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ABSTRACT 
 

 In the present work, an attempt has been made to predict and distribution of solar radiation, using the concept of the solar fraction 
inside long-term performance of double slope tilted-wick type solar still.  Utilizability function has been found based on the daily solar 
radiation in the climatic condition at Kalaignar Karunanidhi institute of technology campus (Latitude = 11°N), Tamil Nadu, India. The 
relation between daily productivity by Dunkle’s method and daily total solar radiation has been found.   
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INTRODUCTION  
 
 Water scarcity in many countries around the 
world is due to population growth, human, industrial 
and agriculture activities and climatic changes due to 
global warming.  Purification of the brackish water 
is the only solution for the best sources for the 
purification of brackish water and solar desalination 
is the best method to produce potable water.  Solar 
radiation is simple and represents the purifying 
process of water in nature.   
 Researchers have undergone various researches 
in improving the distillate yield of different types of 
solar stills. Among the designs many researchers 
Hirschman and Rheinlaender [1], Moustafa and 
Brusewitz [2], Talbert et al. [3], Tanaka et al  [4] and 
B.Janarathanan et al  [5] have reported that the wick-
type solar stills have attractive performance against 
basin type solar stills.  Increase in length and 
inclination of the reflector, increased the daily 
distillate productivity of the tilted-wick type solar 
still which has been inferred by Hiroshi Tanaka and 
YashuhitoNakatake.  Arjunanet al. have studied 
about  different designs of solar still and roof type 
concrete solar distillation plant which is the  best and 
economical choice.  Kalidasa Murugavel and Srithar 
have examined a tilted wick type still with various 
wick materials and predicted that the light black 
cotton cloth with increased evaporation area 

produced a higher output.  Rajesh Tripathi and 
Tiwari have studied the performance evaluation of 
solar still and predicted that the solar fraction plays a 
vital role at lower values of solar altitude angles. 
 Further Anilkumar  and Tiwari have analyzed 
the solar still by using the concept of solar fraction 
for still different water depths and inferred that the 
theoretical values are in accordance with 
experimental observations.  Prediction of long-term 
performance of solar still is necessary for the 
purpose of large scale installation.  Utilizability is an 
effective and economical technique for the 
prediction of long-term performance of solar 
collectors 7].  Moreover decrease in wind speed and 
increase in ambient energy have given higher 
distillate yield over long run and  it was inferred by 
El-Sebaii and Fath [9] Also Dunkle [11] has 
proposed a technique for the prediction of 
performance of a basin solar still based on hourly 
insolation.  Wilbulsws and Faridand Hamad have 
confirmed the linear relation between daily solar 
radiation and production rate of basin solar still with 
better accuracy.   
 
2 .Experimental method: 
 The experiments have been conducted with the 
proposed still in the month during March 2014 and 
March 2015 at, at Kalaignar Karunanidhi institute of 
technology campus, Coimbatore, Tamil Nadu, India.  
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Brine water from the tank flows through North-
South facing tilted-wick type portion due to capillary 
action.  The brine water flowing through the tilted 
wick is heated by the total flux inside the still 
transmitted through the condensing glass cover.  The 
water evaporates and condenses in to water drops, 
which flow along the condensation surface and are 
collected in the distilled water tank.  The remaining 
hot water is fed in to the tank.  Distilled water from 
both sides is measured with a measuring jar.   
 Experiments have been conducted with the 
proposed still during the period from March 2014 to 
March 2015 at Kalaignar Karunanithi institute of 
technology, Coimbatore (Latitude = 11°N), India.  
 
3.Utilizability function: 
 Utilizability is defined as the ratio of useful 
energy derived to total solar energy collected in a 
particular interval of time.  The performance of the 
proposed still is calculated by using the Utilizability 
expression developed by Duffie and Beckmann [11] 
as  

                     (1) 

Where  
 Ratio of daily solar radiation to its mean in a 

month 
 Critical value that the production rate is zero 

Fractional time that has radiation ratio less 

thanX and Utilizability function based on daily total 
solar radiation on a horizontal plane in Coimbatore 
during (1995-2007) has been expressed in term of 
critical value of  as 

                      (2) 

                         (3) 

The constants a,b,c,d, in Equation 2 for all the 
months have been calculated and are presented in 
Table 1.  From the values in the Table 1 it is 
observed that  value for the month of April and 

May are equal to 1 and  Value for the other 

months are near to 1 and seems to be best fit.  
 

 
 
Fig. 1: Experimental set up solar still. 
 
Table 1: Value of the constants a, b, c and d for all the months. 

Month a b c d 
 

Jan 1.275 -0.345 0.318 0.014 0.9325 
Feb 1.085 -0.248 0.365 0.028 0.9526 
Mar 1.065 -0.256 0.410 0.165 0.9618 
Apr 1.156 -0.318 0.320 0.335 1 
May 1.180 -0.416 0.385 0.168 1 
June 1.286 -0.112 0.565 -0.175 0.9734 
July 1.182 -0.222 0.685 -0.228 0.9826 
Aug 1.086 0.256 -0.113 -0.316 0.9922 
Sep 1.075 0.386 -0.265 -0.165 0.9735 
Oct 1.123 0.410 -0.318 0.424 0.9626 
Nov 1.345 0.456 -0.416 0.368 0.9738 
Dec 1.007 0.289 -0.517 0.272 0.9814 

 
 Using this constant for the month can be used to 
find the Utilizability function ϕ in terms of critical 
value when production rate is zero.   
 
 
RESULTS AND DISCUSSION  
  
 Production rate of double slope tilted-wick type 
solar still has been plotted for one of the typical days 
in the month of May 2012 which is depicted in 
Figure 2 with respect to the working hours of the day 

for both the tilted-wick portion of the proposed still.  
From the graph it is clear that the production rate do 
not vary linearly with hourly solar radiation.  More 
production rate is obtained in the evening hours for 
small amount of energy input.  This is because the 
thermal heat capacity stored during morning hours is 
utilized in the  afternoon hours; thereby higher 
distilled water output in the evening hours.  
 The daily production rate can be approximately 
calculated from the fitted equation is  
Prate = a (Hsc – Hc): for Hsc>Hc 
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Where      a = 0.1685, Hc = 5.234 
Prate - daily production rate 
a - constant 
Hsc - daily solar radiation 

Hc - Threshold solar insolation 
 Therefore daily mean production rate and N is 
the number of days in a month. 

 

 
 
Fig. 2: Hourly production rate as a function of time. 
 
Table 2 Monthly mean production rate based on Dunkle’s method and utilizability method. 

Month 
Jan 

MJ/m2 
Feb 

MJ/m2 
Mar 

MJ/m2 
Apr 

MJ/m2 
May 

MJ/m2 
Jun 

MJ/m2 
Jul 

MJ/m2 
Aug 

MJ/m2 
Sep 

MJ/m2 
Oct 

MJ/m2 
Nov MJ/m2 Dec MJ/m2 

HS 16.2 17.1 23.5 24.3 26.5 19.2 18.6 17.9 17.2 15.8 14.7 13.9 
Xc 0.30 0.28 0.26 0.23 0.22 0.27 0.26 0.28 0.30 0.31 0.32 0.33 

P (Utilizability) 3.16 3.44 3.95 4.38 4.62 4.44 4.05 3.52 3.38 3.18 3.07 2.98 
P 

(Dunkle) 
3.25 3.62 4.15 4.65 4.70 4.55 4.21 3.68 3.52 3.33 3.28 3.10 

 

 
 
Fig. 3: Production rate as a function of daily total solar radiation. 
 
 The production rate of the proposed still has 
been plotted against the daily total solar radiation for 
the experimental day considered.  Trend line has 
been drawn and linear fit equation has been derived 
for the same.  It has been observed that the 
production rate is linearly variying with the intensity 
of solar radiation for the total working hours of the 
day.  Since the hourly production rate is linear with 
the hourly solar radiation, it necessitates comparing 
the production rate for all the months in the year 
calculated by using utilizability method with the  
monthly mean production rates of the proposed still 
for all the months are compared between hourly 
calculation based on Dunkle’s method and 
utilizability concept developed and represented in 
Table 2.  The two annual production rates are 
slightly different showing that the second one is 
higher than the first one within 8%. Dunkle’s 
method 
 
5. Conclusion: 
 The following conclusions have been drawn  

I. The performance based on Dunkle’s model and 
utilizability is in good agreement. 

II. The performance estimation technique based on 
utilizability can be well developed. 

III.  This new developing technique not only saves 
time but also reduces cost. 
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