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ABSTRACT

Surfaces used for evaporation and condensation play a vital role in the performance of
single slope passive solar still. To reach the optimum design, many experimental and
numerical studies have been done on different configurations of solar stills by examining
the effect of climatic, operational and design parameters of solar still components on its per-
formance. Majority of those investigations have not taken into account the heat capacity of
the basin and glass cover for simplification of mathematical model. The heat transfer and
thermal losses from the components of a solar still are influenced by the thermal properties
like heat capacity, absorptance and thermal conductivity of its components. In this observa-
tion, an attempt has been made to develop a mathematical model, which is used to find the
effect of heat capacity of the basin and glass cover on the performance and exergy destruc-
tion of single slope passive solar still.
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1. Introduction

Potable water is the essence of life and it is the
most important constituent of our environment.
Obtaining fresh and healthy water is still one of the
major problems in different parts of the world, espe-
cially in arid and secluded areas. Solar still is a simple
device which converts brackish water into potable
water using solar energy. The easily available solar
energy is clean, plentiful and renewable. Solar stills
can be used for low capacity applications and self-re-
liant water supply system [1]. Solar stills are cheap

and have low maintenance cost, but have the problem
of low productivity. Many researchers reviewed the
methodologies to improve the performance of the
active and passive solar stills [2].

Through a theoretical investigation, a descriptive
model of a system can be built to estimate how an
unpredictable event could affect this system. Madhlopa
[3] theoretically investigated the radiative heat transfer
inside a single slope solar still with and without con-
sidering optical view factors. The result indicates that
radiative heat transfer coefficient between water and
glass cover is lower when view factor is considered.
Rahbar and Esfahani [4] applied the ability of a 2-D
computational fluid dynamics (CFD) simulation in
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estimating the hourly yield of single slope solar still
and found that accuracy of the CFD analysis in the pre-
diction of Nusselt number is better than its accuracy in
productivity estimation. A numerical simulation was
developed to optimize the relationship between capil-
lary film solar still coupled in series with another con-
ventional solar still by Zerrouki et al. [5]. The result
shows that the daily production is 54–83% higher than
that of the conventional one and is most sensitive to
area ratio between the receiving surface of basin liner
and evaporator plate.

Ben Halima et al. [6] developed a mathematical
model (computer simulation programme-MATLAB
software) using mass and heat balance to study the
performance of solar still coupled to a compression
heat pump and proved an increase in efficiency by
75%. Srivastava and Agrawal [7] analysed the perfor-
mance of basin type solar still, incorporating multiple
low thermal inertia porous absorbers (jute cloth)
which are made to float with the help of thermocol
insulation. The productivity increase for clear day and
cloudy day are 68% and 35%, respectively. An experi-
mental and numerical (Finite Element Method) study
was done by Xiong et al. [8] on a new multi-effect
solar still with enhanced condensation surface which
increased productivity by 40%. A theoretical evalua-
tion on the performance of a stepped solar still using
water film cooling over the glass cover was done by
El-Samadony and Kabeel [9]. They found that daily
productivity increased by 8.2%. They also studied the
effect of the thickness of film cooling, flow rate, inlet
temperature and wind speed. Mohian and Kianifar
[10] studied the effect of basin depth, wind velocity,
basin insulation thickness and Reynolds number on
the performance of a single basin solar still with a
pyramid-shaped glass cover in Mashhad, Iran. The
study found that the optimum basin depth, wind
velocity, insulation thickness Reynolds number were
5 cm, less than 10 m/s, 9 mm and 35,000, respectively,
for the maximum daily yield.

Exergy can be regarded as a measure of the useful-
ness or quality of energy. The exergy method is useful
for improving the efficiency of energy resource use,
quantifies the locations, types and magnitudes of
wastes and losses. Saidur et al. [11] carried out a com-
prehensive literature review on exergy analysis of
various solar energy applications such as solar photo-
voltaic, solar pond, solar heating devices, solar water
desalination, solar air conditioning and refrigeration,
solar drying process and solar power generation.
Energy, exergy and thermo-economic analysis of solar
distillation systems were reviewed by Ranjan and
Kaushik [12]. It is observed that the exergy efficiency
of a single effect system is less than 5% of its energy

efficiency and this value reached up to 8.5% for an
integrated solar still. Shiv Kumar and Tiwari [13]
developed an analytical expression for instantaneous
exergy efficiency of a shallow basin passive solar still
and found a decrease of 21.8% and 36.7% of energy
and exergy efficiencies, respectively, when the absorp-
tivity of basin liner decreased from 0.9 to 0.6. The
exergy efficiency increased rapidly for wind velocity
up to 2 m/s and further increase in wind velocity
decreased the exergy efficiency.

The theoretical analysis about exergy destruction
in the components of a passive solar still—collector
plate, brine and glass cover under steady state condi-
tions—was investigated by Torchia-Nunez et al. [14].
The study revealed exergy efficiency of 12.9, 6 and 5%
for the collector, brine and solar still, respectively, for
the same exergy input and mentioned that the collec-
tor plate showed greater irreversibility rate as com-
pared to brine and glass cover. A theoretical and
experimental study about the energy and exergy effi-
ciencies of cascade solar still was carried out by
Aghaei Zoori et al. [15]. The study found that 84.17%
of the total irreversibility (310.01 W) is shared by the
absorber plate (260.97 W), with the second highest
contribution from glass cover (43.45 W) and the least
contribution from saline water (5.62 W).

The exergy destruction of passive solar still compo-
nents such as basin liner, saline water and glass cover
are evaluated as 3,353, 1,633 and 362 W/m2/d, respec-
tively, for 1 cm water depth by Ranjan et al. [16] for
the climatic conditions of Udaipur. The exergy
destruction study carried out by Sivakumar and
Ganapathy Sundaram [17] for a single slope passive
solar still found that the highest exergy destruction
takes place in the basin liner as compared to other
components for 1, 1.5, 2 and 2.5 cm water depths.
Kianifar et al. [18] conducted experiments in Mashhad
(36˚36´ N) by using two units of a pyramid-shaped
active (equipped with small fan) and passive (no fan)
solar still for revealing exergy and economic analysis.
In the passive solar still, for 4 cm water depth, the
daily exergy efficiency was found to be 3.06% in sum-
mer and 2.43% in winter. For the summer, when the
water depth increased from 4 to 8 cm, the daily exergy
efficiency decreased from 3.06 to 2.81%.

Many researchers [1,13,16,19–25] have taken the
heat capacity of the basin material and glass cover as
negligible for their mathematical model. The amount
of heat energy stored depends mainly on the specific
heat of the material. El-Sebaii et al. [26] were pre-
sented transient mathematical models for a single
slope single basin solar still with and without phase
change material (PCM). The results show that the
evaporative heat transfer coefficient is increased by
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27% on using 3.3 cm of PCM (stearic acid) beneath the
basin liner. The daily productivity of 9.005 (kg/m2 d)
with an efficiency of 85.3% has been obtained with
PCM compared to 4.998 (kg/m2 d) without the PCM.
The energy balance equations for the various elements
of the still without PCM and with three kinds of
PCMs which have different melting temperatures
were formulated and numerically solved by Ansari
et al. [27]. The obtained results show that the excess
energy produced during sunshine times is stored in a
PCM and utilized during night. Moreover, it is high-
lighted that the choice of the PCM depends closely on
the maximum temperature of the brackish water. Sak-
thivel et al. [28] experimentally studied the regenera-
tive solar still with jute cloth as an energy storage
material. The regenerative solar still with jute cloth
gave 20 and 8% higher cumulative yield and efficiency
compared to conventional solar still.

The literature survey about the theoretical investiga-
tions on the performance of the solar still, the exergy
destruction study and effect of heat storage material on
the performance of the solar still which was reported by
the above-mentioned researchers motivated us to study
the effect of heat capacity of basin and glass cover on
exergy destruction of single slope passive solar still. In
this aspect, a mathematical model was developed to
study the effect of heat capacity of basin and glass cover
on the performance of single slope passive solar still.
The temperature values of basin, water and glass
obtained from the mathematical model are used for
calculating the cumulative yield and exergy destruction
calculation of various components of the solar still.

2. Mathematical models

In a conventional solar still, main system compo-
nents are basin, saline water and glass cover. The pre-
sent mathematical model consists of two parts. The first
part is for estimating the temperature of basin, saline
water and glass cover without considering heat capacity
and by considering heat capacity of basin and glass
cover. The second part is the calculation of exergy
destruction of the components by the result obtained
from the first part of the mathematical model.

2.1. Mathematical model of conventional solar still without
considering heat capacity

Mathematical model is developed and energy bal-
ance equation is written for each component of solar
still separately. Thermal circuit of a single slope con-
ventional solar still is shown in Fig. 1. The heat trans-
fer between different components of solar still is
mentioned in thermal circuit.

The following assumptions have been made for
writing the energy balance equation:

(1) Inclination of the glass cover is not consid-
ered.

(2) Heat capacities of the glass cover and the
basin liner are negligible.

(3) The system is in a quasi-steady state condition.
(4) There is no vapour leakage.
(5) The heat capacity of the insulation (bottom

and sides of the still) is negligible.

Fig. 1. Thermal circuit diagram for the conventional still with negligible heat capacity of basin and glass cover.
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(6) The radiation, convective and evaporative heat
losses are linear with the temperature.

(7) The time interval is small and taken as 60 s for
the present study

(8) Heat transfer coefficients are temperature
dependent.

(9) The physical properties of the water and the
glass cover are constant in the operating tem-
perature range.

(10) As absorptivity of water is very low and trans-
missivity of water is very high, it is assumed
that solar radiation directly strikes the basin.

(11) The temperature gradient along the saline
water is kept constant.

Energy balance equation for the different compo-
nents of a conventional still is given below.

2.1.1. Energy balance equation for glass cover without
considering heat capacity

Rate of energy absorbed by the glass cover out of
solar radiation strikes on it + rate of energy received
from water surface by radiation, convection and evap-
oration = rate of energy lost to atmosphere from glass
cover by convection and radiation.

I tð Þ 1� cð Þagl þ hcw�gl þ hevaw�gl þ hrw�gl

� �
Tw � Tgl

� �
¼ hcgl�a þ hrgl�a

� �
Tgl � Ta

� �
(1)

2.1.2. Energy balance equation for saline water without
considering heat capacity

Rate of energy absorbed by the water out of solar
radiation strikes on water + rate of heat energy
absorbed by water from basin by convection = rate of
energy stored in water due to its specific heat + rate of
heat transfer from water to glass cover by radiation,
convection and evaporation.

I tð Þ 1� cð Þ 1� agl
� �

aw þ hcb�wð Þ Tb � Twð Þ
¼ MwCpw

dTw

dt
þ hcw�gl þ hevaw�gl þ hrw�gl

� �
Tw � Tgl

� �
(2)

2.1.3. Energy balance equation for basin

Rate of energy absorbed by the basin out of solar
radiation strikes on it = rate of heat transfer from
basin to water by convection + rate of heat lost from

basin to atmosphere through bottom and sides of the
still by conduction and convection.

I tð Þ 1� cð Þ 1� agl
� �

1� awð Þab
¼ hcb�wð Þ Tb � Twð Þ

þ Kins

Lins
þ Kwood

Lwood
þ hcwood�a

� �
Tb � Tað Þ (3)

Eq. (1) can be arranged as

Tgl ¼ 1

hcw�gl þ hevaw�gl þ hrw�gl þ hcgl�a þ hrgl�a

� �
� I tð Þ 1� cð Þagl þ hcw�gl þ hevaw�gl þ hrw�gl

� �
Twi

�
þ hcgl�a þ hrgl�a

� �
Ta

� ð4Þ

Eq. (2) can be rearranged as

dTw

dt
þ hcw�gl þ hevaw�gl þ hrw�gl þ hcb�w

� �
MwCpw

Tw

¼ 1

MwCpw

I tð Þ 1� cð Þ 1� agl
� �

aw þ hcb�wTbð Þ�
þ hcw�gl þ hevaw�gl þ hrw�gl

� �
Tgl

� �� ð5Þ

For differential equation in the form of
dTw

dt
þ a1Tw ¼ C1 solution is

Twiþ1 ¼ C1

a1
1� e�a1tð Þ þ Twie

�a1t (6)

Eq. (3) can be rearranged as

Tb iþ1 ¼ 1

hc b�w þ Kins
Lins

þ Kwood
Lwood

þ hcwood�a

� 	
� IðtÞ 1� cð Þ 1� agl

� �
1� awð Þ ab

� �þ hc b�w Twi

�
þ Kins

Lins
þ Kwood

Lwood
þ hc wood�a

� �

ð7Þ

Eqs. (4), (6) and (7) are the set of equations or
mathematical model for the conventional still without
considering the heat capacity of the basin and glass
cover. The steel is considered as material for the basin.
The input parameters for these equations include cli-
matic data, operational parameters and thermo-physi-
cal properties of the conventional still. The values are
shown in Table 1.

By using these thermo-physical parameters, Eqs.
(4), (6) and (7) are simplified as follows:

Tgliþ1 ¼ 1:041� 10�3I tð Þ þ 0:874Twi þ 4:389 (8)

V. Sivakumar et al. / Desalination and Water Treatment 57 (2016) 9190–9202 9193



Twiþ1 ¼ 1:003� 10�4 I tð Þ þ 0:745Tbi þ 0:084Tgi

þ 0:162Twi (9)

Tbiþ1 ¼ 2:143� 10�3 I tð Þ þ 0:997Twi þ 0:053 (10)

A computer C programme has been developed for
solving the above-said linear Eqs. (8) and (9) and
non-linear Eq. (10). A time step of 60 s is used in the
simulation. Numerical calculations are initiated by
assuming the temperatures of different components of
the still which are to be equal to their initial tempera-
ture at t = 0 as Twi, Tgl i and Tbi. Iterations are made
for the time step of 60 s for the given input of solar
intensity which is assumed to be constant for every
1 h. The temperatures of water, basin and glass cover
are calculated for every one hour. After calculating the
hourly variation of Tb, Tw and Tgl, the hourly yield
per unit area is calculated by using the following
equation.

m ¼ hevaw�gl Tw � Tgl

� �� 3600

hfg

kg

m2hr

� �
(11)

hfg—Latent heat of evaporation of water. The proce-
dure is repeated with the new values of Tb, Tw and
Tgl for additional time interval.

2.2. Mathematical model of the conventional still by
considering heat capacity

The assumptions made for the development of
mathematical model of conventional solar still without
considering heat capacity is also considered for the
development of mathematical model for this section,
except considering the heat capacity of the basin and
glass cover (assumption No. 2). Fig. 2 shows the ther-
mal circuit diagram considering the heat capacity of
basin and glass cover.

Even though in the previous mathematical model,
without considering heat capacity, the heat capacity of
the water was considered because the evaporation of
water itself considered the heat capacity of water.
Hence, variation of water temperature with respect to
solar intensity can be taken as Eq. (9).

Then, energy balance for the glass cover and basin
by considering its heat capacity are explained below.

2.2.1. Energy balance equation for glass cover by
considering heat capacity

Rate of energy absorbed by the glass cover out of
solar radiation strikes on it + rate of energy received
from water surface by radiation, convection and evap-
oration = rate of energy stored in glass cover due to
its heat capacity + rate of energy lost to the atmo-
sphere from glass cover by convection and radiation.

Table 1
Thermo-physical properties for conventional still

S. No. Parameter Value

1 Area of the basin (A) 1 m2

2 Mass of the basin (Mb) 8.95 kg
3 Mass of the glass plate (Mg) 4.65 kg
4 Mass of saline water (Mw) 10 kg
5 Specific heat of basin (Cpb) [36] 477 J/kg K
6 Specific heat of glass plate (Cpg) [36] 840 J/kg K
7 Specific heat of saline water (Cpw) [36] 3,930 J/kg K
8 Absorptivity of glass plate (ag) [15] 0.05
9 Absorptivity of basin (ab) [15] 0.9
10 Absorptivity of water (aw) [15] 0.05
11 Transmissivity of glass plate ðsgÞ [15] 0.9
12 Transmissivity of water ðswÞ [15] 0.95
13 Effective emissivity (εeff) [33] 0.82
14 Thickness of wood material (Lins) 0.254 m
15 Thickness of insulation material (Lwood) 0.400 m
16 Thermal conductivity of Insulating material (Kins) 0.015 W/m K
17 Thermal conductivity of wood material (Kwood) 0.15 W/m K
18 Heat transfer coefficient between basin and water surface (hw) [29] 135 W/m2 K
19 Overall heat transfer coefficient between basin liner and atmosphere (hb) [29] 14 W/m2 K
20 Stefan–Boltzmann constant σ 5.67 x 10−8 W/m2 K4
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I tð Þ 1� cð Þagl þ hcw�gl þ hevaw�gl þ hrw�gl

� �
Tw � Tgl

� �
¼ MglCpgl

dTgl

dt
þ hcgl�a þ hrgl�a

� �
Tgl � Ta

� � ð12Þ

dTgl

dt
þ hcw�gl þ hevaw�gl þ hrw�gl þ hcgl�a þ hrgl�a

� �
MglCpgl

Tgl

¼ 1

MglCpgl

I tð Þ þ hcw�gl þ hevaw�gl þ hrw�gl

� �� Tw

� ��
þ hcgl�a þ hrgl�a

� �� TaÞ
� � ð13Þ

Hence, solution for Eq. (13) is

Tgliþ1 ¼ 5:25� 10�4 I tð Þ þ 0:43Twi þ 0:496Tgli þ 2:289

(14)

2.2.2. Energy balance equation for basin by considering
heat capacity

Rate of energy absorbed by the basin out of the
solar radiation that strikes on it = rate of energy stored
in the basin due to its heat capacity + rate of heat from
basin to water by convection + rate of heat lost from
basin to atmosphere through the bottom and sides of
the still by conduction and convection.

I tð Þ 1� cð Þ 1� agl
� �

1� awð Þ ab
¼ MbCpb

dTb

dt
þ hcb�wð Þ Tb � Twð Þ

þ Kins

Lins
þ Kwood

Lwood
þ hcwood�a

� �
Tb � Tað Þ (15)

dTb

dt
þ

Kins
Lins

þ Kwood
Lwood

þ hc wood�a þ hcb�w

� 	
MbCpb

Tb

¼ 1

MbCpb

�
I tð Þ þ hcb�w � Twð Þ

þ Kins

Lins
þ Kwood

Lwood
þ hcwood�a

� �
� Ta

� �

ð16Þ

For the differential Eq. (16), solution is

Tbiþ1 ¼ 7:43� 10�4I tð Þ þ 0:997Twi þ 4:7� 10�8Tbi

þ 0:021 (17)

Similar to without considering heat capacity, C pro-
gramme is developed for solving the above-said non-
linear Eqs. (9), (14) and (17). With respect to hourly
varying solar intensity, hourly variation of system
components temperatures Tb, Tw and Tgl are calculated.
From these temperatures, hourly yield per unit area is
obtained by using Eq. (11). Theoretical hourly yield for
different time duration from morning 9.00 am to
evening 19:00 h is calculated both with and without
considering the heat capacity of the glass cover and
basin of the conventional still. Hence, the effects of heat

Fig. 2. Thermal circuit diagram with heat capacity of basin and glass cover.
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capacity of the basin and glass cover on the perfor-
mance of the still and exergy destruction are studied.

3. Exergy destruction of solar still components

The combinations of conservation of law of energy
and exergy destruction are used for finding exergy
balance for any system or its components. The exergy
balance Eqs. (18), (22) and (31) of the three main
components of the solar still such as basin, saline
water and glass cover are given below [17].

3.1. Exergy destruction of basin

The exergy input for the basin is the fraction of
solar exergy ðExsunÞ reaching on it. The useful exergy is
utilized to raise the temperature of saline water ðExwÞ
and a little is lost through insulation ðExins:Þ and the
remaining is destroyed ðExdes:;bÞ.

Exdes:;b ¼ sgswab
� �

Exsun � ðExw þ Exins:Þ (18)

sg; sw; and ab transmittance of the glass cover, saline
water and absorptivity of the basin, respectively [15].

Exergy of the solar radiation on the solar still per
unit area, Exsun (W/m2), is given as:

Exsun ¼ ItðsÞ 1þ 1

3

Ta

Ts

� �4

� 4

3

Ta

Ts

� �" #
(19)

Ta is the temperature of the atmosphere outside the
solar still (K) and Ts is the temperature of the sun
(5,777 K).

Exw ¼ hcb�w Tb � Twð Þ 1� Ta

Tb

� �
(20)

where hcb�w [29] is the convective heat transfer coeffi-
cient between basin and saline water (W/m2 K). Tb is
the temperature of the basin (K) and Tw is the tem-
perature of the saline water (K).

Exins: ¼ hb Tb � Tað Þ 1� Ta

Tb

� �
(21)

where hb [29] is the overall heat transfer coefficient
between basin liner and atmosphere (W/m2 K).

3.2. Exergy destruction of saline water

The exergy input for the saline water is the sum of
the fraction of solar exergy ðsgawExsunÞ absorbed by
water and the useful exergy from the basin which is
utilized to raise the temperature of saline water ðExwÞ.
A part of it is utilized as the exergy associated with
the heat transfer between saline water surface and the
inner side of the glass cover ðExt;w�glÞ and remaining is
destroyed ðExdes:;wÞ.

Exdes:;w ¼ sgaw
� �

Exsun þ Exw � Ext;w�gl (22)

where aw is the absorptivity of saline water and Ext;w�gl

is calculated as follows.

Ext;w�gl ¼ Exeva;w�gl þ Exc;w�gl þ Exrw�gl (23)

Exeva;w�gl ;Exc;w�gl and Exr;w�gl are the exergy associated
with the heat transfer through evaporation, convection
and radiation between the saline water surface and
the inner side of the glass cover.

Exeva;w�gl ¼ heva;w�gl Tw � Tgi

� �
1� Ta

Tw

� �
(24)

where he,w−g is the evaporative heat transfer coefficient
between saline water and inner side of the glass cover
(W/m2 K) [30], and Tgi is the glass inner surface tem-
perature (K).

heva;w�gl ¼ 0:016273 hc;w�g
Pw � Pgi

Tw � Tgi
(25)

where Pw and Pgi are the partial pressures in (N/m2)
for water vapour at water and the inner glass surface
temperatures within the still which are given by [31]
as:

P Tð Þ ¼ exp 25:317� 5144

T

� 

(26)

Exc;w�gl ¼ hc;w�gl Tw � Tgi

� �
1� Ta

Tw

� �
(27)

where hc,w−gl is the convective heat transfer coefficient
between saline water and inner side of the glass cover
(W/m2 K) [30].
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hc;w�gl ¼ 0:884 Tw�Tgi þ
Pw � Pgi

� �
Tw

268; 900� Pw

� 
1=3
(28)

Exr;w�gl ¼ hr;w�gl Tw � Tgi

� �
1þ 1

3

Ta

Tw

� �4

� 4

3

Ta

Tw

� �" #
(29)

where hr,w−gl is the radiative heat transfer coefficient
between saline water and inner side of the glass cover
(W/m2 K) [32].

hr;w�gl ¼ eeffr T2
w þ T2

gi

� 	
Tw þ Tgi

� �
(30)

εeff is the effective emissivity [33] and σ is the Stefan–
Boltzmann constant taken as 5.67 x 10−8 W/m2 K4.

3.3. Exergy destruction of glass cover

The exergy input for the glass cover is the sum of
the fraction of solar exergy ðab ExsunÞ absorbed by glass
cover and the exergy associated with the heat transfer
between saline water surface and the inner side of the
glass cover ðExt;w�glÞ. A part of this exergy is lost to the
atmosphere by convection and radiation heat transfer
and remaining is destroyed ðExdes:; glÞ.

Exdes:; gl ¼ ag Exsun þ Ext;w�gl � Ext; gl�a (31)

where ag is the absorptivity of glass cover and Ext;gl�a is
calculated as follows.

Ext;gl�a ¼ Exc;gl�a þ Exr;gl�a (32)

Exc;gl�a ¼ hc; gl�a Tgo � Ta

� �
1� Ta

Tgo

� �
(33)

hc; gl�a ¼ 5:7þ 3:8V (34)

V = wind speed in m/s.

where hc,gl−a is the convective heat transfer coefficient
between glass cover and atmosphere (W/m2 K) [34]
and Tgo is the outer glass temperature (K).

Exr; gl�a ¼ hr; gl�a Tgo � Ta

� �
1þ 1

3

Ta

Tgo

� �4

� 4

3

Ta

Tgo

� �" #
(35)

where hr,gl−a is the radiative heat transfer coefficient
between glass cover and atmosphere (W/m2 K) [34].

hr; gl�a ¼
eeffr T4

go � T4
sky

� 	
Tgo � Tsky

(36)

Tsky ¼ 0:0552 T
1=5
a (37)

Tsky is the sky temperature (K) [35].

4. Results and discussion

The mathematical equations are derived to study
the effect of heat capacity of the basin and glass cover
on its temperature. The C programme is used to solve
the mathematical equations and find out the tempera-
ture of the solar still components. The effects of varia-
tion of solar still components temperature on the yield
and exergy destruction are also studied.

Fig. 3 shows the variation of basin temperatures
with and without heat capacity. The temperature of
the basin liner considering the heat capacity is lower
compared to considering heat capacity up to 13:00 h,
due to the heat storing capacity of the basin. Hence-
forth, from 13:00 h, the temperature of the basin is
higher in the case of considering heat capacity due to
liberation of heat stored in the basin during 9:00–
13.00 h. The maximum temperature attained by the
basin with and without heat capacity is 82 and 85˚C,
respectively.

Heat capacity of the saline water plays a vital role
in the mathematical model. Variation of the saline
water temperature with and without considering heat
capacity of basin and glass cover is shown in Fig. 4. It
is noticed that after 14:00 h, temperature of the saline
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Fig. 3. Hourly variation of temperature of the basin with
and without considering heat capacity.
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water with heat capacity is higher than that of the
temperature of saline water without considering heat
capacity. This is owing to the heat from the solar
radiation incident on the water and additional heat
transferred from basin to water. This increases saline
water temperature, and thus results in more yield.
The maximum temperature of the saline water
obtained with heat capacity is 73˚C.

The temperature of the condensation surface has a
great importance on the still’s performance. Tempera-
ture of the glass cover must be lower than that of the
water vapour for condensation. Hourly variation of
glass temperature with and without considering heat
capacity is presented in Fig. 5. It is inferred from
Fig. 5 that after 14.00 h, the temperature of the glass
cover is higher when considering heat capacity. This

is due to liberation of heat stored inside the glass
cover and higher evaporative heat transfer from the
saline water. The temperature difference between the
saline water and glass plays a vital role in productiv-
ity of the solar still. The variation of solar intensity
and cumulative yield with different time is shown in
Fig. 6. The values of solar intensity cited in this model
are referred from previous experimental analysis [17].
The analysis found that the cumulative yield with con-
sidering heat capacity (2.02 kg/d) is higher than the
yield obtained without considering heat capacity
(1.8 kg/d). The higher cumulative yield with consider-
ing heat capacity could be due to considering heat
storage capacity of basin which will increase the yield.
The solar still with heat storage system gives higher
yield than the conventional solar still [26–28].

Exergy analysis is a powerful indicative tool for
thermal system performance evaluation. Exergy flow
diagram of the single slope passive solar still is shown
in Fig. 7. The present analysis inferred that the exergy
destruction in the basin is maximum compared to
exergy destruction of saline water and glass cover.
The effect of heat capacity on exergy destruction of
the basin is shown in Fig. 8. Referring to Fig. 8, it is
clear that the values of exergy destruction for without
considering heat capacity is lower till 12 noon from
the time of observation; after that, the values are
higher than with considering heat capacity. This could
be due to higher basin liner temperature after 13.00 h
which leads to more amount of useful work. In the
earlier hours, heat energy is predominantly stored in
the basin rather than utilized as useful energy (for
evaporation); this could be due to considering heat
storage of the basin. On the other hand, lower
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Fig. 4. Hourly variation of temperature of saline water
with and without considering heat capacity.
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Fig. 5. Hourly variation of temperature of the glass with
and without considering heat capacity.
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temperature difference between the basin and the
water results in less useful energy, thus increasing the
exergy destruction in the basin. The fluctuations in
Fig. 8 are due to exergy inertia. The maximum exergy
destruction of the basin with and without heat capac-
ity is 525.45 and 598 W/m2, respectively, at 14.00 h.

The exergy destruction value of saline water is
intermediate to basin and glass cover. The trend of
exergy destruction of saline water with respect to time
is shown in Fig. 9. Heat capacity of the water is con-
sidered in both the cases. It is observed that by con-
sidering heat capacity of basin and glass cover, the
exergy destruction of saline water is low up to

11.00 h, due to lower water temperature and after that
the value is higher, and this could be due to higher
water temperature. The maximum exergy destruction
of saline water by considering heat capacity is
318.82 W/m2. Decrease in heat flux rates and narrow-
ing temperature between basin and temperature is
responsible for increase in exergy destruction of saline
water; moreover, the exergy of water is the major
source of distillation [14].

The least exergy destruction is identified in the
glass cover. Fig. 10 illustrates the exergy destruction
of glass with and without considering heat capacity.
The maximum exergy destruction of glass with and
without heat capacity is 39.51 and 44.91 W/m2, respec-
tively, at 12.00 noon.

Fig. 7. Schematic diagrams showing the exergy transfers in
the components of a single slope passive solar still. (i)
Exergy balance on the basin. (ii) Exergy balance on the
saline water. (iii) Exergy balance on the glass cover.
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Fig. 8. Hourly variation of exergy destruction of basin with
and without considering heat capacity.
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Fig. 9. Hourly variation of exergy destruction of saline
water with and without considering heat capacity.
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The total exergy destruction of various solar still
components is represented in Fig. 11. The total exergy
destruction by considering heat capacity of basin, saline
water and glass cover are 3,367.67, 1,250.8 and
244.21 W/m2, respectively. The total exergy destruction
of basin, saline water and glass are 3,642.23, 1,137.1 and
290.2 W/m2, respectively, without considering the heat
capacity of basin and glass cover. Similar trends of
exergy destruction for without considering the heat
capacity of basin and glass cover are obtained in the
experiments. The values obtained from the experiment
are 3,343.86 and 232.87 W/m2/d for basin and glass
cover, respectively [17]. The total exergy destruction
decreased by 274.56 and 45.99 W/m2 for basin and

glass cover, respectively, by considering heat capacity.
On contrary, for saline water the value is increased by
113.7 W/m2. This is owing to the fact that negative
effect of exergy transfer on one process sometimes pro-
duces useful effect on other processes if taken in totality
[16].

5. Conclusions

The present theoretical investigation indicates the
importance of heat capacity consideration of basin and
glass cover on the performance of solar still and
exergy destruction calculation for solar still compo-
nents. The following conclusions can be drawn:

(1) The temperature of solar still components con-
sidering heat capacity is low up to noon and
after that the temperature is higher by con-
sidering heat capacity of basin and glass plate.

(2) The cumulative yield of solar still increases by
10.38% with considering heat capacity.

(3) The maximum total exergy destruction
(3,642.23 W/m2) is found in the basin and the
minimal is from glass (290.2 W/m2) without
considering heat capacity.

(4) The total exergy destruction by considering
heat capacity of basin and glass decreases by
7.53 and 15.84%, respectively; on contrary, an
increase of 9.99% occurred for saline water.

(5) Instead of using various heat storage materials
to improve the performance of solar still, the
heat capacity of the various components of
the still will be considered after further
studies.

8 9 10 11 12 13 14 15 16 17 18 19 20

0

10

20

30

40

50
 Without Heat Capacity
 With Heat Capacity

E
xe

rg
y 

de
st

ru
ct

io
n 

of
 g

la
ss

 (
W

/m
2 )

Local Time (hours)

Fig. 10. Hourly variation of exergy destruction of glass
with and without considering heat capacity.
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Fig. 11. Comparison of total exergy destruction of solar
still components with and without considering heat
capacity.

Nomenclature

Mw — mass of saline water (kg)
Mb — mass of basin (kg)
m — hourly distillate yield (kg)
Cpw — specific heat of water (J/kg K)
Cpb — specific heat of basin (J/kg K)
Cpg — specific heat of glass (J/kg K)
Kins — thermal conductivity of insulation material

(W/m˚C)
Kwood — thermal conductivity of wood (W/m˚C)
Lins — thickness of insulation (m)
Lwood — thickness of wood material (m)
hfg — latent heat of vaporization (J/kg)
A — basin area of solar still (m2)
I(t) — hourly incident solar radiation (W/m2)
Ta — ambient air temperature (K)
Tw — water temperature (K)
Tb — basin temperature (K)
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