 

Table 3: The average absolute deviations between the measured and 
predicted basin water and glass cover temperatures. 

Temp. r 
I t  is evident that the predicted mass evaporative rate, internal 

heat transfer coefficients between water and glass cover, overall upward 
heat flow factor and thermal efficiency are sensitive to the heat transfer 
correlation used. The McAdams and Adhikari correlations usually lead 
to underprediction of these parameters, whereas the turbulence 

I 
Tw 
Tg 

Present models 

AAD % 
1 

McAdams 
model Evaporative 

mass model 

Adhikari 
model Turbulence 

model 

28.1 
30.9 

20.8 
23.5 

4.9 
5.6 

6.1 
7.0 
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cover temperatures have the predictions inverted. The evaporative mass 
model developed in this work provides better prediction for the still 
performance. It may be useful in designing new units for utilizing solar 
energy in Egyptian desert or remote regions. 

5- CONCLUSIONS: 

Experimental data for the water evaporative mass transfer rate, 
heat transfer coefficient, thermal efficiency, basin water and glass cover 
temperatures of solar distillation unit have been compared with the 
predictions of evaporative mass and turbulence models during the 
transient operation conditions. The predictions of still performance are 
sensitive to the heat transfer correlation used. The predictions ofthe 
evaporative mass model are found to exhibit trends, which are consistent 
with those of the experimental data and give better prediction for the 
still performance compared with the turbulence model. The proposed 
empirical correlation used in the evaporative mass model is: 
Nu=0.669(Ra) 0.3322 for Grashof number ranging from 5 . 1 3 ~ 1 0 ~  to 
2.10x105. The Turbulence model with a new constant C of 0.699 leads to 
overprediction, except for the case of basin water and glass cover 
temperatures. The McAdams and Adhikari models lead to 
underprediction of the performance and may not be used to describe the 
conditions inside the still in regions like Egypt. 

NOMENCLATURE: 

Ag 
Ar 

Aw 
C, n 
cg 
CP 
Cw 
d f 

g 
fee 
fec 
fer 
Gr  

hb 

hcw 

hew 

2 area of glass plate, m . 
glass plate to water surface area ratio, dimensionless. 

horizontal free surface area of water in the basin, m 2 .  

empirical constants used in eqn (26). 
heat capacity of glass cover per unit area, ~ / m '  ."c. 
specific heat capacity of humid air, J k g  .Oc. 
heat cafiacity of water in the still per unit area, ~ / m ~  .Oc. 
average spacing between water surface and glass cover, m. 

acceleration due to gravity, m/sec 2 .  

energy fraction transferred by evaporation, dimensionless. 
energy fraction transferred by convection, dimensionless. 
energy fraction transferred by radiation, dimensionless. 
Grashof number, dimensionless 

heat transfer coefficient through base and sides, w/m .Oc. 

convective heat transfer coefficient, wlm ."c. 
evaporative heat transfer coefficient, w/m * ."c. 



hrw radiative heat transfer coefficient wlrn ?c. 

& 
hrgs 

hw 

Hs 
kf 
h fg 
Mw 
Nu 
pg 

Ra' 

AAD 

radiative heat transfer coefficient, outside the still, wlm ?c. 
wind heat transfer coefficient, wlrn ?c. 

solar radiation intensity, wlm 2. 

thermal conductivity of humid air, w/m.Oc. 
latent heat of humid air, Jfkg. 

evaporative mass transfer rate, kglm hr. 
Nusselt number, dimensionless. 
partial pressure of water vapour at the glass cover temperature, 

N /m2. 
partial pressure of water vapour at  the basin temperature, ~ l m  2 .  

Prandtl number, dimensionless. 
convective heat transfer rate from water to the glass surface, 

w/m2. 
evaporative heat transfer rate from water to the glass surface, 

radiative heat transfer rate from water to the glass surface, w/m 
parameter defined by eqn. (27). 
Rayleigh number, dimensionless. 

IZPCp  AT^) modified Rayleigh number, wlm 'c. !Y) 
ambient temperature, Oc. 

0 glass cover temperature, c. 
equivalent black body sky temperature, Oc. 
basin water temperature, Oc. 

heat transfer coefficient between water and glass cover, wlm .'c. 
heat transfer coefficient between glass cover and environment, 

w/m .OC. 
overall upward heat flow factor between water and environment, 

1 Mw, pred - Mw, meas -' Mw,rneas 
x100, average absolute deviation, 

N 
percentage. 

N number of data points. 

Greek symbols: 

AT' effective temperature difference as defined by eqn (20), Oc. 
0 AT basin water to glass cover temperature difference, c. 

p coefficient of volumetric thermal expansion, 1PK 



P density of humid air, kg/m 3 .  

(3 Stefan-Boltzman constant, 5.67x10-* w h  K ~ .  

thd still daily thermal efficiency, percentage. 
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