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Abstract 
A new design of solar distillation-cum drying system has 

been developed to solve the fresh water shortage and 

drying of various food and agricultural commodities in 

an eco-friendly way. The developed unit has been tested 

under no load conditions at Guru Jambheshwar 

University of Science and Technology Hisar (India). A 

drying unit is attached to the bottom of the distillation 

system that receives energy transmitted through the 

bottom of  the basin of distillation unit along with the 

concentrated solar radiation from parabolic reflector. 

Rise in temperature plays significant role in the removal 

of water in the form of vapors from the impure water 

column stored in the basin of distillation unit and from 

the commodity placed in the drying unit. In this 

manuscript, temperatures attained at various locations of 

distillation-cum-drying unit and difference in 

temperatures between the condensing cover and basin 

surface have been presented. An average temperature of 

81.2 oC and 60.78 oC has been observed in the 

distillation and drying units respectively. Productivity of 

solar distillation system depends on the temperature 

difference between condensing cover and basin of the 

distillation unit. The temperature difference of 2.1oC to 

23.1oC between condensing cover and basin of the 

distillation unit has been registered. This novel design of 

solar distillation-cum-drying unit would be highly 

beneficial in the energy saving by Indian rural 

population. 

 

Keywords- energy; pure water; solar distillation; 

solar drying; distillation-cum-drying unit 

 

Introduction 

One of the main reasons for life on our earth planet 

is availability of water. It is the only substance on 

earth that exists in all three state of matter i.e. 

solid, liquid and gases. Solid water found in the 

Polar Regions and covered nearly 1.74% of earth’s 

surface. Most of the water nearly 98% is in liquid 

state and a very little amount is available in its 

vapor form. Among the liquid state water, major 

portion is saline water which is not suitable for 

agriculture and drinking purposes. Resources of 

fresh water are very little and are squeezing at a 

faster rate. Nearly one billion people lack access to 

fresh water globally (Brezonik and William, 2011). 

Desalination/distillation of saline water/brine water 

is the solution of fresh water scarcity but requires 

high amount of energy. 

 

Solar distillation is the simplest solution of water 

problem for rural and arid areas. It is clean, less 

costly and environmental friendly process. In the 

process of solar distillation, energy from the sun is 

absorbed by brackish/contaminated water to make 

some of it to evaporate. These evaporated water 

vapors gets condensed and collected as fresh water. 

Solar drying is also one of the solar energy based 

application widely used for long preservation of 

food stuff (Kumar et al., 2016; Manchanda and 

Kumar 2016). 

 

Solar energy used as an energy source for the 

various solar applications is available in scattered 

form. Parabolic concentrators/reflectors are 

designed to focus the vastly available solar 

radiations on different solar energy operated 

system. They have been mostly used in solar 

cooking, solar water heating, solar power 

generation and solar distillation system to increase 

their performance. 

 

Many researcher works on the geometrical 

parameters of parabolic solar dish concentrator 

along with their application. Rafeeu and Kadir 

(2012) experimentally investigated the 

performance of different geometrical solar 

parabolic concentrators under Malaysian 

environment condition. Small aperture area of the 
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concentrator resulted higher efficiency than others. 

Thermo-economic analysis of solar parabolic dish 

collector power plant was investigated by Reddy 

and Veershetty (2012).  It was concluded from 

their study that from the financial view most of the 

northern region location of India are suitable for 

power generation by the solar parabolic dish power 

collector. Mahdi and Bellel (2014) designed and 

developed a spherical solar collector with a 

cylindrical receiver. Developed system was 

observed to be suitable for the systems requiring 

high heat for their operations. Bijarniya et al. 

(2016) reviewed various concentrated solar power 

(CSP) technologies and their status in power 

generation in India. 

 

Chaouchi et al. (2007) designed and tested a solar 

desalination system equipped with a parabolic 

solar concentrator.  From the experimental results 

it has been observed that efficiency of the system 

increases in the beginning and nearly constant 

afterwards. Maximum distillate and maximum 

efficiency were observed in afternoon hours. 

Arunkumar et al. (2013a) experimentally 

investigated the performance of a conical 

concentrator coupled hemispherical basin solar still 

integrated with PCM-filled metallic balls in the 

basin. Maximum distillate output of nearly 4.5 and 

3.5 l/m2/day was observed using with and without 

PCM to the system. Arunkumar et al. (2013b) 

studied compound parabolic concentrator 

concentric tubular solar still with water and air 

condensing cover cooling. It has been reported that 

use of concentrator and condensing cover cooling 

significantly increase the distillate output.  

A concentrating conical solar distillation system 

carried phase change material in its base was 

studied by Chaichan et al. (2015). The designed 

system heating efficiency and productivity was 

observed to be increase by 157.8% and 428.5% 

respectively using a concentrating unit and PCM 

with the distiller.  

 

Srithar et al. (2016) investigated the performance 

of a triple basin solar still (TBSS) with condensing 

cover cooling arrangement and a parabolic dish 

concentrator. Designed system is also tested by 

attaching triangular hollow fins at the bottom of 

basin using different phase change material (PCM) 

in it. The output of the designed system was 

observed 16.94 kg/m2 day with concentrator, cover 

cooling and using charcoal as PCM in hollow fins. 

Singh and Tiwari (2017) investigate the 

performance of single and double slope basin type 

solar distillation system integrated with 

photovoltaic thermal compound parabolic 

concentrator collector (PVT-CPC). Single slope 

PVT-CPC distillation system concluded better 

efficiency and output at a water depth of more than 

0.31 m.  

  

Several others improvement techniques like use of 

reflectors, Photovoltaic thermal module (PV/T), 

solar collector system, heat pipe etc. are tested by 

various researchers to transfer/store the solar 

energy to the distillation system for improvement 

in productivity and efficiency. Detailed review of 

different designs of solar distillation system along 

with improvement techniques have been discussed 

in several studies (Arjunan et al., 2009; Muftah et 

al., 2014; Manchanda and Kumar 2015; 

Velmurugan and Srithar 2011; Yadav and 

Sudhakar 2015; Manikandan et al. 2013; 

Sivakumar and Sundaram 2013; Sharon and Reddy 

2015; Kabeel et al. 2015; El-Sebaii and El-Bialy 

2015). 

 

Solar drying is a solar energy operated process for 

preservation of food, vegetables, herbs, fruits, 

medicinal commodities etc. for a long time by 

removing moisture from them under controlled 

conditions. This technique is highly beneficial for 

the developing countries to save their crops from 

post-harvest losses. Different designs of solar dryer 

for drying different commodities/products have 

been reviewed by various researchers(Sharon and 

Reddy 2015; Kabeel et al., 2015;El-Sebaii, and El-

Bialy 2015;Sharma et al., 2009;Fudholi et al., 

2010;Bal et al., 2011). 

 

In the present study, solar distillation cum drying 

unit have been design, fabricated and tested under 

no load conditions. Temperature at different 

locations, solar intensity, ambient temperature, 

wind speed have been recorded which plays an 

important role in heat and mass transfer processes.  

 

Experimental setup detail 

Experimental unit consists of an integrated 

distillation and drying unit and a parabolic 

reflector. Sides of distillation and drying unit were 

fabricated using 6 mm wooden plywood and were 

insulated from inside using 5 mm thermocol sheet. 

Basin of the distillation unit was of 6 mm acrylic 

sheet while bottom of the drying unit was of 5 mm 
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glass sheet of size 50 cm×50cm. The distillation 

unit had an area of 0.25 m2 and it was covered with 

a transparent glass sheet of thickness 3 mm. The 

glass cover is inclined at 30o which is the latitude 

angle of the location. Below the distillation unit 

drying unit of size 0.5m×0.5m×0.15m was 

attached. Distillation cum drying unit was placed 

above a mirror polished stainless steel parabolic 

reflector. Figure 1 represents the schematic view of 

the designed experimental setup. 

Glass Cover

Collection 

trough

Saline Water

Absorber Plate

Distillated 

Water

Wooden 

Box

Reflector

Stand

Drying Unit

 

Figure 1. Schematic view of the designed 

experimental setup 

 

Observation and observation Table 

 
Whole assembly of distillation cum drying unit is 

placed towards north direction. Distillation unit 

directly using solar energy for their operation. Sun 

radiation passing through the glass cover enters 

into the distillation unit and transfers their energy 

to the contaminated water. Drying unit gets energy 

from the reflected sun radiation from parabolic 

reflector along with heat losses from the basin of 

distillation unit. 

 

The temperature at reflector surface (T1), drying 

unit (T2), outer glass cover (T3), inner glass cover 

(T4), ambient (T5), above basin (T6), and at the 

bottom of basin (T7) were measured by calibrated 

Pt-100 thermocouples. The relative humidity (RH) 

inside the drying unit was measured by a digital 

humidity meter (least count of 0.1%). Solar 

intensity was measured with solar power meter 

(least count of 0.1 W/m2 upto 999.9 W/m2 and 1 

W/m2 between 1000-2000 W/m2). A digital 

anemometer having a least count of 0.1 m/s was 

used to measure the wind speed. Experimental unit 

was tested at no load in the month of September 

from 9:00 am - 5:00 pm. for the climatic conditions 

of Hisar, India. Table-1 shows the experimental 

data for the developed unit. 

 

Results and discussions 

From the experimental data it has been observed 

that maximum temperature in the distillation and 

drying unit is in between afternoon hours. Figure 2 

and Figure 3 shows the variation of solar intensity 

(I) and wind speed during working hours of the 

experimentation.   

 

 

Figure- 2 Variation of solar intensity (I) with time  

 

 

Figure- 3 Variation of wind speed with time  
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Table-1 Experimental data for solar distillation cum drying unit 

 

 

Figure 4 represent the variation of temperature in 

distillation and drying unit with respect to time. As the 

solar intensity and ambient temperature increases, 

temperature inside the distillation and drying unit also 

increases and reduces in the evening hours. Maximum 

temperature of 102.7 oC and 70.7 oC has been recorded for 

distillation and drying unit at 12:00 noon. 

 
Figure 4.  Distillation and drying unit temperature 

Vs Time  

Temperature difference between basin of 

distillation unit and inner condensing cover is 

shown in Figure 5. Large deviation between 

temperatures was observed during day hours where 

as in the late hours temperature of both locations 

was nearly same. 

 

 

Figure 5. Temperature difference between 

condensing cover and basin temperature 

 

Conclusion 

 
Solar energy has a great potential to solve the most 

of the energy related problems in a clean, free, and 

environment friendly way. From the last few years 

water related problems arises at a faster rate. In this 

study an attempt has been made to design and 

develop a solar distillation-cum-drying unit for 

water purification and solar drying. This new 

design of distillation cum drying unit operated at 

no load conditions is presented in this 

communication. A very high temperature of 102.7 
oC and 70.7 oC has been observed inside the 

distillation and drying unit respectively at 12:00 

noon which is sufficient to evaporate the water and 

can dry the commodities at a faster rate. From the 

observed data it has been concluded that the 

proposed design of distillation-cum-drying unit is 

highly beneficial for the growth of underdeveloped, 

arid and rural area population.  

 

 

inner glass
cover
temp. (oC)

Time 

 

T1 

(oC) 

T2 

(oC) 

T3 

(oC) 

T4  

(oC) 

T5 

(oC) 

T6  

(oC) 

T7  

(oC) 

RH  

(%age) 

9:00  41.2 44.1 36.1 51.8 35.2 61.5 69.1 11.20 

10:00  46.1 55.9 39.3 63.8 36.6 78.7 88.8 2.82 

11:00  48.4 69.5 42.5 76.3 40.1 89.1 101.8 2.59 

12:00 51.9 70.7 45.6 83.1 42.7 91.2 102.7 0.96 

01:00  47.5 68.7 46.8 84.7 42.2 87.8 99.1 1.75 

02:00  46.1 65.6 45.7 81.3 42 82.1 89.7 3.93 

03:00    44.4 64.0 45.5 78.2 41.8 71.8 73.5 6.50 

04:00  43.1 57.1 44.2 71.3 41.4 68.0 69.8 9.67 

05:00  41.9 53.0 41.0 65.8 39.9 60.9 62.6 14.16 
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