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ABSTRACT 
In this communication, an attempt has been made to find out the heat transfer coefficients such as 

internal and external heat transfer modes and thermophysical properties such as dynamic viscosity, 

density, thermal conductivity, latent heat of evaporation and saturated vapour pressure for active 

solar distillation system. It is observed that the distillate output (the yield) increases significantly 

with the top cover cooling study. Double slope step type solar still of area 1 m
2
 is constructed using a 

single piece of mild steel. Acrylic cover with 10° slope ensures a very good transmission of solar 

radiation inside the still. The distillate water productivity is in the range of 1.758 litres to 1.805 liters 

per day for still performance study. Similarly the instantaneous efficiency for still performance study 

is in the range of 17.84% to18.25%.  

_______________________________________________________________________ 
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1. INTRODUCTION 

It is a well known fact that fresh water is 

necessary for the continuity of all life. The 

global fresh water shortage, particularly in 

remote areas, presents an international problem. 

The problem is more severe in desert countries, 

particularly in India, where water shortage is a 

serious problem. In India, the urgent need for 

fresh water is concentrated in the coastal 

regions, which constitutes a considerable 

development area. Since the transportation of 

fresh water to these areas is difficult and not 

economic, desalination systems are essential. 

Many of these countries, however, enjoy an 

abundant and free solar energy with high 

intensity so that solar distillation is a promising 

way of supplying these regions with fresh 

water.  

H.P. Garg and H.S. Mann [1] indicated that 

about 26% of the heat input to the basin-type 

solar still is lost through its base, and an 

improvement of about 7% in the distilled water 

can be obtained per year by using sawdust 

insulation of 25 mm thick. Abdel-Salam et al., 

[2] studied the effect of insulation on the 

performance of unsymmetrical solar stills under 

steady state conditions. They concluded that a 

reduction in the thermal conductance of the still 

insulation from 4.0 to 0.4 W/m
2
 °C increased its 

productivity rate by 16.5% at a constant heat 

flow rate. Several research results were 

published where heat transfer coefficients are 

calculated theoretically for various operating 

conditions by M. A. S. Malik et al., [3]. They 

concluded that heat flows inside the still are 

calculated generally by assuming that transfer 

mechanisms such as convection and mass 

diffusion take place simultaneously and the total 

heat transfer rate is calculated by adding the 

individual quantities. Baum and Bairamov [4] 

found in an experimental solar still, operating 
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under controlled conditions, that the 

evaporation and condensation processes are 

interrelated in such a manner that they intensify 

each other, hence evaluation of them separately 

may lead to errors. Comparison of a double 

basin solar still with that of single basin solar 

still was investigated by A.A. Al-Karaghouli 

and W.E. Alnaser [5] with different top cover 

angles. Numerical simulation for natural 

convection flows in a triangular cavity 

submitted to a uniform heat flux using the 

Control Volume Finite Element Method have 

been analysed by Ahmed Omri et al., (6). The 

study provides useful information‘s on the flow 

structure sensitivity to the governing 

parameters, the Rayleigh number and the tilt 

angle, on the thermal exchange. 

M. Boukar and A. Harmim [7] studied the 

parametric studies of a vertical solar still under 

desert climatic conditions. El-Nashar [8] 

modeled a hybrid system solar/MED, using 

solar collectors to produce the heating fluid 

(instead of LP Steam) to feed the first 

evaporation stage. Performance evaluation of a 

modified design of a single slope solar still was 

studied by Salah Abdallah et al., [9]. Results 

concluded that inclusion of internal mirrors 

improved the system thermal performance up to 

30%, while step-wise basin enhanced the 

performance up to 18% and finally the coupling 

of the step-wise basin with sun tracking system 

gave the highest thermal performance with an 

average of 38%. 

The objective of the present study was to 

improve the performance of a traditional double 

slope solar still through a design modification: 

using step-wise water basin instead of flat basin. 

The modification can increase the solar still 

capability to capture more solar energy. System 

performance can be increased by proper 

utilization of the latent heat of condensation for 

further distillation. The daily distilled output 

may be increased by maximizing the 

temperature difference between the evaporating 

and condensing surfaces. This condition is 

achieved either by increasing the evaporation 

surface or decreasing the condensation surface 

temperatures. The former is increased by 

feeding thermal energy to the basin from an 

external source; the latter is decreased by 

flowing water uniformly over the outer surface 

of the glass cover. 

 

2. Construction of Double Slope Step Type 

Solar Still: 

Double sloped solar desalination unit with total 

evaporation area of 1m
2
 is made using 

galvanized iron sheet of thickness 24gauge. 

There are four trays each having basin area of 

0.15 m x 0.70 m on each sides of the still. There 

is a center tray of basin area 0.23 m x  0.70 m. 

In order to avoid the leakages between the joints 

in trays  and is made by using a single G.I. 

sheet. It is folded in such a way to form the 

steps. The sidesof each step basin trays are bent 

 upwards to a height of 0.10 m. Base of the still 

are blackened  with paint for good absorption 

of solar radiation.      

 

 

 

 

 

 

 

                       

Fig (1) Double Slope Step 

Acrylic Top Cover Solar Still 
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The top cover is provided for the solar still 

using Acrylic sheet of 3 mm thickness. A slope 

of 10  is provided from the center of the basin 

to the end of basin to receive the direct solar 

radiation more nearly perpendicular to the 

absorbing surface. The Acrylic cover required 

for this slope is 0.74 m for each slope on both 

sides. The height from the basin and cover is 

maintained 0.10 m for all the step basins. The 

outer cover is made up of Wood of thickness 

0.015 m. The dimension of outer cover box is 

0.154 m x 0.80 m x 0.22 m respectively. Saw 

dust and glass wool makes the bottom and side 

insulation. A stainless steal water collection 

segment of dimension 0.80 m x 0.03 m x 0.04 

m is placed at the end of acrylic cover on both 

ends of the stepped basin.  

A cross sectional view of double slope step type 

acrylic top cover solar still is shown in Fig (1). 

 

3. Experimental Arrangement: 

The double slope step type solar still unit is 

placed with an orientation in the North-South 

direction. The performance of the still has been 

studied for number of days and its readings on 

clear sunshine days have been recorded. The 

experimental study is started from 9am. The 

basin is filled with water of 15 litre of saline 

water. The pre-calibrated thermocouples are 

fixed at the appropriate places and it is 

connected to the digital thermometer to measure 

the air temperature (Ta), water temperature (Tw) 

inside the still and top acrylic cover temperature 

(Tg). A thermometer with an accuracy of 0.1 C 

is used to measure the ambient temperature 

(Tamb). Amount of total solar insolation (H) and 

the amount of distilled water collected at the 

outlet are recorded at regular intervals. A 

measuring jar is kept at the distilled water outlet 

and the collection is recorded at the regular 

intervals. 

 

4. Heat and Mass Transfer Coefficients: 

For the most normal range of operation for a 

conventional solar still, the most commonly 

used relationship to evaluate heat and mass 

transfer coefficients and it is proposed by R.V. 

Dunkle [10]. The study carried out by S. 

Adhikari et. al., [11] for verifying the 

applicability of Dunkle‘s relationships over a 

wide range of operating temperatures within a 

solar still reported that Dunkle‘s relationships 

behave well in the lower temperature ranges. So 

R.V. Dunkle‘s [10] relationship needs the 

modification in the higher ranges of 

temperatures. Thus they proposed a relationship 

for evaluating heat and mass transfer 

coefficients including higher temperature ranges 

as follows. 

 

4.1 Internal Heat Transfer Rate at Inside the 

Still: 

Heat transfer inside the still is predicted by 

using equation proposed by M.A.S. Malik et. 

al., [12]. Heat is transported inside the still by 

free convection of air. It releases its enthalpy 

upon air, which is coming in contact with the 

glass cover. The heat transfer per unit area per 

unit time due to convection is 

                   

Qci   =   hci (Tw - Tg)    W/m
2
                                   (1) 

where                                                         

hci =0.884{(Tw-Tg)+[R1(Tw-Tg) (Tw +273)/268.9x10
-3

 –R2–R1(Tw+273)]}
1/3

 W/m
2
     

Heat transfer mode inside the still due to evaporation is given by 

   Qei = hei (Tw - Tg)   W/m
2
                                                     (2) 

where  

hei = (16.276 x 10
-3

) x hci x R1 

here R1 and R2 are constants evaluated by fitting the saturation vapor pressure data in the range of interest 

to a straight line. 

In usual analysis of solar still, the water surface and the glass cover are considered as infinite parallel 

planes. Using Stefann‘s Boltzmann‘s constant, heat transfer per unit area per unit time due to radiation is 

given by 
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               Qri  =  hri (Tw - Tg)    W/m
2     

(3) 

where 

              hri  =   εw σ [ (Tw + 273)
4
 - ( Tg  +  273)

4
 ] / (Tw  -  Tg)   W/m

2
     

  

4.2 Heat Transfer Rate Outside the Still: 

Heat transfer per unit area per unit time outside the still is calculated using  

                     Qae = hca (Tg –Ta) + εg σ [(Tg + 273)
4
 - ( Tsky  +  273)

4
] W/m

2
                     (4) 

here hca is a function of wind velocity and is given by J.A. Duffie and W.A. Beckman [13] as  

hca = 5.7 + 3.8 V,                

Tsky = (Ta – 12) is the apparent sky temperature for long wave radiation. g for glass is 0.85 

Heat loss through base by conduction is given by  

Qbe = hbe (Tw + Tamb)                          (5) 

where, 1 / hbe = L /k + 1 / hi. 

 Efficiency of the system is calculated using the formula 

v

s

M h

H A t
                                        (6)  

            

5. Thermophysical Properties: 
The thermophysical properties are estimated using experimentally measured temperatures of 

evaporation and condensation surfaces. These values are given by S. Toyoma et al., [14].  

             k = 0.0244 + (0.7673 x 10
4
) Tav                                         (7) 

 = (1.718 x 10
-5

) + (4.620 x 10
-8

) Tav                                      (8) 

 = 353.44 / (273.35 + Tav)                           (9) 

hv = 2324.6 [(1.0727 x 10
-3

) – (1.0167Tav) + 

                    (1.4087 x10
-4

) Tav
2
 – (5.1462 x 10

-6
)Tav

3
]                          (10) 

The arithmetic mean of the temperatures of evaporation and condensation surface can be 

expressed as follows: 

   Tav = (Tw + Tg) / 2 

Similarly the values of saturation vapour pressure are predicted under the expression, which is 

suggested by D.B. Brooker et. al., [15].  

 P = 6893.03 exp (54.63 - 12301.69/T‘ - 5.17 ln T‘)               (11) 

where    T‘ = (1.8T + 491.69) 

The Performance Ratio is calculated using the formula         

PR = (me,i hv) / (Hs)                          (12) 

 The Convective heat transfer is considered in terms of dimensionless parameters, viz. the Nusselt 

number (Nu), the Grashof number (Gr), the Reynolds number (Re) and the Prandtl number (Pr); the 

expressions for these numbers are 

   Nu = (hcw L / k)                              (13) 

where    hcw = C (Gr Pr)
n
 k / L 

The values of constants C and n are determined by the following conditions: 

C = 0.21, n = ¼     for 10
4
 < Gr < 2.51 x 10

5
 

C = 0.1255, n = ⅓  for 2.51 x 10
5
 < Gr < 10

7
 

  Gr = (xi
3
 i

2
  g ΔT‘) / μi

2
             (14) 

  Pr = (Cp  / k)                             (15) 

 

6. RESULTS AND DISCUSSION 

The performance of double slope step type 

acrylic solar still is analyzed on normal sunny 

days. The radiative heat transfer (Qrw), 

convective heat transfer (Qcw) and evaporative 

heat transfer (Qew) for internal heat transfer 

rates inside the still are predicted. Similarly heat 

transfer rates outside the still by conduction 

heat transfer (Qb), external heat transfer through 

radiation from the acrylic cover (Qra) and heat 

transfer from acrylic cover to atmosphere by 

convection (Qca) are also estimated. The 

instantaneous efficiency and overall efficiency 

are calculated for all the studies. 

The thermal conductivity of water is analyzed 

and it is observed in the range of 0.02672108 to 
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0.02886952 Wm
-2 

°C
-1

. Dynamic viscosity of 

water is predicted and is in the range of 

1.8578x10
-5

 to 1.9871x10
-5

 Nsm
-2

. The density 

of water is predicted for the still under these 

experiments and it is observed as 1.164163 to 

1.06586248 kgm
-3

. Since thermal conductivity 

of an acrylic material is very low so the 

influence of condensation by the top cover is 

less difference in between top cover without 

and with cooling. 

Fig (2) shows the variation of insolation and 

distilled water collection with respect to time. 

Insolation increases linearly with time and 

reaches the maximum value from 12 p.m to 2 

p.m and then decreases. Radiation received 

during this study is in the range of 386.46 W/m
2
 

to 1002.39 W/m
2
. The maximum distilled water 

collection is in the range of 10 ml to 206 ml. 

The amount of daily distillate yield collected is 

in the range of 1.681 liters/day to1.805 

liters/day. 

Fig (3) shows the variation of temperature for 

water, air, top cover and ambient with respect to 

time for still. The maximum temperature rise in 

water, air, top cover and ambient are around 

70.5 C, 75 C, 46 C and 35.5 C respectively. 

Fig (4) shows the variation of instantaneous 

efficiency and performance ratio of the still with 

respect to time. The instantaneous efficiency is 

increased according to the time. The variation 

of the efficiency observed during the study is in 

the range of 2.59 % to 30.76 %. Overall 

efficiency of the system for still performance is 

in the range of 16.16% to 18.22%. 

Performance ratio values are observed in the 

range of 3 % to 29.98 % for still performance 

study. This shows that the value of performance 

ratio increases according to increase in distillate 

output. 

Fig (5) shows the latent heat and saturated 

vapour pressure inside the still. It shows that the 

latent heat decreases initially with respect to 

time. It reaches low value at 1:00 p.m and starts 

to increase with respect to time because the 

temperature at this region is more. So it shows 

that the latent heat is decreased in this region at 

higher order of temperature. Most of incoming 

radiation is utilized for evaporation at this stage. 

Latent heat value is observed in the range of 

2422073.45 to 2354675.86 J kg
−1

. 

Saturated vapor pressure starts to increase with 

respect to time and it reaches the peak value at 

1:30 P.M to 2:00 P.M. Saturated vapor pressure 

reaches maximum value when water collection 

is more and tends to decrease when water 

collection decreases. Saturated vapour pressure 

are predicted in the range of 4262.48 to 

18111.53 Pa. 

Fig (6) shows the variation of Grashof number 

and Nusselt number with respect to time. Both 

Grashof and Nusselt number increases with 

respect to time. The Nusselt number value and 

Grashof number value is almost nearer to each 

other for both the studies. Grashof number is 

found to be around 5123.01 to 271519.10. 

Nusselt number values are observed in the 

range of 1.65 to 4.46. 

 

 

Heat transfer coefficients predicted under internal and external heat transfer modes for still performance 

is shown in table below 
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Nomenclature: 

A Area of the still , m2   Am Area of the mirror , m2 hv Latent Heat, kJ/kg 
g Acceleration due to gravity, m/sec  V Wind speed, m/sec  Ta Air temperature, oC 

Tw Water temperature, oC       Tamb Ambient temperature, oC Tsky  Sky temperature, oC  

 Tg Glass temperature, oC   L Thickness of insulation, m           M Mass of the water, kg 
Cpa Specific heat of air, J/KgoC  Hs Incident solar radiation,  W/m2 

k  Thermal conductivity, W/moC  h Heat transfer coefficient, W/m2oC 

Qa Total heat transferred per unit area per unit time, W/m2 

 

Greek and Suffix: 
a Air      w Water   g Glass    

  Emissivity of water      Efficiency of still (%)   Coefficient of viscosity, Kg/m sec  

 Density of water vapor, Kg/m3    ci Internal convection  ri Internal radiation 

ei Internal evaporation     ce External convection  re External radiation   

be External base       Stefan-Boltzmann constant, 5.6697 x 10-8 W/m2oK4 

 

 



 

 

147                                                         International Journal of Current Research and Review  www.ijcrr.com  

                                                        Vol. 04 issue 04 February 2012 

 

 

 

 
 

 
 
 

 

 
 
 

 

 

 



 

 

148                                                         International Journal of Current Research and Review  www.ijcrr.com  

                                                        Vol. 04 issue 04 February 2012 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


